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

World Journal of
Gastroenterology
World J Gastroenterol 2019 May 7; 25(17): 2019-2148

Published by Baishideng Publishing Group Inc

WJ G

World Journal of
Gastroenterology

Contents

Weekly Volume 25 Number 17 May 7, 2019

OPINION REVIEW
2019

Microbial metabolites in non-alcoholic fatty liver disease
Zhou D, Fan JG

REVIEW
2029

Recent advances in gastric cancer early diagnosis
Necula L, Matei L, Dragu D, Neagu AI, Mambet C, Nedeianu S, Bleotu C, Diaconu CC, Chivu-Economescu M

MINIREVIEWS
2045

Evolving screening and surveillance techniques for Barrett's esophagus
Steele D, Baig KKK, Peter S

2058

Proton pump inhibitor: The dual role in gastric cancer
Joo MK, Park JJ, Chun HJ

ORIGINAL ARTICLE
Basic Study
2071

Herbs-partitioned moxibustion alleviates aberrant intestinal epithelial cell apoptosis by upregulating A20
expression in a mouse model of Crohn’s disease
Zhou J, Wu LY, Chen L, Guo YJ, Sun Y, Li T, Zhao JM, Bao CH, Wu HG, Shi Y

2086

Analysis of the autophagy gene expression profile of pancreatic cancer based on autophagy-related protein
microtubule-associated protein 1A/1B-light chain 3
Yang YH, Zhang YX, Gui Y, Liu JB, Sun JJ, Fan H

Retrospective Study
2099

Clinical value of preoperative methylated septin 9 in Chinese colorectal cancer patients
Yang X, Xu ZJ, Chen X, Zeng SS, Qian L, Wei J, Peng M, Wang X, Liu WL, Ma HY, Gong ZC, Yan YL

Clinical Trials Study
2110

Beneficial effect of probiotics supplements in reflux esophagitis treated with esomeprazole: A randomized
controlled trial
Sun QH, Wang HY, Sun SD, Zhang X, Zhang H

Observational Study
2122

Transitions of care across hospital settings in patients with inflammatory bowel disease
Warren LR, Clarke JM, Arora S, Barahona M, Arebi N, Darzi A

WJG

https://www.wjgnet.com

I

May 7, 2019

Volume 25

Issue 17

World Journal of Gastroenterology

Contents

Volume 25 Number 17 May 7, 2019
2133

Efficacy of Detoxsan® powder on diarrhea caused by gastrointestinal neuroendocrine tumors
Langbein T, Dathe W, Deuerling A, Baum RP

CASE REPORT
2144

Tuberculous esophagomediastinal fistula with concomitant mediastinal bronchial artery aneurysm-acute
upper gastrointestinal bleeding: A case report
Alharbi SR

WJG

https://www.wjgnet.com

II

May 7, 2019

Volume 25

Issue 17

World Journal of Gastroenterology

Contents

Volume 25 Number 17 May 7, 2019
ABOUT COVER

Editorial board member of World Journal of Gastroenterology, Gülsüm Özlem
Elpek, MD, Professor, Department of Pathology, School of Medicine,
Akdeniz University, Antalya 07070, Turkey

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 10079327, online ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access
journal. The WJG Editorial Board consists of 642 experts in gastroenterology
and hepatology from 59 countries.
The primary task of WJG is to rapidly publish high-quality original
articles, reviews, and commentaries in the fields of gastroenterology,
hepatology, gastrointestinal endoscopy, gastrointestinal surgery,
hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation
oncology, etc. The WJG is dedicated to become an influential and
prestigious journal in gastroenterology and hepatology, to promote the
development of above disciplines, and to improve the diagnostic and
therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

The WJG is now indexed in Current Contents®/Clinical Medicine, Science Citation
Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index
Medicus, MEDLINE, PubMed, PubMed Central, Scopus and Directory of Open
Access Journals. The 2018 edition of Journal Citation Report® cites the 2017 impact
factor for WJG as 3.300 (5-year impact factor: 3.387), ranking WJG as 35th among 80
journals in gastroenterology and hepatology (quartile in category Q2).

RESPONSIBLE EDITORS
FOR THIS ISSUE

Responsible Electronic Editor: Yu-Jie Ma

Proofing Editorial Office Director: Ze-Mao Gong

NAME OF JOURNAL

COPYRIGHT

World Journal of Gastroenterology

© 2019 Baishideng Publishing Group Inc

ISSN

INSTRUCTIONS TO AUTHORS

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

https://www.wjgnet.com/bpg/gerinfo/204

LAUNCH DATE

GUIDELINES FOR ETHICS DOCUMENTS

October 1, 1995

https://www.wjgnet.com/bpg/GerInfo/287

FREQUENCY

GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

Weekly

https://www.wjgnet.com/bpg/gerinfo/240

EDITORS-IN-CHIEF

PUBLICATION MISCONDUCT

Subrata Ghosh, Andrzej S Tarnawski

https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS

ARTICLE PROCESSING CHARGE

http://www.wjgnet.com/1007-9327/editorialboard.htm

https://www.wjgnet.com/bpg/gerinfo/242

EDITORIAL OFFICE

STEPS FOR SUBMITTING MANUSCRIPTS

Ze-Mao Gong, Director

https://www.wjgnet.com/bpg/GerInfo/239

PUBLICATION DATE

ONLINE SUBMISSION

May 7, 2019

https://www.f6publishing.com

© 2019 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA
E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

WJG

https://www.wjgnet.com

III

May 7, 2019

Volume 25

Issue 17

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 May 7; 25(17): 2019-2028

DOI: 10.3748/wjg.v25.i17.2019

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

OPINION REVIEW

Microbial metabolites in non-alcoholic fatty liver disease
Da Zhou, Jian-Gao Fan
ORCID number: Da Zhou
(0000-0001-8838-1351); Jian-Gao Fan
(0000-0001-7443-5056).

Author contributions: All authors
equally contributed to this paper
with conception and design of the
study, literature review and
analysis, drafting and critical
revision and editing, and final
approval of the final version.

Supported by National Key
Research and Development Plan ‘
Precision Medicine Research’ , No.
2017YFSF090203; the National
Natural Science Foundation of
China, No. 81470840, No. 81873565,
and No. 81800510; and Shanghai
Sailing Program, No. 18YF1415900.

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

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Invited

Da Zhou, Department of Gastroenterology and Hepatology, Zhongshan Hospital, Fudan
University, Shanghai Institute of Liver Disease, Shanghai 200032, China
Jian-Gao Fan, Center for Fatty Liver, Department of Gastroenterology, Xinhua Hospital
Affiliated to Shanghai Jiao Tong University School of Medicine, Shanghai Key Lab of
Pediatric Gastroenterology and Nutrition, Shanghai 200092, China
Corresponding author: Jian-Gao Fan, MD, PhD, Chief Doctor, Professor, Center for Fatty
Liver, Department of Gastroenterology, Xinhua Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine, Shanghai Key Lab of Pediatric Gastroenterology and
Nutrition, 1665 Kong Jiang Road, Shanghai 200092, China. fanjiangao@xinhuamed.com.cn
Telephone: +86-21-25077340
Fax: +86-21-63846590

Abstract
The prevalence of non-alcoholic fatty liver disease (NAFLD) is rising
exponentially worldwide. The spectrum of NAFLD includes non-alcoholic fatty
liver, non-alcoholic steatohepatitis, liver cirrhosis, and even hepatocellular
carcinoma. Evidence shows that microbial metabolites play pivotal roles in the
onset and progression of NAFLD. In this review, we discuss how microbederived metabolites, such as short-chain fatty acids, endogenous ethanol, bile
acids and so forth, contribute to the pathogenesis of NAFLD.
Key words: Microbial metabolites; Non-alcoholic steatohepatitis; Short-chain fatty acids
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Non-alcoholic fatty liver disease (NAFLD) is a global epidemic metabolic
disease lacking effective therapeutic strategies and the internal pathogenesis is still
uncertain. Gut microbiota-derived metabolites have attracted much attention for its
association with the onset and progression of NAFLD. In this review, we mainly
elucidate the diverse roles of microbe-derived metabolites in the development of
NAFLD, which is conducive to better understanding the biological functions of
microbial metabolites in NAFLD via the gut-liver axis and facilitating the excavation of
potential therapeutic approaches for NAFLD.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a chronic metabolic disorder that is
strongly associated with obesity and metabolic syndrome. NAFLD has become the
most common chronic liver disease worldwide[1,2], causing a substantial global health
burden. Although the exact pathogenesis of NAFLD is uncertain, in addition to the
well-known “two-hit” theory or the multiple-parallel-hits hypothesis[3,4], the dysbiosis
of the gut microbiota also promotes the development of NAFLD by mediating the
processes of energy metabolism, insulin resistance, immunity, and inflammation[5-7].
The gut flora in the intestinal tract exhibits high diversity and distinct differences,
and the total number of bacterial cells can reach 1014[8]. The intestinal bacteria mainly
belong to the following phyla: Firmicutes, Bacteroidetes, Actinobacteria,
Proteobacteria, Verrucomicrobia, and Fusobacteria; together, Firmicutes and
Bacteroidetes account for up to 90% of all bacterial cells in the human intestine. The
gut microbiota is deemed a special "organ" in human beings; bacterial genes are
approximately 100-fold more abundant than human genes, and they encode more
functional genes[8]. A large proportion of bacterial genes and their biological functions
are specific, and the metabolic potential related to the capacity for the conversion and
degradation of host-derived substances is strong. Therefore, the gut microbiota
exhibits a profound capacity to synthesize or produce many metabolites. Recently,
increasing evidence has shown that these metabolites play pivotal roles in the
interactions between the gut microbiota and the host in various ways, and the gutliver axis is the main link between the gut and the liver (Figure 1). Naturally, an
imbalance in the intestinal microbiome and the related metabolites contributes to the
onset and progression of NAFLD[9,10]. The accurate pathological diagnosis of NAFLD
relies on a liver biopsy; however, with further investigation, the gut microbiota and its
metabolites may serve as potential biomarkers for NAFLD and non-alcoholic
steatohepatitis (NASH). A clinical study demonstrated that certain gut microbiomederived metabolites shared gene-effects with hepatic steatosis and liver fibrosis[11,12]. In
addition, another study used targeted metagenomics and metabolomics analysis to
demonstrate that a decrease in Oscillospira accompanied by upregulation of 2butanone and an increase in Ruminococcus and Dorea were signatures of non-alcoholic
fatty liver (NAFL) onset and NAFL-NASH progression [13] . However, additional
validations with clinical samples are needed.
Recently, several original investigations showed that the severity of NAFLD is
associated with changes in the levels of certain metabolites in the serum; although not
all such metabolites are synthesized or produced by gut bacteria [12,14-16] , a better
understanding of the role of these metabolites in the development of NAFLD will be
valuable for the discovery of new non-invasive diagnostic and treatment options for
NAFLD.

SHORT-CHAIN FATTY ACIDS (SCFAS)
The most important bacterial metabolites are SCFAs, which contain fewer than six
carbon atoms and have become an increasingly studied gut metabolite due to their
multiple biological functions in the liver[17]. The fermentation of dietary fibers by gut
bacteria, including Roseburia, Ruminococcus, Salmonella, Blautia, Eubacterium,
Anaerostipes, Coprococcus, Faecalibacterium, Marvinbryantia, and Megasphaera, is the
main source of SCFAs. The most abundant SCFAs present in the colon lumen are
acetate, propionate, and butyrate[18]. SCFAs not only provide energy for the intestinal
epithelium, but they also have many bioactive roles, such as the regulation of
immunity, lipometabolism, and glycometabolism, and the maintenance of gut
microbiota homeostasis. SCFAs are involved in the pathogenesis of NAFLD after their
absorption and delivery to the liver via the portal vein. A clinical study showed that
propionate supplementation significantly reduced weight gain and
intrahepatocellular lipid content, prevented deterioration in the case of insulin
sensitivity, and significantly stimulated the release of peptide-YY and glucagon-like
peptide-1 (GLP-1) from human colonic cells; these hormones are closely related to
energy metabolism[19]. Another clinical study showed that the total amount of SCFAs
was higher in obese subjects compared with lean subjects and, moreover, the ratio of
the phyla Firmicutes to Bacteroidetes was altered in favor of Bacteroidetes in obese
humans[20]. Basic studies have shown that butyrate-producing probiotics corrected
high-fat diet (HFD)-induced enterohepatic immunologic dissonance and attenuated
steatohepatitis in mice, which is mediated in part through SCFAs[21-23]. A clinical study
showed that a select group of SCFAs-producing bacterial strains played pivotal roles
in regulating glucose and lipid metabolism, in part through increased GLP-1
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Figure 1

Figure 1 Effects of microbial metabolites on non-alcoholic fatty liver disease via the gut-liver axis. SCFAs: Short-chain fatty acids; I3A: Indole-3-acetic acid;
IPA: Indole propionic acid; GPR41/43: G-protein-coupled receptors 41/43; ZO-1: Zonula occludens 1; GLP-1: Glucagon-like peptide-1; PYY: Peptide YY; TLR4: Tolllike receptor 4; FMO3: Flavin-containing monooxygenase 3; TMAO: Trimethylamine-N-oxide; FXR: Farnesoid X receptor; TGR5: Takeda G-protein-coupled receptor
5; S1PR2: Sphingosine 1-phosphate receptor 2; BCAAs: Branched-chain amino acids.

production; therefore, the targeted restoration of these SCFA producers may present a
novel ecological approach for managing metabolic syndrome and NAFLD[24].
Increasing studies have revealed that SCFAs exert their biological functions mainly
via activating the G-protein-coupled receptor (GPR) 41/43 or through the inhibition of
histone deacetylase (HDAC). Animal experiments showed that GPR41 and GPR43
were involved in lipid and immune regulation, and GPR41/43 deficiency protected
against HFD-induced obesity, insulin resistance, and dyslipidemia, in part via
increased energy expenditure and the promotion of gut-derived hormone GLP-1[25-27].
In addition, the activation of GPR41/43 has been suggested to participate in the
pathogenesis of NAFLD. As mentioned above, except for the activation of GPRs,
SCFAs can inhibit HDAC directly and regulate the transcriptional activation of genes;
among the SCFAs, butyrate is the most powerful HDAC inhibitor[28]. Previous animal
studies showed that sodium butyrate supplementation could attenuate HFD-induced
NASH, and the underlying mechanisms were associated with restoring the dysbiosis
of gut microbiota and improving the gastrointestinal barrier, thereby inhibiting the
delivery of gut-derived endotoxin into the liver[29]. Recently, an investigation found
that the expression of hepatic GLP-1 receptor was significantly down-regulated in
patients with NAFLD, and supplementation with butyrate enhanced hepatic GLP-1R
expression in an NASH mouse model by inhibiting histone deacetylase-2 and
activating AMP-activated protein kinase (AMPK). These findings indicated that
butyrate could be a GLP-1 sensitizer and could prevent the progression of NAFL to
NASH via promoting the expression of hepatic GLP-1R[30].
In general, SCFAs are thought to be beneficial prebiotics; however, a recent study
demonstrated that the soluble fiber inulin, when fermented by gut bacteria into
SCFAs, could induce icteric hepatocellular carcinoma (HCC) [31] , which was an
astounding finding. However, SCFA-induced HCC was shown to be conditional and
microbiota-dependent, and this condition was observed in dysbiotic mice; meanwhile,
the inhibition of fermentation reduced intestinal SCFAs and prevented HCC. Thus,
the enrichment of fermentable fiber should be promoted with caution, and the intake
of diverse types of dietary fiber should be emphasized to establish and maintain
healthy gut microbiota. This topic still requires further investigation for the design,
production, and supply of rational food additives to improve human health.
According to various studies, it is very difficult to draw accurate conclusions about
the roles of gut microbiota and SCFAs in NAFLD because confounding factors are
extensive and cannot be ignored[32].

ENDOGENOUS ETHANOL AND ENDOTOXINS
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It is well known that ethanol is a substance that can contribute to hepatic steatosis and
inflammation and increase the risk of liver fibrosis and HCC[33]. Endogenous ethanol
produced by bacterial fermentation (mainly by Ruminococcus) stimulates oxidative
stress and aggravates liver inflammation in NAFLD, which was confirmed in animal
experiments [34] . Zhu et al [35] showed that children and adolescents with NASH
harbored more ethanol-producing bacteria in the gut and exhibited higher serum
levels of ethanol; moreover, the expression of genes involved in alcohol metabolism
was enhanced. Another clinical study showed that children with NAFLD had
significantly higher serum levels of ethanol, which were associated with a greater
abundance of Gammaproteobacteria and Prevotella [36] . However, another study
demonstrated that the increased blood ethanol levels in patients with NAFLD might
result from insulin-dependent impairments of ethanol dehydrogenase activity in the
liver rather than an increase in endogenous ethanol synthesis[37]. Although these
studies did not all produce consistent results, endogenous ethanol might play a
pivotal role in the pathogenesis of NASH. Future investigations are required to
determine the exact influence of endogenous ethanol on NAFLD and NASH.
Systemic low inflammatory state is related to the insulin resistance (IR) which
contributes to the onset of NAFLD. Gram-negative bacteria-derived endotoxins such
as lipopolysaccharide (LPS) were proved to stimulate and aggravate hepatic
necroinflammation. The increased intestinal permeability and dysbiosis of gut
microbiota promote the translocation of microbial products from intestinal lumen to
the liver via the portal vein [38] . Toll-like receptors (TLRs), including TLR4, were
involved in the LPS-induced liver damage, and LPS could activate TLR4-myeloid
differentiation primary-response gene 88 (Myd88) signaling pathway, causing IR,
hepatic steatosis, liver inflammation, and fibrosis [39,40] . In addition, Kupffer cells
positive for cluster of differentiation 14 (CD14) could enhance LPS-TLR4 response in
the liver[41].

BRANCHED-CHAIN AMINO ACIDS (BCAAS)
BCAAs are produced by proteolytic fermentation in the colon. Species implicated in
proteolytic fermentation include Clostridium, Fusobacterium, Bacteroides, Actinomyces,
Propionibacterium, and Peptostreptococci[42]. Patients with NAFLD have dysregulation of
BCAA metabolism, the BCAAs including leucine, valine, and isoleucine were higher
both in the blood and urine samples from NAFLD patients[16], the circulating BCAAs
were negatively correlated with hepatic insulin sensitivity, and the baseline valine
level was identified to be predictive of liver fat accumulation[43]. Meanwhile, BCAAs
could reflect hepatic steatosis independently of routine metabolic risk factors, and the
metabolic aberrations of BCAAs may precede the development of NAFLD to a certain
extent[44]. The increased BCAA levels (valine, leucine, and isoleucine) and downstream
BCAA metabolites, such as branched-chain keto acids and short-chain acylcarnitines,
were associated with a greater body mass index (BMI)[45]. Further animal experiments
showed that BCAA supplementation reduced HFD-induced overweight, but caused
obvious liver damage in HFD mice, which was associated with the abnormal
lipolysis [46] . Oppositely, several studies indicated that BCAA intervention could
alleviate NASH in animal models via inhibiting triglyceride deposition in hepatocytes
and reducing oxidative and endoplasmic reticulum stress[47-50]. BCAAs were found to
have the ability to improve immune function, decrease susceptibility to pathogens,
promote the growth of intestinal beneficial bacteria, and enhance the intestinal barrier
function[51], all of which appear to prevent the gut-derived toxic substances into the
liver.
According to the inconsistent results, limited information is available about the
accurate role of BCAAs in the metabolic diseases; it may be valuable to develop
diagnostic biomarkers for NAFLD. Further research examining proteolytic
fermentation may be vital to understand the interaction between the BCAAs and
NAFLD.

BILE ACIDS
Bile acids are not directly produced by the intestinal microbiota; rather, they are
mainly synthesized in the liver by using cholesterol as the substrate. Bile acids can be
deconjugated and dehydroxylated by the gut microbiota, and the enterohepatic
circulation of bile acids, which are reabsorbed and returned to the liver via the portal
vein, perform many biological functions involved in lipid and glucose metabolism,
and are linked to the pathogenesis and treatment of NASH. In an early clinical trial
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using Danning Pian (a traditional Chinese medicine that regulates bile acid
metabolism) to treat NAFLD, clinical symptoms, serum alanine transaminase levels,
blood lipid profiles, and ultrasound-based fatty liver were significantly improved
after three months of treatment[52]. Studies show that patients with NASH exhibit
alterations in their bile acid profile. The serum levels of bile acids were shown to be
elevated in patients with NASH, including the more hydrophobic and cytotoxic
secondary species; this increased bile acid exposure may be involved in the
pathogenesis of NAFLD[53]. Furthermore, another clinical study demonstrated that
increased bile acids were significantly associated with higher grades of heaptic
steatosis (taurocholate), lobular (glycocholate) and portal inflammation
(taurolithocholate), and hepatocyte ballooning (taurocholate), while the conjugated
cholate and taurocholate directly and secondary to primary bile acid ratio was
inversely correlated to NAFLD activity score[54]. These results indicated a relationship
between the specific bile acids and the histological features of NASH.
Obesity is strongly associated with NAFLD and HCC[55]. Recently, deoxycholicacid
(DCA) and the senescence-associated secretory phenotype (SASP) axis were found to
have crucial roles in promoting obesity-associated HCC in mice; obesity induces
alterations in the gut microbiota and contributes to the increase in DCA, which can
cause DNA damage. Moreover, the enterohepatic circulation of DCA promotes the
SASP in hepatic stellate cells, which consequently secrete various inflammatory and
tumor-promoting factors in the liver. Hence, HCC development was exacerbated in
mice after exposure to this chemical carcinogen [ 5 6 ] . This work inferred that
maintaining a balanced intestinal microbiota should be advocated, and weight loss
may be an effective method.
In addition, bile acids are ligands for the nuclear receptor farnesoid X receptor
(FXR). FXR-mediated signaling has beneficial effects on hepatic lipid and
carbohydrate metabolism, and this signaling pathway also modulates primary bile
acid synthesis in the liver. A previous study found that the serum concentration of
bile acids was increased in patients with NAFLD, and the FXR antagonistic
deoxycholic acid was also increased, whereas the agonistic chenodeoxycholic acid and
the serum level of fibroblast growth factor 19 (FGF 19) were decreased in NAFLD;
these alterations contribute to the suppression of hepatic FXR-mediated and fibroblast
growth factor receptor 4-mediated signaling, thereby exacerbating NAFLD[57]. This
study indicated that targeting FXR signaling might be helpful to the intervention of
NAFLD. Fan et al. reported that ursodeoxycholic acid (UDCA) combined with a lowcalorie diet had therapeutic effects on steatohepatitis in rats [58] . A clinical study
demonstrated that patients with NASH who were treated with obeticholic acid (an
activator of FXR) exhibited improvements in liver fibrosis, hepatocellular ballooning,
steatosis, and lobular inflammation, although the long-term benefits and safety of this
drug treatment require further clarification[59]. Newer synthetic FXR agonists that are
currently being investigated might cause fewer side effects and exert more powerful
effects against NASH[60]. Except for FXR, bile acids are ligands for the cell membrane
G-protein-coupled bile acid receptor 1 (known as Takeda G-protein-coupled receptor
5 [TGR5]). TGR5 can regulate inflammation and glucose homeostasis in the liver,
which may be associated with the release of GLP-1 and the inhibition of the NLRP3
inflammasome; meanwhile, the activation of TGR5 results in sustained weight loss,
improved hepatic steatosis, remitted insulin resistance, and increased energy
expenditure in mice[61,62]. Nagahashi et al[63] found that the conjugated bile acids can
activate the ERK1/2 and AKT signaling pathways via sphingosine 1-phosphate
receptor 2 (S1PR2) in rodent hepatocytes and in vivo to regulate hepatic lipid
metabolism. Overall, bile acids are important substances for communication between
the liver and the gut; therefore, therapeutically targeting bile acid-related pathways
warrants further exploration.

TRIMETHYLAMINE
The nutrient choline was first classified as an essential nutrient due to its
physiological function in the prevention of NAFLD[64]. Choline deficiency can lead to
NAFLD; thus, a choline-deficient diet is widely used in animal models of NASH[65].
Choline is mainly obtained from the diet, and studies have shown that choline was
metabolized to trimethylamine (TMA) by the gut microbiota including Proteus penneri,
Escherichia fergusonii, Proteus mirabilis, and other bacteria which can cut the C-N bond
of choline[66,67]. TMA is absorbed into the liver via the portal vein and oxidized by
hepatic flavin-containing monooxygenases into trimethylamine-N-oxide (TMAO)[68].
TMAO is found to contribute to many metabolic diseases, such as cardiovascular
diseases, type 2 diabetes mellitus, and NAFLD. A clinical study found that the
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circulating levels of TMAO were inversely associated with the severity of NAFLD; in
particular, the serum levels of TMAO, choline, and the betaine/choline ratio were
shown to be adversely associated with the scores of steatosis and total NAFLD
activity. Moreover, the severity of NAFLD was independently correlated with higher
serum levels of TMAO, lower levels of betaine, and a lower ratio of betaine/choline[69].
Although the direct mechanisms through which TMA is involved in the onset and
progression of NAFLD require further investigation, another clinical study
demonstrated that the serum levels of TMAO increased along with BMI and were
strongly associated with the fatty liver index, suggesting that a specific cut-off value
of serum TMAO might help to identify subjects who are at high risk for NAFLD[70].
Animal experiments showed that in HFD-fed 129S6 mice, the impaired glucose
homeostasis and NAFLD occurred, which were associated with disruptions in choline
metabolism; meanwhile, the circulating plasma levels of phosphatidylcholine were
lower, and the urinary excretion of methylamines was higher, indicating the crucial
role of the metabolic balance of choline by the gut microbiota[71]. In addition, previous
experiments demonstrated that supplementation with TMAO along with an HFD
exacerbated impaired glucose tolerance, obstructed the hepatic insulin signaling
pathway, and caused adipose tissue inflammation in mice[72]. Moreover, blocking the
TMAO-producing enzyme flavin-containing monooxygenase 3 (FMO3) can regulate
obesity and the beiging of white adipose tissue[73]. There are also inconsistent results
showing that supplementation with TMAO in HFD-fed mice attenuated impaired
glucose tolerance and increased insulin secretion. Therefore, the effects of TMAO on
NAFLD might be a double-edged sword [74] . In addition, TMAO can influence
cholesterol transport, thereby reducing the synthesis of bile acids and decreasing the
production of very low-density lipoprotein (VLDL)[75-77]. In research on other disease,
the inhibition of TMA production exhibited beneficial effects on cardiometabolic
diseases[67]. Therefore, further well-designed studies are needed to explore the effects
of TMA on metabolic syndrome and NAFLD.

TRYPTOPHAN METABOLITES
In addition to the aforementioned gut microbiota-derived metabolites, tryptophan
metabolites have been shown to affect the development of NAFLD. Indoles are the
main tryptophan-derived gut bacterial products, which include indole-3-acetic acid
(I3A), indole propionic acid (IPA), indole-3-lactic acid, indole-3-carboxylic acid, and
tryptamine, mainly produced by Bacteroides, Eubacterium, and Clostridium[18]. I3A and
tryptamine reduced the production of pro-inflammatory cytokines by macrophages
and inhibited macrophage migration to monocyte chemoattractant protein-1. In
addition, I3A could alleviate cytokine-mediated lipogenesis in hepatocytes via the
activation of the aryl-hydrocarbon receptor [78] . This study suggests that I3A and
tryptamine are crucial metabolites that mediate host-microbiota crosstalk. Further
studies are warranted, including animal experiments and clinical investigations, to
determine whether I3A and tryptamine can effectively alleviate NAFLD.
Obesity is definitely associated with the morbidity of NAFLD, and supplement of
IPA obviously reduced weight gain in animal experiments[79]. Previous work showed
that IPA could scavenge free radicals and reduce oxidative stress[79], and IPA was
thought to be a candidate for treatment of metabolic disorders as for its beneficial
effects on glucose metabolism and insulin resistance[80]. Besides, IPA was found to be
lower in obese subjects, and the elevation of plasma IPA level improved intestinal
barrier function in vitro and in vivo through the combination of IPA and pregnane X
receptor[81,82], which in turn inhibited the endotoxin-induced TLR4 signaling and
improved tissue inflammation. Taken all together, further basic and clinical research
on the tryptophan-derived microbial metabolite may be crucial for understanding
their implications in obesity and NAFLD.

CONCLUSION
NAFLD has become the most common chronic liver disease worldwide. The
interactions between the gut microbiota and NAFLD have been widely investigated,
and advances in understanding the molecular mechanisms underlying the gut-liver
interactions are critical to the development of non-invasive serum biomarkers and
targeted therapies for NAFLD and NASH. To date, the precise association between
the gut microbiota and NAFLD, as well as an accurate definition of a healthy gut
microbiota, are still difficult to conclude; however, the gut microbiota is undoubtedly
a contributing pathogenic factor in NAFLD, and the microbial metabolites serve as a

WJG

https://www.wjgnet.com

2024

May 7, 2019

Volume 25

Issue 17

Zhou D et al. Metabolites in NAFLD

key bridge between the gut microbiota and NAFLD via the gut-liver axis.
Although alterations in microbial metabolites may be remarkable therapeutic
targets or excellent biomarkers for NAFLD, conclusions from different studies are
inconsistent due to numerous uncontrollable factors that influence the results.
Therefore, unified research standards, detection methods and conditions, and
evaluation approaches should be established. On the other hand, translational and
precision studies including a single species or a specific bacterial group, and a single
signaling pathway molecule associated with bacterial metabolism should be
employed for improvements of human health. In addition, a larger and more
comprehensive clinical cohort from the world is indispensable. Different races,
environments, and genetic backgrounds should be effectively distinguished, which
would help to obtain more accurate, stable, and applicable results. Hopefully,
individualized treatment for NAFLD targeting the gut microbiota or microbial
metabolites will be revealed in the near future.
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Abstract
Gastric cancer (GC) remains an important cause of cancer death worldwide with
a high mortality rate due to the fact that the majority of GC cases are diagnosed at
an advanced stage when the prognosis is poor and the treatment options are
limited. Unfortunately, the existing circulating biomarkers for GC diagnosis and
prognosis display low sensitivity and specificity and the GC diagnosis is based
only on the invasive procedures such as upper digestive endoscopy. There is a
huge need for less invasive or non-invasive tests but also highly specific
biomarkers in case of GC. Body fluids such as peripheral blood, urine or saliva,
stomach wash/gastric juice could be a source of specific biomarkers, providing
important data for screening and diagnosis in GC. This review summarized the
recently discovered circulating molecules such as microRNAs, long non-coding
RNAs, circular RNAs, which hold the promise to develop new strategies for early
diagnosis of GC.
Key words: Biomarkers; Gastric cancer; Early diagnosis; Genetic and epigenetic
alterations; Circulating molecules
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Despite the fact that in the last decades, gastric cancer (GC) has shown a
decreasing incidence, the five-year survival rate continues to remain poor mainly
because most patients are asymptomatic until the disease progresses to advanced stages.
Recent progress in molecular landscape of GC and improved detection methods may
facilitate screening and diagnosis of GC in early stages. Numerous studies aim to
identify specific non-invasive biomarkers from alternative sources such as peripheral
blood, urine or saliva, stomach wash/gastric juice. This review summarized the recently
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INTRODUCTION
Gastric cancer (GC) remains a challenge for oncology domain being the fifth most
frequently diagnosed cancer (1033701 new cases in 2018) and the third leading cause
of cancer death (782685 deaths) of all malignancies worldwide[1]. Although over the
last decades GC has shown a decreasing incidence, the five-year survival rate
continues to be poor, being estimated at 10% for patients with advanced GC. In the
developed countries, like Japan, where early diagnosis of GC reaches 50%, the fiveyear survival rate attains 90%[2].
Currently, the most frequent tumor markers used in the clinic for early detection of
GC comprise carcinoembryonic antigen (CEA), the carbohydrate antigens (CA) CA19-9, CA72-4, CA125, CA24-2, CA50, and also pepsinogen and α-fetoprotein
(AFP)[3]. However, the specificity and sensitivity of these serum biomarkers are poor
and so far, none of them is unique for GC diagnosis[3,4]. Thereby, the development of
improved detection method to diagnose CG in early stages is crucial, especially
knowing that most patients are asymptomatic until the disease progresses to
advanced stages. Moreover, GC is a complex, heterogeneous disease, involving
multiple genetic and epigenetic alterations[5].
Recently, the use of high throughput technologies has brought new insights into
the molecular pathogenesis, resulting in a new molecular classification of gastric
adenocarcinoma into four subtypes, based on their genomic features. According to
The Cancer Genome Atlas (TCGA), GCs are divided in Epstein-Barr virus (EBV)infected tumors, microsatellite instability tumors (MSI), genomically stable tumors
(GS), and chromosomally unstable tumors (CIN)[6]. The Asian Cancer Research Group
(ACRG) categories GC into MSI tumors and Microsatellite Stable (MSS) tumors with
either epithelial-to-mesenchymal transition (MSS/EMT), TP53 activity (MSS/TP53+),
or TP53 inactivity (MSS/TP53-)[7,8]. This new classification opened the way for several
clinical trials that are trying to define new therapeutic regimens combining immune
checkpoint inhibitors with molecular targeted therapies, with promising results[9].
However, early diagnosis remains mandatory, and studies aiming to identify new
biomarkers or genetic signatures are imperative.
Genetic alterations, including large chromosomal gain or loss, single nucleotide
variations, and mutations, as well as epigenetic alterations, like aberrant DNA
methylation, histone modification, microRNAs (miRNAs) and long non-coding RNAs
(lncRNAs) overexpression or down-regulation, were described as major aspects
implicated in GC initiation and progression[10].
A better understanding of the molecular factors involved in gastric carcinogenesis
can lead to the identification of novel biomarkers for early GC diagnosis or markers
use for prognosis and for monitoring therapy response. This review aims to discuss
the most important types of molecules secreted from the tumor tissues to the body
fluids, which candidates as circulating biomarkers for early diagnosis of GC (Figure
1).

CIRCULATING PROTEOMIC BIOMARKERS IN EARLY GC
Although several circulating tumor-associated antigens have entered routine clinical
practice for a long time their utility in early detection of GC remains elusive, due to
the high incidence of false-positive and false-negative results[11,12]. CEA, CA19-9, and
CA72-4 are the most frequently used conventional tumor markers in GC diagnosis,
prognosis, therapeutic monitoring and detection of recurrences[13]. At diagnosis, both
CEA and CA 19-9 levels can provide useful prognostic information regarding the
depth of tumor invasion and the presence of metastases[14,15]. However, they do not
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Figure 1

Figure 1 Possible non-invasive diagnostic biomarkers for early-stage gastric cancer. Genetic and epigenetic
alterations, microRNAs, long non-coding RNAs and circular RNA, circulating tumor cells and tumor DNA represent
promising candidates for the development of new non-invasive methods in early-diagnosis of gastric cancer. GC:
Gastric cancer; miRNAs: MicroRNAs; lncRNAs: Long non-coding RNAs; circRNA: circular RNA; CTCs: Circulating
tumor cells; cfDNAs: Cell-free circulating DNA.

represent effective tools for GC screening and early diagnosis as they do not display
enough sensitivity and specificity under these circumstances[16,17]. CA72-4 was shown
to exhibit higher sensitivity and accuracy than CEA, yet there are only few studies
that investigated its relevance in GC screening[18]. Other tumor markers, such as AFP
and CA125 proved to have very low positivity rates in early GC[19]. Also, CA50 is of
limited diagnostic value[20].
To increase the diagnostic performance for GC different combinations of serological
tumor markers were employed. In this respect, it was shown that by combining CEA,
CA19-9, and CA72-4 with thymidine kinase 1 (TK1) - a biomarker of cell proliferation
- a significant increase in sensitivity and specificity of GC detection was obtained,
compared to the isolated use of the biomarkers [21] . Recently, a diagnostic model
including the serum levels of CEA, CA72-4 and of three inflammatory cytokines
[tumor necrosis factor (TNF)-α, interleukin (IL)-6, and IL-8] was proposed for early
GC detection. In the validation study, this model provided good discrimination
between healthy controls, atypical hyperplasia of gastric mucosa, early-stage GC and
advanced-stage GC groups[22].
Concerning the use of stomach-specific biomarkers, measurement of serum
pepsinogens (PGs) is the most common non-invasive method employed for GC
detection, although it identifies individuals with gastric precancerous lesions, rather
than GC itself[23]. Thus, low levels of pepsinogen I (PGI) and a low pepsinogen-I to
pepsinogen ratio (PGI/PGII) exhibit a good correlation with atrophic changes in the
gastric corpus, while their accuracy for GC detection is low[24]. Additionally, gastrin-17
(G-17) was proposed as an indicator antral atrophy[25]. As shown recently, a biomarker
panel comprising PGI, PGII, PGI/PGII, G-17 and IgG antibodies to Helicobacter pylori
(H. pylori) represents a promising non-invasive tool to stratify individuals at high risk
for GC development [26] . Also, serum levels of trefoil factor 3 (TFF3), a protein
ectopically expressed in intestinal metaplasia of the stomach[27], was found to display
better performance in GC detection than PGs[25], and the combination of TFF3 with
PGs demonstrated even higher sensitivity for early GC[28].
Other potential circulating biomarkers for detecting early-stage GC include M2pyruvate kinase, a tumor-associated metabolic marker; the adipocytokine leptin as an
independent biomarker of intestinal metaplasia; p-53 autoantibody; the cell-cyclerelated protein RegIV; the inflammatory signaling molecules olfactomedin 4 and
vascular adhesion protein-1 (VAP-1)[29].
A different approach to identify early GC biomarkers has involved mass
spectrometry for analyzing serological glycomic profiles in GC patients and noncancer controls. Significant differences in serum N-glycans were observed between
the two groups. Moreover, the decreased core fucose was validated as a potential
biomarker for distinguishing early-stage GC patients from healthy controls[30].

ONCOGENES/TUMOR SUPPRESSORS IN GC
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The development of state-of-the-art techniques holds the promise of new molecular
markers identification that are able to diagnose early, predict the disease outcome and
help access the appropriate therapy. Numerous studies showed an increased level of
expression of oncogenes in GC. They stimulate tumor cell growth and cell cycle and
inhibit apoptosis.
Recent studies identified several genes whose elevated expression level proved to
be associated with GC and might be useful in early detection, such as xpg, interferoninduced transmembrane protein 1 (iftim1), matrix metalloproteinase-9 (mmp-9),
pituitary tumor-transforming gene-1 (pttg1), stc1[31].
XPG/ERCC5 (13q33) Xeroderma pigmentosum group G/excision repair crosscomplementing group 5, an enzyme from NER (nucleotide excision repair) system, is
involved in repairing of DNA lesions caused by genomic instability. The gene
expression level of ercc5 was found to be significantly higher in GC compared to
gastritis, and it was associated with tumor development and progression[32].
By microarray profiling methods, ifitm1 was identified as a gene upregulated in
tumor cell lines and GC tissues. Moreover, important differences in expression level
in intestinal vs diffuse type of GC were observed. Although the role of this gene in
tumorigenesis is not clearly understood, ifitm1 raised expression was implicated in
invasion and migration of GC cells[33] and was also related to increased inflammatory
responses that may play a part in tumor progression.
MMP-9 is an enzyme that contributes to the degradation of the extracellular matrix,
having a well-known role in tumor growth, invasion and metastasis in gastric
carcinoma[34]. A study that evaluates both serum and tissue expression level of MMP9, found out a correlation between serum concentration of MMP-9 before surgery and
TNM staging. Although the mmp-9 expression level in gastric tumor was higher
compared to healthy tissue, and positively associated with depth of invasion, it did
not correlate significantly with MMP-9 serum level[35].
A recently discovered proto-oncogene, pttg1 can affect tumorigenesis, invasion, and
metastasis of many cancer types. The expression of pttg1 is upregulated in gastric
tumor tissue compared to gastric intraepithelial neoplasia and normal mucosa (both
mRNA and protein level) and it is an independent factor for survival. PTTG1 might
represent a potential diagnostic marker and a therapeutic target[36].
STC1 and STC2, members of STC (stanniocalcin) family, were highly expressed in
numerous cancer types. In GC, both STC1 and STC2 expression is upregulated, STC1
being significantly associated with tumor staging, metastasis, and progression-free
survival. Serum level of STC1 was significantly elevated in preoperative cancer
patients compared to benign gastric cases and decreased 7-10 d after surgery [37] .
Arigami et al[38] reported a significantly higher number of stc1 mRNA copies in the
blood of GC patients vs. normal controls that correlates with tumor invasion and
staging and has a greater sensitivity than CA 19-9 and CEA. These studies suggest the
utility of serum STC1 as diagnosis and prognosis marker in GC.
Using gene microarray, our group also identified a panel of overexpressed genes
associated with tumor progression: KRT17, COL10A1, KIAA1199, SPP1, IL11, S100A2,
and MMP3. From these, COL10A1, KRT17, and SALL4 candidate as biomarkers for
early detection having an increased expression in the early stages of gastric
tumorigenesis[39]. COL10A1 was found elevated in serum of patients with colorectal
cancer[40], proven to be a worthy circulating biomarker for early diagnosis. KRT17 was
also demonstrated to be involved in tumor growth, motility, and invasion by in vitro
and in vivo studies on gastric tumorigenesis[41].
Tumor suppressor genes can present loss of expression in GC patient samples that
result in accelerated cell growth, the progression of the cell cycle, and decreased
inhibition of the oncogene expression. These alterations were also studied in order to
discover new diagnostic molecular markers for the early detection and progression of
GC[31].
Using a gene microarray analysis, one study identified transmembrane protein
with EGF like and two follistatin-like domains 2 (tmeff2) as a gene with significantly
decreased expression in GC tissues, negatively correlated with the advanced cancer
stage, large tumor size, and poor prognosis. The authors showed that the increase of
tmeff2 expression decrease cell proliferation by increasing apoptosis and by blocking
the cell cycle in GC cells[42]. Moreover, modification of tmeff2 expression in GC seems
to be associated with H. pylori infection via STAT3 activation[43].
An interesting possible biomarker is gastrokine 1 (GKN1), a small protein
significantly expressed in the surface lumen epithelial cell layer of gastric tissue, being
involved in the maintenance of mucosal integrity and secreted into the stomach, but
absent in GC[44]. It was also detected that GKN1 acts as a tumor suppressor and a
modulator of apoptotic signals in GC, its lower expression might be considered an
indicator of increased risk of gastric carcinogenesis[45].
Another study suggested the opportunity of detecting GC using the gene
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expression profile of the blood. In this study, a four-gene panel discriminated GC
with an accuracy of 95%, sensitivity of 92% and specificity of 96%. This four-gene
panel for detection of GC includes two overexpressed genes: purine-rich element
binding protein B (purb) and structural maintenance of chromosomes 1A (smc1l1), and
two underexpressed genes: DENN/MADD domain containing 1B (dennd1b) and
programmed cell death 4 (pdcd4)[46].
Next-generation deep sequencing was used to evaluate mutations of tp53 in tumor
biopsies, plasma and stomach fluids (gastric wash) obtained from GC patients. The
results showed that tp53 mutations were identified in 15/46 biopsies (32.6%), 7/46
gastric wash - (15.2%) and 6/46 plasma samples (13%). The authors suggested that
gastric wash could be useful to detect DNA alterations using a comprehensive genepanel designed for GC diagnosis[47].

METHYLATION PATTERN OF GC
In GC, epigenetic alteration by methylation occurs in specific genes involved in
various processes such as cell cycle regulation (p16nk4a, tcf4), DNA repair (hmlh1 and
mgmt), cell growth/differentiation (hoxd10, hai-2/spint2, ndrg2), transcriptional
regulation (hltf, pax6, znf545, runx3), cell adhesion/invasion/migration (cdh1, cdh4,
apc, flnc, lox, timp3, tsp1), apoptosis (bnip3, xiap, bnip3, bcl2, cacna2d3, dapk, gpx3, pcdh10,
pcdh17, casp8, xaf1), angiogenesis (thbs-1 and p73), STAT pathway (socs-1), Ras
pathway (rassf1a, rassf2, hdab2ip, rkip), Wnt pathway (dkk-3, ctnnb1), as well as in
multidrug resistance genes (mdr1, gstp1)[48,49] and in genes associated with Epstein-Barr
virus-type tumors (pycard, bmpr1a, and pgr) or H. pylori positive tumors (brinp1, epha5,
fli1, and sez6l)[50]. The correlation of these biomarkers with tumor size, localization,
differentiation, invasion, lymph node metastasis, distant metastasis, TNM stage, and
prognosis is presented in Figure 2.
It was demonstrated previously that, in the case of gastric tumors, aberrant DNA
methylation occurs more frequently than mutations[51], making DNA methylation a
more specific assay in detection of such disease. Therefore, researchers started looking
for an easier and less invasive method for the collection of cells and detection of DNA
originated from gastric tumors. In serum/plasma DNA obtained from GC patient was
observed a significantly higher methylation level of some biomarkers, such as p16,
cdh1, mgmt, rarb, and rnf180[52].
Previously it was considered that DNA is denatured by stomach acidity[53], later on,
it was demonstrated that this process is true in case of normal cells, but incorrect in
case of DNA from tumor cells[45]. Collection of samples from stomach wash during
endoscopy demonstrated that cancer cells from mucosal layers are easier exfoliated
than normal cells into gastric juice and also that DNA isolated from such tumor cells
is less degraded due to acidity[45] making it easy to be studied, offering a sensitive and
quantitative method of detection.
Several genes were found to be methylated with higher frequency in gastric
neoplasia versus normal condition and therefore were analyzed as possible
biomarkers. Among them six methylated genes were most specific and sensitive for
GC: adam23, mint25, gdnf, prdm5, mlf1 and rora. The results have shown that the
combination of the markers mint25 + adam23 + gdnf achieved a high sensitivity (95%)
and speciﬁcity (92%). It was found that the methylation process is gene- and tumor
stage-dependent during gastric carcinogenesis, some genes are highly methylated
during dysplasia and early cancer phase compared with normal, but show lower
methylation in advanced GC, similar with mechanism observed in ulcerative colitisassociated colon neoplasia[45].
But increased methylation process could have other causes as well, such as chronic
inflammation of gastric mucosae, especially by H. pylori infection and aging. In order
to test the effect of inflammation on methylation, the BarH-like 2 homeobox protein
(barhl2) gene was chosen since is an H. pylori-independent biomarker. The barhl2
methylation analysis of exosomal DNA (exoDNA) derived from gastric juice proven
that the process is not influenced by atrophy of the gastric mucosa or H. pylori
infection and could be used as a biomarker for detection of both early and advanced
GC[54].

MIRNAS AS DIAGNOSTIC BIOMARKERS FOR GC
MiRNAs represent a class of small non-coding RNAs (19-25 nucleotides) involved by
epigenetic mechanisms in many cellular processes, such as differentiation,
proliferation, and apoptosis. These molecules, that seem to present specific expression
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Figure 2

Figure 2 Methylation changes in gastric cancer. Epigenetic alteration by methylation occurs in specific genes
involved in various processes such as cell cycle regulation, DNA repair, cell growth/differentiation, transcriptional
regulation, cell adhesion/invasion/migration, apoptosis, angiogenesis, as well as in multidrug resistance genes, and in
genes associated with Epstein-Barr virus-type tumors or Helicobacter pylori positive tumors. These gene alterations
are correlated with tumor size, localization, differentiation, invasion, lymph node metastasis, distant metastasis, TNM
stage, and prognosis. GC: Gastric cancer.

signatures in normal and tumor gastric tissue, can act as oncogenes and/or tumor
suppressors depending on the role of the target mRNA/gene[55].
More studies suggested that miRNAs could be considered important potential
biomarkers for gastric pathology as they are frequently found to be deregulated in
gastric tissue in H. pylori infection, chronic gastritis, preneoplastic conditions such as
atrophic gastritis and intestinal metaplasia, and also in early dysplasia and invasive
cancer. Moreover, modifications of miRNA blood levels were also identified in GC
patients supporting the development of new diagnostic and prognostic methods
based on miRNA expression analysis[56].
A promising result was obtained by a study in which miRNA-21 levels, in serum
and peripheral blood mononuclear cells, were found to be increased in GC patients
with a positive prediction rate around 90%, while those of CA199 and CEA were
around 50%. Moreover, circulating miR-21 levels can discriminate between stage I
and stage IV of GC[57].
miR-376c was found to be up-regulated in tissue, plasma, and urine of GC patients,
even from the early stage of the tumor. The increased expression of miR-376c was
associated with the proliferation, migration and anchorage-independent growth of
cancer cells, having as a direct target arid4a gene which is considerably downregulated in tumor tissue[58].
Increased pre-operative circulating miR-196a and miR-196b levels were identified
in GC patients compared to healthy controls, the expression level of these miRNAs
being reduced after the surgical resection of the gastric tumor. Interestingly, higher
circulating miR-196a/b levels were correlated with the metastatic potential of the
tumor, advanced stages, and poorer survival. Moreover, the results of this study
suggested that circulating miR-196a, miR-196b, and combined miR-196a and miR196b can distinguish between GC patients and healthy controls with higher sensitivity
and specificity compared to the CEA or CA19-9[59]. Another recent study analyzed
circulating miRNA levels in GC patients and identified a four-miRNA panel (miR501-3p, miR-143-3p, miR-451a, miR-146a) as possible noninvasive biomarkers for
prediction and prognosis of lymph node metastasis (LNM). In addition, LNM patients
with decreased levels of miR-451a and miR-146a presented worse overall survival[60].
A five-miRNA panel (miR-16, miR-25, miR-92a, miR-451, and miR-486-5p) was found
to be differentially expressed in plasma of gastric non-cardia adenocarcinoma patients
compared to healthy controls. This panel seems to be able to discriminate between
early-stage of gastric non-cardia adenocarcinoma patients and cancer-free subjects[61].
Other panels containing up-regulated miRNAs (miR-200a-3p, miR-296-5p, miR-1323p, miR-485-3p, and miR-22-5p)[62] and (miR10b-5p, miR132-3p, miR185-5p, miR1955p, miR-20a3p, and miR296-5p) [63] were identified in serum of the GC patients
compared to healthy controls. Based on the evidence that exosomes secreted by cancer
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and normal cells can be released into the circulatory system, a recent study identified
overexpression of circulating exosomal miR-19b and miR-106a in GC patients
compared to healthy controls. These increased levels were correlated with lymphatic
metastasis and advanced stages of GC[64].
miR-146, miR-375, and Let-7 were found to be downregulated while miR-19 and
miR-21 presented an increased expression in plasma of the GC patients with H. pylori
infection. The study also identified overexpression of the genes involved in IRAK4
signaling and a decreased expression of pten gene in the GC patients with H. pylori
infection compared to the control group, suggesting the potential of these molecules
as biomarkers for early diagnosis of GC[65]. There are also other molecular potential
biomarkers for screening GC identified in gastric juice: miR-421, miR-21, miR-106a
and miR-129[66].
Table 1 summarized several miRNAs presenting modified circulating expression in
GC patients compared to healthy controls.
Even if these results need to be validated by independent groups or cohorts in
prospective studies, circulating miRNAs could be considered a class of novel, noninvasive diagnostic biomarkers with sufficient diagnostic accuracy in detecting the
early-stage GC.

LNCRNAS IN GC
LncRNAs are transcripts longer than 200 nucleotides with no or limited proteincoding potential. lncRNAs are implicated in the regulation of several biological
processes like transcription and translation, cellular differentiation, gene expression,
cell cycle, etc[71]. They are characterized by high stability while circulating in body
fluids and their level in tumor tissue correlates with plasma levels. As such, lncRNAs
can be used to distinguish tumor patients at early stages from healthy people, as well
as to predict the prognostic, metastasis risks and recurrence after surgery[72,73].
In 2013, Cao et al[74] investigated the lncRNA expression in GC and detected 88
differentially expressed lncRNAs, 71 upregulated and 17 downregulated. Zhou et al[75]
hypothesized that GC-related lncRNAs might be released into the circulation during
tumor initiation and could be utilized to detect and monitor GC.
Highly upregulated in liver cancer (HULC) is a lncRNA implicated in the growth
and tumorigenesis of human GC. In vitro overexpression of HULC in gastric cell lines
stimulates proliferation and invasion, inhibits cell apoptosis and can induce
autophagy patterns, while its silencing reverses the EMT phenotype[76]. Evaluated in
plasma, HULC level is higher in preoperative patients compared with healthy control
subjects[77].
Another candidate as a possible biomarker for early detection and prognosis
prediction of GC is lncRNA PVT1 since the levels of PVT1 in gastric juice from gastric
patients were signiﬁcantly higher than those from normal subjects[78].
Zhou et al [75] proposed H19 (imprinted maternally expressed transcript) as a
potential biomarker for diagnosis of GC, especially for early tumor screening. It
stimulates cell proliferation and inhibits apoptosis[79]. H19 plasma level is significantly
higher in GC patients compared with normal controls [75,80-82] and allows the
discrimination of early stage GC [75] . On the other side, H19 plasma levels were
significantly lower in postoperative samples than in preoperative ones[75,80]. Also,
patients with smaller tumor sizes (< 5 cm) exhibit higher H19 level in their circulation
compared with those with larger tumors (≥ 5 cm)[81].
Another abnormally expressed lncRNA in GC is long intergenic non-proteincoding RNA 152 (LINC00152), its plasma level being significantly elevated in GC
patients compared with healthy controls [83,84] and presenting higher levels in
postoperative plasma samples compared with preoperative ones[83]. This lncRNA
allows differentiating GC patients from ones with benign gastric diseases and can be
also detected in gastric juice[84]. Another lncRNA that can be detected in gastric juice is
AA174084 characterized by higher levels in GC patients compared with healthy or
other non-GC subjects. Its plasma level drops markedly in GC patients on day 15
post-surgery and is associated with invasion and lymphatic metastasis[85].
Hox transcript antisense intergenic RNA (HOTAIR) has been suggested to be
implicated in GC tumorigenesis and progression[86]. It promotes cell proliferation and
inhibits apoptosis[79]. HOTAIR plasma level is significantly higher in GC patients
compared with healthy controls. Moreover, increased HOTAIR expression was
associated with advanced tumor stages, higher grades, and metastasis[86]. Other upregulated lncRNAs are human urothelial carcinoma associated 1 (UCA1), which is
implicated in GC carcinogenesis and presents higher levels in GC patients[87], and
ABHD11-AS, whose levels in gastric juice is significantly higher in GC patients, being
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Table 1 Dysregulated circulating microRNAs reported in gastric cancer patients
MicroRNA

Biological function

Type of biomarker

Origin of specimen

Sensitivity/specificity

Study

miR-21

Upregulated;
discriminates between
stage I and stage IV of
GC

Diagnostic, prognostic

Serum, PBMC

88.4%/79.6% (serum)
81.3%/73.4% (PBMC)

Wu et al[57]

Upregulated; correlated
with metastatic potential
of the tumor, advanced
stages, and poorer
survival

Diagnostic, prognostic

Plasma

69.5%/97.6%

Tsai et al[59]

miR-200c

Upregulated; predictor
of progression and
survival.

Diagnostic, prognostic

Blood

65.4%/100%

Valladares-ayerbes et
al[67]

miR-940

Downregulated

Diagnostic

Plasma

81.25 %/98.57 %

Liu et al[68]

Upregulated

Diagnostic

Serum

77.5%/80.0%

Jiang et al[69]

Upregulated; correlated
with lymphatic
metastasis and
advanced stages

Diagnostic, prognostic

Circulating exosomes

95%/90%

Wang et al[64]

miR-501-3p, miR-143- Differentially expressed;
3p, miR-451a, miR-146a
prediction and
prognosis of lymph
node metastasis

Prognostic

Serum

87.78%/63.33%

Jiang et al[60]

miR-16, miR-25, miRDifferentially expressed;
92a, miR-451, miR-486discriminate between
5p
early-stage of GC and
cancer-free subjects

Diagnostic

Plasma

72.9%/89.2%

Zhu et al[61]

miR-200a-3p, miR-2965p, miR-132-3p, miR485-3p, miR-22-5p

Upregulated

Diagnostic

Serum

N/S

Wang et al[62]

miR10b-5p, miR132-3p,
miR185-5p, miR195-5p,
miR-20a3p, miR296-5p

Upregulated

Diagnostic

Serum

N/S

Huang et al[63]

miR-17-5p, miR-21,
miR-106a, miR-106b,
let-7a

Differentially expressed

Diagnostic

Plasma

85.5%/80.0%

Tsujiura et al[70]

miR-146, miR-375, let7, miR-19, miR-21

Differentially expressed
in GC patients with H.
Pylori infection

Diagnostic

Plasma

N/S

Ranjbar et al[65]

miR-196a/b

miR-551b-5p
miR-19b, miR-106a

miR-: MicroRNA; GC: Gastric cancer; PBMC: Peripheral blood mononuclear cell; H. pylori: Helicobacter pylori; N/S: Not specified.

also associated with clinicopathological factors[88].
Yang et al[89] investigated the diagnostic value of gastric cancer associated transcript
2 (GACAT2) in GC. In the evaluated cohort, the plasma GACAT2 levels in GC
patients were significantly higher compared with healthy individuals, as well as in
the preoperative group compared with the postoperative one. In addition, the
individual relative changes of GACAT2 expression following surgery were
significantly associated with lymphatic metastasis, distal metastasis, and perineural
invasion.
Also, some lncRNAs panels were investigated for GC diagnosis. Zhang et al[90]
identified a panel of five novel plasma lncRNAs (TINCR, CCAT2, AOC4P, BANCR,
and LINC00857) using genome-wide lncRNA screening analysis which could
distinguish GC patients from healthy controls and can help monitor tumor dynamics,
tumor, depth of invasion, lymphatic metastasis and more advanced tumor stages.
Also, Dong et al [91] identified a three-lncRNA signature, CUDR, LSINCT-5, and
PTENP1, that allows distinguishing healthy controls from early GC patients.
However, to introduce lncRNAs as plasma biomarkers, further studies and
improvements of extraction, quantification, probe enrichment, and evaluation
methods should be performed.

CIRCRNAS, A NEW CLASS OF GC BIOMARKERS
CircRNAs are a new class of non-coding RNAs that form a closed loop, without 5’ and
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3’ ends[92]. CircRNAs were first identified in RNA viruses, but later with the progress
of new molecular techniques like high-throughput RNA sequencing and microarray
analysis, circRNAs were found in all eukaryotic organisms as stable and conserved
sequences that control gene expression through interactions with miRNAs[93]. New
emerging data have confirmed that circRNAs are involved in the occurrence of many
diseases, and also are strongly associated with tumor growth and metastasis[94]. These
findings underline the potential of circRNAs to act as novel biomarkers and
therapeutic targets for various human tumors.
Several recent studies have analyzed the aberrant expression of circRNA in GC
compared with adjacent normal tissue and presented various lists with upregulated
and downregulated circRNA[95-98] (Table 2). The study performed by Huang et al[96]
identified circRNA0026 (hsa_circ_0000026) as having significantly downregulated
expression 2.8fold change in GC. Sui et al [95] found six differentially expressed
circRNA in GC tissue and managed to validate through qRT-PCR three of them
(hsa_circRNA_400071, hsa_circRNA_000543, and hsa_circRNA_001959) as having a
consistent expression with the differentially expressed gene. Through analysis of
circRNA and mRNA differential expression profiles in GC tissues, the authors
managed to identify the target mRNA and their respective genes for selected
circRNAs, like cd44, cxxc5, myh9, malat1 and other genes with important implications
in GC tumorigenesis and development.
One important finding related to circRNA in cancer was that they are not easily
degraded by RNase and thus, are stably expressed in human cells, in plasma or in
gastric juice [104,109] . These findings opened the way for plasma circRNA profiling
studies, aiming to identify specific diagnostic and prognostic circRNA for GC
patients. Li et al[108] performed circRNA microarray for three GC samples and plasma,
to assess the differences of circRNA expression profiles. They found that 3 and 14
circRNA were upregulated and downregulated respectively, both in patients’ plasma
and tumor tissue. Further, they analyzed through RT-droplet digital PCR (RT-ddPCR)
the circRNA levels in plasma for 121 GC patients. Two circRNA: hsa_circ_0001017
(30.85-folds change) and hsa_circ_0061276 (121.54-folds change) were selected for
their non-invasion diagnostic values. Results showed that patients with low level of
hsa_circ_0001017 or hsa_circ_0061276 in plasma had shorter overall survival than
those with high levels. Moreover, patients whose plasma levels of the two circRNA
recovered to normal after the operation had longer disease-free survival.
Due to their documented correlation between tissue and plasma level, stability and
presence as cell-free RNA in plasma, circRNA may be valuable blood-based
biomarkers for GC screening, diagnosis, and prognosis.

CIRCULATING TUMOR CELLS
GC diagnosis relies mostly on invasive procedures, which are rather expensive and
may have sometimes serious adverse events[110]. In spite of being documented 150
years ago[111], only last years proved that analyzing circulating tumor cells (CTCs) in
liquid biopsies, a blood-based diagnostic approach, as a substitute for tissue biopsies
have emerged as real-time cancer development monitoring tool and management
strategy[112].
CTCs are a very rare and heterogeneous population of cells circulating in
peripheral blood, originating from either primary or metastatic tumors that express
the antigenic or genetic characteristics of the specific tumor type[113]. CTCs were first
described as expressing epithelial cell markers EpCAM, cytokeratin 8, 18, and 19
(CK8, CK18, CK19), and are CD45 negative [114] . Recently, EMT with potential
overexpression of mesenchymal markers and decreased expression of epithelial cell
markers or mesenchymal-epithelial transition (MET) that present mesenchymal and
epithelial markers, were shown to characterize subpopulations of these cells[115,116].
Mesenchymal phenotypes have larger plasticity thus facilitating migration, invasion,
and drug resistance[117]. Several studies revealed the presence of CTCs in circulating
tumor microemboli (CTM), indicating poor prognosis and influencing disease
progression[118].
This high heterogeneity of CTCs prompted researchers to develop different
methodologies to enrich, isolate and/or enumerate them based on specific phenotypic
or molecular characteristics. Basically, there are two general types of methods used in
CTCs enrichment/isolation: biological and physical methods. Their combination is
more likely to improve the efficiency of CTC detection. CellSearch™ platform
(Veridex LLC, Huntingdon Valley, PA, United States) the only procedure approved
for the enumeration and isolation of CTCs by the Food and Drug Administration
(FDA) for clinical use, detect the adhesion molecule EpCAM, CK8, CK18 and CK19
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Table 2 Various aberrantly expressed circular RNAs with the potential to serve as diagnostic and prognostic biomarkers for gastric
cancer
circRNA name

Biological function

Type of biomarker

Origin of specimen

Sensitivity/specificity

Study

hsa_circ_002059

Downregulated in GC;
correlated with TNM
stage and metastasis

Diagnostic

Tissues; plasma

81%/62%

Li et al[94]

hsa_circ_0000096

Downregulated in GC;
affects GC cell growth
and migration

Diagnostic

Tissues

N/S

Li et al[99]

hsa_circ_0058246

Upregulated in GC;
associated with poor
clinical outcomes

Prognostic

Tissues

N/S

Fang et al[100]

hsa_circ_0000745

Downregulated in GC;
correlated with tumor
differentiation and
tumor nodal metastasis

Prognostic

Tissues

85.5%/45%

Huang et al[101]

hsa_circ_00000181

Downregulated in GC;
associated with TNM
stage and metastasis

Prognostic

Plasma

99%/85.2%

Zhao et al[102]

hsa_circ_0047905, hascircRNA7690-15,
hsa_circ_0138960

Substantially
upregulated in GC; act
as tumor promoters in
the pathogenesis of GC

Diagnostic

Tissues

N/S

Lai et al[103]

hsa_circ_0014717

Downregulated in GC;
stably expressed in
gastric juice; associated
with TNM stage and
metastasis

Prognostic

Tissues

59.38%/81.25%

Shao et al[104]

hsa_circ_0001895

Downregulated in both
GC tissue and gastric
precancerous lesions

Diagnostic

Tissues

67.8%/85.7%

Shao et al[105]

has_circ_0000520

Downregulated in GC;
associated with TNM
stage and in GC plasma
linked with CEA
expression

Diagnostic

Tissues; plasma

53.57%/85.71% (tissue)
82.35%/84.44% (plasma)

Sun et al[106]

hsa_circ_0000190

Downregulated in GC;
associated with TNM
stage and metastasis

Diagnostic

Tissues; plasma

71.2%/75%

Chen et al[107]

hsa_circ_0001017
hsa_circ_0061276

Downregulated in GC;
associated with shorter
overall survival

Prognostic

Tissues; plasma

95.5%/95.7%

Li et al[108]

GC: Gastric cancer; CEA: Carcinoembryonic antigen; circRNA: Circular RNA; N/S: Not specified.

and exclude CD45 cells but may overlook CTCs with predominantly mesenchymal
phenotype. Using cell size - and phenotype-based systems, as centrifugal microfluidic
system based on fluid-assisted separation technique (FAST), or Cascaded Inertial
Focusing Microfluidic device, coupled with detection of an extended panel of markers
might identify a different subpopulation of CTCs with higher efficiency[119,120].
Exploiting a frequent genetic abnormality reported in GC tumors, the aneuploidy
of chromosome 8, Li et al[121] created an integrated subtraction enrichment (SET) and
immunostaining-fluorescence in situ hybridization (iFISH) platform claimed to be
more sensitive than the CellSearch™ to detect and characterize CTCs in advanced GC
patients. Multiple studies showed that SET-iFISH method to enumerate CTCs with
chromosome 8 aneuploidy is efficient in monitoring GC patient treatment
response[113]. Expression of different other markers as vimentin, twist, MUC1, HER2,
etc. proved to be very useful to evaluate therapeutic response and prognosis in
patients with GC. However, irrespective of the detection method employed, there is
weak evidence that detection of CTCs has the potential for early biomarker detection
in GC but all data are consistent in supporting its utility in assessing the tumor
heterogeneity, monitoring treatment responses and real-time cancer management[113].

CIRCULATING TUMOR DNA
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Circulating tumor DNA (ctDNA) analysis refined the liquid biopsy to the level of
identification of tumor molecular traces circulating in the body fluids and may give
deeper insight on the cancer heterogeneity, early biomarker detection, therapeutic
target detection, real-time evaluation of treatment response and possible resistance
and prognosis. Originating from primary tumor cells, CTCs and/or distant
metastasis, ctDNA give a broad cross-section of the disease offering information on
methylation status, genetic alterations as mutations, amplifications, rearrangements,
copy number variation (CNV), the latter being more difficult to analyze due to the
short length and possibly unequal distribution of the ctDNA fragments[111].
Generally, ctDNA represents only a fraction of the cell-free circulating DNA
(cfDNA), which is increased considerably in late-stage disease[122]. However, there is
evidence that ctDNA can be detected in the plasma of cancer patients even in the early
stages of their disease [123,124] . In GC, Fang et al [125] found that ctDNA levels were
correlated with vascular invasion and the highest ctDNA detectable levels were
associated with peritoneal recurrence and a poor prognosis. Balgkouranidou et al[126]
showed that rassf1a and apc promoter hypermethylation in cfDNA represents a
frequent epigenetic event in patients with early operable GC demonstrating a
prognostic capacity for these patients. Another study suggested that cfDNA can
identify EBV-associated gastric carcinoma (EBVaGC) subtype and monitor tumor
progression as well as treatment response in patients with EBVaGC[127].
Being a rare event, ctDNA requires highly sensitive and reproducible analytical
methods for proper investigation. Multiplex mass spectrometric SNP genotyping
technology, real-time quantitative PCR (qRT-PCR), digital droplet PCR (ddPCR) with
improved nucleic acid quantification, next-generation sequencing (NGS) were already
employed for ctDNA analysis in GC patients [125,128-130] proving the usefulness in
personalized treatment decisions. A panel of more than 70 genes and genomic
biomarkers for MSI and blood tumor mutational burden (bTMB) by Foundation
Medicine, the FoundationACT® assay, was granted breakthrough device designation
by the FDA[131] and might become the first FDA-approved liquid biopsy assay to
incorporate multiple companion diagnostics (CDx) and multiple biomarkers.

CONCLUSION
GC remains an important cause of cancer death worldwide with a high mortality rate
due to the fact that the majority of GC cases are diagnosed at an advanced stage when
the prognosis is poor and the treatment options are limited. Unfortunately, the
existing circulating biomarkers for GC diagnosis and prognosis display low
sensitivity and specificity and the GC diagnosis is based only on the invasive
procedures such as upper digestive endoscopy. Therefore, most current GC studies
are focused on the identification and validation of non-invasive cancer biomarkers
released from the tumor tissues into the body fluids, such as blood and stomach juice.
Many of these biomarkers are not specific for the early stages, being detected in
advanced stages of GC, and cannot be used for early GC detection. However, some of
recently discovered circulating molecules (miRNAs, lncRNAs, circRNA) hold the
promise for developing new strategies for early diagnosis of GC, being able to
discriminate between the early stage of GC and healthy subjects, with a sensitivity
more than 77.5%. In order to improve the sensitivity and enlarge the early stage
biomarkers list, further studies should be performed to optimize laboratory
techniques such as extraction, quantification, probe enrichment, and evaluation
methods. Moreover, these results need to be validated by independent groups or
cohorts in prospective studies.
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Abstract
Barrett’s esophagus (BE) is a change in the esophageal lining and is known to be
the major precursor lesion for most cases of esophageal adenocarcinoma (EAC).
Despite an understanding of its association with BE for many years and the
falling incidence rates of squamous cell carcinoma of the esophagus, the
incidence for EAC continues to rise exponentially. In association with this rising
incidence, if the delay in diagnosis of EAC occurs after the onset of symptoms,
then the mortality at 5 years is greater than 80%. Appropriate diagnosis and
surveillance strategies are therefore vital for BE. Multiple novel optical
technologies and other advanced approaches are being utilized to assist in
making screening and surveillance more cost effective. We review the current
guidelines and evolving techniques that are currently being evaluated.
Key words: Barrett’s esophagus; Screening; Surveillance; New techniques; Endoscopy;
Imaging; Radiofrequency ablation; Narrow band imaging
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Core tip: Appropriate screening and diagnosis of Barrett’s esophagus and dysplasia and
thereby cancer prevention is challenging. Newer imaging modalities aid and complement
the role of traditional endoscopy with biopsy. Research in this area is promising and
primarily focused on improved optical technology and advanced sampling techniques.
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RATIONALE FOR SCREENING
Barrett's esophagus (BE) is characterized by the replacement of squamous epithelium
normally found in the esophagus with metaplastic columnar epithelium. As a result,
the proximal level of the squamocolumnar junction, also known as the z-line, no
longer corresponds with the gastro-esophageal junction (GEJ). This change is a result
of chronic exposure of the normal squamous epithelium to refluxed gastric material
and is believed to increase the risk of evolution to neoplasia[1].
The index examination is essential for identifying and diagnosing BE as this
ultimately determines follow up intervals moving forward. Using white light
endoscopy (WLE), BE can be accurately visualized and then divided into short
segment (shorter than 3 cm) and long segment (longer than 3 cm). Endoscopically, BE
is then further graded using Prague C and M criteria. The Prague C and M criteria is a
validated grading system that assesses the presence and extent of BE by measuring
the circumferential (C) length and maximum (M) length of BE visualized above the
GEJ[1]. Once BE has been recognized and graded, biopsies are then obtained using the
Seattle protocol. The Seattle protocol is a technique that aims to identify BE with or
without dysplasia and neoplasia by obtaining 4-quadrant biopsies every 1-2
centimeters within this area of identified BE. In addition to Seattle protocol, biopsies
are obtained of any areas of mucosal irregularity. These biopsies are then sent for
pathology where the diagnosis of BE or is confirmed by the identification of intestinal
metaplasia on biopsy[1,2]. Since dysplastic and neoplastic lesions can be dispersed
throughout a segment of BE, sampling error decreases the sensitivity of random
biopsies using the Seattle protocol, especially for segments longer than 3 cm[3].
While this change in the esophageal lining is largely asymptomatic, BE is known to
be the major precursor lesion for most cases of esophageal adenocarcinoma (EAC).
Esophageal cancer is the eighth most common cancer in the world with
approximately 10000 new cases of EAC diagnosed every year. Despite an
understanding of its association with BE for many years and the falling incidence
rates of squamous cell carcinoma of the esophagus, the incidence for EAC continues
to rise exponentially [4] . In association with this rising incidence, if the delay in
diagnosis of EAC occurs after the onset of symptoms, then the mortality at 5 years is
greater than 80%. Alternatively, if EAC is diagnosed at an early stage, T1a, then the 5year mortality is significantly better at greater than 80%[5]. Given this rising incidence
and poor prognosis from EAC which has a known precursor lesion in BE that can be
endoscopically monitored, significant interest has been placed in finding an effective
way to accurately screen for BE.

CURRENT RECOMMENDATIONS
Whereas there is significant concern for the rising incidence in EAC, screening is
limited to a very specific patient population. Some of the limitations to screening the
general population include the lack of an accurate, widely applicable risk assessment
tool, lack of a cost-effect screening method and the absence of a beneficial effect on
mortality. Additionally, the incidence of EAC is rising, the absolute risk of developing
EAC in the setting of having BE remains low. The most recent data has shown the
prevalence of BE in the general population to be around 1%-2% and the annual risk of
BE converting to EAC between 0.12%-0.5%[4]. For these reasons, screening the general
population for BE by endoscopic or non-endoscopic methods is not advocated.
Although screening the general population may not be recommended at this time,
screening targeted populations is encouraged.

BEST PRACTICES
While recommendations amongst the major gastroenterological societies differ, as
outlined in Table 1, the overall consensus is to screen individuals with multiple risk
factors for BE/EAC, and in the case of the American College of Gastroenterology and
the American Society for Gastrointestinal Endoscopy to screen patients who have
been experiencing symptoms for a prolonged period of time [5] . An international
consensus statement (BOB CAT) recommended endoscopic screening for men older
than 60 years of age who have experienced chronic gastroesophageal reflux disease
(GERD) symptoms for 10 years or longer[4].
Furthermore, attempts have been made to create a validated model to determine
risk of progression of BE to neoplasia. One model has been the creation of the
'Progression in BE score or PIB score' which further outlined in Tables 2 and 3. This
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Table 1 Current guidelines for screening Barrett's esophagus from major gastroenterology societies[3]
Society (year published)

Target populations

American College of Gastroenterology (2016)

Primary: Male patients with either > 5 years of GERD or with more than
weekly GERD symptoms and at least two other risk factors including: (1)
Age > 50; (2) central obesity; (3) smoking history; (4) Caucasian; (5) first
degree relative with BE or EAC

American Society for Gastrointestinal Endoscopy (2012)

Patients with multiple risk factors including male sex, older than 50,
Caucasian, family history of BE, increased duration of reflux symptoms,
smoking and obesity

American Gastroenterological Association (2011)
British Society of Gastroenterology (2014)

Patients with multiple risk factors including male sex, older than 50,
Caucasian, chronic GERD, hiatal hernia and obesity
Primary: Patients with GERD and at least three risk factors including male,
older than 50, Caucasian, and obesity unless there is a family history of BE or
EAC which would lower threshold

GERD: Gastroesophageal reflux disease; BE: Barrett's esophagus; EAC: Esophageal adenocarcinoma.

scoring system uses the risk factors identified as significant in causing the highest risk
of developing high-grade dysplasia (HGD)/EAC [male sex, smoking, length of BE
and baseline low-grade dysplasia (LGD)] to determine patients with BE who are at
low, intermediate and high risk for HGD or EAC. Using the point system in Table 3,
patients with 0-10 points were considered low risk for progression, patients with 1120 were considered intermediate risk and patients with 21-30 were considered high
risk[6]. The annual risk of progression was 0.13% for low, 0.73% for intermediate and
2.1% for high risk groups respectively[6]. Of note, this score is useful in patients who
have been diagnosed and have established BE.
This targeted screening approach may assist in the diagnosis of BE/EAC in some
patients, however, approximately one half of patients with EAC report never having
symptoms of heartburn prior to their diagnosis. In addition, the gold standard for
diagnosis, upper gastrointestinal endoscopy is invasive and expensive[4]. While BE is a
known precursor lesion to EAC, studies have shown that more than 90% of EAC is
diagnosed in the absence of a prior diagnosis of BE. While not entirely understood, a
possible explanation for this occurrence is likely related to the disease being
diagnosed at a later stage after the progression of BE to dysplasia and eventually EAC
has already occurred. Importantly, this shows that we are missing a significant
number of at risk patients with the current screening guidelines[7].
Given all of these considerations, finding a universally accepted screening modality
program for EAC remains a challenge, however, identifying the key components will
increase the likelihood for success. The primary element to developing a successful
screening program is finding a screening tool that is "minimally or noninvasive, costeffective, widely applicable, safe and accurate in the diagnosis of BE"[5]. Once this has
been identified, it will also be important to recognize a validated risk assessment tool
to target those at risk for developing BE/EAC as well as a tool to predict those at
highest risk for progression of disease. The final phase will include finding a costeffective tool to treat dysplasia or early EAC once diagnosed by screening or
surveillance[5]. Ongoing research is being performed to address these issues to allow
for widespread screening and subsequently the surveillance and treatment of BE and
EAC.

EMERGING TECHNOLOGIES TO ENHANCE SCREENING OF
BE
In this section, we will review the current and emerging techniques being used for the
screening of BE.

Optical technologies
Conventional white light endoscopy: High-definition (HD) upper gastrointestinal
endoscopy is currently used as the gold standard in screening targeted populations.
HD has replaced standard definition (SD) endoscopy over the last several years due to
the limited sensitivity and specificity of SD[8]. The image resolution of HD utilizes
more than 1 million pixels compared to just 100000-400000 with SD. This enhances the
ability to visualize subtle mucosal changes to allow for more accurate biopsies of
areas concerning for BE or endoscopically suspected esophageal metaplasia[9].
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Table 2 Univariate analyses for each risk factors progression to high grade dysplasia or
esophageal adenocarcinoma[4]
Variable

Adjusted P value and hazard ratios (95%CI)

Males

P = 0.0023, HR = 3.01 (1.48-6.11)

Smoking

P = 0.0029, HR = 1.83 (1.23-2.71)

Age + 10 yr

P = 0.3055, HR = 0.96 (0.89-1.04)

Caucasian

P = 0.8429, HR = 1.06 (0.61-1.82)

Hiatal hernia present

P = 0.5928, HR = 1.12 (0.73-1.72)

Visible lesion at baseline

P = 0.9254, HR = 1.04 (0.49-2.2)

Aspirin use

P = 0.2807, HR = 0.81 (0.56-1.18)

Non-steroidal anti-inflammatory drug

P = 0.5602, HR = 0.9 (0.64-1.28)

Proton pump inhibitor

P = 0.8197, HR = 0.9 (0.37-2.21)

Low grade dysplasia

P ≤ 0.0001, HR = 3.68 (2.56-5.31)

BE length + 1 cm increase in length

P ≤ 0.0001, HR = 1.12 (1.08-1.18)

BE: Barrett's esophagus; HGD: High grade dysplasia; EAC: Esophageal adenocarcinoma; HR: Hazard ratio;
CI: Confidence interval.

While HD WLE is the gold standard in screening and surveillance, as discussed
before, cost remains the primary limiting factor for its use as a screening tool for the
general population. The cost is multifactorial and includes the cost of the procedure,
sedation, and the cost of upgrading entire endoscopy systems from SD endoscopy[8].
In addition to cost, concerns also exist regarding the missed rates of dysplastic or
neoplastic lesions. In a study to evaluate the efficiency of biopsies using standard
protocol, the missed rates were as high as 57% [8] . As such, advanced imaging
technologies have started to emerge to enhance the screening, surveillance, and
treatment of patients with BE[8].
Chromoendoscopy: Chromoendoscopy is a technique where stains are applied
topically to enhance mucosal visualization during upper endoscopy. The goal of this
approach is to improve visualization of the mucosa and the vascular pattern of
absorption to improve detection of abnormalities and target biopsies[9]. The most
commonly used stains include indigo carmine, methylene blue, and acetic acid[1,4].
Indigo carmine is a non-absorptive contrast dye frequently used in conjunction
with magnification endoscopy to identify irregular mucosa and pit patterns seen
within segments of BE[1,9]. These mucosal findings have been shown to correlate with
presence of intestinal metaplasia and dysplasia. Methylene blue is a chemical that can
be absorbed by intestinal epithelium without being absorbed by squamous or gastric
epithelium. When compared to traditional surveillance techniques, several studies
have shown methylene blue could discern areas of intestinal metaplasia and dysplasia
with high accuracy and fewer biopsies[9]. Despite these studies, overall, traditional
techniques have been shown to be non-inferior which in conjunction with a potential
risk for carcinogenesis from methylene blue, the widespread use of chromoendoscopy
using methylene blue has been limited[9].
Acetic acid in combination with either HD or magnification endoscopy works to
provide contrast enhancement of the mucosa. Initial application of acetic acid turns all
of the esophageal and gastric mucosa white. After several minutes, however, while
the normal mucosa remains white, gastric columnar mucosa and areas of BE will turn
red[1]. Multiple studies looking at patients undergoing surveillance for BE have shown
that targeted biopsies with acetic acid chromoendoscopy yield higher rates of
detection of dysplasia and neoplasia while fewer biopsies are required[1].
Lugol's solution or more commonly known as Lugol’s Iodine (LI) is a compound
stain that contains iodine and potassium iodide that when absorbed by the squamous
mucosa of the esophagus, stains it brown. By staining the squamous epithelium
brown, LI highlights any metaplastic columnar epithelium within the esophagus[10,11].
One small study evaluated the accuracy of diagnosing BE using LI in 11 subjects with
known columnar epithelium in the esophagus and compared them with 12 control
subjects. The sensitivity and specificity of of diagnosing BE using LI was 89% and 93%
respectively[12].
Overall, the advantage of chromoendoscopy is that it is relatively inexpensive and
the chemical solutions are readily available for use. There are however several
disadvantages to using chromoendoscopy. The biggest disadvantage is high interobserver variability in ability to identify abnormal mucosa. Additionally,
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Table 3 Progression in Barrett's esophagus point system based on risk variables[4]
Variable

Points

BE length in centimeters
<1

0

1 to < 2

1

2 to < 3

2

3 to < 4

3

4 to < 5

4

5 to < 6

5

6 to < 7

6

7 to < 8

7

8 to < 9

8

9 to < 10

9

10 +

10

Males

9

Smokers

5

Baseline confirmed LGD

11

BE: Barrett's esophagus; LGD: Low grade dysplasia.

chromoendoscopy can be labor intensive requiring a separate catheter and often
multiple sprays in order to adequately visualize the mucosa[1,4,9].
Electronic chromoendoscopy: Electronic chromoendoscopy generally refers to
endoscopic imaging technologies that enhance the mucosal surface and blood vessels
through contrast enhancement[1]. This section will review four processor enhanced
electronic systems: Narrow band imaging (NBI), Fuji Intelligent Chromoendoscopy
(FICE), i-SCAN, and blue light imaging (BLI).
NBI (Olympus Evis Exera System®) differs from chromoendoscopy in that no stains
are used. Instead, NBI works by enhancing the resolution of the mucosal surface by
restricting the range of wavelengths of light. Several meta-analysis studies have
shown NBI to do well in detecting HGD with high sensitivity (96%) and specificity
(94%) in one study while using fewer biopsies when compared to WLE. At the same
time, several studies have been unable to show a difference in detecting neoplasia
when compared to WLE[4,9] (Figures 1-3). The advantages to NBI are that it is relatively
cheap; widely available given it is integrated in most standard equipment and its ease
of use[9]. NBI also has the advantage over dye-based chromoendoscopy because there
is no risk for potential toxicity[4]. Previously, a disadvantage of NBI has been the lack
of a universal classification system; however, in 2016, the Barrett's International NBI
Group aimed to develop and validate a classification system to identify dysplasia and
EAC in patients with BE using NBI. The BING criteria were created by a group of
experts in NBI who reviewed images of non-dysplastic BE, dysplastic BE, and EAC to
characterize the different mucosal and vascular patterns using NBI (Table 4). Using
these criteria, patients undergoing surveillance/treatment of BE were then recruited
to obtain high resolution NBI images and biopsies for histologic review. Using the
newly formed BING criteria, the NBI images from these patients were reviewed by
experts to determine the validity of the BING criteria for accuracy. The results from
this study found that the BING criteria identified patients with dysplasia with an
overall accuracy of 85% and when dysplasia identified with a high degree of
confidence, the overall accuracy was 92% with a high level of inter-observer
agreement[13].
FICE (FUJIFILM Endoscopy System®) manipulates certain ranges of wavelengths
(red, green and blue) to yield a color-enhanced image of the superficial mucosa and
vascular structures in real time. A study comparing FICE to acetic acid
chromoendoscopy found FICE to have comparable sensitivity in detecting neoplasia
in BE[9]. At this time, however, more data is needed to assess the right setting for tissue
diagnosis in FICE.
Similar to FICE, i-SCAN (PENTAX Endoscopy System ® ) is software driven
electronic chromoendoscopy technique that manipulates wavelengths to produce an
enhanced image. Limited data also exists for i-SCAN. In a randomized trial
comparing standard protocol biopsies with i-SCAN or acetic acid chromoendoscopy,
use of i-SCAN was comparable to acetic acid and superior to random biopsies in
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Figure 1

Figure 1 Barrett’s esophagus segment under while light high definition endoscopy.

diagnosing intestinal metaplasia[9]. More data is needed to assess the right setting for
tissue diagnosis for i-SCAN.
BLI or endoscopy (FUJIFILM ELUXEO 7000®) is a high quality optical technology
that aims to provide enhanced visualization and differentiation of mucosal surfaces
and vessel structures. BLI is felt to assist in better identifying changes in surface relief,
defined as subtle elevations and depressions relative to normal surrounding flat
mucosa. A 2018 study aimed to evaluate the additional value BLI could provide over
WLE for identifying BE neoplasia[14]. Findings from this study showed that BLI added
value to WLE for visualization of BE neoplasia and that experts appreciated BLI more
than WLE for the delineation of BE neoplasia especially in lesions that were difficult
to delineate with WLE alone[14].
Auto fluorescence imaging: Mucosa contains endogenous tissue fluorophores, which
are biological structures that emit fluorescent light when exposed to light of a shorter
wavelength. Auto flourescence imaging (AFI) operates on the principle that mucosa
differs in the fluorescence it admits based on the type of tissue. For instance, while
normal mucosa appears green under fluorescence excitation, dysplasia and neoplasia
appears "magenta or purple"[9]. Using these principles, AFI can detect and characterize
changes in mucosa.
Several early studies have shown AFI has good sensitivity increasing the detection
of HGD and early neoplasia, however, specificity is poor with a high false positive
rate[4,9]. Endoscopic trimodal imaging (ETMI) combines AFI with WLE and NBI in an
attempt to maintain the sensitivity and reduce the false positive rate seen with AFI
alone. Despite lowering the false positive rates, several studies have been unable to
show a difference in detection rates between ETMI with targeted biopsies and
standard endoscopy with random biopsies[9]. While AFI may be helpful as an adjunct
to WLE, due to the high false positive rates, AFI alone is not an adequate replacement
for current guideline recommendations.
Microscopic endoscopy: In conjunction with WLE and other advanced endoscopic
imaging techniques, microscopic endoscopy allows for a real-time histological
assessment of the esophageal mucosa during endoscopy[9].
Confocal laser endomicroscopy (CLE) is an advanced imaging technique that can
magnify mucosa up to 1000 times to acquire submucosal images up to 250
micrometers below the mucosal surface. Most CLE studies have been performed
using either endoscopic CLE (eCLE) where a confocal microscope is placed in to the
tip of an endoscope or probe-based CLE (pCLE) where a probe can be introduced
through an accessory channel. Given that premalignant lesions such as BE with
dysplasia are challenging to identify with conventional screening, both eCLE and
pCLE use a blue laser light and a fluorescent to enhance mucosal structures that are
vascular-supplied[4,8-9,15] (Figure 4).
One approach to improve detection has been to develop a peptide to better find
molecular changes. In particular, a fluorescently labeled peptide has been developed
that specifically binds to HGD and EAC. In a 2013 study to evaluate the validity of
this approach, after topically applying the peptide to the esophagus, confocal
endomicroscopy was performed. In cases of esophageal neoplasia, the results showed
a 3.8 fold greater fluorescent intensity compared to BE and normal squamous
epithelium. The sensitivity of which was 75% and specificity was 97%. Additionally,
the peptide is felt to be safe, with no toxicity in animal or patient studies[16].
Studies have shown an advantage in using CLE compared to WLE for detecting
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Figure 2

Figure 2 Barrett’s esophagus using narrow band imaging.

HGD and EAC and reducing the number of biopsies required to make a diagnosis.
Additionally, pCLE has a widely accepted classification criteria called the Miami
criteria, reviewed in Table 5, that has been validated in random controlled trials[17].
One major concern regarding CLE is that all studies assessing its potential use were
performed by expert endoscopists at "tertiary referral centers" where a higher
percentage of patients with dysplasia are likely to be located[4]. Concerns over the
practical use of CLE as a primary screening tool also exist due to high equipment
costs, prolonged procedure time, and the training required using the equipment and
interpreting images.
Endocytoscopy uses WLE and special magnification lenses to allow microscopic
evaluation of the mucosa. Similar to dye-based chromoendoscopy, a contrast agent,
usually methylene blue is applied to the surface of the mucosa, then depending on the
system used, magnification can be up to 1400-fold of normal[9]. Studies have been
performed to evaluate effectiveness in diagnosing squamous esophageal cancer and
dysplasia and results have been variable. Currently, Endocytoscopy is not universally
used for evaluation in patients with BE[9]. Overall, Endocytoscopy has shown promise
in identifying dysplastic and neoplastic lesions with its primary limitation owing
inability to perform wide-field screening of the mucosa. As such, one potential future
application could include its use as an adjunct to other techniques to better visualize
specific, targeted lesions[18].
Optical coherence tomography/volumetric laser endomicroscopy: Optical coherence
tomography (OCT) is similar to ultrasound except that it uses light waves rather than
sound waves to obtain subsurface, cross-sectional images of a mucosal surface.
During standard endoscopy, images are obtained by introducing a catheter through
the accessory channel[9,15]. One prospective clinical study assessing the presence of
dysplasia in patients with BE using OCT found an 83% sensitivity and 75% specificity
respectively. Several other studies have been performed to evaluate OCT and overall
results have varied[9].
Optical frequency domain imaging otherwise referred to as volumetric laser
endomicroscopy (VLE) is similar to OCT but allows for high resolution, high-speed
acquisition of larger areas of the mucosal surface. In practice, VLE can be used to
screen for BE, for surveillance of BE and for mapping prior to ablation or endoscopic
resection similar to other advanced imaging technology. VLE also has the ability
unlike other technology to evaluate for residual BE below neosquamous mucosa after
endoscopic therapy[15]. Studies are now starting to focus on obtaining interobserver
agreement regarding image interpretation and correlating images with histology[9].
Tethered capsule endomicroscopy: Tethered capsule endoscopy (TCE) is a new
device that obtains images evaluating for BE by utilizing the imaging capabilities of
OCT through the use of a tethered capsule. The pilot study performed in 2012 to test
the overall safety and acceptability of the TCE device resulted in no adverse events
and 89% of patients able to swallow the capsule. Additionally, of the patients tested,
62% recorded they would prefer TCE to endoscopy[19]. Another study using TCE
evaluated 17 participants with suspicion or confirmed BE. Of the 17 patients, 13 had
an esophagogastroduodenoscopy (EGD) within 12 mo of TCE and were able to
swallow the capsule[19]. A blinded comparison of Prague C and M criteria for BE in
TCE vs EGD was performed. Findings showed a strong to very strong correlation (r =
0.7-0.83, P < 0.5) for circumferential (C) extent and a strong correlation (r = 0.77-0.78, P
< 0.01) for maximum (M) extent of BE[19].
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Figure 3

Figure 3 Barrett’s esophagus using zoom magnification endoscopy (near focus).

Spectroscopy: Spectroscopy uses variation in scattered light across a full spectrum to
obtain information on crowding, vascularity, size and tissue structure [9] . Raman
spectroscopy specifically detects scattered light that has been changed in wavelength
and creates characteristic peaks that correspond to normal vs abnormal mucosa. Early
studies have shown good success in real-time detection of BE and neoplasia.

Other advanced technologies
Wide area transepithelial sampling with 3-dimensional tissue analysis: Wide area
transepithelial sampling with computer 3-dimensional analysis (WATS-3D) is a new
technique for screening and surveillance of BE. WATS-3D is able to obtain
transepithelial specimens of BE by using a unique abrasive brushing instrument. The
samples of tissue are then analyzed through a high-speed computer system to find the
most suspicious cells which can then be reviewed by a pathologist[1,4,20].
In a multicenter prospective randomized trial that included 160 patients with BE,
WATS-3D plus Seattle protocol was compared to Seattle protocol alone to determine if
the combination protocol could improve the detection of dysplasia and neoplasia. In
this study, Seattle protocol alone detected only 7 cases of HGD and neoplasia. With
the addition of WATS-3D, an additional 23 cases of HGD and neoplasia were detected
that were not found using Seattle protocol alone[1,4].
A second, larger prospective trial was performed that evaluated more than 4000
patients with suspected or established BE[1]. Patient either underwent EGD with
Seattle protocol biopsies alone or Seattle protocol plus WATS-3D. In the group that
underwent the protocol alone, BE was detected in 594 patients vs 799 patients tested
by WATS-3D. Of the 799 patients diagnosed with BE by WATS-3D, 493 of these
patients were not diagnosed with BE by Seattle protocol. Unique to this study was the
evaluation for LGD. In the group tested with WATS-3D, 33 patients were diagnosed
with LGD. Of these 33 patients, 23 had negative results for LGD by Seattle protocol
alone[1]. Early results have been promising for the potential implementation of WATS3D to improve efficiency for BE surveillance or possibly even screening however more
research is required to determine its generalizability for wide-spread use.
Cytosponge™: Cytosponge™ (Medtronic, Menneapolis, MN, United States) is a novel
device that consists of an ingestible gelatin capsule on a string. Once the device makes
it to the stomach, the capsule dissolves and a small sponge is revealed that can then be
withdrawn through the esophagus and out of the mouth by pulling the string. During
this process, the sponge is able to collect esophageal cells to screen for different
disease processes like BE dysplasia, and esophageal carcinoma. Once the cells are
collected, the sponge is then tested to evaluate for trefoil factor 3 (TFF3) which is a
biomarker for BE. Identification of this biomarker helps to distinguish BE from gastric
cells and squamous cells within the esophagus[1].
Several prospective trials have been performed to evaluate the accuracy of the
Cytosponge™ TFF3 test in screening for BE. The BE Screening Trial 1 (BEST1) cohort
study looked at 501 patients with previous prescriptions for acid suppression [1] .
Testing with Cytosponge™ with TFF3 showed 73% sensitivity and 94% specificity for
patients with short segment BE which improved to 90% sensitivity and 93.5%
specificity for long segment BE. The BE Screening Trial 2 (BEST2) subsequently
evaluated 1110 patients with Cytosponge™ and endoscopy[1]. Findings from this trial
yielded a sensitivity of 80% and specificity of 92% for short segment BE. Sensitivity
increased to 87% in those with long segment BE[1].
In regards to safety, a multicenter review of 5 prospective trials using
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Table 4 Barrett's international narrow band imaging group classification for Barrett's esophagus with narrow band imaging[8]
Mucosal pattern
Circular, ridged/villous, or tubular

Regular

Absent or irregular

Irregular

Vascular pattern
Blood vessels situated regularly along or between mucosal ridges and/or showing normal long branching patterns

Regular

Focally or diffusely distributed vessels not following normal architecture of the mucosa

Irregular

Cytosponge™ was published in August 2018[21]. Of 2672 Cytosponge™ procedures
across these five trials, only two adverse events occurred related to the device. The
adverse events included a single case of minor pharyngeal bleeding and a single case
of device detachment. Additionally this study showed that patients tolerated the
device well with > 90% achieving a successful swallow on the first attempt [21].
The Cytosponge™ offers the convenience of administration in addition to a cost
effective alternative to traditional techniques. A recent study compared the costeffectiveness of Cytosponge™ followed by endoscopic treatment to endoscopic
screening followed by endoscopic treatment and found Cytosponge™ screening
followed by endoscopic treatment to be more cost effective[22].
Transnasal endoscopy: Transnasal endoscopy (TNE) is a screening technique where a
thin endoscope is introduced through the nares into the esophagus to evaluate for BE.
TNE can be performed either in a hospital (hTNE) or mobile/outpatient (mTNE)
setting and can be performed using only topical anesthetic without the need for
sedation[1].
In a prospective study, 121 patients with either GERD symptoms or known BE
were randomized to either transnasal endoscopy followed by standard endoscopy or
standard endoscopy followed by transnasal endoscopy. The prevalence of BE in the
two groups showed no significant difference at 26% and 30%, respectively (P value
0.503). Several other studies have demonstrated similar findings as well as better
overall tolerance of transnasal endoscopy compared to standard endoscopy[1].
Similar to Cytosponge™, transnasal endoscopy is both easily tolerated and offers
cost-effectiveness compared to standard endoscopy. In addition to reducing cost by
eliminating the need for sedation, a new device called transnasal endosheath
endoscopy (TNE-5000 with EndoSheath Technology, Vision Sciences, Inc., New York,
NY, United States) utilizes a reusable endoscope with a disposable outer sterile
sheath[1]. Overall, findings from studies involving transnasal endoscopy have shown
promise as a potential future screening tool for BE.
Biomarker panels: Finding potential biomarkers for BE is a robust and exciting area
of research. While several biomarkers for BE in the areas of dysplasia, genome
markers, and gene expression alterations have been discovered, a single, ideal
biomarker for BE has yet be identified[23].
One biomarker that has been proposed and shown promise as an adjunct to a
traditional biopsy approach is immunostaining p53. This tumor suppressor gene
becomes activated by injury to DNA to decrease cell multiplication to allow time for
DNA repair and thus prevent damaged cells from replicating[24]. If the injury is too
severe, then p53 can provoke cell death via apoptosis. One of the sentinel events that
occurs in the progression of BE to neoplasia is the inactivation of p53. Given this
occurrence, several studies are looking at p53 expression as a biomarker to determine
risk for progression from BE to dysplasia and ultimately EAC [24] . Recently, a
prospective study evaluated aberrant p53 expression to predict progression to HGD
or EAC. Of 91 subjects with BE without dysplasia initially, 11 progressed to HGD or
EAC. Aberrant p53 expression was evaluated in all of the subjects and was found
significantly more often in those who developed HGD or EAC (63.6%) compared to
subjects did not progress (7.5%)[25].
Another recent study assessed multiple proposed biomarkers in a case-control
study to predict the progression of BE to EAC[26]. In this study, 130 patients with BE
who progressed to HGD and/or EAC were compared with 130 patients with BE who
never progressed. Using abnormal DNA, P53, Cyclin A, and Aspergillus oryzae lectin
(AOL) in routine paraffin embedded biopsies sections, conditional logistic regression
analysis was used on this patient population to estimate an odds ratio of progression.
Findings from this study showed that of these biomarkers, expert LGD, AOL, and p53
all independently predicted progression of BE to neoplasia[26]. While research in this
area is ongoing, early findings offer promise at identifying a tool to target more
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Figure 4

Figure 4 Confocal endomicroscopy imaging. A: Barrett’s esophagus with intestinal metaplasia; B: Barrett’s esophagus with high grade dysplasia; C: Esophageal
adenocarcinoma.

aggressive surveillance and treatment strategies in patients with BE and potentially an
improved method for screening in the future.
Breath testing using an electronic nose device: Electronic nose (e-nose) devices have
been invented to utilize chemical to electrical interfaces to measure subtle differences
in volatile organic compounds (VOCs). When combined with a machine-learning
program, identification of these VOCs can be used as a noninvasive diagnostic test to
differentiate certain disease states[27].
A recent cross-sectional study using this technology was performed on a group of
122 patients with a history of dysplastic BE to evaluate for the presence or absence of
BE. Each subject provided a 5-min breathing sample in a fasting state prior to
undergoing an upper endoscopy with biopsies. Using E-nose technology to categorize
patients with findings characteristic of BE, detection of BE was found to have a
sensitivity of 82% and specificity of 80%[27]. Future studies will be need to compare
patients without BE but given its ease of use and portability, e-nose could be a
potential screening tool for BE in the future.

CONCLUSION
In conclusion, as mentioned before, the incidence of EAC is rising. Given its poor
prognosis, especially in the setting of having a known precursor lesion in BE that can
be endoscopically monitored, identifying an efficient, cost-effective way to accurately
screen for BE has become increasingly important. Research in this area is promising
and primarily has focused on improved optical technology and advanced sampling
techniques. The current techniques along with their advantages and disadvantages
are listed below in Table 6. While promising in multiple areas, further research is
required before a designated screening tool for BE can be universally implemented.
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Table 5 Miami criteria for classifying Barrett's esophagus using confocal laser endoscopy[12]
Histology

Confocal characteristics

1 Normal Squamous Epithelium

Flat Cells with bright intrapapillary capillary loops

2 Non-dysplastic Barrett's Esophagus

Uniformed villiform architecture with dark goblet cells

3 Barrett's esophagus with high-grade dysplasia

Villiform structures with dark, irregular and thick borders

4 Adenocarcinoma

Disorganized villiform architecture and dilated irregular vessels

Table 6 Screening techniques for Barrett's esophagus[7]
Advantage

Disadvantage

Standard definition white light endoscopy

Provides wide-field imaging and is widely
available

Decreased sensitivity when compared to high
definition

High definition white light endoscopy

Provides wide-field imaging and is widely
available with improved image quality

Cost of procedure, sedation and in some cases
updating entire endoscopy system. Some concerns
over missed rates of dysplastic lesions

Dye-based chromoendoscopy

Provides wide-field imaging with benefit of
mucosal enhancement

Additional steps in procedure are time consuming
and some concerns over harm of contrast

Narrow band imaging

Provides wide-field imaging and is widely
available with improved sensitivity and without
need for contrast. Relatively cheap.

Still requires white light endoscopy as an adjunct
with unclear evidence on its benefits when
compared to white light endoscopy alone

Flexible intelligent chromoendoscopy and iSCAN

Provides wide field imaging without the need for
contrast

Not widely available and not enough research to
determine benefits compared to standard of car

Helpful in defining subtle changes in elevation
and depression of the mucosa

Beneficial as an adjunct to WLE only and hence
requires similar costs. Not widely available.

Provides wide field imaging with improved
sensitivity and without the need for contrast

Poor specificity with high false positive rate.

Provides in vivo information, has a validated
scoring classification, and can be used with any
endoscope

Does not provide wide-field imaging, requires
fluorescein prolonging procedure time, requires
expert interpretation and expensive

Increases ability to identify dysplastic and
neoplastic lesions

Does not provide wide-field imaging and requires
giving contrast agent

Provides in vivo information without need for
contrast or fluorescein. Ability to evaluate
subsurface

Does not provide wide-field imaging and research
has varied and is ongoing

Volumetric laser endomicroscopy

Similar to OCT but provides high resolution, high
speed images over wider surface area

Expensive and studies are still working to obtain
interobserver agreement and correlating images
with histology

Tethered capsule endomicroscopy

Utilizes same technology used for OCT and is safe,
well tolerated by patients

Early in stages of research

Early studies have shown good success in real
time detection of BE and neoplasia

Early in stages of research

wide area transepithelial sampling

Provides wide area sampling of tissue with high
sensitivity and specificity and easy to use

Not yet widely available? Regarding cost and
more research needed

Cytosponge

Generally safe and well tolerated with low cost

Still requires endoscopy for treatment if
abnormality is identified

Generally safe and well tolerated with relatively
lower cost than endoscopy without the need for
general sedation. Can be used in clinic as well as
hospital

While early studies have shown equivocal ability
to diagnosis BE compared to conventional
endoscopy, more research required

Biomarker panels

Early studies have shown ability to predict
progression of BE from non-dysplastic to
neoplasia

A single, ideal biomarker has not been delineated
and more research is required.

Breath testing with an electronic nose device

Safe and well tolerated and easy to use with
overall cost-effectiveness

Sensitivity and specificity are good but not great
compared to some other methods and research at
this point is limited

Blue light imaging
Auto flourescence imaging
Confocal laser endomicroscopy

Endocytoscopy
Optical coherence tomography

Spectroscopy

Transnasal Endoscopy

WLE: White light endoscopy; OCT: Optical coherence tomography; BE: Barrett's esophagus.
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Proton pump inhibitors (PPIs) are one of the most frequently used medications
for upper gastrointestinal diseases. However, a number of physicians have raised
concern about the serious side effects of long-term use of PPIs, including the
development of gastric cancer. Recent epidemiological studies have reported a
significant association between long-term PPI intake and the risk of gastric
cancer, even after successful Helicobacter pylori eradication. However, the effects
of PPIs on the development of pre-malignant conditions such as atrophic gastritis
or intestinal metaplasia are not fully known, suggesting the need for
comprehensive and confirmative studies are needed in the future. Meanwhile,
several experimental studies have demonstrated the effects of PPIs in reducing
chemoresistance in gastric cancer cells by modulating the acidic
microenvironment, cancer stemness and signal transducer and activator of
transcription 3 (STAT3) signaling pathway. The inhibitory effects of PPIs on
STAT3 activity may overcome drug resistance and enhance the efficacy of
conventional or targeted chemotherapeutic agents. Taken together, PPIs may
“play dual role” in gastric carcinogenesis and treatment of gastric cancer.
Key words: Proton pump inhibitor; Gastric cancer; Drug resistance; Signal transducer and
activator of transcription 3
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activator of transcription 3, which in turn, reduces drug resistance to chemotherapy. In
this review, we briefly summarize the current clinical outcomes of the effects of longterm PPI use and the development of gastric cancer, as well as experimental studies
showing enhanced chemosensitivity in gastric cancer.
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INTRODUCTION
Gastric cancer is one of the most frequently found malignant solid tumors worldwide,
and is the third leading cancer-related cause of mortality[1]. Advances in technical and
clinical knowledge have increased the early detection of gastric cancer for prompt
intervention and successful management[2]. However, a significant number of gastric
cancer cases are still diagnosed in advanced stages with distant metastasis, resulting
in poor prognosis. A recent pivotal prospective randomized study showed that the
overall survival in gastric cancer with a single metastasis was not significantly
different between patients receiving chemotherapy alone and patients treated with
gastrectomy combined with chemotherapy. The study also reported that the median
overall survival was less than 18 mo[3].
Significant risk factors for gastric cancer include male gender; old age; ethnicity;
Helicobacter pylori (H. pylori) infection; dietary factors, such as smoked food, high salt
intake, pickled vegetables and nitrated meat; smoking; and family history. In terms of
gastric factors, atrophic gastritis and intestinal metaplasia are proven pre-cancerous
conditions[4]. A South Korean study showed that the risk of developing gastric cancer
was increased more than 10 fold among subjects who had intestinal metaplasia
compared with subjects who did not[5]. Thus, avoidance and optimal surveillance of
risk factors are mandatory for the prevention of gastric cancer.
Proton pump inhibitors (PPIs) are the most potent acid inhibitors ever developed:
they act by blocking the H+/K+ ATPase of parietal cells[6]. PPIs are powerful acid
inhibitors and there, are widely used as drugs of choice for the treatment of
gastroesophageal reflux disease (GERD) and drug-induced peptic ulcers. Long-term
use of PPIs may facilitate the optimal management of GERD combined with severe
complications such as esophageal stricture [7] , and in practice, the long-term
prescription of a PPI is often preferred as maintenance therapy, even for
uncomplicated GERD patients [7] . However, there are rising concerns about the
potential side effects of long-term PPI intake which include Clostridium difficile
infection, pneumonia, bone fractures, dementia, chronic renal disease and small
intestinal bacterial overgrowth [8] . Recent observational studies demonstrated a
positive association between PPI use and malignant or pre-malignant tumors of the
gastrointestinal tract. Reflecting recent trends, a recent expert opinion suggests that
the dose of long-term PPIs should be periodically re-evaluated and that the lowest
possible effective dose needs to be prescribed [9] . However, several experimental
studies showed significant anti-tumor effects of PPI in cancer cells such as Barrett’s
adenocarcinoma and melanoma cells[10,11], and suggested that PPIs may contribute to
reducing of tumor resistance to chemotherapy[12]. Several experimental studies have
demonstrated this “unexpected” effect of PPIs in gastric cancer cells. In this review,
we focused on the dual action of PPIs in gastric cancer. We not only summarized the
clinical outcomes correlating the development of gastric malignancy with long-term
use of PPI but presented an experimental hypothesis and experimental evidence
supporting the anti-tumorigenic, drug-sensitizing effects of PPI in gastric cancer cells.

PPI AND GASTRIC CARCINOGENESIS
Hypothesis for causality of PPI and gastric cancer
The most plausible hypothesis for the association between long-term PPI intake and
the development of gastric cancer is mediated via hypergastrinemia due to the
reduced secretion of gastric acid [13] . This reduced acidity, in turn, triggers a
proliferation of enterochromaffin-like cells (ECL cells), which express gastric
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cholecystokinin-2 (CCK-2) receptors and are the target cells of gastrin in the oxyntic
mucosa, and formation of neuroendocrine tumors (NETs) [14] . The somatostatinmediated negative feedback of gastrin release on antral G-cells is frequently inhibited
by gastric hypochlorhydria caused by long-term PPI use and other anti-acidic drugs,
which leads to hypergastrinemia and hyperplasia of the gastric mucosa or ECLcells[15]. The second hypothesis is that gastrin per se has a trophic effect on the oxyntic
mucosa, as well as on ECL cells, under hypergastrinemic conditions such as chronic
atrophic gastritis or prolonged PPI use[16]. A previous animal study showed that a
high salt diet administered to H. pylori-infected Mongolian gerbils significantly
increased serum gastrin levels and mucosal inflammation, which were ameliorated by
a gastrin antagonist[17]. A recent case-control study showed that the subgroup with the
highest quartile of serum gastrin levels was significantly associated with gastric noncardia adenocarcinoma [fully adjusted odds ratio (OR) = 1.92; 95% confidence interval
(CI): 1.21-3.05], as well as NET (age-adjusted continuous model OR = 4.67; 95%CI:
2.67-8.15)[18].
However, a molecular link between ECL cell hyperplasia and gastric
adenocarcinoma is less relevant than gastric NET in general [14] . Nevertheless, a
fraction of gastric adenocarcinomas originates from ECL cells. A previous study using
human gastric carcinoma tissues showed that ECL cell markers, such as
chromogranin A, synaptophysin, histidine decarboxylase and neuron specific enolase,
were predominantly expressed in diffuse type gastric cancer rather than intestinal
type gastric cancer[19]. Moreover, several pathologic studies have shown that most
periodic acid-Schiff (PAS)-positive signet ring cell carcinomas abundantly expressed
ECL-cell markers, but not mucin, suggesting that signet ring cell carcinoma might be a
consequence of dedifferentiation from ECL cells toward signet ring cells with PASpositive cytoplasm[20,21]. At the present stage, the effect of PPIs might be summarized
by the following statement. PPIs reduce gastric acid secretion and lead to
hypergastrinemia with the proliferation of ECL cells in the oxyntic gland, partially
and theoretically explaining the potential association between PPI and gastric cancer,
or at least, the enhancement of H. pylori-associated gastric carcinogenesis[22] (Figure 1).
However, this hypothesis is often insufficient to elucidate the mechanism of PPIinduced gastric carcinogenesis. Moreover, a recent pivotal translational study
demonstrated that PPI-treated patients showed similar microbial diversity compared
with normal subjects while patients with H. pylori-induced atrophic gastritis
manifested a lower bacterial abundance and diversity. This finding suggested that
PPIs do not significantly alter gastric microbiota nor do they contribute significantly
to the development of gastric cancer[23].

Clinical evidence supporting the association of PPI and development of gastric
cancer
Previously, three retrospective, case-control studies from databases of Western
countries analyzed the increased risk of gastric cancer with PPI intake[24-26]. These
studies included relatively small number of gastric cancer cases (approximately 2000)
and missed several major confounding factors, such as H. pylori infection status,
dietary patterns or family history of gastric cancer. A meta-analysis which included
the above three case-control studies, showed that the pooled relative risk (RR) of
gastric cancer following PPI use was 1.43 (95%CI: 1.23-1.66) using both fixed- and
random-effects models. However, the subgroup analysis failed to show a dosedependent relationship between PPI and gastric cancer (PPI < 12 mo: pooled RR =
1.73, 95%CI: 1.24-2.52; > 12 mo: pooled RR = 1.42, 95%CI: 0.98-2.07; > 36 mo: pooled
RR = 2.45, 95%CI: 1.41-4.25). The authors stated that colonization with H. pylori and
adequate long-term use of PPI synergistically increased the risk of gastric cancer[27].
Another previous meta-analysis showed a similar effect of acid suppressive drugs on
gastric cancer (adjusted OR = 1.42; 95%CI: 1.29-1.56); however, the pooled effect was
confounded by H2RA, and was not solely due to PPI[28].
Recently, Cheung et al[29] showed a positive correlation between PPI and gastric
cancer in H. pylori- infected patients who underwent eradication therapy. In this largescale, population-based study involving a Hong Kong health database, the authors
enrolled more than 63000 adult patients who were prescribed with a clarithromycinbased triple therapy. Current H. pylori infection was diagnosed by an invasive or noninvasive study. To eliminate protopathic bias, patients who were diagnosed with
gastric cancer within six months before the study or within 12 mo after H. pylori
eradication therapy were excluded[30]. Furthermore, to minimize the effect of H. pyloriinduced gastric carcinogenesis, only patients successfully treated with eradication
therapy were enrolled. Failure of H. pylori eradication was therapy identified if
patients were prescribed subsequent medication of (1) repeated standard triple
therapy, (2) bismuth-containing second-line quadruple therapy, or (3) rifabutin-based
third-line therapy. During a median follow-up of 7.6 years, 153 patients (0.24%)
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Figure 1

Figure 1 Contrast effects of proton pump inhibitors in normal gastric mucosa and gastric cancer cells. Proton
pump inhibitors (PPIs) induce hypergastrinemia and hypochlorhydria, which may contribute to enterochromaffin-like
cell hyperplasia and proliferation of gastric mucosa. Conversely, PPIs may modify the acidic tumor microenvironment
and inhibit vacuolar H+-ATPase or signal transducer and activator of transcription 3 activity in gastric cancer cells.
Arrow indicates the positive effect and straight line indicates the inhibitory effect. ECL: Enterochromaffin-like; SHP1:
Src homology 2 domain-containing protein tyrosine phosphatase 1; STAT3: Signal transducer and activator of
transcription 3.

developed gastric cancer. PPI use significantly increased the risk of gastric cancer
[hazard ratio (HR) = 2.44; 95%CI: 1.42-4.20], unlike H2RA (HR = 0.72; 95%CI: 0.481.07). Moreover, the positive association between PPI and gastric cancer showed doseand duration-dependent relationship [29] . This study was significant in that it
demonstrated the increased risk of gastric cancer with long-term use of PPIs, even
after successful eradication of H. pylori. However, it had several important limitations.
First, due to the fundamental limitations of observational studies, several baseline
characteristics such as age, metabolic diseases (diabetes, hypertension, and
dyslipidemia) and other major comorbidities (ischemic heart disease, stroke,
congestive heart failure, and chronic renal failure) were significantly biased between
the case and control groups. Consequently, gastric atrophy, salty food intake or
obesity, which are related to gastric cancer development, may have occurred more
frequently in the PPI user group, even after statistically sophisticated propensity-score
matching[31]. Second, important confounding factors of gastric cancer such as gastric
atrophy, intestinal metaplasia and dietary patterns were excluded [32] . Third, the
authors determined success or failure of H. pylori eradication only based on
prescription histories. Thus, a portion of the enrolled patients may have continued to
harbor H. pylori infection, even after eradication, and the carcinogenic effect of H.
pylori may not have been completely eliminated.
A Swedish nationwide population-based cohort study recruited almost 800000
Swedish adults who were undergoing maintenance therapy with PPIs, and the
significance incidence ratio (SIR) of gastric cancer was 3.38 (95%CI: 3.23-3.53), which
was consistent regardless of gender, age, indications for PPIs (i.e., GERD),
concomitant use of anti-inflammatory drugs such as aspirin or nonsteroidal antiinflammatory drugs (NSAIDs) and the subsite of gastric cancer (cardia and non-cardia
cancer) [33] . In this study, the authors restricted enrollment to subjects who were
exposed to PPI maintenance therapy, defined as a cumulative defined daily dose of at
least 180 d during the study period, to reduce the possibility of reverse causality of
PPI and gastric cancer. However, this study also failed to establish a causal
relationship between gastric cancer and long-term use of PPI, in that the SIR of gastric
cancer did not show any duration-dependent pattern. Furthermore, crucial
information such as the current H. pylori infection status was missing. Clinical studies
correlating the long-term use of PPIs with gastric cancer are summarized in Table 1.
Interestingly, clinical outcomes supporting the effect of long-term PPI use on the
development of pre-cancerous conditions, such as atrophic gastritis or intestinal
metaplasia, are lacking. A previous cohort study showed that 30% (18/59) of patients
who were treated with long-term omeprazole and H. pylori infection at baseline
developed atrophic gastritis, which was significantly higher than non-omeprazole
group[34]. Meanwhile, previous randomized controlled trials (RCTs) showed that the
proportion of patients who progressed to gastric corpus glandular atrophy and
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Table 1 Summary of clinical studies associating gastric cancer with long-term use of proton pump inhibitors
Author, year
GarciaRodriguez et
al[24], 2006

Study design,
country

Study period

Source of
database

No. of case and Information of
control
PPI

Adjustment

Main outcomes

Nested casecontrol,
retrospective,
United Kingdom

1994-2001

The general
practitioners
research database
in the United
Kingdom

522/10000

Duration,
indication

Age, sex, calendar
OR for gastric
year, smoking,
cardia
alcohol
adenocarcinoma:
consumption,
1.06 (0.57-2.00);
body mass index, gastric non-cardia
gastro-esophageal adenocarcinoma:
reflux, hiatal
1.75 (1.10-2.79)
hernia, peptic
ulcer, and
dyspepsia

Tamim et al[25],
2008

Case control,
retrospective,
Canada

1995-2003

Quebec health
insurance plan

1598/12991

Type, dose,
exposure time

Number of drug Adjusted OR: 1.40
prescriptions,
(1.08-1.51); 1st
total length of
quartile: 1.66
hospitalizations,
(1.24-2.23); 2nd
number of visits
quartile: 1.37
to GPs,
(1.00-1.88); 3rd
specialists, and
quartile: 1.57
emergency rooms
(1.17-2.10); 4th
during the year
quartile: 1.20
before the
(0.85-1.70)
diagnosis

Poulsen et al[26],
2009

Population-based
cohort,
retrospective,
Denmark

1990-2003

Danish National
Health-care
System

109/not reported

Type, year of
follow-up, no. of
prescription

Age, gender,
IRR for gastric
calendar period,
cancer: 1.2 (0.8gastroscopy (≥ 1
2.0) among PPI
yr before
users with the
censoring events), largest number of
use of NSAIDs
prescriptions
and H. pylori
(15+) or the
eradication
longest follow-up
(5+)

Cheung et al[29],
2018

Population-based
cohort study,
retrospective,
Hong Kong

2003-2012

Clinical Data
Analysis and
Reporting System
of the Hong Kong
Hospital
Authority

153/63397

Frequency,
duration

Age of receiving
HR for gastric
H. pylori
cancer: 2.44 (1.42eradication
4.20); ≥ 1 yr: 5.04
therapy, sex,
(1.23-20.61); ≥ 2
smoking, alcohol
yr: 6.65 (1.62use,
27.26); ≥ 3 yr: 8.34
comorbidities,
(2.02-34.41). The
concomitant
adjusted absolute
medications
risk difference for
PPIs vs nonPPIs
use: 4.29 (1.259.54) per 10000
person-yr.

Brusselaers et
al[33], 2017

Population-based
cohort study,
retrospective,
Sweden

2005-2012

The Swedish
Prescribed Drug
Registry

2219/794848

Indication,
Age, sex, calendar SIR: 3.38 (3.23cumulative
period, indication
3.53) in both
defined daily
of PPI,
sexes, all age
dosages,
maintenance use
groups and all
estimated number
(≥ 180 d) of
indication groups;
of days
aspirin or other
< 1 yr: 12.82
NSAIDs
(12.19-13.47); 1.02.9 yr: 2.19 (1.98
to 2.42); 3.0-4.9 yr:
1.10 (0.91-1.31); ≥
2 yr: 0.61 (0.520.72)

PPI: Proton pump inhibitor; OR: Odds ratio; GP: General physician; NSAID: Nonsteroidal anti-inflammatory drug; H. pylori: Helicobacter pylori; IRR:
Incidence rate ratio; HR: Hazard ratio; SIR: Standardized incidence ratio.

intestinal metaplasia was not significantly different between the long-term
omeprazole-treated group and the control group[35,36]. A previous study based on
histopathologic evaluation of gastric biopsy samples showed that only a small
number of patients had worsening of their gastritis score for gastric atrophy and
intestinal metaplasia following 12 mo of esomeprazole therapy: 1.4% had atrophy and
0.5% had intestinal metaplasia on the antrum, and 1.2% had atrophy and 0.8% had
intestinal metaplasia on the corpus[37]. Recently, the Cochrane Database systematically
reviewed four RCTs for the effects of long-term PPI intake on corporal atrophy and
intestinal metaplasia. The meta-analysis showed that OR for corporal atrophy was
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1.50 (95%CI: 0.59-3.80; P = 0.39), and the OR for intestinal metaplasia was 1.46 (95%CI:
0.43-5.03; P = 0.55), both of which failed to reach statistical significance[38]. Clinical
studies associating the long-term use of PPIs with pre-malignant conditions of gastric
cancer are summarized in Table 2.
In summary, several studies have shown a significant relationship between longterm PPI use and the risk of gastric cancer. However, the evidence is far from
definitive because of limitations of research design and omission of several major
confounding variables. Furthermore, conflicting data also exist. For example,
although United States is one of the countries with the most frequent and long-term
use of PPI, the incidence of gastric cancer is relatively low[39]. Thus, robust evidence
including well-designed, large-scale prospective studies are needed to support the
potential association between long-term PPI use and gastric cancer

PARADOXICAL ACTION OF PPI IN GASTRIC CANCER CELLS
Effects of PPI on tumor resistance
The unexpected effects of PPIs on solid tumors, including gastric cancer occur by
several potential mechanisms (Figure 1).
First, a change of acidity occurs in the tumor microenvironment, for instance in
solid tumors, the extracellular pH is acidic and the intracellular pH is neutral-toalkaline, whereas the pH of the microenvironment in normal tissue usually remains
alkaline [40] . This phenomenon leads to decreased intracellular concentrations of
cytotoxic drugs that are weakly basic, such as cisplatin, 5-fluorouracil, vinblastine or
doxorubicin [12] . PPIs contribute to overcoming drug resistance and enhance
chemosensitivity by inhibiting the vacuolar H+-ATPase (V-H+-ATPase) of tumor cells,
alkalizing the tumor microenvironment and retaining weakly basic cytotoxic drugs
within the intracellular targets[11]. An in vitro study showed that pretreatment with
omeprazole and esomeprazole significantly increased the sensitivity of cytotoxic
drugs, such as cisplatin, 5-fluorouracil and vinblastine in various solid cancer cell
lines with multi-drug resistance phenotypes[41].
Second, the modulation of cancer stemness plays a role. Cancer stem cells (CSCs)
play a key role in the development of chemoresistance as well as cancer metastasis[42].
Several family proteins of ATP binding cassette (ABC) transporters such as Pglycoprotein, multi-drug resistance (MDR) associated protein-1 (MRP-1), lung
resistance protein (LRP) and breast cancer resistance protein (BCRP) are highly
expressed in CSCs and contribute to MDR by enhancing the activity of drug efflux
pumps[43]. PPIs reduce chemoresistance via modification of anaerobic glycolysis and
ABC transporters in solid cancer cells[44].
Several experimental studies have demonstrated the anti-tumor effects and the
ability of PPIs to overcome MDR in gastric cancer. An in vitro and in vivo study
showed that pantoprazole treatment selectively induced apoptotic cell death in gastric
cancer cells, while normal gastric epithelial cells were resistant to pantoprazole[45].
Pretreatment of PPIs effectively inhibited the activity of V-H+-ATPase, which resulted
in an increased concentration of cytotoxic drugs in gastric cancer cells[46]. Several in
vitro studies demonstrated putative downstream effectors following the inhibition of
V-H+-ATPase by PPIs in gastric cancer cells, such as the dephosphorylation of LRP6
and the inhibition of Wnt/β-catenin signaling [47] or PI3K/Akt/mTOR/HIF-1α
signaling pathways[48]. A study showed that high-dose esomeprazole inhibited the
release of exosomes and exosome-related micro-RNAs such as miR-494-3p, miR-6126
and miR-3934-5p, which are closely associated with tumor invasion, metastasis,
adhesion and migration, and in turn, regulated the HIF-1α-FOXO1 axis to induce
apoptosis and inhibit cellular migration and invasion in gastric cancer cells[49]. In
summary, PPIs modulate the acidic microenvironment, and regulate V-H+-ATPase
and cancer stemness of various cancer cells including gastric cancer, and contribute to
the reduction of tumor resistance to chemotherapeutic agents.

PPI modulating SHP-1/STAT3 signaling axis
It is well known that signal transducer and activator of transcription 3 (STAT3)
signaling pathway plays a pivotal role in the invasion of gastric cancer[50]. In brief,
phosphorylated STAT3 forms a homodimer for nuclear translocation, where it acts as
a transcription factor to activate various target genes including cellular migration and
invasion in epithelial cells. It also activates surrounding immune cells to regulate
various immunologic reactions favoring cancer cell survival, such as the production of
inflammatory cytokines and formation of pre-metastatic niches[51]. Various in vitro and
in vivo studies have demonstrated that fully activated STAT3 induced epithelialmesenchymal transition (EMT) via upregulation of relevant target genes such as
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Table 2 Summary of clinical studies associating of gastric pre-malignant conditions with long-term use of proton pump inhibitors
Study design,
country

Source of
database

No. of PPI and
control group

Kuipers et al[34],
1996

Prospective cohort,
Netherland/
Sweden

Reflux esophagitis
cohort
(fundoplication/
omeprazole)

Lundell et al[35],
1999

RCT, Sweden

Lundell et al[36],
2006

Author, year

Gental et al[37], 2003

Information of PPI

Aims

Main outcomes

105 (PPI)/ 72
(fundoplication)

Type (omeprazole
only), dose (20 and
40mg), duration (5
years)

Corpus gastritis,
atrophic gastritis

Atrophic gastritis:
0/31 (fundoplication
group) vs 18/59
(omeprazole group)
with H. pylori
infection at baseline
(P < 0.001); 0/41
(fundoplication
group) vs 2/46
(omeprazole group)
without H. pylori
infection at baseline
(P = 0.62)

RCT comparing the
efficacy of
omeprazole and
ARS

155 (PPI)/155 (ARS)

Type (omeprazole
only), duration (3
years)

RCT, Sweden

RCT comparing the
efficacy of
omeprazole and
ARS

117 (PPI)/98
(surgical arm)

Type (omeprazole
only), duration (7
years)

Two RCTs, United
States

Maintenance trial (n
= 519), Safety trial (n
= 807)

Maintenance trial:
519 (PPI)/169
(placebo); Safety
trial: 807/PPI

Gastric corpus
No difference in
glandular atrophy,
glandular atrophy
intestinal metaplasia between H. pyloriof corpus mucosa
infected omeprazole
and ARS group (P =
0.57); No difference
in intestinal
metaplasia between
H. pylori-infected
omeprazole and
ARS group.
Gastric corpus
glandular atrophy

No significant
change of gastric
atrophy between H.
pylori-negative
omeprazole and
ARS group; Two
patients developed
severe atrophy from
none at baseline in
H. pylori-infected
omeprazole group,
three patients
developed mild
atrophy from none
at baseline in H.
pylori-infected ARS
group, no statistical
difference.

Type (esomeprazole
Atrophy (antrum
In the maintenance
only), duration (6
and corpus),
studies, the majority
months:
intestinal metaplasia of omeprazole group
maintenance trial; 12 (antrum and corpus) had no change in the
months: safety trial)
extent of atrophy
and intestinal
metaplasia. In the
safety study, > 98%
of omeprazole had
either no change or
improved atrophy
scores in antrum and
corpus, and
intestinal metaplasia
scores remained
unchanged or
improved compared
with those that
worsened.

PPI: Proton pump inhibitor; RCT: Randomized controlled trial; ARS: Anti-reflux surgery; H. pylori: Helicobacter pylori.

vimentin and survivin in gastric cancer cells[52-54]. Furthermore, clinical outcomes also
showed that high level of phosphorylated STAT3 were significantly associated with
regional lymph node metastasis and poor prognosis in gastric cancer patients[55-57].
STAT3 also plays as a key role in the activation of CSCs. A previous study showed
that gastric cancer-derived mesenchymal stem cells (GC-MSCs) secreted interleukin
(IL)-6 and activated STAT3 in neutrophils. These GC-MSCs-primed neutrophils
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induced transdifferentiation of normal MSCs to cancer associated fibroblasts[58]. Thus,
STAT3 may present a primary target for the inhibition of gastric cancer invasion.
Several inhibitors of STAT3 including direct STAT3 inhibitors or inhibitors of
upstream kinases, such as janus kinase 2 (JAK2) or Src kinase have been introduced
and evaluated in experimental studies[59-61]. However, clinical studies involving gastric
cancer patients are lacking, and technical limitations due to large surface of the target
area have demonstrated the need for more stable and effective direct STAT3
inhibitors[62]. Src homology 2 (SH2) domain-containing protein tyrosine phosphatase 1
(SHP-1), a non-receptor type protein Tyr phosphatase (PTPase), has attracted
attention as an effective inhibitor of STAT3 activity[63]. SHP-1 acts as a protein Tyr
PTPase and induces the dephosphorylation of STAT3 in various cell types. It is
abundantly expressed and has been mostly evaluated in cells of hematopoietic
lineage, such as macrophages, neutrophils, monocytes and mast cells [64] . Pivotal
studies demonstrated that the expression of SHP-1 was aberrantly reduced by CpG
island hypermethylation in lymphoma and leukemia[65,66]. Recently, the suppressive
effect of STAT3 by SHP-1 has been evaluated in solid tumors. Chen et al. showed that
several multiple kinase inhibitors such as sorafenib, dovitinib and regorafenib
effectively induced SHP-1 in hepatocellular carcinoma, and in turn, suppressed
STAT3 activity via dephosphorylation[67-69]. The function of SHP-1 has been recently
evaluated in gastric cancer. Sun et al. showed that the expression of SHP-1 was the
highest in normal gastric epithelium, followed by intestinal metaplasia and dysplasia
and was the lowest in gastric cancer tissues[70], SHP-1 combines with a transmembrane
protein with epidermal growth factor and two follistatin motifs 2 (TMEFF2) to inhibit
STAT3 phosphorylation in gastric cancer cells and H. pylori-infected gastric epithelial
cells[71].
We also previously showed that the expression of SHP-1 was aberrantly reduced
following CpG island hypermethylation in various gastric cancer cell lines, and
enhanced expression of SHP-1 in gastric cancer cells effectively dephosphorylated
STAT3, resulting in downregulation of various target genes involved in cellular
migration and invasion[72]. An in vitro study reported that PPIs exhibited a dosedependent cytotoxicity and enhanced the sensitivity of cisplatin via inhibition of IL-6stimulated STAT3 activity and its target genes[73]. Recently, we demonstrated that
pantoprazole, a well-known PPI, effectively induced SHP-1 and downregulated
phosphorylated-STAT3 levels in gastric cancer cells in a dose-dependent manner and
modulated EMT markers[74]. Thus, we suggest that PPIs may act as effective STAT3
inhibitors via induction of SHP-1 in gastric cancer cells and play a role in the
inhibition of progression of gastric cancer.

Application of PPIs in overcoming chemoresistance
Previous studies have demonstrated that the constitutive expression of STAT3 in
gastric cancer was closely associated with the MDR of chemotherapeutic agents via
enhanced expression of various oncogenes and downregulation of apoptotic genes[75].
Enhanced STAT3 activity also induced V-H+-ATPase in gastric cancer cells, which
abrogated the uptake of chemotherapeutic agents and contributed to the development
of chemoresistance, as mentioned above[76]. Furthermore, recent studies showed that
STAT3 activation reduced the efficacy of trastuzumab, a promising therapeutic
antibody targeting HER2, via upregulation of MUC1 and MUC4[77], or the positive
feedback loop of IL-6/STAT3/Jagged-1/Notch[78]. Thus, effective inhibition of STAT3
activity is considered the mainstay of intervention to overcome chemoresistance and
effective management of advanced gastric cancer patients. A previous study
demonstrated that pantoprazole effectively inhibited invasion and EMT of
adriamycin-resistant gastric cancer cells via suppression of the Akt/GSK-β/β-catenin
signaling pathway [79] . We recently found that a minimal dose of pantoprazole
combined with docetaxel significantly induced SHP-1 expression, downregulated
phosphorylation of STAT3, modulated EMT markers, and inhibited cellular migration
and invasion in gastric cancer cells. Injection of both pantoprazole and docetaxel into
nude mice significantly reduced the tumor volume of xenograft tumors of gastric
cancer cells, compared with single administration of each drug[80]. Taken together, we
suggest that a combination of PPIs during chemotherapy may play a role in
enhancing the sensitivity and efficacy of chemotherapeutic agents including
trastuzumab. Experimental studies reporting the effects of PPIs in gastric cancer cells
and chemotherapeutic agents are summarized in Table 3. However, the lack of human
studies and limited clinical relevance represent challenges that need to be addressed
before PPIs are used to increase the effectiveness of chemotherapy for actual gastric
cancer and improve patient prognosis. Further pre-clinical and clinical studies that are
relevant to this hypothesis are needed.
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Table 3 Summary of experimental studies investigating the effects of proton pump inhibitors in gastric cancer cells
Underlying
hypothesis

Author, year

Study design

Type of PPI

Cell type

Main outcomes

Yeo et al[45], 2004

In vitro, in vivo

Pantoprazole

MKN 45, MKN 28, AGS,
SNU 601, RGM-1
(normal gastric mucosa
cell)

Apoptotic cell death in
gastric cancer cells, but
not in normal gastric
mucosal cells, induced
by pantoprazole

Chen et al[46], 2009

In vitro

Pantoprazole

SGC7901

Inhibition of V-H+Change of pH gradient
ATPase expression in a (decrease of intracellular
dose-dependent
pH and reverse of the
manner; enhancement of
transmembrane pH
efficacy of anti-tumor
gradient)
drug (cisplatin) and
increased apoptosis rate

Shen et al[47], 2013

In vitro

Pantoprazole

SGC7901

Anti-proliferation, antiInhibition of LRP6 in
invasive and proWnt/β-catenin signaling
apoptotic effects,
decrease of V-H+ATPase expression

Chen et al[48], 2018

In vitro, in vivo

Pantoprazole

SGC7901,
SGC7901/MDR

Inhibition of V-H+ATPase expression in,
SGC7901/MDR cells

Inhibition of P-gp and
MRP1, and
downregulation of
PI3K/Akt/mTOR/HIF1α signaling pathway

Guan et al[49], 2017

In vitro, in vivo

Esomeprazole

SGC7901

Enhancement of efficacy
of anti-tumor drugs
(cisplatin, paclitaxel, 5FU); Inhibition of
transformation of CAF

Regulation of HIF-1αFOXO1 axis and
inhibition of release of
exosome and exosomerelated microRNAs
(tumor invasion,
metastasis and TGF-beta
pathway)

In vitro

Pantoprazole

SGC7901, GBC823, AGS

Inhibition of cellular
proliferation and
increase in the number
of apoptotic cells

Inhibition of STAT3

In vitro, in vivo

Pantoprazole

AGS, MKN-28

Inhibition of cellular
invasion, migration and
modulation of EMT
markers

Induction of SHP-1 and
inhibition of
JAK2/STAT3

In vitro

Pantoprazole

Adriamycin-resistant
SGC7901
(SGC7901/ADR)

Inhibition of cellular
migration/invasion and
modulation of EMT
markers in
SGC7901/ADR cells

Inhibition of Akt/GSKβ/βcatenin signaling

In vitro, in vivo

Pantoprazole

AGS

Huang et al[73], 2013

Koh et al[74], 2018

Zhang et al[79], 2015

Joo et al[80], 2018

Modulation of heatshock proteins (HSP 70,
HSP 27)

Enhanced cellular
Induction of SHP-1 and
migration/invasion and
inhibition of
anti-tumor effect of
JAK2/STAT3
docetaxel by
combination with
minimal dose
pantoprazole

PPI: Proton pump inhibitor; V-H+-ATPase: Vacuolar-H+-ATPase; LRP6: Low-density lipoprotein receptor related protein 6; MDR: Multidrug resistance;
MRP1: Multidrug resistance-associated protein 1; mTOR: Mammalian target of rapamycin; HIF-1α: Hypoxia-inducible factor 1alpha; CAF: Cancer
associated fibroblast; FOXO1: Forkhead box protein O1; TGF-beta: Tumor growth factor-beta; EMT: Epithelial-mesenchymal transition; STAT3: Signal
transducer and activator of transcription 3; JAK2: Janus kinase 2; ADR: Adriamycin; GSK-β: Glycogen synthetase kinase-3-β.

CONCLUSION
Many physicians have raised concerns that long-term PPI use may be a significant risk
factor for GI tract neoplasia, including gastric cancer, and data from recent clinical
studies support this hypothesis. However, from a methodological point of view,
application of the results from observational clinical studies is limited until solid
evidence is available to establish the long-term use of PPI and its association with
gastric cancer. However, in patients with pre-malignant lesions such as atrophic
gastritis or intestinal metaplasia, it may be necessary to restrict long-term PPI
administration, even after H. pylori eradication, to prevent gastric cancer. By contrast,
theoretical investigations and experimental findings suggest that PPIs may play an
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adjunct role of in improving the efficacy of chemotherapy for malignant tumors
including stomach cancer. Currently, PPIs might play a “dual role” in gastric
carcinogenesis and management of advanced gastric cancer.
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Abstract
BACKGROUND
A20 inhibits intestinal epithelial cell apoptosis in Crohn’s disease, and herbspartitioned moxibustion (HPM) has been demonstrated to be an effective
treatment for Crohn’s disease. However, the mechanism by which HPM reduces
intestinal epithelial cell apoptosis in Crohn’s disease has not been thoroughly
elucidated to date.
AIM
To elucidate whether HPM exerts its effects by upregulating A20 to affect
intestinal epithelial cell apoptosis in a Crohn’s disease mouse model.
METHODS
In this study, mice with A20 deletion in intestinal epithelial cells (A20IEC-KO) were
utilized to establish a Crohn’s disease mouse model with 2,4,6-trinitrobenzene
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sulfonic acid (TNBS) administration, as well as wild-type mice. Mice were
randomly divided into normal control (NC), model control (MC), mesalazine
(MESA), and HPM groups. The morphology of the colonic mucosa was observed
by hematoxylin-eosin staining, and serum endotoxin and apoptosis of epithelial
cells were evaluated by enzyme-linked immunosorbent assay and terminal dUTP
nick-end labeling assay accordingly. The protein expression levels of A20 and
tumor necrosis factor receptor 1 (TNFR1)-related signaling molecules were
evaluated by Western blot, and co-expression of A20 and TNFR1-associated
death domain (TRADD) and co-expression of A20 and receptor-interacting
protein 1 (RIP1) were observed by double immunofluorescence staining.
RESULTS
The intestinal epithelial barrier was noted to have an improvement in the HPM
group of wild-type (WT) mice compared with that in A20IEC-KO mice. Compared
with A20 IEC-KO HPM mice, serum endotoxin levels and apoptosis percentages
were decreased (P < 0.01), A20 expression levels were increased (P < 0.01), and
expression of TNFR1, TRADDD, and RIP1 was decreased in the HPM group of
WT mice (PTNFR1 < 0.05, PTRADD < 0.01, PRIP1 < 0.01). Both of the co-expression of
A20/TRADD and A20/RIP1 showed a predominantly yellow fluorescence in the
HPM group of WT mice, while a predominantly red fluorescence was noted in
the HPM group of A20IEC-KO mice.
CONCLUSION
Our findings suggest that HPM in treating Crohn’s disease functions possibly via
upregulation of the A20 expression level, resulting in downregulation of TNFR1,
TRADD, and RIP1 to alleviate increased cell apoptosis in the intestinal epithelial
barrier in Crohn's disease.
Key words: Herbs-partitioned moxibustion; Crohn’s disease; Apoptotic pathway;
Inflammation; A20
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We report our results derived from mice with A20 deletion in intestinal
epithelial cells by inducing Crohn’s disease. The Crohn’s disease model was induced
with 2,4,6-trinitrobenzene sulfonic acid. This study demonstrates for the first time that
herbs-partitioned moxibustion can upregulate the expression of A20, resulting in
downregulation of tumor necrosis factor receptor (TNFR) 1, TNFR1-associated death
domain, and receptor-interacting protein 1 to alleviate increased cell apoptosis in the
intestinal epithelial barrier in Crohn's disease.
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INTRODUCTION
Crohn's disease is a chronic inflammatory bowel disease with symptoms of
abdominal pain, diarrhea, weight loss, perianal lesions, and anemia[1]. In the past ten
years, Crohn's disease has increased significantly as a worldwide health problem[2].
The highest reported prevalence areas are Europe and North America with 322 cases
per 100000[3,4]. The high prevalence and long-term nature of the disease pose a great
burden on patients and the society, due to health-related reduction in quality of life
and decreased economic productivity, which calls for high-quality and cost-efficient
care for patients.
Crohn’s disease most likely results from complex interactions between genetics,
environment, and gut microbiota, which lead to dysfunction of the epithelial barrier
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with consequent deregulation of the mucosal immune system and responses to gut
microbiota[5,6]. The intestinal epithelium is a notably large mucosal surface with a
strong capacity for self-renewal [7,8] . Proliferation of progenitor cells and their
differentiation into mature epithelial cells continuously recompense cell losses[9].
However, in Crohn’s disease, this homeostasis is disrupted by increased apoptosis of
epithelial cells due to increased stimulation of the immune system, leading to loss of
epithelial integrity and local inflammation[10]. In many patients with Crohn's disease,
epithelial injury and inflammation due to increased cell apoptosis depend on tumor
necrosis factor (TNF)[11]. TNF-alpha (TNF-α), a transmembrane protein, binds to its
ligand, TNF receptor (TNFR) 1, recruiting TNFR1-associated death domain (TRADD)
and receptor-interacting protein (RIP). In turn, TRADD and RIP associate with FASassociated death domain protein (FADD) to activate caspase 8, leading to apoptosis[12].
Studies have shown that lower expression of A20 correlates with improved anti-TNFα drug responses[13], and mice with A20 deletion in intestinal epithelial cells (A20IEC-KO)
are hypersensitive to TNF-α-induced intestinal epithelial apoptosis[14]. These studies
have revealed a negative regulatory role of A20 in the TNF-α-induced apoptosis
pathway.
A20 is a cytoplasmic protein that was originally identified as a primary TNF-αinduced responsive molecule in endothelial cells and negatively regulates NF-κBdependent gene expression in response to stimuli, such as TNF-α and interleukin-1
(IL-1) [15,16] . A20 contains an N-terminal ovarian tumor deubiquitinating and E3
ubiquitin ligase activity toward the death-domain-containing protein kinase RIP1 and
adaptor proteins in the TNF-α/TNFR1 pathway, and is the most important antiapoptotic protein involved in diseases such as Crohn's disease[17,18] and glioblastoma[19].
A20 inhibits TNF-α-induced apoptosis by disrupting recruitment of TRADD and RIP1
to the TNFR1 complex[19]. It has been reported that A20IEC-KO mice are normal, but they
are more likely to suffer from intestinal injury induced by intraperitoneal TNF-α
injection[13,14]. Furthermore, clinical studies show that the mucosal expression of A20
was significantly lower in Crohn's disease patients compared to healthy controls[13,17].
Taken together, these findings indicate that A20 expression levels are critical in
maintaining epithelial barrier function, which may provide a molecular mechanism
for illustrating apoptosis in the development of Crohn's disease.
Despite the effectiveness of Western medications, such as aminosalicylates and
thiopurines, in inducing and maintaining remission in Crohn's disease, they are
limited by their serious side effects, such as nausea, bone marrow suppression,
hepatitis, allergic reaction, pancreatitis, and infections and opportunistic
infections[20-24]. Approximately 10%-26% of patients withdraw from these treatments
because of the adverse effects[23,25]. Thus, a safer therapy is necessary for managing the
disease. Moxibustion, a traditional Chinese medicine, has been demonstrated to be an
effective and safe method in treating mild and moderate active-phase Crohn's disease
with long-term clinical efficacy[26-28]. After 12 wk of herbs-partitioned moxibustion
(HPM) therapy, 74% of 46 mild and moderate Crohn's disease patients [Crohn's
disease Activity Index (CDAI) from 151 to 350] entered remission periods (CDAI
scores < 150). In addition, moxibustion can effectively relieve symptoms such as
abdominal pain and diarrhea and can increase hemoglobin counts and decrease Creactive protein levels [28] . No adverse events were reported in these studies. We
previously demonstrated that HPM improved intestinal epithelial barrier function by
downregulating the apoptosis of intestinal epithelial cells[29].
However, whether HPM regulates A20 expression to downregulate intestinal
epithelial cell apoptosis in Crohn's disease is obscure. Thus, we used HPM and the
most frequently prescribed medication, mesalazine (an aminosalicylate)[24], in both
A20IEC-KO and wild-type (WT) Crohn's disease mice to evaluate the efficacy of HPM in
upregulating A20 expression in an apoptotic pathway induced by TNF-α/TNFR1.

MATERIALS AND METHODS
Animals
Eight-week-old A20IEC-KO and WT C57BL/6 mice were obtained from the Shanghai
Model Organisms Center (Shanghai, China). The mice were housed at the animal care
center of the Shanghai University of Traditional Chinese Medicine and were provided
with humane care in a temperature-controlled room (temperature of 22 ± 1 °C and
humidity 50% ± 70%) under a 12-h light–dark cycle with free access to food and water.
All animal experiments in this study were performed under guidelines approved by
the Animal Ethics Committee of the Shanghai University of Traditional Chinese
Medicine (No. 2013025).
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Establishment of a mouse model of Crohn's disease
Forty-eight C57BL/6 WT and A20IEC-KO mice each were randomly divided into normal
control (NC, n = 12), model control (MC, n = 12), mesalazine (MESA, n = 12), and
HPM (n = 12) groups. The MC, MESA, and HPM groups were administered with
2,4,6-trinitrobenzene sulfonic acid (TNBS) enemas to establish an experimental
Crohn's disease model[30]. The enema solution was prepared with absolute ethanol and
5% TNBS at a 1:1 proportion. The solution was stored away from light. Mice were
provided access to water only for 24 h prior to TNBS administration and were
weighed. Mice were then anesthetized with 0.05 mL/10 g of 1% pentobarbital sodium
via intraperitoneal injection. All mice apart from NC group mice were administered
TNBS/ethanol (0.06 mL/10 g of TNBS + 50% ethanol 0.25 mL) intra-anally via a
rubber tube, and the solution was retained in the gut cavity at a depth of 3-4 cm. NC
mice were administered with physiological saline at 0.05 mL/10 g. All mice were
fixed in a handstand posture for 2 min after the rubber tube was withdrawn to
prevent outflow of solution. This procedure was performed once. Two mice were
randomly selected from each group and sacrificed to confirm the presence of Crohn's
disease-like intestinal pathology by hematoxylin and eosin stain (H&E) staining after
4 d.

Treatment methods
Upon confirmation of the model establishment, HPM group mice were treated with
HPM. Moxa cones (0.5 cm in diameter and 0.3 cm high) made of refined mugwort
floss were placed on herbal cakes [e.g., medicinal formula dispensing (radix) Aconiti
praeparata, (cortex) Cinnamomi] at Tianshu (ST25) and Qihai (CV6) acupuncture
points (which regulate intestinal functions) and ignited. Two moxa cones were used
per treatment, which was administered once daily for 10 d. MESA group mice were
fed MESA, which was prepared at a proportion of 1:0.0026[31], twice daily for 10 d.
Mice in the MC and NC groups did not undergo any treatment.

Histological observation
All mice were sacrificed simultaneously at the conclusion of treatment.
Approximately 4 cm of colon lesions were resected at a 3-4 cm distance from the anus.
A 1 cm length of the dissected colon was removed, washed with iced saline, fixed in
10% natural buffered formalin solution, embedded in paraffin, cut into tissue sections,
and stained with H&E. Obtained images were observed under a light microscope
(Olympus, Tokyo, Japan).

Enzyme-linked immunosorbent assay
A 96-well commercial kit (MyBioSource, Inc. San Diego, CA, United States) was
applied to evaluate serum endotoxin levels. Blood samples were centrifuged at 3000 ×
g for 10 min. Diluted serum sample (1:10), endotoxin test water, and TAL were added
to the plate and incubated for 10 min at 37 °C. Then, chromogenic matrix solution was
added to the plate and incubated for 6 min at 37 °C. After that, azo reagent was added
to the plate and incubated for 5 min at 37 °C. Optical densities were detected with a
plate reader (BioTek Instruments, Winooski, VT, United States)

Western blot analysis
Protein (60 µg) extracted from isolated rat intestinal epithelial cell samples was
separated by SDS-PAGE and transferred to polyvinylidene difluoride (PVDF)
membranes. The membranes were then blocked with 5% skimmed milk in TBS-T for 1
h at room temperature and incubated with the following primary antibodies
overnight at 4 °C: A20 (1:1000; ab13597, Abcam), TNF-α (1:1000; ab6671, Abcam),
TNFR1 (1:5000; ab19139, Abcam), TRADD (1:500; ab110644, Abcam), RIP1 (1:500;
ab72139, Abcam), FADD (1:400; ab24533, Abcam), and GAPDH (1:1500; 5174, CST).
Following several sequential washes, the membranes were incubated with the
corresponding secondary anti-mouse antibody (A0208, Beyotime) for 1 h at room
temperature. Blots were then washed four times with TBS-T (10 min each time). The
membranes were stained with ECL enhanced chemiluminescence solution and
visualized using a visualizer.

Terminal dUTP nick-end labeling assay
A terminal dUTP nick-end labeling (TUNEL) kit purchased from MyBioSource was
utilized to evaluate apoptosis. Paraffin sections were first fully deparaffinized and
hydrated, treated with protease K solution (20 μg/mL) for 15 min at room
temperature, and subsequently washed and immersed in 3% hydrogen peroxide for
15 min. The sections were then immersed in an equilibrium buffer for 20 min at room
temperature and afterward incubated with TdTase for 60 min at 37 °C. After that, the
sections were stained with 3,3’-diaminobenzidine (DAB, Shanghai Long Island Biotec.
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Co., Ltd, China) and counterstained with hematoxylin. Apoptotic cells as well as the
total number of cells were calculated.

Double immunofluorescence staining
Paraffin sections were fully deparaffinized and hydrated, and then washed and
heated to 92-98 °C for antigen retrieval. Samples were incubated with primary
antibodies against A20 (ab13597, Abcam), RIP1 (ab72139, Abcam), and TRADD
(ab110644, Abcam) in blocking buffer overnight at 4 °C. Samples were subsequently
incubated with the corresponding secondary antibody in blocking buffer at room
temperature, and finally incubated with DAPI staining solution for 10 min. Images
were obtained under a fluorescence microscope (Nikon, Japan).

Statistical analysis
Experimental data were analyzed with SPSS 21.0 software (SPSS Inc., Wacker Drive,
Chicago, IL, Uinted States) and GraphPad Prism 5 (GraphPad Software, San Diego,
CA, Uinted States). All data are presented as the mean ± standard deviation (SD).
Statistics among each experimental group were analyzed using one-way analysis of
variance (ANOVA) followed by the least significant difference test. The level of
significance was set at α = 0.05 and aP < 0.05, bP < 0.01; cP < 0.05, dP < 0.01; eP <0.05, fP
<0.01; gP <0.05, hP <0.01.

RESULTS
Intestinal morphological observations in each group
Previous studies have shown that the Crohn's disease model of A20IEC-KO mice showed
a more severely damaged mucosa than WT mice[13]. In this study, by histopathological
evaluation, we found that in WT NC mice, intact mucosal epithelial cells and normal
morphological changes affecting the submucosa and muscularis were observed
(Figure 1A). In WT MC mice, sparse goblet cells, fibrous hyperplasia, as well as
damage to mucosal glands, vasodilation, and hyperemia were noted in the mucosa,
and hyperemia and edema were observed under the submucosa (Figure 1B). In WT
MESA mice, sparse goblet cells, infiltration of inflammatory cells into the mucosa and
submucosa, as well as hyperemia and edema under the submucosa were noted. No
obvious abnormal changes were observed in the structural morphology of mucosal,
submucosal, and muscularis layers (Figure 1C). In WT HPM mice, sparse goblet cells,
mild infiltration of inflammatory cells into the colonic mucosa and submucosa, sparse
fibroblast hyperplasia, and healing ulcers were observed. No obvious abnormal
changes were observed in the structural morphology of the mucosal, submucosal, or
muscularis layer (Figure 1D).
In A20IEC-KO NC mice, intact mucosal epithelial cells and normal submucosal and
muscularis structural morphology were observed (Figure 1E). In A20IEC-KO MC mice,
partial epithelial cells loss, mucosal goblet cell depletion, inflammatory cell
infiltration, glandular damage, and proliferation of fibrous tissue were observed in
the mucosa in addition to erosion and necrosis of the mucosal surface. Hyperemia and
edema were observed in both mucosal and submucosal layers (Figure 1F). In A20IEC-KO
MESA mice, sparse goblet cells, small healing ulcers with associated glandular
destruction, and massive inflammatory cell infiltration were observed in the mucosa.
No obviously abnormal structural changes in the mucosal, submucosal, or muscularis
layer were observed (Figure 1G). In A20 IEC-KO HPM mice, sparse goblet cells,
inflammatory cell infiltration, and proliferation of fibrous tissue were observed in
mucosal tissue. No obviously abnormal structural changes in the mucosal,
submucosal, or muscularis layer were noted (Figure 1H).

Variations in epithelial permeability across groups
Next, we observed the intestinal epithelial barrier permeability by detecting serum
endotoxin levels(Figure 2). In WT groups, as compared with NC mice, serum
endotoxin levels were upregulated in the MC, MESA, and HPM groups (PMC < 0.01,
PMESA < 0.01, PHPM < 0.01). Serum endotoxin levels were downregulated in HPM (P <
0.01) and MESA (P < 0.05) mice as compared to MC mice. Serum endotoxin levels
were significantly decreased in HPM mice (P < 0.01) as compared to MESA mice.
In mice from A20IEC-KO groups, as compared with NC mice, serum endotoxin levels
were upregulated in the MC, MESA, and HPM groups (PMC < 0.01, PMESA < 0.01, PHPM <
0.01). They were downregulated in MESA and HPM mice as compared to MC mice
(PMESA < 0.01, PHPM < 0.01). Serum endotoxin levels were significantly decreased in
HPM mice (P < 0.01) as compared to those of the MESA group.
Compared with WT NC mice, no significant difference in serum endotoxin levels
were noted in NC A20IEC-KO mice (P > 0.05). Compared with WT MC mice, endotoxin
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Figure 1

Figure 1 Histological observation of intestinal epithelial tissues across groups (magnification,×100). A: Wild-type mice in normal control group; B: Wild-type
mice in model control group; C: Wild-type mice in mesalazine group; D: Wild-type mice in herbs-partitioned moxibustion group; E: A20IEC-KO mice in normal control
group; F: A20IEC-KO mice in model control group; G: A20IEC-KO mice in mesalazine group; H: A20IEC-KO mice in herbs-partitioned moxibustion group. 1: Tissue edema;
2: Hyperemia; 3: Inflammatory cell infiltration; 4: Necrosis; 5: Granulation tissue proliferation; 6: Destruction of glandular structure; 7: Healing ulcer; 8: Ulcer; 9:
Proliferation of fibrous tissue.

levels in MC A20IEC-KO mice were upregulated (P < 0.05). Compared with WT HPM
mice, serum endotoxin levels were upregulated in HPM A20IEC-KO mice (P < 0.01).

Observation of percentage of apoptotic intestinal epithelial cells in each group
Since A20 protein is involved in epithelial barrier function by its anti-apoptotic role in
Crohn's disease, we observed cell apoptosis percentage in different groups by TUNEL
method. In WT groups, as compared with NC mice, apoptosis percentages were
significantly increased in the MC, MESA, and HPM groups (PMC < 0.01, PMESA < 0.01,
PHMP < 0.01). Apoptosis percentages were significantly decreased in MESA and HPM
mice (PMESA < 0.01, PHPM < 0.01) as compared to those of the MC group. No
significant difference in apoptosis percentages was noted in HPM mice (P > 0.05)
(Figure 3A-D, I) as compared to those of the MESA group.
In A20 IEC-KO groups, as compared with NC mice, apoptosis percentages were
significantly increased in the MC, MESA, and HPM groups (PMC < 0.01, PMESA < 0.01,
PHPM < 0.01). Apoptosis percentages were significantly decreased in the MESA and
HPM groups (PMESA < 0.01, PHPM < 0.01) as compared to the MC group. There was no
difference between the HPM and MESA groups (P > 0.05) (Figure 3E-I).
Compared with each corresponding group of WT mice, apoptosis percentages were
significantly increased in the NC, MC, MESA, and HPM groups of A20IEC-KO mice (PNC
< 0.01, PMC < 0.01, PMESA < 0.01, PHPM < 0.01) (Figure 3A-I).

Expression of members of the TNF-α/TNFR1-TRADD-FADD apoptotic pathway in
the intestinal epithelium across groups
A20 expression across groups: In WT groups, as compared with the NC group, A20
levels were decreased in MC, MESA (PMC < 0.01, PMESA < 0.01), and HPM mice (PHPM <
0.05). Compared with MC mice, A20 expression was significantly increased in HPM
mice (P < 0.01) and increased in MESA mice (P < 0.05). Compared with MESA mice,
no difference in A20 levels was noted in HPM mice (P > 0.05) (Figure 4A). No
significant differences in A20 expression was noted among A20IEC-KO groups (PNC >
0.05, PMC > 0.05, PMESA > 0.05, PHPM > 0.05) (Figure 4A). Compared with each
corresponding group of WT mice, A20 expression levels were significantly decreased
in all A20IEC-KO groups (PNC < 0.01, PMC < 0.01, PMESA < 0.01, PHPM < 0.01) (Figure 4A).
TNF-α expression across groups: In WT groups, as compared with NC mice, TNF-α
levels were significantly increased in MC, MESA, and HPM mice (PMC < 0.01, PMESA <
0.01, PHPM < 0.01). Compared with MC mice, they were significantly decreased in
MESA and HPM mice (PMC < 0.01, PMESA < 0.01). No differences in TNF-α expression in
HPM mice were found as compared to those of the MESA group (P > 0.05) (Figure
4B).
In A20IEC-KO groups, TNF-α levels were significantly increased in the MC, MESA,
and HPM groups as compared to those in NC mice (PMC < 0.01, PMESA < 0.01, PHMP <
0.01). TNF-α levels were significantly decreased in MESA and HPM mice (PMESA < 0.01,
PHMP < 0.01) as compared to MC mice. TNF-α levels were decreased in HPM mice as
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Figure 2

Figure 2 Serum endotoxin levels in mice across groups. Data are presented as the mean ± standard deviation (n
= 10). Data were evaluated for statistical significance by one-way analysis of variance and are represented as follows:
a
P<0.05, bP < 0.01 as compared to normal control; cP < 0.05, dP < 0.01 as compared to model control; eP < 0.05, fP <
0.01 as compared to mesalazine; gP < 0.05, hP < 0.01 as compared to wild type. WT: Wild type; NC: Normal control;
MC: Model control; MESA: Mesalazine; HPM: Herbs-partitioned moxibustion.

compared to those of the MESA group (P < 0.05) (Figure 4B). Compared with each
corresponding group of WT mice, TNF-α levels in the A20IEC-KO NC and HPM groups
were not different (P > 0.05); TNF-α expression was increased in MC mice (P < 0.05)
and significantly increased in MESA mice (P < 0.01) (Figure 4B).
TNFR1 expression across groups: In WT groups, as compared with NC mice, TNFR1
expression was significantly increased in MC, MESA, and HPM mice (PMC < 0.01, PMESA
< 0.01, PHPM < 0.05). Compared with MC mice, TNFR1 expression was significantly
decreased in mice of the MESA and HPM groups (PMESA < 0.01, PHMP < 0.01). No
difference in TNFR1 expression was found in HPM mice as compared to those of the
MESA group (P > 0.05) (Figure 4C). In the A20IEC-KO groups, as compared with NC
mice, TNFR1 expression was significantly increased in MC and HPM mice (PMC < 0.01,
PHPM < 0.01). It was increased in MESA mice as well (PMESA < 0.05). Compared with MC
mice, TNFR1 expression was significantly decreased in mice of the MESA and HPM
groups (PMESA < 0.01, PHMP < 0.01). No difference in TNFR1 expression in mice of the
HPM group was noted as compared to that in the MESA group (P > 0.05) (Figure 4C).
Compared with the corresponding WT MC and WT HPM groups, TNFR1 expression
was increased in A20IEC-KO mice (PMC < 0.05, PHPM < 0.05). No difference in TNFR1
expression among corresponding WT and A20IEC-KO NC and MESA groups was noted
(PNC > 0.05, PMESA > 0.05) (Figure 4C).
TRADD expression across groups: In WT groups, as compared with NC mice,
TRADD expression was significantly increased in MC and MESA mice (PMC < 0.01,
P MESA < 0.01) and increased in HPM mice (P HMP < 0.05). TRADD levels were
significantly decreased in mice of the HPM group (P < 0.01) and decreased in those of
the MESA group (P < 0.05) as compared to those of the MC group. Compared with
MESA group mice, no difference in TRADD expression in HPM group mice was
noted (P > 0.05) (Figure 4D). In A20IEC-KO groups, compared with NC mice, TRADD
levels were significantly increased in MC, MESA, and HPM mice (PMC < 0.01, PMESA <
0.01, PHPM < 0.01). No difference in TRADD levels among the MC, MESA, and HPM
groups was noted (P > 0.05) (Figure 4D). Compared with WT NC mice, no difference
in TRADD expression was found in the same group of A20IEC-KO mice (P > 0.05).
TRADD expression was found to be significantly increased in MESA and HPM group
mice (PMESA < 0.01, PHPM < 0.01) and increased in MC group A20IEC-KO mice (P < 0.05)
when compared to corresponding WT groups (Figure 4D).
RIP1 expression across groups: In WT groups, compared with NC group mice, RIP1
levels were significantly increased in the MC, MESA, and HPM groups (PMC < 0.01,
PMESA < 0.01, PHPM < 0.01). Compared with MC group mice, RIP1 levels were decreased
in those of the HPM group (P < 0.05); no difference in RIP1 levels (P > 0.05) was noted
in MESA group mice. Compared with MESA group mice, no difference in RIP1 levels
was noted in those of the HPM group (P > 0.05) (Figure 4E). In mice of A20IEC-KO
groups, compared with those of the NC group, RIP1 levels were significantly
increased in MC, MESA, and HPM mice (PMC < 0.01, PMESA < 0.01, PHPM < 0.01). No
differences in RIP1 levels among the MC, MESA, and HPM groups were noted (P >
0.05) (Figure 4E). Compared with WT NC mice, no difference in RIP1 expression in
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Figure 3 Apoptosis percentages of intestinal epithelial cells across groups (magnification,×200). A: Wild-type mice in normal control group; B: Wild-type mice
in model control group; C: Wild-type mice in mesalazine group; D: Wild-type mice in herbs-partitioned moxibustion; E: A20IEC-KO mice in normal control group; F:
A20IEC-KO mice in model control group; G: A20IEC-KO mice in mesalazine group; H: A20IEC-KO mice in herbs-partitioned moxibustion group; I: Percentage of apoptotic
cells. Data are presented as the mean ± standard deviation (n = 10). Data were evaluated for statistical significance by one-way analysis of variance and are
represented as follows: aP < 0.05, bP < 0.01 as compared to normal control; cP < 0.05, dP < 0.01 as compared to model control; eP < 0.05, fP < 0.01 as compared to
mesalazine; gP < 0.05, hP < 0.01 as compared to wild type. WT: Wild type; NC: Normal control; MC: Model control; MESA: Mesalazine; HPM: Herbs-partitioned
moxibustion.

A20IEC-KO NC mice (P > 0.05) was found. Compared with WT HPM mice, expression of
RIP1 was increased in A20IEC-KO HPM mice (P < 0.01). Compared with corresponding
WT MC and MESA mice, RIP1 expression was increased in A20IEC-KO mice (PMC < 0.05,
PMESA < 0.05) (Figure 4E).
FADD expression across groups: In WT groups, compared with NC mice, FADD
levels were significantly increased in MC, MESA, and HPM mice (PMC < 0.01, PMESA <
0.01, PHPM < 0.01). Compared with MC mice, FADD expression was decreased in
MESA and HPM mice (PMESA < 0.01, PHPM < 0.01). Compared with mice of the MESA
group, no difference in FADD expression levels was found in HPM mice (P > 0.05)
(Figure 4F). In the A20IEC-KO groups, compared with NC mice, FADD levels were
significantly increased in MC, MESA, and HPM mice (PMC < 0.01, PMESA < 0.01, PHPM <
0.01). No difference in FADD expression was noted among MC, MESA, and HPM
mice (P > 0.05) (Figure 4F). Compared with WT NC and MC mice, no difference in
FADD levels was found between A20IEC-KO NC and MC mice (PNC > 0.05, PMC > 0.05).
Compared with WT HPM mice, FADD levels were significantly increased in A20IEC-KO
HPM mice (P < 0.01). Compared with WT MESA mice, FADD levels were increased in
A20IEC-KO MESA mice (P < 0.05) (Figure 4F).

Co-expression of A20/TRADD and A20/RIP1 in intestinal epithelial tissues across
groups
Co-expression of A20/TRADD: Cell nuclei stained blue. Regions rich in A20
expression stained green while those rich in TRADD stained red. Co-expression of
A20 and TRADD stained yellow (red and green fluorescence). In WT NC mice, green
fluorescence predominated (Figure 5A). In WT MC mice, red fluorescence
predominated along with sparse yellow staining (Figure 5B). In WT MESA mice,
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Figure 4 Expression levels of A20, tumor necrosis factor alpha, tumor necrosis factor receptor 1, tumor necrosis factor receptor 1-associated death
domain, receptor-interacting protein 1, and FAS-associated death domain protein across groups. Data are presented as the mean ± standard deviation (n =
10). Data were evaluated for statistical significance using one-way analysis of variance and are represented as follows: aP < 0.05, bP < 0.01 as compared to normal
contro; cP < 0.05, dP < 0.01 as compared to model control; eP < 0.05, fP < 0.01 as compared to mesalazine; gP < 0.05, hP < 0.01 as compared to wild type. TNFR1:
Tumor necrosis factor receptor 1; RIP1: Receptor-interacting protein 1; TNF-α: Tumor necrosis factor alpha; TRADD: Tumor necrosis factor receptor 1-associated
death domain; FADD: FAS-associated death domain; WT: Wild type; NC: Normal control; MC: Model control; MESA: Mesalazine; HPM: Herbs-partitioned
moxibustion.

sparse yellow fluorescence predominated (Figure 5C). In WT HPM mice,
immunofluorescence mainly revealed yellow fluorescence (Figure 5D). In A20IEC-KO
NC, MC, MESA, and HPM mice, red fluorescence predominated (Figure 5E-H).
In WT groups, compared with NC mice, A20 levels were significantly decreased in
MC, MESA, and HPM mice (PMC < 0.01, PMESA < 0.01, PHPM < 0.01). Compared with MC
mice, expression of A20 was significantly increased in HPM mice (P < 0.01) and
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Figure 5

Figure 5 Co-expression of A20/tumor necrosis factor receptor 1-associated death domain in the intestinal epithelium of mice across groups. A: Wild-type
mice in normal control group; B: Wild-type mice in model control group; C: Wild-type mice in mesalazine group; D: Wild-type mice in herbs-partitioned moxibustion
group; E: A20IEC-KO mice in normal control group; F: A20IEC-KO mice in model control group; G: A20IEC-KO mice in mesalazine group; H: A20IEC-KO mice in herbspartitioned moxibustion group. Data are presented as the mean ± standard deviation (n = 10). Data were evaluated for statistical significance using one-way analysis
of variance and are represented as follows: aP < 0.05, bP < 0.01 as compared to normal contro; cP < 0.05, dP < 0.01 as compared to model control; eP < 0.05, fP <
0.01 as compared to mesalazine; gP < 0.05, hP < 0.01 as compared to wild type. TRADD: Tumor necrosis factor receptor 1-associated death domain; WT: Wild type;
NC: Normal control; MC: Model control; MESA: Mesalazine; HPM: Herbs-partitioned moxibustion.

increased in those of the MESA group (P < 0.05). Compared with MESA mice, no
difference in A20 levels in those of HPM mice was noted (P > 0.05) (Figure 5I). In
A20IEC-KO mice, no difference of A20 levels was noted among each group (P > 0.05)
(Figure 5I). Compared with each corresponding group of WT mice, expression of A20
was significantly decreased in A20IEC-KO mice (P < 0.01) (Figure 5I).
In WT groups, compared with NC mice, TRADD levels were significantly increased
in MC, MESA, and HPM mice (PMC < 0.01, PMESA < 0.01, PHMP < 0.01). Compared with
MC mice, TRADD levels were decreased in mice of the MESA and HPM groups (PMESA
< 0.05, PHPM < 0.05). Compared with MESA mice, no difference in TRADD levels was
found in HPM mice (P > 0.05) (Figure 5I). In A20IEC-KO groups, compared with NC
mice, TRADD levels were significantly increased in MC, MESA, and HPM mice (PMC <
0.01, PMESA < 0.01, PHPM < 0.01). No difference in TRADD levels were noted among MC,
MESA, and HPM mice (P > 0.05) (Figure 5I). Compared with WT MC mice, TRADD
levels were increased in A20IEC-KO MC mice (P < 0.05). Compared with WT HPM and
MESA mice, TRADD levels were significantly increased in mice of corresponding
A20IEC-KO groups (PHPM < 0.01, PMESA < 0.01) (Figure 5I).
Co-expression of A20/RIP1:Figure 6A-H shows that the nuclei exhibited blue
fluorescence while regions rich in A20 and RIP1 stained green and red, respectively.
Regions co-expressing A20 and RIP1 mainly stained yellow. In WT NC mice, imaged
regions mainly stained green, occasionally intermixed with yellow fluorescence
(Figure 6A). In WT MC mice, imaged regions stained mainly red and yellow (Figure
6B). In WT MESA mice, imaged regions mainly stained green (Figure 6C). In WT
HPM mice, imaged regions mainly stained yellow (Figure 6D). In A20IEC-KO NC mice,
sparse red and green fluorescence was apparent (Figure 6E). In A20IEC-KO MC, MESA,
and HPM group mice, red fluorescence predominated (Figure 6F-H).
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Figure 6

Figure 6 Co-expression of A20/receptor-interacting protein 1 in the intestinal epithelium of mice across groups. A: Wild-type mice in normal control group; B:
Wild-type mice in model control group; C: Wild-type mice in mesalazine group; D: Wild-type mice in herbs-partitioned moxibustion group; E: A20IEC-KO mice in normal
control group; F: A20IEC-KO mice in model control group; G: A20IEC-KO mice in mesalazine group; H: A20IEC-KO mice in herbs-partitioned moxibustion group. Data are
presented as the mean ± standard deviation (n = 10). Data were evaluated for statistical significance using one-way analysis of variance and are represented as
follows: aP < 0.05, bP < 0.01 as compared to normal control; cP < 0.05, dP < 0.01 as compared to model control; eP < 0.05, fP < 0.01 as compared to mesalazine; gP <
0.05, hP < 0.01 as compared to wild type. RIP1: Receptor-interacting protein 1; WT: Wild type; NC: Normal control; MC: Model control; MESA: Mesalazine; HPM:
Herbs-partitioned moxibustion.

In WT groups, compared with NC mice, A20 expression was significantly
decreased in MC, MESA, and HPM mice (PMC < 0.01, PMESA < 0.01, PHPM < 0.01). A20
levels were significantly increased in HPM and MESA mice (PHPM < 0.01, PMESA < 0.01)
as compared to MC mice. Compared with MESA mice, no difference in levels of A20
were found in HPM mice (P > 0.05). In A20IEC-KO groups, no differences in A20 levels
were found among groups (P > 0.05). Compared with each corresponding group of
WT mice, A20 levels were significantly decreased in A20IEC-KO NC, MESA, and HPM
mice (PNC < 0.01, PMESA < 0.01, PHPM < 0.01) and decreased in MC mice (PMC < 0.05)
(Figure 6I).
In WT groups, compared with NC mice, RIP1 levels were significantly increased in
MC, MESA, and HPM mice (PMC < 0.01, PMESA < 0.01, PHMP < 0.01). Compared with MC
mice, RIP1 levels were significantly decreased in MESA mice (P < 0.01) and decreased
in HPM mice (P < 0.05). Compared with MESA mice, no difference in RIP1 levels
were noted in HPM mice (P > 0.05) (Figure 6I). In A20IEC-KO groups, compared with NC
mice, RIP1 levels were significantly increased in MC, MESA, and HPM mice (PMC <
0.01, PMESA < 0.01, PHPM < 0.01). No difference in RIP1 levels was found among MC,
MESA, and HPM mice (P > 0.05) (Figure 6I). Compared with WT NC mice, no
difference in RIP1 levels was found in A20IEC-KO NC mice (P > 0.05). Compared with
WT MC mice, RIP1 expression was increased in A20 IEC-KO MC mice (P < 0.05).
Compared with WT MESA mice, RIP1 expression was significantly increased in mice
of the corresponding A20IEC-KO group (PMESA < 0.01). Compared with WT HPM mice,
RIP1 levels were increased in A20IEC-KO HPM mice (PHPM < 0.05) (Figure 6I).

DISCUSSION

WJG

https://www.wjgnet.com

2081

May 7, 2019

Volume 25

Issue 17

Zhou J et al. Effect of HPM on Crohn’s disease

Although the etiology of Crohn's disease is still unknown, excessive apoptosis of
intestinal epithelial cells leads to villus atrophy and epithelial destruction, which
plays a central role in the pathogenesis of the disease [32,33] . A20, as an intestinal
epithelium protector, is widely known for its functions in maintaining the epithelial
barrier stability in inflammatory conditions. In Crohn's disease patients, there is an
excessive inflammatory response and insufficient upregulation of A20 expression[34].
Our previous studies have indicated that HPM plays a beneficial role in Crohn’s
disease by decreasing intestinal epithelium apoptosis[29]. However, whether the effect
of HPM is through A20 has not been determined. In the present study, we examined
the anti-apoptotic properties of A20, confirmed its protective role in the intestinal
epithelial barrier, and explored whether the effect of HPM in reducing intestinal
epithelium apoptosis is through upregulating A20 levels in apoptotic signaling in a
TNBS-induced Crohn's disease mouse model in WT and A20IEC-KO lineages.
Aberrant apoptosis of intestinal epithelial cells lacking the A20 gene leads to
increased intestinal epithelial permeability in Crohn's disease patients[35-37]. In the
present study, we found that the intestinal epithelial cell apoptosis percentage was
significantly increased in the Crohn's disease model of A20IEC-KO mice (P < 0.01);
moreover, serum endotoxin level was upregulated in this lineage (P < 0.05).
Accordingly, H&E staining analysis showed that the intestinal epithelial barrier was
severely damaged in the Crohn's disease model of A20IEC-KO mice, consistent with the
Lars Vereecke’s report[13]. A previous study showed that HPM reduces intestinal
epithelial apoptosis in a Crohn's disease mouse model[29]. The present study indicated
that after treatment with HPM, despite improved intestinal morphological changes
with decreased intestinal epithelial cell apoptosis percentages and endotoxin levels in
A20IEC-KO mice, a more significant improvement was detected in WT mice compared
with A20IEC-KO mice (P < 0.01). These findings suggested that upregulated A20 can
protect intestinal epithelial barrier function and initially confirmed that HPM can
upregulate A20 expression to protect the intestinal epithelial barrier in Crohn's
disease.
The anti-apoptotic function of A20 has been found to inhibit the sequential
signaling complexes of the TNF-α/TNFR1 apoptotic pathway upstream of caspase
8 [38] . When TNFR1 binds to TNF-α, the death domain of TNFR1 enables the
recruitment of TRADD and RIP1 proteins and their assembly with FADD to activate
caspase-8 and induce apoptosis[39-41]. Therefore, we measured the protein expression
levels of TNF-α, TNFR1, TRADD, RIP1, and FADD in the apoptotic pathway. The
present study found no differences in TNF-α, TNFR1, TRADD, RIP1, or FADD levels
among A20IEC-KO NC mice, revealing that A20IEC-KO NC intestinal epithelial cells do not
spontaneously undergo apoptosis, in agreement with prior research by Lars Vereecke
et al[13]. We previously reported that HPM and mild moxibustion downregulate TNF-α
and TNFR1 expression levels and decrease intestinal epithelial cell apoptosis in
Crohn's disease[29]. Here, we found that when A20 was upregulated in WT mice, TNFα expression was decreased after HPM treatment in both WT and A20IEC-KO Crohn's
disease mice. Interestingly, TNF-α expression levels were not different in A20IEC-KO and
WT HPM mice. These results may indicate that HPM could downregulate TNF-α,
which is consistent with our previous study[29], but the mechanism enacted by HPM in
regulating TNF-α is not specifically associated with A20. TNFR1, TRADD, and RIP1
levels in A20IEC-KO MC mice were found to be increased compared with those in WT
mice, suggesting that A20IEC-KO mice are hypersensitive to TNF-α-induced intestinal
epithelial apoptosis, consistent with Vereecke’s research[14]. Western blot analysis
revealed that HPM significantly decreased the expression levels of TNFR1, TRADD,
RIP1, and FADD in WT mice but had no effect on the levels of those proteins in
A20IEC-KO mice. All of these results indicated that although HPM can downregulate the
expression levels of TNFR1, TRADD, RIP1, and FADD, the upregulated expression of
A20 by HPM can downregulate TNFR1, TRADD, and RIP1 signaling molecules in the
apoptotic pathway.
As TRADD and RIP1 play critical roles in the TNFR1-related signaling apoptotic
pathway, we further observed the role of A20 in affecting TRADD and RIP1
expression[12]. A study showed that ligand-dependent association of RIP1 with TNFR1
was significantly reduced in A20-expressing cells in TNF-α-induced apoptosis.
Furthermore, the recruitment of TRADD to the TNFR1 complex was also inhibited by
A20[42]. In the present study, immunofluorescence showed a predominantly green
color with a few yellow areas in intestinal epithelial tissue of the WT HPM group. The
imaging data revealed co-expression of A20/TRADD and A20/RIP1 in WT HPM
mice and decreased expression of TRADD and RIP1 along with increased expression
of A20 in WT HPM mice. In A20IEC-KO HPM mice, immunofluorescence showed a
predominantly red color in intestinal epithelial tissue, suggesting a significant amount
of TRADD and RIP1 expression without A20 expression. These results may identify a
close association of A20, TRADD, and RIP1 within the TNF-α/TNFR1 apoptotic
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pathway in a Crohn's disease mouse model. Our findings indicated that HPM
upregulates the A20 level, which may affect the expression levels of TRADD and RIP1
in the apoptotic pathway.
In conclusion, HPM in treating Crohn’s disease functions possibly via upregulation
of the A20 expression level, resulting in downregulation of TNFR1, TRADD, and RIP1
to alleviate increased cell apoptosis in the intestinal epithelial barrier in Crohn's
disease.

ARTICLE HIGHLIGHTS
Research background
A20, as an intestinal epithelium protector, plays a critical role in anti-apoptosis in Crohn’s
disease. Previous studies have indicated a beneficial role of herbs-partitioned moxibustion
(HPM) in Crohn’s disease by decreasing intestinal epithelial apoptosis. However, whether the
effect of HPM is through A20 is unclear.

Research motivation
Our findings will suggest a role of HPM in regulating A20 level in anti-apoptotic pathway in the
intestinal epithelium of mice with Crohn’s disease.

Research objectives
To explore whether HPM alleviates cell apoptosis in the intestinal epithelium by upregulating
A20 level in Crohn’s disease.

Research methods
Two types of mice were included in this study, namely, mice with A20 deletion in intestinal
epithelial cells (A20IEC-KO) and wild-type mice. Both of them were randomly divided into normal
control (NC), model control (MC), mesalazine (MESA), and HPM groups. 2,4,6-trinitrobenzene
sulfonic acid (TNBS) was administered to establish a Crohn’s disease model in the two types.
The morphology of the colonic mucosa, serum endotoxin, apoptosis of epithelial cells, protein
levels of A20 and tumor necrosis factor receptor (TNFR) 1-related signaling molecules, coexpression of A20 and TNFR1-associated death domain (TRADD), and co-expression of A20 and
receptor-interacting protein (RIP) 1 were observed. All data are presented as the mean ±
standard deviation.

Research results
Compared with A20IEC-KO mice, wild-type mice in the HPM group showed that damage of
intestinal epithelial barrier was improved, serum endotoxin levels were significantly
downregulated (P < 0.01), apoptosis percentages were significantly decreased (P < 0.01), A20
level was significantly upregulated (P < 0.01), and TNFR1, TRADDD, and RIP1 levels were
downregulated (PTNF-a < 0.01, PTNFR1 < 0.05, PTRADD < 0.05, PRIP1 < 0.05). In addition, the coexpression of A20/TRADD and A20/RIP1 showed a predominant yellow fluorescence in WT
HPM mice, while a predominantly red fluorescence was noted in A20IEC-KO HPM mice.

Research conclusions
HPM can upregulate A20 level, resulting in decreased expression of TNFR1, TRADD, and RIP1
to alleviate aberrant cell apoptosis in the intestinal epithelial barrier in Crohn’s disease.

Research perspectives
Effect of HPM in decreasing cell apoptosis of intestinal epithelial cells is through upregulating
A20 level in Crohn’s disease.
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Abstract
BACKGROUND
Pancreatic cancer is a highly invasive malignant tumor. Expression levels of the
autophagy-related protein microtubule-associated protein 1A/1B-light chain 3
(LC3) and perineural invasion (PNI) are closely related to its occurrence and
development. Our previous results showed that the high expression of LC3 was
positively correlated with PNI in the patients with pancreatic cancer. In this
study, we further searched for differential genes involved in autophagy of
pancreatic cancer by gene expression profiling and analyzed their biological
functions in pancreatic cancer, which provides a theoretical basis for elucidating
the pathophysiological mechanism of autophagy in pancreatic cancer and PNI.
AIM
To identify differentially expressed genes involved in pancreatic cancer
autophagy and explore the pathogenesis at the molecular level.
METHODS
Two sets of gene expression profiles of pancreatic cancer/normal tissue
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(GSE16515 and GSE15471) were collected from the Gene Expression Omnibus.
Significance analysis of microarrays algorithm was used to screen differentially
expressed genes related to pancreatic cancer. Gene Ontology (GO) analysis and
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis were used
to analyze the functional enrichment of the differentially expressed genes. Protein
interaction data containing only differentially expressed genes was downloaded
from String database and screened. Module mining was carried out by Cytoscape
software and ClusterOne plug-in. The interaction relationship between the
modules was analyzed and the pivot nodes between the functional modules were
determined according to the information of the functional modules and the data
of reliable protein interaction network.
RESULTS
Based on the above two data sets of pancreatic tissue total gene expression, 6098
and 12928 differentially expressed genes were obtained by analysis of genes with
higher phenotypic correlation. After extracting the intersection of the two
differential gene sets, 4870 genes were determined. GO analysis showed that 14
significant functional items including negative regulation of protein
ubiquitination were closely related to autophagy. A total of 986 differentially
expressed genes were enriched in these functional items. After eliminating the
autophagy related genes of human cancer cells which had been defined, 347
differentially expressed genes were obtained. KEGG pathway analysis showed
that the pathways hsa04144 and hsa04020 were related to autophagy. In addition,
65 clustering modules were screened after the protein interaction network was
constructed based on String database, and module 32 contains the LC3 gene,
which interacts with multiple autophagy-related genes. Moreover, ubiquitin C
acts as a pivot node in functional modules to connect multiple modules related to
pancreatic cancer and autophagy.
CONCLUSION
Three hundred and forty-seven genes associated with autophagy in human
pancreatic cancer were concentrated, and a key gene ubiquitin C which is closely
related to the occurrence of PNI was determined, suggesting that LC3 may
influence the PNI and prognosis of pancreatic cancer through ubiquitin C.
Key words: Pancreatic cancer; Autophagy-related protein microtubule-associated protein
1A/1B-light chain 3; Perineural invasion; Gene Ontology analysis; Kyoto Encyclopedia
of Genes and Genomes pathway analysis; Ubiquitin C
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this study, we identified differentially expressed genes based on the
autophagy-related protein microtubule-associated protein 1A/1B-light chain 3 (LC3) to
analyze the gene expression profile of autophagy in pancreatic cancer. Three hundred
and forty-seven genes that have no confirmed association with the autophagy process of
human pancreatic cancer cells in previous studies were concentrated, and the key
pathways involved in autophagy were enriched. Furthermore, a key gene ubiquitin C
which is closely related to the occurrence of perineural invasion (PNI) was determined,
suggesting that LC3 may influence the PNI and prognosis of pancreatic cancer through
ubiquitin C.
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INTRODUCTION
Pancreatic cancer is a highly invasive tumor of the digestive system. It is of high
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malignancy, its early diagnosis is difficult, and it is not sensitive to radiotherapy and
chemotherapy. At present, surgical resection is the only relatively effective treatment.
The majority of patients are at the late stage of the disease when diagnosed and thus
have missed the best treatment opportunity[1]. Therefore, identifying a new direction
for the treatment of pancreatic cancer has become the focus of pancreatic surgery
studies. As an important mechanism for tumor cells to escape apoptosis, autophagy
has both promoting and inhibiting effects on tumors[2,3]. At present, more and more
studies have found that autophagy is closely related to the occurrence, development,
differentiation and prognosis of pancreatic cancer[4,5].
Autophagy-related protein microtubule-associated protein 1A/1B-light chain 3
(LC3), as a key protein in the autophagy process, is involved in the formation of the
autophagosome. A study by our research group found that high expression of LC3 in
pancreatic cancer was positively correlated with neural invasion and poor
prognosis[6]. On the basis of previous studies and using LC3 as a guidance index, the
autophagy gene expression profile of pancreatic cancer was analyzed to guide the
functional annotation of differentially expressed genes and to enhance the reliability
of bioinformatics prediction and analysis. Differentially expressed genes involved in
the autophagy of pancreatic cancer were identified by a gene expression microarray
technique. Protein interaction networks were constructed and the functional
clustering of differentially expressed genes was carried out. Key interacting proteins
or genes between modules were screened and evaluated by statistical methods, and
the pathogenesis of pancreatic cancer was explored.

MATERIALS AND METHODS
Sample collection
Two groups of experimental data were selected for the analysis of the whole-genome
expression profile. Group 1 consisted of 16 normal pancreatic tissue samples and 36
pancreatic cancer tissue samples. Group 2 consisted of 26 normal pancreatic tissue
samples and 26 pancreatic cancer tissue samples. All samples were obtained from
surgical excision specimens of pancreatic cancer patients and were diagnosed,
classified, graded and staged by pathology professionals.

Gene sequencing
Following the instructions of the Affymetrix gene microarray expression analysis
manual and using the Affymetrix Human Genome U133 Plus 2.0 Array sequencing
platform (platform number: GPL570) [7-10] , gene expression in the samples was
examined. All of the obtained data have been uploaded and submitted to the Gene
Expression Omnibus (GEO), a gene expression database.

Gene expression profile data acquisition and preprocessing
Based on the information of the above two sets of samples and by exploring the gene
expression database of the National Center for Biotechnology Information (NCBI) of
the United States [11] , two sets of pancreatic tissue gene expression profiles were
collected: GSE16515 and GSE15471. Data set-related information is listed in Table 1.
The rma function in the affy package of R language[12] was used to preprocess the
raw data of the gene expression profiles, and the robust multi-array average (RMA)
algorithm[13] was employed to calculate the amount of gene expression from the raw
data of expression profiles and to obtain the gene expression values of the probes, that
is, the signal strength values.

Gene annotation of probe data
Using the Annotate package of R language combined with the chip annotation
document, the probe sets were labeled with the corresponding genes (Entrez ID). In
the situation of a single gene corresponding to multiple probe sets, the average value
of the multiple probe sets was used to represent the expression value of the gene. In
the case of multiple genes corresponding to one probe set, the probe set data were
deleted.

Screening and identification of differentially expressed genes
The significance analysis of microarrays (SAM) algorithm[14] was used to screen for
differentially expressed genes related to pancreatic cancer. The analysis platform
employed the R language platform.

Functional enrichment analysis of differentially expressed genes
Gene Ontology (GO) analysis of differentially expressed genes was used to search for
gene functions whose changes might be correlated with the differentially expressed
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Table 1 Relevant information of the genome expression profile data sets of pancreatic tissues
Data set number(raw data of CEL files) Number of normal samples

Number of disease samples

Platform information

GSE16515

16

36

Affymetrix HG-U133 Plus 2.0, GPL570

GSE15471

26

26

Affymetrix HG-U133 Plus 2.0, GPL570

genes of different samples[15,16]. The pathway analysis of differentially expressed genes
was used to search for cellular pathways whose changes might be related to the
differentially expressed genes in different samples[17-19]. The significance thresholds of
enrichment analysis were 0.01 and 0.05 for GO analysis and pathway analysis,
respectively. Descriptions of the result parameters of the functional annotations are
shown in Supplementary Table 1.

Protein interaction analysis of differentially expressed genes
Data screening and preprocessing:
Human protein interaction network data were downloaded from the STRING
database[20], and protein interaction pairs with interaction scores of more than 900
were selected. Only protein interaction data containing differentially expressed genes
were screened from the above qualified protein interaction data. Modules were mined
and differentially expressed genes were annotated using the ClusterOne plugin of
Cytoscape software.
Analysis of information crosstalk between interacting modules: The calculation
method of crosstalk significance is as follows: in the context of a random network, the
number of cases in which the number of interaction pairs between modules in N
random networks (in this study, N = 1000) was greater than that in real networks was
calculated and recorded as n. The formula for calculating the P value is P = n/N; a P
value less than or equal to 0.05 represents significant crosstalk between modules.
Pivot analysis: The definition of pivot requires satisfaction of the following two
conditions: (1) the pivot interacts with two modules at the same time and has at least
two interaction pairs with each module; and (2) the P value of the significance
analysis of the interaction between the pivot and each module should be less than or
equal to 0.05. According to the above descriptions, the Python program was written to
find the pivots between the functional modules, and the hypergeometric test method
was used for the significance analysis.

RESULTS
Preprocessing results of expression profile raw data
The distribution of gene expression amount calculated by the RMA algorithm is
shown in Figure 1A and B After data preprocessing, the gene expression profile data
were reduced from the original 54675 probe expression values to 20502 gene
expression values.

Extraction results of differentially expressed genes
After data standardization and gene annotation, gene microarray significance
analyses were performed on the two sets of data (GSE16515 and GSE15471) separately
using the Sam function of the siggenes package of R language (Figure 2A and B); a
total of 6098 and 12928 differentially expressed genes were obtained, respectively, and
the first 40 genes were selected for display in Supplementary Tables 1 and 2,
respectively. A total of 4870 core differentially expressed genes were obtained from
the intersection of the two sets of differentially expressed genes for subsequent
functional annotation analysis.

Functional enrichment analysis of differentially expressed genes
In the process of GO analysis of differentially expressed genes, the involvement of
genes in biological processes, molecular functions and cell compositions was
annotated by setting different parameters. The 14 functional items related to
apoptosis/autophagy are listed in Table 2.
The Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis enriched the
differentially expressed genes into four pathways: hsa03050, hsa04144, hsa05412 and
hsa04020. hsa04144 is related to endocytosis, hsa04020 is related to the calcium
signaling pathway, and both are, to a certain degree, related to autophagy.
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Figure 1

Figure 1 Box diagram of the gene expression distribution. A: Box diagram of the gene expression distribution of each sample after the standardization of set
GSE16515. B: Box diagram of the gene expression distribution of each sample after the standardization of set GSE15471.

Searching the GENE functional annotation database of the NCBI using three
keywords, autophagy, Homo sapiens and cancer (adopt and logic rule), 851 genes were
obtained. The 16 functional items associated with autophagy obtained by GO and
KEGG analyses revealed a total of 986 differentially expressed genes (Figure 3). After
removing genes that are clearly defined in the GENE database, 347 differentially
expressed genes were obtained (Supplementary Table 3). The relationship between
these genes and the autophagy of pancreatic cancer cells awaits further exploration.

Interaction analysis of differentially expressed genes
Based on a protein interaction network database (STRING), a reliable protein
interaction network of 10524 proteins and 196254 interaction pairs was obtained by
selecting protein interaction pairs with an interaction score of greater than or equal to
900. Protein interaction data containing only differentially expressed genes were
subsequently screened from the above protein interaction data, and a protein
interaction network of 2256 differentially expressed genes and 12632 interaction pairs
was obtained. Figure 4 shows the protein interaction network composed of
differentially expressed genes. Red pivot dots indicate that when mining modules, the
P values of the participating modules were less than 0.05, while yellow pivot dots
indicate that when mining modules, the P values of the participating modules were
greater than 0.05. Grey pivot dots indicate that these genes were not involved in the
modules. A total of 65 clustering modules were screened by importing the above
interaction data containing differentially expressed genes into Cytoscape
(Supplementary Table 4).
GO and KEGG functional annotation of the differentially expressed genes in the
protein interaction network was performed. The results are shown in Supplementary
Tables 5 and 6. GO analysis found that GO:0016236 was involved in autophagy, while
KEGG analysis revealed a highly significant (P = 1.06E-07) new pathway, hsa04216
(ferroptosis), a new cell death pattern associated with iron death.
Next, we identified the MAP1L3A (LC3) gene in the excavated module 32, which is
the target gene of emphasis in this study. We also found that this module contains
multiple genes related to autophagy (Supplementary Table 7). Through the functional
enrichment analysis of module 32, the genes of this module were found to be mainly
involved in pathways related to autophagy and iron-dependent cell death.
Furthermore, network diagrams were used to show the LC3 gene and genes that
directly interact with LC3 (Figure 5A) and to demonstrate the functional modules in
which the LC3 gene is involved (Figure 5B).

Analysis of crosstalk between interacting modules
The complex intracellular pathway networks were analyzed by crosstalk, and
important protein pivots that affect signal transduction between the pathways were
identified through protein interactions. The results of the pathway crosstalk analysis
of the aforementioned clustering modules are shown in Supplementary Table 8 and
Figure 6.
The above functional annotation analysis revealed that modules 33 and 40 were
both associated with autophagy; the crosstalk between the two modules is
demonstrated using a network diagram by Cytoscape (Figure 7). The genes involved
in the two modules and their functional descriptions are listed in Supplementary
Table 9.
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Table 2 Items related to apoptosis/autophagy in the Gene Ontology enrichment of differentially expressed genes
Category

ID

Biological processes

Cell composition

Molecular functions

Description

GO:2001236

Regulation of the extrinsic apoptotic signaling pathway

GO:0097192

Extrinsic apoptotic signaling pathway in the absence of ligand

GO:0097191

Extrinsic apoptotic signaling pathway

GO:2001237

Negative regulation of the extrinsic apoptotic signaling
pathway

GO:0031397

Negative regulation of protein ubiquitination

GO:0031396

Regulation of protein ubiquitination

GO:0010038

Response to metal ions

GO:0045862

Positive regulation of proteolysis

GO:0022624

Proteasome accessory complex

GO:0034702

Ion channel complex

GO:0000502

Proteasome complex

GO:0005838

Proteasome regulatory particle

GO:0003779

Actin binding

GO:0002020

Protease binding

Pivot analysis
Pivot analysis revealed that the gene 7316, ubiquitin C (UBC), was associated with
several modules related to cancer and autophagy. After removing the redundant
modules, seven modules interacting with this pivot were obtained (Supplementary
Table 10). These modules all contain genes that directly interact with gene 7316.
Functional enrichment analysis showed that most of these 7 modules are related to
human cell death, especially the autophagy process. In module 32, the pivot directly
interacts with gene 84557 (MAP1LC3A) and is associated with multiple modules
(Figure 8).

DISCUSSION
Pancreatic cancer has a high malignant degree, a low early diagnosis rate, and a less
than 20% chance of radical resection. The incidence and mortality rate of pancreatic
cancer are high. From 2000 to 2014, the overall 5-year survival rate of pancreatic
cancer in different regions of the world was between 5% and 15% [21] . In China,
approximately 90100 new cases of pancreatic cancer were reported in 2015, ranking
ninth among all malignant tumors, while mortality reached 79400 cases, ranking sixth
among all malignant tumors; the 5-year survival rate was 9.9%[22]. Until now, an
effective diagnosis and treatment for pancreatic cancer have been lacking, and the
exact causes and pathogenesis of pancreatic cancer are not well understood. In this
study, bioinformatics analysis based on the LC3 gene was used to identify
differentially expressed genes in pancreatic cancer and the results were
comprehensively analyzed to provide a new experimental basis for the diagnosis and
treatment of pancreatic cancer.
First, the GO analysis results of the differentially expressed genes associated with
pancreatic cancer were preliminarily studied, and 347 genes that had not been clearly
defined by the GENE database as directly related to the autophagy of human cancer
cells were identified, providing new information and a novel direction for future
cancer and autophagy research. Previous studies have shown that the occurrence and
development of pancreatic cancer are the result of the interaction and influence of
multiple genes and factors[23,24]. In this study, GO functional annotation analysis
revealed that functional annotations were associated with multiple differentially
expressed genes, indirectly confirming the earlier results. This study was not limited
to an expression abnormality or a mutation of a single gene or protein but rather
analyzed the gene microarray expression profile data to obtain the suspected
differentially expressed genes associated with tumors, providing useful data for
future studies and providing a reliable and detailed experimental basis for the
diagnosis and treatment of complex diseases. Second, the KEGG analysis results of
pancreatic cancer-related differentially expressed genes were analyzed. The
differentially expressed genes were enriched in four pathways, and the complex
molecular mechanisms involved in these pathways are related to the occurrence of
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Figure 2

Figure 2 Distribution diagram of the statistical analysis of gene expression. A: Distribution diagram of the
statistical analysis of gene expression after the extraction of differentially expressed genes in set GSE16515; B:
Distribution diagram of the statistical analysis of gene expression after the extraction of differentially expressed genes
in set GSE15471. Yellow for differentially expressed genes and black for non-differentially expressed genes.

tumors, inflammation, immune disorders, and idiopathic diseases[25].
In this study, we combined the gene expression database and the STRING protein
interaction database to mine modules in the protein interaction network involving the
differentially expressed genes and found that modules 33 and 40 were both associated
with autophagy. In view of the functional descriptions, the genes involved in these
two modules are closely related to cellular processes such as cancer, autophagy and
apoptosis. Through functional enrichment analysis of the genes involved in these
modules, KEGG enrichment further identified pathway hsa04216, that is,
ferroptosis[26], which is characterized by the production of reactive oxygen species
(ROS) from the peroxidation of accumulated iron and lipids. Kang et al[27] reviewed
the relationship between autophagy and ferroptosis and noted that the activation of
ferroptosis depends on its induction by autophagy.
In the module interaction study, we found that UBC, as a pivot of module
interactions, connected several modules related to cancer and autophagy and plays an
important role in multiple cell death modules related to autophagy (Figures 1-8),
consistent with current knowledge and our understanding of cancer and cell death.
UBC, as a precursor of ubiquitin, plays a key role in the occurrence and development
of diseases such as autophagy, cancer, and inflammation through the ubiquitin
proteasome system (UPS) [28] . A large number of studies have shown a close
relationship between UPS and autophagy[29,30]. Previously, UPS and autophagy have
been considered complementary degradation systems with no intersection. However,
some monoubiquitinated proteins can also be degraded by autophagy[31]. Pandey et
al[32] performed in vitro experiments and showed that monoubiquitination and histone
deacetylase 6 (HDAC6) are the key signals linking the two systems of autophagy and
UPS, consistent with the results of the current study that the ubiquitin precursor UBC
connects multiple autophagy-related modules.
A previous study showed that the signaling pathway adapter protein P62 contains
an LC3 recognition sequence that forms oligomers to recruit ubiquitinated proteins
through a ubiquitin binding domain and interacts with LC3 to form degradation
substrates for the autophagosome [33] . Ubiquitin is also one of the substrates of
molecular chaperone-mediated autophagy [34] . In this study, a direct interaction
between LC3 and the pivot gene UBC was identified, which has certain significance
for the study of the mechanism by which autophagy scavenges ubiquitinated
substrates. Ubiquitin and UPS are also closely related to the occurrence and
development of tumors. Tang et al[35] confirmed that ubiquitin is highly expressed in
many types of tumor tissues. Liu et al[36] showed that UPS could selectively degrade
the products of oncogenes and tumor suppressor genes, as well as apoptosisregulating proteins, thus regulating cell mutation and tumorigenesis.
In recent years, the perineural invasion (PNI) of pancreatic cancer has become a
research hotspot in academia and in the clinic; however, its mechanism has not yet
been elucidated. A complicated tumor microenvironment, autophagy, and neural
plasticity[37] exert important effects on the nerves around and inside the pancreas. It
has been reported[38] that pancreatic cancer tissue with high expression of ubiquitinspecific protease 9X (USP9X), a member of the ubiquitin-specific protease subfamily
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Figure 3

Figure 3 Distribution of the numbers of differentially expressed genes in functional items associated with apoptosis/autophagy.

of the family of deubiquitinating enzymes, may be more invasive, and high
expression of USP9X is closely associated with the prognosis of pancreatic cancer. In
UPS, the reversible process of protein ubiquitination and deubiquitination catalyzed
by ubiquitinating enzymes (UBEs) and deubiquitinating enzymes (DUBs) is also
closely related to PNI of the tumor [39] . UBC-terminal hydrolases (UCHs) are a
subfamily of DUBs. Previous studies have shown that the UCH family plays different
roles in the progression of different tumors[40]. Ubiquitin carboxyl terminal esterase L1,
a family member of UCHs, is not only overexpressed in neural tissue[41] but is also
used as a marker of nerve fibers to study PNI[42].
In the study of modular clustering based on protein interactions, UBC was
clustered with multiple autophagy-related genes in module 32 and directly interacted
with LC3 and NBR1 (Figures 2-7). UCH uses ubiquitinated proteins as substrates to
catalyze the removal of ubiquitin molecules. Therefore, UBC and UCH also directly
interact. Moreover, the expression level of UCH is closely related to the process of
PNI. Based on our previous study[6] in which the positive rate of PNI was significantly
positively correlated with the high expression of LC3 in pancreatic cancer patients
and that PNI and LC3 levels are independent risk factors for the poor prognosis of
pancreatic cancer, we postulate that the autophagy-related protein LC3 may establish
a close association with pancreatic cancer PNI through UBC and its associated
ubiquitin proteasome system.
In summary, the present study combined the gene expression profile microarray
technique with bioinformatics analysis technology to analyze and mine a large
quantity of data and identified new significantly differentially expressed genes related
to the occurrence of autophagy in pancreatic cancer, which expands the autophagyrelated gene profile of pancreatic cancer and is helpful for the search of candidate
susceptible genes and rare mutations that may be associated with the occurrence and
development of autophagy in pancreatic cancer. The identification and review of
UBC, a key gene that directly interacts with LC3, suggest that it may be a key factor
that leads to a poor prognosis of pancreatic cancer mediated by PNI and suggests a
new direction for further research.
In this study, we identified differentially expressed genes between pancreatic
cancer cells and normal cells at the whole-genome level using the whole-genome
expression profiling technique, identified 347 genes that have no confirmed
association with the autophagy process of human pancreatic cancer cells in previous
studies, and discovered and clarified information about the pathways involved in
autophagy. Furthermore, we identified UBC, which plays an important role in several
modules related to cell death, through gene expression microarray analysis based on
autophagy and LC3 and found that UBC is widely involved in tumor cell growth,
invasion and metastasis. It was also found that ubiquitin is closely related to PNI. It is
believed that LC3 may affect the PNI and prognosis of pancreatic cancer through
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Figure 4

Figure 4 Protein interaction network composed of differentially expressed genes.

UBC, which is helpful for the study and treatment of pancreatic cancer and provides
an important clue to the pathogenesis of pancreatic cancer.
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Figure 5

Figure 5 Network diagram. A: Network diagram of genes that directly interact with the autophagy-related protein microtubule-associated protein 1A/1B-light chain 3
(LC3) gene; B: Network diagram of functional modules in which the LC3 gene is involved.
Figure 6

Figure 6 Module pairs with significant crosstalk.
Figure 7

Figure 7 Crosstalk relationship between modules 33 and 44.
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Figure 8

Figure 8 The ubiquitin C gene (pivot) and its connecting modules.

ARTICLE HIGHLIGHTS
Research background
Pancreatic cancer is a malignant tumor with a poor prognosis that has almost equal mortality
and morbidity in patients. At present, more and more studies have found that autophagy is
closely related to the occurrence, development, differentiation and prognosis of pancreatic
cancer. Autophagy-related protein microtubule-associated protein 1A/1B-light chain 3 (LC3), as
a key protein in the autophagy process, is involved in the formation of the autophagosome. A
study by our research group found that high expression of LC3 in pancreatic cancer was
positively correlated with neural invasion and poor prognosis. With the development of
genomics, gene expression microarray technology, proteomics and bioinformatics, the ability to
manipulate and characterize human genes and their products has been acquired. Disease-related
genes have been studied at the molecular level to understand the pathogenesis of diseases. On
the basis of previous studies and using LC3 as a guidance index, the autophagy gene expression
profile of pancreatic cancer was analyzed to guide the functional annotation of differentially
expressed genes and to enhance the reliability of bioinformatics prediction and analysis. Thus, to
provide a basis for the study of the molecular mechanism of autophagy in pancreatic cancer.

Research motivation
This study focused on the differentially expressed genes based on LC3 to analyze the gene
expression profile of autophagy in pancreatic cancer. Thus, to provide a basis for the study of the
molecular mechanism of autophagy in pancreatic cancer.

Research objectives
To identify differentially expressed genes in autophagy of pancreatic cancer and to provide a
basis for exploring the molecular mechanism of autophagy of pancreatic cancer cells and finding
new targets for diagnosis and treatment of pancreatic cancer.

Research methods
On the basis of previous studies and using LC3 as a guidance index, differentially expressed
genes involved in the autophagy of pancreatic cancer were identified by a gene expression
microarray technique. Protein interaction networks were constructed and the functional
clustering of differentially expressed genes was carried out. Key interacting proteins or genes
between modules were screened and evaluated by statistical methods, and the pathogenesis of
pancreatic cancer was explored.

Research results
After removing genes that are clearly defined in the GENE database, 347 differentially expressed
genes were obtained. The Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis revealed
a highly significant new pathway, hsa04216 (ferroptosis), a new cell death pattern associated
with iron death. The ubiquitin C (UBC) as a pivot of module interactions, connected several
modules related to cancer and autophagy and plays an important role in multiple cell death
modules related to autophagy.

Research conclusions
In this study, we identified differentially expressed genes based on the LC3 to analyze the gene
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expression profile of autophagy in pancreatic cancer. Three hundred and forty-seven genes that
have no confirmed association with the autophagy process of human pancreatic cancer cells in
previous studies were concentrated, and the key pathways involved in autophagy were
enriched. Furthermore, a key gene UBC which is closely related to the occurrence of perineural
invasion (PNI) was determined, suggesting that LC3 may influence the PNI and prognosis of
pancreatic cancer through UBC.

Research perspectives
With the development of genomics, gene expression microarray technology, proteomics and
bioinformatics, we have been able to study disease-related genes at the molecular level to
understand the pathogenesis of disease, thus to seek new research directions or to find new
targets for clinical diagnosis and treatment. In this study, LC3 was used as a target to explore the
differential genes related to autophagy in pancreatic cancer cells. Three hundred and forty-seven
genes that have no confirmed association with the autophagy process of human pancreatic
cancer cells in previous studies were concentrated, it is obviously unrealistic to analyze all the
genes interacting with LC3 in vitro. Nevertheless, a key gene UBC which is closely related to the
occurrence of PNI was determined. Our previous results showed that the high expression of LC3
was positively correlated with PNI in the patients with pancreatic cancer. Suggesting that LC3
may influence the PNI and prognosis of pancreatic cancer through UBC. Therefore, we have
planned to supplement some vitro and vivo experiments to further analysis the relationship
between them and explore the molecular mechanism of phagocytosis in pancreatic cancer cells.
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Abstract
BACKGROUND
The methylated septin 9 (mSEPT9) assay was the first blood-based test approved
by the United States Food and Drug Administration as a colorectal screening test.
However, the diagnostic and prognostic role of preoperative mSEPT9 for
colorectal cancer (CRC) in Chinese patients is still unknown.
AIM
To improve the understanding of diagnostic and prognostic factors, serum
mSEPT9 was detected in Chinese CRC patients.

Informed consent statement:

METHODS
A retrospective analysis of 354 cases, of which 300 had CRC and 54 were normal,
was performed in China. Patients’ characteristics, treatments, and laboratory
data, including age, the date of surgery, Union for International Cancer Control
(UICC) stages, distant metastasis (M), and so on, were collected. Methylation
levels of SEPT9 were quantified by quantitative, methylation-specific polymerase
chain reaction before surgery. In addition, the effects of mSEPT9 on the
occurrence and prognosis of 330 CRC cases from The Cancer Genome Atlas
(TCGA) database were evaluated using bioinformatics analyses. Potential
prognostic factors for overall survival (OS) and progression-free survival (PFS)
were evaluated by Kaplan-Meier univariate analysis.

According to the “Human
Biomedical Research Ethical

RESULTS

Institutional review board
statement: This study was
reviewed and approved by the
Ethical Committee of Xiangya
Hospital of Central South
University (Approval No.
2018111100).
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Review Procedures” approved by
the National Health and Family
Planning Committee of China (No.
11, Section 39), informed consent
was waived because of the
retrospective nature of the study.
After the following circumstances
have been reviewed and approved
by the ethics committee, the
informed consent form can be
waived if: Research is conducted
using human body materials or
data that can identify information,
and the subjects can’t be found,
and the research project does not
involve personal privacy and
commercial interests.

In Chinese CRC patients, positive mSEPT9 was strongly associated with
advanced UICC stages, deeper invasion by the primary tumor, and more distant
metastasis. Methylation levels of SEPT9 were stage-dependent and showed a
stepwise increase in UICC stages (I–IV), primary tumor categories (T1–T4),
regional node categories (N0–N2), and distant metastasis categories (M0–M1).
The patients with positive mSEPT9 showed a tendency toward lower PFS. After
analyzing TCGA clinical data, the high mSEPT9 group was found to be obviously
correlated only with more distant metastasis. The patients with high mSEPT9
levels showed a tendency toward lower OS. Besides, nine meaningful mSEPT9
sites were found to provide guidance for the follow-up studies.
CONCLUSION
MSEPT9 analysis may add valuable information to current tumor staging. Serum
mSEPT9 in Chinese CRC patients appears to offer promising novel prognostic
markers and might be considered for monitoring CRC recurrence.
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INTRODUCTION
Colorectal cancer (CRC) remains the third most common cancer expected to occur in
men and women[1], accounting for approximately 10% of the global cancer burden. To
date, more than 90% of patients with early CRC have survived five years after
diagnosis[2,3]. However, in the case of regional spread to lymph nodes or adjacent
organs, the five-year relative survival rate decreases to 69%, and when there is distant
metastasis, it drops sharply to approximately 10% [3,4] . Despite significant recent
achievements in the diagnosis and treatment of these patients, resulting in partial
reductions in overall incidence and mortality, there is no effective diagnostic assay so
far for tumor progression or recurrence monitoring, especially in vitro.
Detection of CRC recurrences or metastases in the early stage by constant
monitoring may improve long-term outcomes through timely treatment. The
American Joint Committee on Cancer (AJCC) Cancer Staging, seventh edition has
accepted clinically useful carcinoembryonic antigen (CEA) serum tumor marker as a
site-specific prognostic factor in CRC[5]. However, the low detection sensitivity of CEA
hinders its use for many surgical patients, because patients with negative CEA results
before surgery usually cannot be monitored after surgery[6,7]. In addition, periodic
computed tomography (CT) scanning is another noninvasive method for surgical
therapeutic effect assessment[8]. However, CT scans have limited sensitivity and high
false positive rates, and cannot be used routinely as a monitoring examination due to
the danger of long-term radiation [9] . Therefore, development of novel, sensitive
biomarkers for monitoring recurrences or metastases of CRC is urgently needed.
Hypermethylation of the promoter of septin 9 (SEPT9) has previously been shown
to be a sensitive and specific biomarker in various cancers including CRC[10-13] and its
precursor lesions[14-16]. As a result, the methylated SEPT9 (mSEPT9) assay became the
first blood-based test approved by the United States Food and Drug Administration
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as a CRC screening test[17]. A study of Korean CRC patients found that serum mSEPT9
had a tendency to show metastasis and a low disease-free survival rate[18]. In a recent
study of German CRC patients, mSEPT9 was significantly associated with Union for
International Cancer Control (UICC) stages both before and after therapy [19] . In
addition, quantitative mSEPT9 levels have been successfully applied for the diagnosis
of CRC[19-22], and for the screening, diagnosis, monitoring, prognosis, and molecular
staging of head and neck squamous cell carcinomas (HNSCC) [19] . However, the
diagnostic and prognostic role of preoperative mSEPT9 for CRC in Chinese patients is
still unknown.
This study assessed the correlation between clinicopathological characteristics and
preoperative serum mSEPT9 in Chinese CRC patients and, further, to confirm the
correlation between mSEPT9 levels and CRC prognosis by bioinformatics analyses. In
addition, we analyzed methylated sites that were co-upregulated or codownregulated
in colon and rectum tumors, to provide the theoretical guidance for further research.

MATERIALS AND METHODS
Patients and samples
This present study was conducted from December 2017 to November 2018 among
patients at the Department of Hepatobiliary and Enteric Surgery in Xiangya Hospital.
A total of 354 subjects with mSEPT9 serum detection before surgery were recruited
from a medicine-pharmacy-nursing integrative parenteral medication rational use
and safety early warning platform, the Parenteral Prescription Early Warning and
Assessment System, including 300 CRC patients and 54 normal subjects. This study
was approved by the Ethical Committee of Xiangya Hospital of Central South
University (Approval No. 2018111100).
Three hundred patients presented with histologically confirmed primary CRC.
Recurrences or metastases were determined from diagnostic tests (CT scan, magnetic
resonance imaging, or colonoscopy) and confirmed through tissue pathology when
available[7]. Clinical parameters, including mSEPT9 detection results, gender, age,
UICC stage, histologic grade, primary tumor (T) categories, regional node (N)
categories, distant metastasis categories (M), lymphatic invasion (L), lymph nodal
status, vascular invasion (V), and tumor site, were collected. The UICC stage, tumor
node metastasis (TNM) categories and histologic differentiation were graded on the
basis of the eighth edition of the AJCC[23]. Progression-free survival (PFS) time was
calculated from the CRC patients’ date of surgery to presentation of clinical or
pathological evidence of cancer recurrence.
In addition, 330 colorectal adenocarcinomas from The Cancer Genome Atlas
(TCGA) Research Network (http://cancergenome.nih.gov/.) were selected and
analyzed retrospectively. Patients whose mSEPT9 levels were less than or equal to
median were assigned to the low mSEPT9 group, whereas others were assigned to the
high mSEPT9 group. The overall survival (OS) time was calculated from the CRC
patients’ date of surgery to the date of dead or to the last contact date.

Methylated SEPT9 detection
A 10 mL peripheral blood sample was collected with a 10 mL K2EDTA anticoagulant
tube for the SEPT9 assay [BioChain (Beijing) Science and Technology, Inc., Beijing,
China]. Peripheral blood sample storage and transportation, DNA extraction, and
bisulfite conversion were performed manually following the manufacturer’s
instructions of the Epi proColon 2.0 kit (Epigenomics AG, Berlin, Germany). The
mSEPT9 was assayed with the Epi proColon 2.0 kit on an AB7500 Fast Dx Real Time
polymerase chain reaction device (Life Technologies) in the Clinical Laboratory of
Xiangya Hospital, Central South University. Briefly, a polymerase chain reaction
(PCR) test was performed in triplicate with 15 μL template DNA per well and run for
45 cycles[24]. The instrument software was used to record the PCR results for β-actin
(ACTB) and methylated SEPT9 from each of the triplicate reactions. The validity of
each sample batch was determined according to methylated SEPT9 and ACTB
threshold count (Ct) values for the positive and negative controls. ACTB served as an
internal reference to assess the integrity of each sample. According to the instructions,
Ct value was less than 41.1 was assigned to the positive mSEPT9 group, whereas
those whose Ct value was over 41.1 were assigned to the negative mSEPT9 group.

Statistical analyses
All statistical analyses were performed using SPSS 18 software (SPSS Inc, Chicago,
United States). The measurable data was expressed as the mean and standard
deviation (SD). Differences of clinicopathological characteristics and Ct values
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between groups were compared via t-tests and χ2 test. The univariate analysis was
performed to assess the effect of mSEPT9 to predict PFS and OS by the Kaplan-Meier
method. Binary logistic regression was used to analyze the association between each
genetic biomarker (e.g., mismatched repair proteins) and mSEPT9. All the statistical
tests were bilateral, and P < 0.05 was considered statistically significant.

RESULTS
The mSEPT9 in CRC patients and normal subjects
Among Chinese CRC patients, the methylated Ct values of 300 primary CRC patients
and 54 normal subjects were analyzed. Based on contradictory trends for Ct value and
expression, the preoperative serum mSEPT9 levels were significantly higher in CRC
patients than in the normal subjects (P = 0.008) (Figure 1A). The positive rate of
mSEPT9 was 52.3% for CRC patients and 25.9% for normal subjects (P = 0.102) (Figure
1B).
Among 351 patients from the TCGA database, the mSEPT9 levels of 330 CRC
patients and 21 normal subjects were analyzed. The serum mSEPT9 levels of the CRC
patients were higher than those of the normal subjects, but were not statistically
significant (P = 0.530) (Supplemental Figure 1).

Clinicopathological characteristics and mSEPT9 in CRC
The Chinese CRC patients, clinicopathological features of 300 CRC patients are
described in Table 1. As shown in Figure 1C, patients older than 50 years were
statistically more numerous than those aged 50 or younger in both positive and
negative groups (P = 0.016). Through analyzing UICC stages, we found that the
positive rate of stage III was observably higher than stage I (46.6% vs 31.0%, P = 0.012)
(Figure 2A); mSEPT9 levels showed a significant increase from UICC stages II to III (P
= 0.033) and stages III to IV (P < 0.0001), but no obvious difference was detected
between stages I to II (P = 0.898, Figure 3A).
In addition, the association of mSEPT9 levels and rate of positive mSEPT9 among
primary tumor categories (T1–T4), regional node categories (N0–N2) and distant
metastasis categories (M0–M1) were also analyzed. The detection rate of positive T3
was observably higher than that of T1 (51.1% vs 40.0%, P = 0.019) (Figure 2B). Positive
rate and levels of mSEPT9 revealed a significant increase from T3 to T4 (P = 0.030, P =
0.046, respectively) (Figure 2B, Figure 3B). In terms of regional node categories, N0 to
N2 showed a gradual increase in mSEPT9 levels (P = 0.012) (Figure 3C), but did not
show any association with the rate of positive mSEPT9 (Figure 2C). As shown in
Figures 2D and 3D, mSEPT9 showed the best ability to discriminate between local and
metastatic CRC (P = 0.015, P < 0.0001, respectively). However, higher mSEPT9 levels
were not found in CRC patients with lymphatic or vascular invasion than in those
without invasion (all P > 0.05). We also failed to find association among MLH1, MSH2
(25D12), MSH6, PMS2, and Ki67 and mSEPT9 (all P > 0.05) (Supplemental Table 1).
The clinicopathological features of 330 CRC patients from the TCGA database are
described in detail in Supplemental Table 2. Similarly, there was a tendency for more
distant metastasis (P = 0.0001) and more CRC patients older than 50 (P < 0.0001) in the
high mSEPT9 group, but no significant difference was found in UICC stages, primary
tumor categories, or regional node categories (all P > 0.05).

Prognostic significance of mSEPT9 in CRC patients
Kaplan-Meier univariate analysis showed that positive mSEPT9 was obviously
associated with shorter PFS among the Chinese CRC patients (P = 0.019, Figure 4A).
The positive mSEPT9 CRC cases were estimated to have an mean PFS duration of 3.7
mo [95% confidence interval (CI): 2.14-5.19] compared with the 6.0 mo (95%CI: 013.87) in the negative mSEPT9 CRC cases.
In addition, serum mSEPT9 showed prognostic significance for the CRC patients
from the TCGA database (P = 0.008, Figure 4B). CRC patients with low mSEPT9 levels
were found to be correlated with longer OS. The low mSEPT9 CRC cases had an
estimated mean OS duration of 8.1 months (95%CI: 6.53-9.27) compared with the 5.1
mo (95%CI: 3.87-6.33) in the high mSEPT9 CRC cases.

Significant methylation sites for SEPT9
In further analyzed TCGA clinical data, 124 mSEPT9 sites were found that showed
differential expression among normal subjects and those with colon and rectum
adenocarcinoma, respectively (all P < 0.05) (Supplemental Figure 2). After analyzing
the detailed information of these 124 mSEPT9 sites, 68 co-upregulated and 36 codownregulated mSEPT9 sites in CRC adenocarcinoma were further observed. We
finally confirmed that there were eight co-upregulated mSEPT9 sites (Figure 5) and
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Figure 1

Figure 1 Graphical representations of difference in methylated septin 9 Ct values or proportion of patients between different groups. A: Methylated septin 9
(mSEPT9) Ct values in tumor group and normal group; B: Proportion of patients with positive and negative mSEPT9 in tumor group and normal group; C: Proportion of
patients older than 50 and aged 50 or younger in positive group and negative group. The statistical significance for difference of means is shown in P values, t-test, or
χ2 test. mSEPT9: Methylated septin 9.

one co-downregulated mSEPT9 site (cg02975107) through setting a cut-off of a twofold expression change of mSEPT9.

DISCUSSION
Most patients with early CRC undergo curatively intended surgery to clear up
primary lesions and local lymph node metastasis up. However, 30%-50% of patients
would still confront tumor recurrence and might die from metastasis [25] . Timely
monitoring of recurrence and metastasis is of great significance to the prognosis and
survival of patients. In our study, mSEPT9 was proved to be an effective bio-marker
for diagnosis, recurrence, and prognosis of CRC in Chinese patients, and nine
significant mSEPT9 sites were confirmed for further in-depth consideration.
Our study confirmed the value of serum mSEPT9 for CRC diagnosis. Compared
with normal tissues in Chinese and TCGA data, serum SEPT9 was found to be
hypermethylated in tumor tissues, which was consistent with previous studies[18,19,26].
Studies showed that age affected the detection rate of the SEPT9 assay[27,28], and we
found that a positive rate of mSEPT9 was strongly associated with CRC patients aged
over 50 years both in Chinese and TCGA data. This accords with the definition of an
average risk population in National Comprehensive Cancer Network Guidelines for
CRC[29]. Remarkably, we reported that SEPT9 performs outstandingly as an auxiliary
molecular staging parameter in the Chinese population, especially because mSEPT9
levels could distinguish between pathological UICC and TNM stages in an
incremental fashion. In addition, our data demonstrated that CRC patients in earlier
tumor stages showed lower mSEPT9 levels compared to those with more advanced
lesions, which is consistent with studies in German CRC patients [19,30-32] . Most
importantly, its ability to identify patients with distant metastases emphasizes the
potential of mSEPT9 as a bio-marker, which adds valuable information to the
classification of tumors [33-35] . However, high mSEPT9 group did not show any
association with UICC, T, or N stages in patients from the TGGA database, who were
from American Indian, Asian, Black, or African American populations. This might be
explained by the different study populations. Previous studies found that the
incidence of CRC and the sensitivity to the mSEPT9 test assay in different ethnic
groups were different[14,36].
In addition, serum mSEPT9 were proved to be an independent predictors of CRC
recurrence and unfavorable cancer-specific survival in Chinese and TCGA data,
which is consistent with previous studies in Singapore and Germany[19,37,38]. The study
was performed with a large number of prognostic features and patients; however,
much longer prognosis and follow-up time are necessary before final conclusions can
be made, and the increasing number of patients with earlier-stage CRC demands a
widening of the clinical importance of predictive value for prognosis.
After further analysis of the TCGA clinical data, we obtained nine SEPT9
methylation sites that show two-fold higher or lower mSEPT9 levels in CRC than
normal tissues. However, no studies were found at present that investigate the
prognosis of these methylation sites and CRC was found. Surprisingly, cg12783819,
which only shows 1.5-fold higher mSEPT9 levels in CRC than in normal tissues, has
been proven to be able to assess the diagnosis, prognosis, and molecular staging of
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Table 1 Clinicopathological characteristics based on methylated septin 9 status in 300 colorectal cancer patients
Parameter
Gender

Age

UICC stage

Histologic grade

Primary tumor (T) category

Regional node (N) category

Distant metastasis (M)

Lymphatic invasion (L)

Lymph nodal status

Positive group (%)

Negative group (%)

P
0.585

Male

84 (28.0)

81 (27.0)

Female

73 (24.3)

62 (20.7)

≤ 50 yr

45 (15.0)

60 (20.0)

> 50 yr

112 (37.3)

83 (27.7)

I

9 (3.0)

20 (6.7)

II

46 (15.3)

32 (10.7)
71 (23.7)

III

62 (20.6)

IV

13 (4.3)

6 (2.0)

Unknown

27 (9.0)

14 (4.7)

Low level

115 (38.3)

103 (34.3)

High level

18 (6.0)

17 (5.7)

Not recorded

24 (8.0)

23 (7.7)

T1

2 (0. 7)

3 (1.0)

T2

15 (5.0)

23 (7.7)

T3

70 (23.3)

67 (22.3)

T4

40 (13.3)

34 (11.3)

Not recorded

30 (10.0)

16 (5.3)

N0

57 (19.0)

23 (7.7)

N1

32 (10.7)

67 (22.3)

N2

37 (12.3)

34 (11.3)

Not recorded

31 (10.3)

16 (5.3)

Absent

141 (47.0)

137 (45.7)

Present

16 (5.3)

6 (2.0)

Absent

58 (19.3)

60 (20.0)

Present

51 (17.0)

52 (17.3)

Not recorded

48 (16.0)

31 (10.3)

No node involved

51 (17.0)

52 (17.3)

1-3 lymph node involved

27 (9.0)

40 (13.3)

> 4 lymph node involved

31 (10.3)

20 (6.7)

Not recorded

48 (16)

31 (10.3)

Vascular invasion (V)

Absent

36 (12.0)

31 (10.3)

Present

70 (23.3)

76 (25.3)

Not recorded

51 (17.0)

36 (12.0)

Left colon

44 (14.7)

31 (10.3)

Right colon

27 (9.0)

11 (3.7)

Rectum

74 (24.7)

86 (28.6)

Unable to distinguish

12 (4.0)

15 (5.0)

Tumor sitea

0.016

0.020

0.972

0.002

0.852

0.015

0.217

0.048

0.278

0.022

a

Right colon includes cecum through transverse colon, whereas left colon includes splenic flexure, descending colon, and sigmoid colon.
Clinicopathological characteristics between positive group and negative group were analyzed using χ2 test. UICC: Union for International Cancer Control.

German HNSCC and CRC patients[19,20]. The result prompts us to explore the potential
association between these nine methylation sites and in Chinese CRC patients in the
future.
In conclusions, serum SEPT9 methylation testing is a powerful additional
diagnostic tool and promising, novel prognostic markers. Patients with initially high
mSEPT9 levels may benefit from intensive therapy and close monitoring of disease
development, thereby improving outcomes for CRC patients. These patients may
benefit from early systemic treatment.
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Figure 2

Figure 2 Graphical representations of the proportion of patients with positive and negative methylated septin 9 with different tumor status. A: Union for
International Cancer Control stages; B: Primary tumor categories; C: Regional node categories; D: Distant metastasis categories. The statistical significance for
difference of means is shown in P values and χ2 test).
Figure 3

Figure 3 Graphical representations of methylated septin 9 Ct values in different tumor status. A: Union for International Cancer Control stages; B: Primary
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tumor categories; C: Regional node categories; D: Distant metastasis categories. The statistical significance for difference of means is shown in P values and t-test.
mSEPT9: Methylated septin 9.
Figure 4

Figure 4 Kaplan-Meier univariate survival curves according to methylated septin 9 status. A: Progression-free survival time; B: Overall survival. The statistical
significance for difference of means shown in P values and Kaplan-Meier univariate analysis. mSEPT: Methylated septin; CI: Confidence interval.
Figure 5

Figure 5 Venn diagram of eight co-upregulated methylated septin 9 sites and one co-downregulated methylated septin 9 site in colon and rectum
adenocarcinoma. “Rectum-low” and “Rectum-high” represented sites that showed low or high expression in rectum adenocarcinoma, and “Colon-low” and “Colonhigh” represented sites that showed low or high expression in colon adenocarcinoma. Eight co-upregulated methylated septin 9 (mSEPT9) sites also showed mSEPT9
expression fold of rectum/ colon adenocarcinoma compared to normal subjects and corresponding P value. mSEPT: Methylated septin.

ARTICLE HIGHLIGHTS
Research background
The methylated septin 9 (mSEPT9) assay was the first blood-based test approved by the United
States Food and Drug Administration as a colorectal screening test. Previous researchers found
that mSEPT9 was a powerful screening, diagnostic, monitoring, and prognostic tool for German
colorectal cancer (CRC) patients. However, the diagnostic and prognostic value of mSEPT9 in
Chinese CRC patients is still unknown, and may be affected by differences in ethnicity and
socioeconomic status.

Research motivation
To explore the diagnostic and prognostic value of serum mSEPT9 for Chinese CRC patients.

Research objectives
This study aimed to explore the diagnostic value of preoperative serum mSEPT9 in the Chinese
population, and then assess the value of quantitative mSEPT9 levels for CRC staging. In
addition, Chinese population and TCGA database information were combined to determine the
prognostic significance of mSEPT9 by bioinformatics analyses.
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Research methods
Three hundred fifty-four subjects (300 CRC, 54 normal) from China and 351 subjects (330 CRC,
21 normal) from the TCGA database including American Indian, Asian, Black, and African
American populations were retrospectively analyzed. Preoperative mSEPT9 levels were
quantified by quantitative methylation-specific polymerase chain reaction. Kaplan-Meier
univariate assay was performed to analyze potential prognostic factors including overall
survival (OS) and progression-free survival (PFS).

Research results
In Chinese CRC patients, positive mSEPT9 and quantitative mSEPT9 levels were strongly
associated with clinico-pathological parameters. The patients with positive mSEPT9 showed a
tendency toward lower PFS. Higher mSEPT9 levels were correlated with more distant metastasis
among the TCGA database patients, and patients with high mSEPT9 levels showed a tendency
toward lower OS.

Research conclusions
Testing for mSEPT9 is a powerful diagnostic and promising prognostic tool for Chinese CRC
patients; it may add valuable information to current tumor staging and holds the potential to
monitor CRC recurrence.

Research perspectives
This study assessed the correlation between clinicopathological characteristics and preoperative
serum mSEPT9 in Chinese CRC patients and, further, to confirm the correlation between
mSEPT9 levels and CRC prognosis by bioinformatics analyses. In addition, we analyzed
methylated sites that were co-upregulated or co-downregulated in colon and rectum tumors, to
provide the theoretical guidance for further research.
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Abstract
BACKGROUND
Reflux esophagitis (RE) is a common digestive disorder, and its frequent
recurrences cause significant physical pain and are financially burdensome to
patients. However, studies on the natural history of treated RE are few. Although
proton pump inhibitors (PPIs) as the first-line treatment provide notable
symptomatic relief, disordered gut microbiota has been observed among PPI
users. Probiotics are commonly administered to patients to regulate the
disordered intestinal flora.
AIM
To evaluate the therapeutic effects in RE patients treated with a combination of
esomeprazole and probiotics [Bacillus subtilis (B. subtilis) and Enterococcus faecium
(E. faecium)].
METHODS
One hundred and thirty-four RE patients were randomized into two groups of 67
subjects each. The probiotics group was administered with esomeprazole 20 mg
b.i.d. and live combined B. subtilis and E. faecium enteric-coated capsules 500 mg
t.i.d. for eight weeks; the placebo group was administered with esomeprazole 20
mg b.i.d. and placebo for eight weeks. Subsequently, 12-wk follow-up was carried
out on patients who achieved both endoscopic and clinical cure. Endoscopy,
reflux diagnostic questionnaire (RDQ), gastrointestinal symptom rating scale
(GSRS), and lactulose hydrogen breath test were performed to evaluate the
therapeutic effects. A difference of P < 0.05 was considered statistically
significant.
RESULTS
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Sixty-six patients in the probiotics group and 64 patients in the placebo group
completed the 8-wk treatment. The healing rate and RDQ score had no significant
difference between the two groups (P > 0.05). However, the GSRS diarrhea
syndrome score was decreased significantly in the probiotics group (P = 0.002),
and the small intestinal bacterial overgrowth negative rate in the probiotics group
was significantly higher than that in the placebo group (P = 0.002). Of 114
endoscopically and clinically cured patients, 96 completed the follow-up. The logrank test showed that the time to relapse was shorter in the placebo group than in
the probiotics group (P = 0.041). Furthermore, the therapy had a significant
influence on relapse time, and the risk of relapse in the probiotics group was
lower than that in the placebo group at any time point during the 12-wk followup (hazard ratio = 0.52, P = 0.033).
CONCLUSION
Esomeprazole combined with probiotics (B. subtilis and E. faecium) have a
beneficial effect on RE treatment and patient management.
Key words: Proton pump inhibitors; Probiotics; Small intestinal bacterial overgrowth;
Reflux esophagitis; Relapse
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Core tip: Reflux esophagitis (RE) recurrences cause significant physical pain and
financial burden to patients. Proton pump inhibitors (PPIs) are the first-line treatment for
RE. Although PPIs provide notable symptomatic relief, their effects on the gut
microbiota have drawn attention. In the present study, we evaluated the effectiveness of
combining esomeprazole with probiotics [Bacillus subtilis (B. subtilis) and Enterococcus
faecium (E. faecium)]. We found that the combined administration could reduce the
incidence of small intestinal bacterial overgrowth and improve abdominal symptoms in
patients with RE. It may also prolong the time to relapse, showing the potential of
probiotics (B. subtilis and E. faecium) for the treatment and management of RE.

Citation: Sun QH, Wang HY, Sun SD, Zhang X, Zhang H. Beneficial effect of probiotics
supplements in reflux esophagitis treated with esomeprazole: A randomized controlled trial.
World J Gastroenterol 2019; 25(17): 2110-2121
URL: https://www.wjgnet.com/1007-9327/full/v25/i17/2110.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i17.2110

INTRODUCTION
Reflux esophagitis (RE) is a common digestive disorder that occurs when
gastric/duodenal contents flow pathologically into the esophagus, leading to
inflammation, erosion, and ulceration of the esophageal mucosa. Frequent relapses
are common with RE, resulting in significant physical pain and financial burden on
patients. Studies on the treatment of RE are scarce[1,2]. The first-line treatment for RE is
administration of proton pump inhibitors (PPIs)[3], which are the most commonly
prescribed drugs worldwide. Some studies have reported complete responses in
approximately 70%-80% of patients after eight weeks of PPI treatment[4].
Although PPIs provide notable symptomatic relief, their effects on the gut
microbiota have gained recent attention. A large population-based cohort study
showed a significant reduction in the abundance of gut flora and microbial diversity
and an associated significant increase in the amount of oral and upper gastrointestinal
(GI) tract bacteria among PPI users[5]. Profound changes have been observed in the
gastric and intestinal microbiota of PPI users[6-9].
Small intestinal bacterial overgrowth (SIBO) refers to an elevated bacterial count
that reflects changes in the composition and structure of the small intestine[5]. Many
studies have reported an increased incidence of SIBO during PPI therapy[10]. SIBO
presents with a variety of GI symptoms, such as diarrhea, abdominal distension, and
constipation[11]. Many recent studies have shown that PPIs can cause symptoms of GI
discomfort similar to those associated with SIBO[12-15].
Probiotics comprise microorganisms that enhance the integrity of the intestinal
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mucosal barrier and balance the microbial ecosystem. This is achieved via probiotic
competition with harmful bacteria and the production of metabolites that inhibit the
growth of the harmful bacteria. Probiotics are commonly administered to patients
with intestinal flora abnormalities.
This clinical trial aimed to evaluate the effectiveness of combining esomeprazole
with probiotics [live combined Bacillus subtilis (B. subtilis) and Enterococcus faecium (E.
faecium)] for the treatment of patients with RE by comparing the outcomes after eight
weeks of treatment in a treatment group and a placebo group.

MATERIALS AND METHODS
Study subjects
From June 2015 to December 2017, 134 RE outpatients or gastroenterology inpatients
in the PKUCare Luzhong Hospital were recruited in this trial. RE was diagnosed
based on the 2013 Guidelines for the Diagnosis and Management of Gastroesophageal
Reflux Disease[4]. The inclusion criteria were: (1) patients who consented to undergo
esomeprazole treatment, were not previously on PPI, or have stopped PPI treatment
for at least 6 mo, and were aged 18-65 years; (2) patients who have not taken
antibiotics, probiotics, lactulose, other antacids, or drugs that increase GI motility nor
undergone an enema in the past 4 wk; (3) normal hepatic and renal function; and (4)
SIBO negative on the lactulose hydrogen breath test (LHBT). The exclusion criteria
were: (1) history of cirrhosis, renal impairment, tumors, thyroid disease, diabetes,
Crohn’s disease, or ulcerative colitis; (2) comorbid hiatal hernia, peptic ulcer disease,
esophageal stricture, diarrhea, malabsorption, and constipation due to liver,
gallbladder, and pancreatic diseases; (3) history of GI or abdominal surgery; (4)
pregnant or lactating women; (5) patients undergoing treatment with immune
suppressants; and (6) patients who fulfilled the diagnosis of irritable bowel disease
(IBS) according to the Rome III criteria, or patients who did not meet the diagnostic
criteria but had persistent abdominal distension, diarrhea, or constipation for ≥ 3 mo.
The enrollment flowchart is displayed in Figure 1.

Ethics
All subjects signed an informed consent form. This study was reviewed and approved
by the ethics committee of PKUCare Luzhong Hospital (2015-KY-003) and registered
on the Chinese Clinical Trial Registry (No. ChiCTR1800018218).

Endoscopy
Endoscopic findings were classified according to the Los Angeles Classification
grading system (grade A: ≥1 mucosal break < 5 mm; grade B: ≥ 1 mucosal break > 5
mm; grade C: mucosal breaks extending between the tops of two mucosal folds, but <
75% of the circumference; grade D: mucosal breaks extending for > 75% of the
circumference). Improvement in the endoscopic findings to grade N (normal) is
defined as healing.

LHBT
The EC60 Gastrolyzer 2 (United Kingdom) was used for the test. The subject first
exhaled once to measure the baseline value before taking 200 mL of lukewarm water
and 10 mL of lactulose (lactulose oral solution, Laiyang Jiangbo Pharmaceutical Co.,
Ltd., 10 mL/vial). After gargling, the patient exhaled once every 20 min for 3 h. A
normal LHBT value was defined as baseline value < 20 ppm and a maximum peak
value of < 20 ppm greater than the baseline value. A positive result was defined as
classical double peak and (or) a fusion peak waveform.

Reflux diagnostic questionnaire (RDQ)
The RDQ was used to assess the subjective reflux symptoms covering a 1-wk recall
period. RDQ is categorized into four symptom clusters depicting heartburn, chest
pain, acid reflux, and food reflux. The total RDQ scores (eight items) were calculated.
Patients with RDQ ≥ 12 points were considered to have a relapse[16].

GI symptom rating scale (GSRS)
The GSRS is a disease-specific instrument, containing 15 items, each rated on a sevenpoint Likert scale from which one represents no discomfort and seven represents very
severe discomfort[17]. The 15 GSRS items break down into the following five symptom
clusters: abdominal pain (abdominal pain, hunger pain, and nausea); reflux syndrome
(heartburn and acid regurgitation), diarrhea syndrome (diarrhea, loose stools, and
urgent need for defecation), indigestion syndrome (borborygmus, abdominal
distension, eructation, and increased flatus), and constipation syndrome (constipation,
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Figure 1

Figure 1 Trial profile. The probiotics group refers to esomeprazole 20 mg b.i.d. and live combined Bacillus subtilis and Enterococcus faecium enteric-coated
capsules 500 mg t.i.d. treatment; the placebo group refers to esomeprazole 20 mg b.i.d. and placebo treatment. RDQ: Reflux diagnostic questionnaire.

hard stools, and feeling of incomplete evacuation).

Clinical evaluation and intervention
Phase 1: A random number table was used to divide the 134 RE patients into two
groups of 67 subjects each. Esomeprazole is the first choice of PPI, having strong and
lasting acid suppression effect. Medilac-s are live combined B. subtilis and E. faecium
enteric-coated capsules. These two kinds of bacteria are regular members of the
intestinal flora of healthy people. Taking this product can directly supplement normal
physiological living bacteria, inhibit the excessive reproduction of harmful bacteria in
the intestinal tract, and adjust the intestinal flora, which is applied widely in the clinic.
The dosage of the medicine was determined by the published drug instructions[18].
The placebo was provided by the Pharmacy Department from the PKUCare Luzhong
Hospital. The dosage form, appearance, size, and color of the placebo were
completely identical with the drug. The drugs conform to China’s Good Manufacture
Practice of Medical Products [19] . Patients in the placebo group took 20 mg of
esomeprazole (Nexium, AstraZeneca PLC) orally twice a day and placebo (white
starch capsules) thrice a day for eight weeks. Patients in the probiotics group took 20
mg of esomeprazole orally twice a day and 500 mg of live combined B. subtilis and E.
faecium enteric-coated capsules (Hanmi Pharmaceutical Co., Ltd) thrice a day for 8 wk.
The treatment was single blinded. Patients did not know their assigned groups.
Observation for medication compliance (PPI and probiotic/placebo) was performed
twice a week through phone, by asking the parents about compliance. Poor
compliance was defined as missed doses for ≥ 3 d.
Phase 2: Patients who achieved endoscopic and clinical cure (RDQ < 12) during phase
1 entered the follow-up. The follow-up endpoint was defined as symptomatic
recurrence (RDQ ≥ 12) or the end of the 12-wk follow-up (week 20).
Endoscopic evaluation was performed at baseline and repeated at the end of the
treatment (week 8) to verify healing. GSRS was completed at baseline and week 8.
RDQ and LHBT were completed at baseline before treatment, week 8, and the followup endpoint. The same physician performed an initial clinical evaluation and the
following medical appointments. All subjects received telephone or outpatient followup once every two weeks. We assessed the therapeutic effect of treatments using the
change in endoscopic evaluation and RDQ at the end of therapy and the end of
follow-up (primary outcomes). Changes in GSRS and LHBT results were considered
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the secondary outcomes.

Adverse events and disallowed medication
Adverse events were monitored throughout the study. Patients were not allowed to
consume any other probiotics or prebiotics, and they were instructed to continue their
usual eating and living habits. The use of antacids or motility-increasing drugs was
stopped during the follow-up period unless the symptom relapsed. Concomitant use
of medications was allowed, providing their registered medication intake.

Statistical analysis
All data were processed and analyzed with the R Studio (version 3.4.3, R Studio Inc.,
Boston, United States), and the packages ‘survival’ (version 2.42-6), ‘survminer’
(version 0.4.3), and ‘dplyr’ (version 0.7.7) were used to run and visualize statistical
tests. Statistical significance was defined as P < 0.05. Quantitative data that conformed
to a normal distribution are expressed as the mean ± standard deviation, and t-test
was used for intergroup comparison. Chi-squared test was applied to frequency data
for intergroup comparison. Kaplan-Meier analysis was utilized to analyze the
cumulative relapse rate of RE. Cox regression analysis was conducted considering the
prognostic variables of clinical characteristics at entry and initial treatment therapy to
explore the effect of other factors on the relative risk of relapse.
The statistical power calculation was carried out to estimate the sample size for the
superiority trial. According to our review of studies, relapse rates of patients with
healed lesions have been reported to be 54% to 66.2% at 12 wk after drug therapy was
withdrawn[2,20,21], so our estimation of the average relapse rate for the placebo group
was 60%. Also, cured RE patients who received an additional maintenance treatment
had a relapse rate of 10% at 12 wk and 28.4% to 30% at 32 wk after drug therapy was
stopped [1,22] . Given that the therapeutic effect of probiotics supplements on RE
recurrence had never been studied and the probiotics are not antacid, we took 30% as
our estimation of the relapse rate for the probiotics group. Hence, we estimated that
the average relapse rate was 30%. With a two-tailed test of α = 0.05 and 1 - β = 0.80,
the calculation indicated that a sample size of 40 for each group would be sufficient.
To power our trial to be able to detect the difference between groups maximumly, we
included as many patients as possible within our study budget rather than just
meeting the minimum sample size requirement of 40 patients[23].

RESULTS
Phase 1: Placebo-controlled study
Clinical features at baseline: One and three patients discontinued the intervention in
the probiotics and placebo groups, respectively. Finally, 130 patients completed the
study, of which 66 and 64 patients were in the probiotics and placebo groups,
respectively (Figure 1). Baseline characteristics and questionnaire scores are shown in
Table 1. There were no statistically significant differences in age, sex, body mass
index, smoking history, waist circumference, esophagitis grade, and GSRS and RDQ
scores between the two groups at baseline (P > 0.05 for all). The general status of
patients in both groups was balanced, and the experiment results were comparable.
Intervention:Figure 2 shows the RDQ scores, GSRS scores, and endoscopic healing
rates in the probiotics and placebo groups after eight weeks of treatment. In the
probiotics group, total RDQ score was 9.29 ± 6.65, total GSRS score was 31.59 ± 8.95,
GSRS abdominal pain score was 5.45 ± 3.39, GSRS reflux syndrome score was 4.71 ±
3.20, GSRS diarrhea syndrome score was 6.20 ± 3.88, GSRS indigestion syndrome
score was 8.58 ± 4.57, and GSRS constipation syndrome score was 5.05 ± 1.83. In the
placebo group, they were 9.86 ± 6.84, 32.94 ± 6.04, 5.11 ± 2.57, 5.16 ± 2.72, 7.94 ± 2.36,
9.82 ± 5.04, and 5.02 ± 2.72, respectively. There was no significant difference between
the two groups in RDQ score (P = 0.631), total GSRS score (P = 0.317), GSRS
abdominal pain score (P = 0.521), GSRS reflux syndrome score (P = 0.390), GSRS
indigestion syndrome score (P = 0.144), and GSRS constipation syndrome score (P =
0.941). However, the GSRS diarrhea syndrome score was decreased significantly in
the probiotics group (P = 0.002).
Endoscopic examinations were performed after 8-wk treatment. The endoscopic
healing rates in the probiotics group at week 8 were 100% (26/26), 95.5% (21/22),
69.2% (9/13), and 40.0% (2/5) in patients with grades A, B, C, and D, respectively; in
the placebo group, the healing rates were 100% (29/29), 95.2% (20/21), 54.5% (6/11),
and 33.3% (1/3) in patients with grades A, B, C, and D, respectively. There was no
significant difference in the healing rate between the probiotics and placebo groups in
all grades (grade A: P > 0.05, grade B: P = 0.974; grade C: P = 0.495; grade D: P =
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Table 1 Clinical characteristics of patients in the probiotics and placebo groups at baseline
Characteristic

Probiotics group (n = 66)

Placebo group (n = 64)

P-value

41.76 ± 9.38

41.89 ± 9.75

0.937

39 (59.1)

40 (62.5)

0.691

24.61 ± 3.51

23.90 ± 3.14

0.230

Age (yr)
Male n (%)
BMI (kg/m2)
Smoking n (%)

12 (18.2)

10 (15.6)

0.698

Waist circumference (cm)

78.68 ± 5.03

78.84 ± 6.49

0.874

RDQ score

19.41 ± 4.23

18.44 ± 5.17

0.244

GSRS score

Abdominal pain

6.38 ± 2.64

6.48 ± 3.20

0.846

Reflux

10.35 ± 2.48

10.31 ± 2.68

0.937

Diarrhea

6.44 ± 1.97

6.89 ± 2.39

0.242

Indigestion

7.53 ± 2.67

7.03 ± 2.17

0.245

Constipation

5.48 ± 1.28

5.34 ± 2.13

0.647

A

26

29

0.495

B

22

21

0.950

C

13

11

0.712

D

5

3

0.493

Esophagitis grade at baseline (n)

BMI: Body mass index; RDQ: Reflux diagnostic questionnaire; GSRS: Gastrointestinal symptom rating scale.

0.849).

Phase 2: Relapse after stopping treatment
Of 114 eligible healed patients, 102 entered phase 2 (1 refused, 11 with RDQ ≥ 12), 96
completed the follow-up, 50 were from the probiotics groups, and 46 were from the
placebo group. At the endpoint of the follow-up, 22 patients had a relapse in the
probiotics group, whereas 28 patients had a relapse in the placebo group. Figure 3
shows the cumulative rate of symptomatic recurrence. The result of the log-rank test
showed that the two curves differed significantly (P = 0.041), which means that the
treatment therapy has a significant influence on relapse time, and the time to relapse
is shorter in the placebo group than in the probiotics group. Among the recurrent
patients, RDQ scores in the placebo group (17.11 ± 2.85) was higher than that in the
probiotics group (15.40 ± 2.34). There was a significant difference in outcome between
the two groups (P = 0.024).
Cox regression analysis on the relapse data showed that the treatment therapy and
esophagitis grade at entry had a significant effect on the recurrence. The risk of
relapse in the probiotics group was lower than that in the placebo group at any time
point during the 12-wk follow-up [hazard ratio (HR) = 0.52, P = 0.033]. Patients with
esophagitis grade D had a higher risk of relapse than patients with esophagitis grade
A at entry (HR = 79.85, P < 0.001). No other evidence was observed that gender,
smoking, baseline RDQ score, or waistline would influence the rate of relapse
significantly (Figure 4).

SIBO in RE patients
All the patients underwent LBHT testing at baseline, week 8, and the follow-up
endpoint. At baseline, all the patients were SIBO negative. After the 8-wk treatment,
the SIBO negative rate in the probiotics group (84.8%, 56/66) was higher than that in
the placebo group (60.9%, 39/64); the difference between the two groups was
statistically significant (P = 0.002). At the endpoint of follow-up, the SIBO negative
rate was slightly increased in both groups, 88.0% (44/50) in the probiotics group and
65.2% (30/46) in the placebo group. The percentage of SIBO negative patients in both
groups did not change significantly with time (Figure 5). The rate of relapse in SIBO
positive patients (45.9%, 34/74) was higher than that in SIBO negative patients (72.7%,
16/22) at the endpoint of follow-up (P = 0.027).

Adverse events and withdrawals
Four patients suffered adverse events in phase 1 and discontinued the intervention.
One in the probiotics group and two in the placebo group had nausea and vomiting.
One in the placebo group had dermatitis. Minor adverse events were recorded and
evaluated by GSRS. In the follow-up period, two patients in the probiotic group and
two in the placebo group withdrew for taking drugs that may influence the gut
microbiota (antibiotics and probiotics). Two in the placebo group were lost to follow-
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Figure 2

Figure 2 Efficacy of esomeprazole 20 mg b.i.d. and live combined Bacillus subtilis and Enterococcus faecium enteric-coated capsules 500 mg t.i.d. A: Reflux
diagnostic questionnaire scores, B: Gastrointestinal symptom rating scale scores, C: Endoscopic healing rates in the probiotics and placebo groups after eight weeks
of treatment. Probiotics refers to esomeprazole 20 mg b.i.d. and live combined Bacillus subtilis and Enterococcus faecium enteric-coated capsules 500 mg t.i.d.
treatment; placebo refers to esomeprazole 20 mg b.i.d. and placebo treatment. aP < 0.05; bP < 0.01; cP < 0.001. RDQ: Reflux diagnostic questionnaire; GSRS:
Gastrointestinal symptom rating scale.

up.

DISCUSSION
To our knowledge, this is the first randomized controlled clinical trial to evaluate the
impact of disordered gut microbiota on RE, as well as the therapeutic effects of
probiotic supplements in patients with RE.
In our study, 8-wk treatment with esomeprazole (20 mg b.i.d.) and Medilac-s, live
combined B. subtilis and E. faecium enteric-coated capsules (500 mg t.i.d.), reduced the
incidence of SIBO and improved the diarrhea syndrome in RE patients. The
endoscopic healing rates were higher in cases with low-grade esophagitis but lower in
cases with more severe baseline esophagitis. The healing rates of RE patients in the
probiotics and placebo groups were similar. The probiotics supplements may not
influence the acid-suppression efficacy because esomeprazole is the most effective
and long-lasting antacid PPI[24].
Acid suppression with PPIs has been suggested to be a precursor to the
development of SIBO. In a clinical study on patients with functional dyspepsia, Tsuda
et al[25] found that 4 wk of PPI use caused SIBO. Oana et al[26] conducted a clinical trial
on pediatric gastroesophageal reflux disease (GERD) patients administered probiotics
and PPI for 12 wk and found that probiotics administration decreased the rate of
dysbiosis in children treated with PPI. Jacobs C et al[27] conducted a study focusing on
the risk factors of SIBO. Studies showed that PPI use was an independent risk factor
for SIBO. However, some other clinical trials showed different conclusions. In one
prospective study, quantitative cultures of duodenal aspirates were performed to
detect SIBO. Giamarellos-Bourboulis et al[28] found that PPI intake could not increase
SIBO. A double-blind placebo-controlled randomized trial of the effect of probiotics
on SIBO in children treated with omeprazole conducted by Badriul Hegar et al[24]
found that probiotics did not decrease the risk of developing SIBO. However, it is
notable that in this trial the subjects were children and they took PPIs for 4 wk. The
dosage and duration of therapy in this study were lower and shorter than those in
reports on adults [29,30] . The duration of PPI therapy was directly related to SIBO
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Figure 3

Figure 3 Cumulative event curves of the recurrence of reflux esophagitis in the probiotics and placebo
groups. Probiotics refers to esomeprazole 20 mg b.i.d. and live combined Bacillus subtilis and Enterococcus faecium
enteric-coated capsules 500 mg t.i.d. treatment; placebo refers to esomeprazole 20 mg b.i.d. and placebo treatment.

incidence[31]. Moreover, two meta-analyses reported that the use of PPI could increase
the risk of SIBO[32,33].
Del Piano et al[34] found Escherichia coli (E. coli) in the gastric juice of patients who
used PPI for more than 3 mo, and given that E. coli is extremely rare in the stomach of
healthy people, this result indicated that reducing gastric juice pH would result in
excessive growth of stomach-associated bacteria (such as E. coli) and increase the risk
of infection and intestinal diseases. A recent study demonstrated that excessive
bacterial growth might be due to reduced intragastric bacterial obliteration[35]. A
cohort study by Ardatskaia et al[36] found no differences in the incidence of SIBO
between patients with atrophic gastritis and patients with GERD following long-term
PPI treatment; however, the rates in both groups were higher than in healthy
populations, which also proved that a deficiency in gastric acid can result in reduced
complexity of gut microbial communities. Long-term PPI use had been shown to
decrease Bacteroides and increase Firmicutes in the gut, which may predispose an
individual to the development of Clostridium difficile infection (CDI)[37]. A crossover
trial conducted by Daniel et al[38] showed that significant changes during PPI use in
taxa associated with CDI (increased Enterococcaceae and Streptococcaceae, and
decreased Clostridiales) and taxa associated with GI bacterial overgrowth (increased
Micrococcaceae and Staphylococcaceae) provided a mechanism by which PPIs predispose
an individual to CDI. A study involving multiple methods of microbiota analysis,
including quantitative RT-PCR, 16S rRNA sequencing analysis, and a metagenomic
analysis, showed that bacteria such as Streptococcus, which are present in the human
oral cavity, throat, and nasal cavity, increased in the intestine, implying that bacterial
translocation, as well as enteric infections, may have occurred. This may be because
PPIs reduced stomach acidity, and the barrier function is weakened[9]. The use of PPIs
favors a relative excess of Streptococcus and Campylobacteriosis, and this might explain
the persistence of dyspeptic and diarrhea symptoms in patients on PPI therapy[7,39,40].
On the other hand, a 2-wk course of Lactobacillus supplements in patients on longterm PPI treatment (>12 mo) has been shown to significantly reduce total bacterial
count, proving the beneficial effects of probiotics in clinical treatment[34]. Del Piano et
al believed that Lactobacillus and lactic acid bacteria had inhibitory effects on Coliforms.
When patients on long-term PPI treatment were supplemented with probiotics, their
Enterococcus faecalis, E. coli, mold, and yeast counts were all drastically reduced[31].
These findings proved that probiotics could regulate gut microbiota.
In our research, the addition of a probiotic combination (B. subtilis and E. faecium) to
esomeprazole therapy led to a decrease in SIBO compared to that with the placebo,
and the abdominal symptoms were also alleviated. This probiotic, Medilac-s, contains
two live probiotics, combined B. subtilis and E. faecium, which can be stored at room
temperature. They are constituents of normal intestinal flora in healthy people. They
directly supplement normal intestinal flora, inhibit excessive proliferation of harmful
bacteria in the gut, and regulate gut microbiota. We found that treatment with
combined esomeprazole and live combined B. subtilis and E. faecium enteric-coated
capsules had prophylactic effects on SIBO.
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Figure 4

Figure 4 Forest plot for Cox proportional hazards model applied to the followed patients. Probiotics refers to esomeprazole 20 mg b.i.d. and live combined
Bacillus subtilis and Enterococcus faecium enteric-coated capsules 500 mg t.i.d. treatment; placebo refers to esomeprazole 20 mg b.i.d. and placebo treatment. aP <
0.05; bP < 0.01; cP < 0.001. RDQ: Reflux disease questionnaire; AIC: Akaike information criterion.

Although this combination of drugs did not increase the healing rate of esophagitis,
the time to relapse was prolonged for 12 wk after PPI therapy withdrawal. Moreover,
in the follow-up research, patients with SIBO had higher risks of symptomatic relapse
than SIBO-negative patients. Cox regression analysis showed that the therapy
administered (placebo or not) and esophagitis grade D were significant risk factors for
recurrence of reflux symptoms. The possible explanation for this may be that a higher
reflux recurrence rate is the result of changes in GI motility caused by SIBO. Akiho et
al[41]carried out a study on IBS and found that Th2 cytokines could induce smooth
muscle hypercontractility during intestinal infection. Th2 cytokines also induced
transforming growth factor (TGF)-β1 expression and elevations in cyclooxygenase-2
and prostaglandin E2 levels in smooth muscle cells, resulting in intestinal motility
disorder. German et al[42] employed a dog SIBO model and found that TGF-β1 and
tumor necrosis factor (TNF)-α mRNA expression levels were decreased after SIBO
treatment with antibiotics, i.e., SIBO resulted in enhanced duodenal mucosal immune
responses in dogs. SIBO-induced mild chronic inflammatory reactions and immune
responses persistently acted persistently on smooth muscles in the GI tract, resulting
in functional impairment, which simultaneously caused GERD or IBS-like symptoms.
A study by Tugtepe et al[43] found impaired smooth muscle activity in the esophagus
in a rat model of chronic RE. Currently, peristaltic abnormalities are present in 40%50% of GERD patients[44]. Changes in gut microbiota may result in varying effects on
gut mucosa and activate the immune and inflammatory response systems in the GI
tract, resulting in functional impairment in the digestive and nervous systems, as well
as visceral hypersensitivity, and impaired GI peristalsis. The above studies may
partially explain why SIBO is associated with a higher recurrence rate of reflux
symptoms and how a probiotics supplement can reduce the risks of relapse up to 12
wk after PPI withdrawal. In the future, further studies are needed to examine the
pathophysiological mechanisms. Our study provides corroborated clinical trial
materials as a basis for these studies.
Furthermore, a correlation between the severity of esophageal erosions and
symptom relapse has been demonstrated in our study. Patients with SIBO are more
likely to relapse. However, there were only two patients who were followed, and both
of them relapsed, resulting in a wide confidence interval. More patients with
esophagitis grade D are needed to verify this conclusion.
The significant strength of the present study was the strict exclusion criteria,
wherein patients with hiatal hernia, GERD-predisposition, or bowel disorder were not
recruited in order to ensure a homogeneous study group. A limitation of this study
was the fact that we did not use jejunal cultures for SIBO assessment. Culture of the
jejunal aspirate is recognized as the most direct method for diagnosing SIBO [45] .
However, obtaining and culturing of jejunal aspirates are time-consuming and costly.
In patients with isolated distal SIBO, SIBO could remain undiagnosed despite using
jejunal cultures. Because of all of these disadvantages, LHBT was used in this study as
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Figure 5 Proportion of patients without small intestinal bacterial overgrowth at the beginning and endpoint of
follow-up. Probiotics refers to esomeprazole 20 mg b.i.d. and live combined Bacillus subtilis and Enterococcus
faecium enteric-coated capsules 500 mg t.i.d. treatment; placebo refers to esomeprazole 20 mg b.i.d. and placebo
treatment. aP < 0.05; bP < 0.01; cP < 0.001. SIBO: Small intestinal bacterial overgrowth.

an indirect but reliable alternative test to assess SIBO. Another limitation is that this
was a single-center study with a limited sample size. Furthermore, the dietary habits
of the included patients may affect the morbidity of RE and SIBO, and the effects of
only B. subtilis and E. faecium probiotics on gut microbiota were studied. Furthermore,
we did not perform endoscopy on asymptomatic patients after primary healing was
achieved, and as a result, we were not able to detect asymptomatic relapses of
esophagitis erosions. Therefore, the actual rate of mucosal relapse could not be
determined in our study.
The combined administration of probiotics (B. subtilis and E. faecium) and
esomeprazole could reduce the incidence of SIBO and improve abdominal symptoms
in patients with RE. It may also prolong the time to relapse, showing the potential of
probiotics (B. subtilis and E. faecium) for the treatment and management of RE.

ARTICLE HIGHLIGHTS
Research background
Profound changes have been observed in the gastric and intestinal microbiota of proton pump
inhibitor users. Probiotics are commonly administered to patients with intestinal flora
abnormalities. No prior studies have been conducted to evaluate the therapeutic effects of
probiotics [Bacillus subtilis (B. subtilis) and Enterococcus faecium (E. faecium)] on patients with
reflux esophagitis (RE).

Research motivation
We conducted a randomized controlled clinical trial to evaluate the impact of disordered gut
microbiota on RE as well as the therapeutic effect of probiotics supplements on patients with RE.

Research objectives
This clinical trial aimed to study the RE patients treated with the combination of probiotic (B.
subtilis and E. faecium) and esomeprazole.

Research methods
This study included 134 patients with RE who met the criteria. In phase 1, patients were divided
into two groups. The probiotics group was given esomeprazole and live combined B. subtilis and
E. faecium enteric-coated capsules for eight weeks, and the placebo group was given
esomeprazole and placebo for eight weeks. Endoscopic evaluation, gastrointestinal symptom
rating scale (GSRS), reflux diagnostic questionnaire (RDQ), and lactulose hydrogen breath test
(LHBT) were performed at the end of the treatment. In phase 2, patients who achieved
endoscopic and clinical cure (RDQ < 12) entered the follow-up. RDQ and LHBT were completed
at the follow-up endpoint.

Research results
After eight-week treatment, the GSRS diarrhea syndrome score was decreased significantly in
the probiotics group, and the small intestinal bacterial overgrowth (SIBO) negative rate in the
probiotics group was significantly higher than that in the placebo group. Furthermore, the
therapy had a significant influence on relapse time, and the risk of relapse in the probiotics
group was lower than that in the placebo group at any time point during the 12-wk follow-up
(hazard ratio = 0.52). However, only B. subtilis and E. faecium as probiotics were studied on gut
microbiota in our study. More kinds of probiotics should be studied.

WJG

https://www.wjgnet.com

2119

May 7, 2019

Volume 25

Issue 17

Sun QH et al. Probiotics benefits RE treatment

Research conclusions
The combined administration of probiotics (B. subtilis and E. faecium) and esomeprazole could
reduce the incidence of SIBO and improve abdominal symptoms in patients with RE. It may also
prolong the time to relapse, showing the potential of probiotics (B. subtilis and E. faecium) for the
treatment and management of RE.

Research perspectives
The limitation of this study is the fact that we did not use jejunal cultures for SIBO assessment
and did not perform endoscopy on asymptomatic patients after primary healing was achieved.
Additional randomized controlled trials are needed to study more probiotics and different
dosages, and prolong the follow-up time to evaluate the long-term effect.
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Abstract
BACKGROUND
Inflammatory bowel disease (IBD) is a chronic, inflammatory disorder
characterised by both intestinal and extra-intestinal pathology. Patients may
receive both emergency and elective care from several providers, often in
different hospital settings. Poorly managed transitions of care between providers
can lead to inefficiencies in care and patient safety issues. To ensure that the
sharing of patient information between providers is appropriate, timely, accurate
and secure, effective data-sharing infrastructure needs to be developed. To
optimise inter-hospital data-sharing for IBD patients, we need to better
understand patterns of hospital encounters in this group.
AIM
To determine the type and location of hospital services accessed by IBD patients
in England.
METHODS
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This was a retrospective observational study using Hospital Episode Statistics, a
large administrative patient data set from the National Health Service in England.
Adult patients with a diagnosis of IBD following admission to hospital were
followed over a 2-year period to determine the proportion of care accessed at the
same hospital providing their outpatient IBD care, defined as their ‘home
provider’. Secondary outcome measures included the geographic distribution of
patient-sharing, regional and age-related differences in accessing services, and
type and frequency of outpatient encounters.
RESULTS
95055 patients accessed hospital services on 1760156 occasions over a 2-year
follow-up period. The proportion of these encounters with their identified IBD
‘home provider’ was 73.3%, 87.8% and 83.1% for accident and emergency,
inpatient and outpatient encounters respectively. Patients living in metropolitan
centres and younger patients were less likely to attend their ‘home provider’ for
hospital services. The most commonly attended specialty services were
gastroenterology, general surgery and ophthalmology.
CONCLUSION
Transitions of care between secondary care settings are common for patients with
IBD. Effective systems of data-sharing and care integration are essential to
providing safe and effective care for patients. Geographic and age-related
patterns of care transitions identified in this study may be used to guide
interventions aimed at improving continuity of care.
Key words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Transitions
of care; Continuity of care; Fragmentation; Multi-morbidity
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Patients with Inflammatory bowel disease (IBD) are often exposed to
transitions of care between providers and settings which negatively impacts care
continuity. This is the first paper to identify and measure the location and type of
hospital encounters for IBD patients in England at a National level. Patterns of care
identified in this study are important to guide the exchange of health information
between providers to ensure safe, high quality care for patients with IBD.

Citation: Warren LR, Clarke JM, Arora S, Barahona M, Arebi N, Darzi A. Transitions of care
across hospital settings in patients with inflammatory bowel disease. World J Gastroenterol
2019; 25(17): 2122-2132
URL: https://www.wjgnet.com/1007-9327/full/v25/i17/2122.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i17.2122

P-Reviewer: Ierardi E, Serban ED,
Sipos F, Suzuki H, Tsujikawa T
S-Editor: Yan JP
L-Editor: A
E-Editor: Ma YJ

INTRODUCTION
Inflammatory bowel disease
Inflammatory bowel disease (IBD) includes the chronic relapsing inflammatory
disorders Crohn’s disease and ulcerative colitis [1] . These are generally lifelong
diseases, characterised by periods of remission and flares, with symptoms that
include bloody diarrhoea, urgency, fatigue, weight loss, and abdominal pain. IBD
affects 1 in 250 people in the United Kingdom giving an estimated prevalence of
240000[2]. The peak incidence occurs in patients between the ages of 15 and 30 years[3].
IBD may impact many aspects of the affected individual's life, accounting for
substantial direct and indirect costs to the individual, the health care system and
society[4].

Fragmentation of IBD care
A combination of factors including centralisation of healthcare services[5-7], difficulty
accessing local services [8] and patient mobility between regions for education,
employment or relationships may require IBD patients to access care in multiple
settings. Furthermore, many IBD patients require care for extra-intestinal
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manifestations of disease[9-12] which is often provided by several specialists in multiple
settings. The unpredictable nature of disease may also require attendance to acute
care services[13] in organisations separate to the patient’s usual IBD care provider. The
resulting multidisciplinary ‘patient-sharing’ between healthcare providers is
characterised by multiple transitions of care. These transitions may impair continuity
of care delivery and lead to care fragmentation[14].
Fragmentation of patient care is characterised by ineffective communication among
providers and across healthcare agencies, insufficient patient and caregiver education,
poor continuity of care, including medication reconciliation, and limited access to
services, which contributes to negative quality and cost outcomes[15]. Fragmented
inpatient care has been shown to be associated with a higher likelihood of in-hospital
mortality, colonoscopy and longer readmission length of stay[16]. An increasing range
of investigations and treatment options for IBD[17] adds further complexity to care
transitions and necessitates the transfer of accurate and contemporaneous information
at a secondary and tertiary care level.

Identifying transitions of care and patient-sharing in IBD
Quality standards in IBD care specify that services should be coordinated across the
multidisciplinary care pathway[18]. Many patients, however, may still ‘fall though the
cracks’ between providers[19]. The objective of this study was to determine the type
and location of hospital services accessed by IBD patients in England. Identifying and
measuring the frequency and distribution of patient-sharing may inform the
development of more effective and efficient data-sharing practices between providers
and assist in optimising systems at a local, regional and national level.

MATERIALS AND METHODS
This was a retrospective observational study using hospital administrative data.
Adult patients resident in England that accessed inpatient care and had a recorded
ICD-10 IBD disease-specific code (K50, K51) were identified from the Hospital
Episode Statistics Admitted Patient Care dataset. Patients were recruited from this
data set over a 2-year ‘recruitment period’ from April 2011 to March 2013. Each
patient was then followed for a 2-year period from the date of their index admission,
with the final patients recruited concluding follow-up by 30th March 2015. Patients
that did not have any follow-up events after their index encounter were excluded
from further analysis.

Identifying providers
In England, healthcare provider organisations, or ‘Trusts’, provide acute hospital
services[20]. To accommodate organisational change over the study period, providers
that merged or separated over the study period were treated as a single merged
provider across the whole study period. Low-volume providers with less than 1000
total IBD patient encounters over the 4-year period of data were excluded.

Identifying ‘home providers’
Each patient recruited into the study was allocated a ‘home provider’, which was
identified as the Trust through which more of a patient’s outpatient care in
gastroenterology was delivered during the study period than any other provider.
Patients that did not have any gastroenterology outpatient appointments were
excluded from analysis.

Outcome measures
The primary outcome measure was the proportion of encounters that adult IBD
patients in England have with their identified ‘home provider’. Secondary outcome
measures included the distribution of IBD patient-sharing, regional differences in IBD
patient-sharing, age-related differences in accessing services and type and frequency
of outpatient specialty services accessed by patients with a diagnosis of IBD.

Identifying frequency and location of healthcare events for IBD patients
We identified the frequency and location of accident and emergency, inpatient and
outpatient encounters for IBD patients within National Health Service (NHS) England
and determined the proportion of attendances to previously identified ‘home
providers’.

Identifying regional differences in patient events
Middle Layer Super Output Areas (MSOA) associated with each patient was used to
map their residential region within England. MSOAs represent a geographic region
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with a population between 5000 and 7200 people[21]. The estimates incidence of IBD in
England is 0.5%-1%, yielding around 50 patients per MSOA[22]. To further analyse and
illustrate regional differences in patient-sharing, the 20 provider organisations with
the highest and lowest proportions of IBD patients attending their identified ‘home
provider’ for healthcare were identified and mapped geographically.

Age-related differences in patient events
Access to care services was compared for three age bands, < 40, 40-70 and > 70 years,
to determine differences in the proportion of patients accessing services through their
‘home provider’ for all patient encounter types.

Type of specialty services accessed by IBD patients
In NHS England, outpatient encounters are coded using main specialty codes or
treatment function codes pertaining to the clinical service provided[23,24]. For recruited
patients, we reviewed outpatient encounters within the follow-up period to determine
the type of specialty services that IBD patients consulted with and the frequency of
these.

Statistical methods
The investigators had complete access to the Hospital Episode Statistics (HES) dataset
for the study period covering April 2011 to March 2015. Data was cleaned prior to
analysis with removal of incomplete and duplicate records. Python (Python Software
Foundation) was used for data extraction and analysis and Tableau (Tableau
Software) for data visualisation. Statistical analysis and review were performed by
biomedical statisticians (JC, MB).

RESULTS
Participants
126295 patients fulfilled the inclusion criteria and were recruited from the HES data
set during the 2-year recruitment period. 31240 (24.7%) patients did not have
gastroenterology appointments during the follow-up period and were therefore
unable to be allocated a ‘home provider’ and excluded. 95055 patients remained for
further analysis. This patient group had a total of 110300 accident and emergency,
304996 inpatient and 1344860 outpatient events over the 2-year follow-up period,
including their first hospital admission through which they were recruited (Table 1).

Providers
76 low-volume providers with less than 1000 IBD patient encounters over the 2-year
recruitment period were excluded, comprising a total of 8030 (0.00456%) encounters.
A total of 144 providers remained for further analysis.

Frequency and proportion of ‘home provider’ encounters
1466155 of 1760156 (83.3%) IBD patient encounters were with the ‘home provider’. Of
those patients recruited who attended accident and emergency departments during
the study period, 73.3% of those attendances were to their allocated ‘home provider.
87.8% of inpatient hospital admissions in recruited patients were to their ‘home
provider’ while 83.1% of outpatient attendances across all specialties were to their
‘home provider’ (Table 1). The range of proportions of ‘home provider’ encounters
per trust was 37.0% to 94.3% for accident and emergency encounters, 57.2% to 98.5%
for inpatient encounters and 55.7% to 96.9% for outpatient encounters.

Geographic distribution of IBD patient-sharing
There were regional differences in the proportion of ‘home provider’ encounters for
each encounter type by the MSOA of residence of participants (Figure 1). For each
‘home provider’ the proportion of clinical encounters for patients allocated to that
provider attending their ‘home provider’ was calculated. The highest and lowest 20
providers per proportion of ‘home-provider’ healthcare encounters is shown in Figure
2. Providers with a low proportion of ‘home provider’ encounters for IBD patients
were typically located in metropolitan areas in Greater London and the North West of
England and those with a high proportion of ‘home provider’ encounters were based
outside major metropolitan areas.

Age-related differences in accessing care
The proportion of ‘home provider’ encounters for all event types in patients aged <
40, 40-70 and > 70 years illustrated in Figure 3. This shows lower ‘home provider’
encounters for patients under 40 years of age for all encounter types. The highest
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Table 1 Inflammatory bowel disease patient encounters and proportion that were with the patient’s ‘home provider’
Total encounters

‘Home provider’ encounters

‘Home provider’ proportion (%/% provider range)

Accident and emergency

110300

80836

73.3 (37.0-94.3)

Inpatient

304996

267540

87.8 (57.2-98.5)

Outpatient

1344860

1117779

83.1 (55.7-96.9)

Total

1760156

1466155

83.3

proportion of ‘home provider’ encounters was seen in the 40-70 years age group for
all encounter types. All results were significant at P < 0.001 for pairwise χ2 tests.

Outpatient specialty services accessed by IBD patients
Specialty service and treatment codes pertaining to 130 different outpatient services
were identified for included patients. These services included outpatient consultations
and therapies, such as physiotherapy. The 20 most common outpatient medical and
specialty services that IBD patients consulted with are listed in Table 2. Encounters
with these 20 services constituted 84.3% of total outpatient events for IBD patients.
There were 546768 gastroenterology outpatient appointments, accounting for 39.8% of
all outpatient services accessed in this group of IBD patients. Between general surgery
and colorectal surgery there were 96220 total outpatient encounters, accounting for
7.0% of outpatient encounters in this patient group. Ophthalmology consultations
were also common, with 53237 (3.9%) encounters.

DISCUSSION
Through retrospective analysis of HES data we reviewed the records of 95055 patients
with IBD and examined their interactions with NHS England hospitals over a 2-year
period. These patients were involved in a total of 1760156 encounters during the 2year follow-up period from recruitment. A majority of patients accessed accident and
emergency, inpatient and outpatient care through the same ‘home provider’ that they
attended for gastroenterology outpatient care. A substantial proportion of patients,
however, accessed care from different hospital providers, particularly when using
accident and emergency services (26.7% of accident and emergency encounters). This
is an important finding that is congruent with previous research on the prevalence of
fragmentation in IBD care[16] and underscores the need for effective systems to manage
transitions of care and sharing of patient information between settings. Centralisation
of care between hospitals is increasingly common in healthcare systems around the
world and these findings may be replicated in other systems internationally. Poor
interoperability of health record systems between organisations remains
commonplace in many healthcare systems, including NHS England[25-28]. Primary care
services traditionally aided in monitoring and guiding care coordination[29], however
many patients in England find General Practitioner services difficult to access[8]. There
is increasing momentum towards empowering IBD patients to take control of their
own health records and disease management, although this requires infrastructure
investment and may not be suitable for all patients[30]. Hospital providers therefore
need to continue to improve interoperability or provide alternative effective datasharing capacity to maintain continuity of care for patients using services across
settings.

Regional differences in ‘home provider’ attendance
Analysis of the distribution of ‘home provider’ events by MSOA of participants and
provider locations showed a trend towards increased non-‘home provider’ attendance
in metropolitan centres. All of the 20 providers with the lowest proportion of IBD
patients attending that same provider for healthcare were located in major
metropolitan centres including London, Manchester, Birmingham and Liverpool. In
these areas, the proportion of encounters with the usual gastroenterology ‘home
provider’ was as low as 1 in 3 (37%) for accident and emergency encounters and only
half of inpatient (57.2%) or outpatient (55.7%) encounters. Reasons for this may
include increased service centralisation in these regions or ease of access to alternative
providers for urgent or non-IBD related care. Regardless, this is an important finding
as it indicates that within metropolitan centres, there is a more dynamic ecosystem of
care and increased need to ensure adequate exchange of health information.
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Figure 1

Figure 1 Proportion of accident and emergency, inpatient and outpatient presentations to inflammatory
bowel disease care ‘home provider’ by Middle Layer Super Output Area of residence.

Accident and emergency events
More than one in four (26.7%) accident and emergency encounters were with a
different hospital to the patient’s gastroenterology ‘home provider’. This is more than
the proportion of non-‘home provider’ events for inpatient (12.2%) and outpatient
(16.9%) services. Reasons for this finding may include a lack of accident and
emergency services at the ‘home provider’ Trust, a need for urgent care necessitating
presentation to the nearest hospital or patient preference. Importantly, this finding
indicates that many patients seen acutely may not have comprehensive or up-to-date
medical records held at that organisation. This may impact on the timeliness,
effectiveness and safety of their care delivered by that provider. Additionally,
information from an acute presentation may not be communicated with their usual
‘home provider’, again contributing to potential downstream transition of care errors.
It is also important to note that up to 19% of patients with IBD treated at a referral
centre may be readmitted within 30 d[31]. Some patients may re-present to a different
organisation than the previous provider, and these presentations may not be
identified by those hospitals as readmissions. A lack of comprehensive, recent
information regarding the patient may impact negatively on care and reduce the
likelihood of avoiding preventable admission.

Transitions of care between specialty services
Improving communication and coordination between specialty services may reduce
fragmentation of care and improve continuity for IBD patients. Specialty services
accessed by IBD patients in this study reveals a broad range of services covering
intraluminal and extraluminal disease. Clearly there is a need for effective
information exchange between gastroenterology and general and colorectal surgical
services with significant overlap between these specialties in the care of IBD patients.
Previous studies estimate that approximately 10% of IBD patients experience eye
problems such as uveitis, keratopathy, episcleritis and dry eyes [32,33] which may
contribute in part to the frequent usage of ophthalmology services by patients in this
study. Likewise, rheumatology and dermatology were some of the most common
outpatient specialty services accessed by patients in this study and may reflect the
increased predisposition to rheumatology and skin disease in IBD patients[10,34-36].

Age-related differences in care access
Some differences were seen in the proportion of ‘home provider’ care accessed by IBD
patients across ages. Younger patients had a significantly lower proportion of care
events with their ‘home provider’. These differences were most prominent in accident
and emergency encounters where patients under the age of 40 attended their ‘home
provider’ for care on 70.5% of occasions, compared with 89.6% in patients aged 40-70
and 84.9% aged over 70. This may be explained, in part, by the increased mobility of
younger patients who may be more likely to live, study or work in locations away
from their ‘home provider’.

Strengths and weaknesses of study
This was a retrospective observational study using a large, national administrative
data set from 2013 to 2015. This has facilitated a novel analysis of transitions of care
between secondary care settings for IBD patients in England. When applying these
findings to the current population it is important to note that there may have been
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Figure 2

Figure 2 Distribution of 20 highest and 20 lowest providers per proportion of encounters with home provider
(from 144 included providers).

changes to organisational structures and systems in addition to evolving regional
demographics in the period since collection of this data. It is also important to note the
inherent limitations of administrative data due to procedure changes, missing data
and miscoding issues.
During patient recruitment and allocation of ‘home providers’ some losses may
have resulted from the limitation of only being able to recruit patients from inpatient
encounters. This approach was required as disease-specific codes are not allocated to
outpatient and accident and emergency encounters within the data set. Additionally,
patients that had existing but inactive disease also may not have been allocated an
IBD disease code. In essence, only patients receiving care for 'active' IBD may have
been recruited in some settings. This paper did not consider the reasons for the
hospital events considered beyond the specialty responsible for that care event. This
approach provided a clear overview of the services accessed but limited more indepth interpretation of patient events, such as relevance of presentations to IBD and
reasons for readmission.
Transitions of care between hospitals and primary care settings were beyond the
scope of this study which used only hospital administrative data. Analysis of linked
primary care and hospital-level databases may provide additional insights into
hospital-primary transitions of care within this patient group and assist the important
care coordination role played by many primary care providers. Patients under the age
of 18 were excluded from analysis in this paper. This was necessary to permit an
unbiased view of adult IBD patient-sharing. Although beyond the scope of this work,
research to identify patterns of care transitions between paediatric and adult services
using the methods developed in this paper may improve understanding of this
challenging period for many young patients with IBD[37,38].
This paper has focussed on simple directed inter-organisational patient sharing
connections. Previous, more complex healthcare network analysis studies have
identified significant heterogeneity within patient sharing networks, with certain
actors, whether hospitals or individual physicians, exercising different roles within a
network[39-41]. More in-depth analysis of the networks studied in this paper may offer
further insights into patient sharing within the NHS and further guide interventions.
Additional analyses of other hospital-level factors such as hospital size, IBD patient
numbers and IBD service availability may provide additional insights in future work.
Furthermore, inclusion of existing data-sharing capacity between providers in a more
complex analysis may provide additional value to guide future policy development.

Implications for providers and policy makers
The burden of disease for IBD patients can be reduced by improvements to care
coordination and transitions of care between services. This study has shown that
many patients with IBD in England access care from hospital providers in multiple
settings. Younger patients and those residing in metropolitan areas tend to have their
care shared between more providers and are at increased risk of transition of care
errors in the absence of effective data-sharing practices. These groups are likely to
benefit most from improvements to systems of health information exchange and care
integration. Critically, this younger patient population may be more willing and able
to adopt patient-led tools for medical record keeping, and therefore carry their clinical
data with them on their mobile devices to be available to clinicians wherever they
present. Similarly, improving transitions of care between specialty services such as
gastroenterology, general and colorectal surgery, ophthalmology, trauma and
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Figure 3

Figure 3 Proportion of ‘home provider’ encounters per age for three age bands, <40, 40-70 and > 70 years.

orthopaedics, rheumatology and dermatology are likely to benefit IBD patients.
Organisations that regularly share IBD patients would benefit most from improved
community data sharing. Further work to identify these patient-sharing networks and
the important role of primary care services in these networks would assist in guiding
improvements. The approaches used to identify hospitals and specialties that share
the care of patents could be applied to other chronic and complex disease processes to
better delineate provider care networks across systems.
In conclusion, to ensure quality and safe care for patients with IBD, providers
should have access to the right information about the right patient at the right time.
Findings from this work have shown that patients with IBD often transition between
different hospital providers in multiple settings. This may act as a barrier to accessing
up-to-date patient health information and negatively impact care. These findings
should encourage and assist the development of mechanisms to enable effective and
efficient coordination of care between providers that share the care of IBD patients.
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Table 2 The 20 most frequently accessed outpatient services and corresponding proportion of total outpatient services
Outpatient service(HES Code)

Frequency (% of total services listed)

Gastroenterology (301)

546768 (39.8)

General surgery (100)

55126 (4.0)

Ophthalmology (130)

53237 (3.9)

Trauma and orthopaedics (110)

52510 (3.8)

Rheumatology (410)

50781 (3.7)

Colorectal surgery (104)

41094 (3.0)

Dermatology (330)

39392 (2.8)

Physiotherapy (650)

36895 (2.7)

General medicine (300)

32595 (2.4)

Cardiology (320)

29748 (2.2)

Diagnostic imaging (812)

29454 (2.1)

Urology (101)

27939 (2.0)

Gynaecology (502)

25260 (1.8)

Obstetrics (501)

22805 (1.7)

Respiratory medicine (340)

22238 (1.6)

Ear, nose and throat (120)

21953 (1.6)

Clinical haematology (303)

21031 (1.5)

Anticoagulant service (324)

18013 (1.3)

Nephrology (361)

14847 (1.1)

Clinical oncology (800)

14522 (1.1)

HES: Hospital Episode Statistics.

ARTICLE HIGHLIGHTS
Research background
Inflammatory bowel disease (IBD) is a chronic, inflammatory disorder characterised by both
intestinal and extra-intestinal pathology. Patients may receive both emergency and elective care
from several providers, often in different hospital settings. Poorly managed transitions of care
between providers can lead to inefficiencies in care and patient safety issues. To ensure that the
sharing of patient information between providers is appropriate, timely, accurate and secure,
effective data-sharing infrastructure needs to be developed. To optimise inter-hospital datasharing for IBD patients, we need to better understand patterns of hospital encounters in this
group.

Research motivation
There is limited data on the types of hospital services accessed by patients with IBD and the
frequency and location of hospital encounters. Identification of patterns of hospital care can
guide inter-hospital data-sharing and care coordination which may improve continuity of care
for these patients.

Research objectives
This study aimed to identify and quantify the hospital services accessed by patients with IBD in
England.

Research methods
This retrospective observational study used Hospital Episode Statistics, a large administrative
dataset in National Health Service in England, to identify characteristics of hospital care
encounters for IBD patients. The proportion of encounters with providers other than the patients
usual ‘home provider’ of IBD care was calculated, in addition to associations with patient age,
location and type of specialist providers attended.

Research results
The proportion of encounters with hospitals other than the usual gastroenterology ‘home
provider’ for 95055 IBD patients was up to 26.7% for accident and emergency encounters,
followed by 16.9% for outpatient and 12.2% for inpatient encounters. Patients living in cities and
younger patients were less likely to attend their ‘home provider’ for hospital services. The most
commonly attended outpatient specialty services were gastroenterology, general surgery and
ophthalmology.

Research conclusions
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Up to one in four accident and emergency encounters for patients with IBD in England were
with a different provider to the patient’s usual gastroenterology ‘home provider’ of IBD care.
IBD patients also often attended other hospitals for a range of outpatient and inpatient services.
These findings emphasise the importance of developing effective data-sharing strategies
between hospitals to maintain continuity of information and continuity of care for IBD patients.

Research perspectives
Findings from this study provide a national-level view of transitions of care between hospitals
for patients with IBD in England. We have shown that certain groups of patients, including
younger patients and those based in metropolitan areas, have more frequent transitions of care
and may be a suitable target for further research and interventions to improve care continuity.
Further qualitative and quantitative research is needed to understand the implications of these
findings and improve inter-hospital data-sharing.
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Abstract
BACKGROUND
Patients with neuroendocrine tumors (NETs) of the gastrointestinal tract suffer
frequently from chronic diarrhea. A well characterized medical advice containing
zeolite (Detoxsan® powder) was applied to patients suffered from therapyrefractory diarrhea either by its frequency or by watery stool, despite receiving
standard pharmacotherapy according to the guidelines for carcinoid syndrome
and comorbidities. Detoxsan® powder acts as an adsorbent and might reduce
significantly symptoms of diarrhea in patients suffering from NETs.
AIM
To overcome the therapy-refractory diarrhea of patients with NETs by the zeolite
containing medical advice Detoxsan® powder.
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METHODS
A total of 20 patients (12 female and 8 male) suffering from diarrhea either by its
frequency or from watery stool caused by NETs were included. In each patient,
the diagnosis had been confirmed by histology and somatostatin receptors
expression proven by positron emission tomography/computed tomography
using Ga-68-labeled somatostatin analogs. All patients received standard-of-care
pharmacotherapy and were additionally given Detoxsan® powder as an
extemporaneous drug containing 90% natural Cuban zeolite and 10% magnesium
aspartate. Recommended daily dosage ranges between 3 g once to three times per
day. Each day dose and bowel movements were documented by the patients
themselves in a pre-defined table. Additionally to the bowel movements
quantitative determinations of serotonin, urea, creatinine and single ions were
performed within the serum of the patients by commercially available equipment
used as a matter of routine in the clinic.
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was followed in the article entitled
‘Efficacy of Detoxsan® powder on
diarrhea caused by gastrointestinal
neuroendocrine tumors’ according
to the checklist of items.
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RESULTS
All patients enrolled in this pilot study did not only suffer from NETs, but also
from comorbidities and treatment-resistant diarrhea. There was insufficient
control of diarrhea, most probably due to the secretion of hormones like
serotonin produced by the slowly growing and highly differentiated NETs. All
patients only took Detoxsan® powder as an antidiarrheal drug. In general,
response effects need several days to become perceptible and require an intake of
Detoxsan® powder for an extended time period or intermittently, if persisting
stabilization of bowel movements could not be achieved. A correlation between
NET grade, part and size of bowel resection and functionality of the tumor could
not be demonstrated. Therefore, diarrhea seemed to be based on the metabolic
activity of the well-differentiated NETs, which eventually led to treatment
resistance. In summary, 14 out of the 20 patients (70%) declared to be very
content with using Detoxsan® powder and observed a significant reduction of
diarrhea, while the effective dose and intake period that resulted in a symptom
relief varied individually.
CONCLUSION
Detoxsan® powder is able to reduce significantly symptoms of NET-related
diarrhea in the majority of patients. The duration of taking Detoxsan® powder
and its dosage vary individually.
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Core tip: A well characterized zeolite (Detoxsan® powder) was applied to patients with
neuroendocrine tumors (NETs) of the gastrointestinal tract suffered from therapyrefractory diarrhea either by its frequency or by watery stool, despite receiving standard
pharmacotherapy according to the guidelines for carcinoid syndrome and comorbidities.
In 14 of 20 patients (70%) bowel movement rate could be normalized. Thus, Detoxsan®
powder acts as an adsorbent and is able to reduce significantly symptoms of diarrhea in
patients suffering from NETs. However, dose and period of intake have to be
individually adjusted.
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INTRODUCTION
There are diverse etiologies of diarrhea due to different or tissue-dependent
mechanisms[1]. Chronic diarrhea can be caused by neuroendocrine tumors (NETs) of
the gastrointestinal tract (previously called “carcinoids”), which lead to significantly
reduced quality of life. Application of synthetic analogues of somatostatin[2] is one of
the established treatment options to control characteristic symptoms like flushing and
diarrhea as well as to inhibit tumor growth. A significant proportion of patients might
stop responding to somatostatin analogue therapy or this treatment alone might not
achieve adequate symptom relief. Therefore, new and active substances are certainly
required to alleviate relevant symptom burden like diarrhea. A prospective phase III
clinical study using Telotristat Etiprate (XermeloTM), a novel serotonin synthesis
inhibitor, reported a significant decrease in daily bowel movements frequency,
decrease in serotonin production and increase in quality of life[3,4]. Telotristat Etiprate
is a tryptophan hydroxylase inhibitor, and thereby reduces the production of
serotonin and diminishes daily bowel movements. Since 2017, XermeloTM is approved
in by the FDA as well as by EMA for the treatment of carcinoid syndrome-related
diarrhea in combination with somatostatin analog therapy[5]. It implies that the most
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recently approved drug is based on the inhibition of the production of serotonin.
Serotonin or 5-hydroxytryptamine (5-HT) is well known as the cerebral ‘hormone
of happiness’, while the enteric 5-HT is a polyfunctional signaling molecule, acting as
a paracrine factor, an endocrine hormone or a growth factor, which is important in
gastrointestinal motility, enteric neurogenesis and intestinal inflammation [6] .
Approximately 95% of 5-HT is synthesized in the gastrointestinal tract, stored in
mucosal enterochromaffin cells and released by mechanical and chemical
stimulations[7]. Spohn and Mawe[8] could show that bacteria within the lumen of the
bowel influence serotonin synthesis and release by enterochromaffin cells.
Furthermore, colon epithelial cells directly exposed to serotonin are primed for
inflammatory reactions. Thus, the elevated serotonin level seems to be an important
innate immune response, induces inflammatory genes in the gut and may be
responsible at least partially for 5-HT-mediated pathogenesis in patients with
inflammatory bowel disease[9]. On the other hand, the amino acid tryptophan acting as
the precursor of both serotonin and niacin (vitamin B3), which may induce niacin
deficiency by uncontrolled serotonin production as reviewed[10]. The clinical complex
appearance of NETs – the so called “carcinoid syndrome” – is most frequently based
on serotonin overproduction and involves severe diarrhea and flushing as well as
bronchial obstruction, wheezing muscle wasting as well as proximal myopathy and
may lead to carcinoid heart disease consisting of a secondary tricuspid valve
insufficiency due to endocardial fibrosis[10]. Thus, serotonin downregulation within
the gastrointestinal tract might cause reduction of bowel movements.
Natural zeolites are characterized by attractive properties such as adsorption, ionexchange and molecular sieving. Due to the lattice structure of the aluminosilicates
with channels and cavities, they possess an excellent binding capacity for ions, toxins
and other harmful substances, which privilege them for medical and biomedical
applications. Therefore, they are widely used in dietary supplements, as active
ingredients in drugs or carriers for drugs, adjuvants in anticancer therapy and several
other applications [11-15] . In particular, the natural zeolite clinoptilolite has been
traditionally used in a large number of biomedical applications, due to its physicochemical stability and biological compatibility. It has proven to be an effective antidiarrheic drug[16]. Furthermore, a majority of the patients suffering from irritable
bowel syndrome with diarrhea responded effectively to artificially enhanced
clinoptilolite[17]. The natural Cuban zeolite used in this study is already available in
Germany as an extemporaneous mixture (Detoxsan® Pulver) and is composed of two
types of zeolite structures having different pore sizes: clinoptilolite, a medium-pore
10-membered ring zeolite and mordenite, a large-pore 12-membered ring zeolite[18].
Moreover, this Cuban zeolite is able to adsorb remarkable amounts of the biogenic
amine histamine and water[18-20]. It has been applied for the first time to patients
suffering from severe diarrhea caused by NETs. In diarrhea related to medullary
thyroid cancer, montmorillonite clay had been applied successfully in 10 patients as a
pilot study[21]. Montmorillonite clay belongs to the layered aluminium silicates while
zeolites used in this study are characterized by 3-dimensional crystal lattices with
different characteristics[22,23].

MATERIALS AND METHODS
Patients
In the present study, a total of 20 patients (12 female and 8 male) suffering from
diarrhea either by its frequency or from watery stool caused by NET were included,
age ranged from 39 and 83 years (mean age of 64.1 years) (Table 1). In each patient,
the diagnosis had been confirmed by histology and somatostatin receptors expression
proven by positron emission tomography/computed tomography using Ga-68labeled somatostatin analogs [24] . All patients received standard-of-care pharmacotherapy (Table 2) and were additionally given Detoxsan® powder (Detoxsan®
Puder) as an extemporaneous drug containing 90% natural Cuban zeolite
(clinoptilolite and mordenite) and 10% magnesium aspartate. Intake of Detoxsan®
powder was commenced with low doses of 3 × 1 g/d or 2 × 2 g/d and increased up to
3 × 3 g/d or 3 to 5 g every 4 h if necessary, as recommended in the literature about
common non-infectious diarrhea for few days only[16]. Individually tailored dose of
Detoxsan® powder will be mentioned in detail in the ‘Results’ section. Each day dose
and bowel movements were documented by the patients themselves in a pre-defined
table.

Biochemical determinations
Serum serotonin levels were measured by a commercially available ELISA kit
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Table 1 Patient cohort
Patient

Female

1

Male

X

2

X

Age (yr)

Grading

Functionality

Resection (cm)

55

G2

yes, WD

IL, 62 + CC, 4

68

G2

yes, WD

IL, 40

X

X

IL, 56 + CO, 11

X

X

3

X

72

G2

yes, WD

4

X

79

G1

yes, WD

HBP

Others
X

ileocecal

X

IL + jejunum, 150
5

X

60

G1

yes, WD

6

X

65

G2

yes, WD

hemicolectomy

X

7

X

47

G2

yes, WD

hemicolectomy, 220

X

77

G1

yes, WD

hemicolectomy, 120

X

43

G2

no, WD

no

X

61

G2

MD, Serotonin

ileocecal, 40

X

73

G1

yes, WD

hemicolectomy, IL

X

8

X

9

X

10

X

11

X

hemicolectomy

X

X

12

X

57

G1

yes, WD

mid IL

13

X

63

G2

yes, WD

IL segments

X

X
X

14

X

X

48

G2

yes, WD

IL, 23 + CO, 31

X

15

X

64

G2

yes, WD

IL, 70

X

16

X

77

unknown

WD, Chromogranin

IL, 64

17

X

74

G2

yes, WD

IL, 18

18

X

78

unknown

yes, WD

no

83

G1

Chromogranin

no

39

G1

no, well diff.

no

19

X

20

X

Total
Average age

12

8

61.1

68.7

X
X
X

X
X

X

X

64.1

Grading: Of neuroendocrine tumors according to WHO classification [29] ; WD: Well-differentiated neuroendocrine neoplasm; MD: Moderatelydifferentiated neuroendocrine neoplasm; CC: Coecum; CO: Colon; IL: Ileum; HBP: Hypertension or high blood pressure.

(Serotonin FAST ELISA, DRG Instruments GmbH, Marburg, Germany) according to
instructions given by the company. Incubation was performed at room temperature
for 15 min and the antigen antibody complex containing serotonin was determined at
450 nm. Urea had been quantified by a kinetic assay using urease and glutamate
dehydrogenase. In the first step urea is split by urease into ammonia and in the
second enzymatic reaction the released ammonia forms L-glutamate from 2oxoglutate using NADH. The rate of decrease of NADH measured at 340 nm is
directly proportional to the concentration of urea in the assay[25]. Determination of
single ions was performed by ion-selective electrode (ISE) using commercially
available equipment (Tecan’s Sunrise absorbance microplate reader). The
electrochemical sensors are helpful tools for qualitative and quantitative ion
measurements[26]. Therefore, ISE serves as the standard method in our laboratory.

RESULTS
All patients enrolled in this pilot study did not only suffer from NETs, but also from
comorbidities and treatment-resistant diarrhea (Table 1). They took Detoxsan ®
powder as an antidiarrheal drug, moreover, the intake of loperamide, which is a
commercially available antidiarrheal drug, was recommended as well (See Table 2).
Nevertheless, in the predefined table documented by the patients themselves, we
could not found the intake of loperamide by the patients.
The individual dose of Detoxsan® powder was adapted by patients themselves with
an increase until a significant reduction of bowel movements was reached (Figure 1)
or a decrease if bowel movements frequency declined (Figure 2). In general, response
effects need several days to become perceptible and require an intake of Detoxsan®
powder for an extended time period or intermittently, if persisting stabilization of
bowel movements could not be achieved (Figure 3). However, the use of Detoxsan®
powder did not satisfy every patient or could reduce bowel movements (Tables 3 and
4). Three patients could not benefit even at a higher concentration and stopped daily
intake ahead of schedule. Three patients reached only partial reduction of diarrhea. In
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Table 2 Clinical parameters of the patients
Patie
Somatostat Dosag
Loperamid Diseas
Primar
Nutricion
Interval
NET type
nt
in
e
e1
e
y
stage

Metastas
es
Liver Lymp
h

Bone

PRR
T

in

consultati
on

analog

Lung Peritoneu
m

1

yes

OCT

30 mg

4 wk

if required

IV

functional

midgut

x

x

x

2nd

2

yes

OCT

20 mg

4 wk

if required

IIIb

functional

midgut

x

x

x

3rd

3

yes

OCT

30 mg

4 wk

no

IV

functional

midgut

x

x

x

x

2nd

4

yes

LAN

120 mg

6 wk

no

IV

functional

midgut

x

x

x

5

yes

LAN

120 mg

3 wk

no

IV

functional

midgut

x

6

yes

OCT

30 mg

4 wk

no

IIIb

functional

midgut

x

x

4th

7

yes

OCT

30 mg

4 wk

no

IIIb

functional

midgut

x

x

3rd

8

yes

LAN

120 mg

4 wk

if required

IV

functional

midgut

x

x

2nd

9

yes

no

no

IV

nonfunctio
nal

pancrea
s

x

x

x

1st

10

yes

OCT

30 mg

4 wk

no

IV

functional

midgut

x

x

x

3rd

OCT s.c.

+ 100
µg

if
required
x

2nd

x

2nd

x

11

yes

OCT

30 mg

4 wk

no

IIIb

functional

midgut

x

12

yes

LAN

120 mg

4 wk

if required

IV

functional

midgut

13

yes

OCT

30 mg

4 wk

if required

IV

functional

midgut

14

yes

LAN

120 mg

4 wk

no

IV

functional

appendi
x

15

yes

OCT

30 mg

4 wk

no

IV

functional

midgut

x

16

yes

OCT

20 mg

4 wk

if required

IV

functional

midgut

x

17

yes

LAN

120 mg

4 wk

if required

IIIb

functional

midgut

x

x

18

yes

OCT

30 mg

3 wk

if required

IV

functional

CUP

x

x

19

yes

OCT

30 mg

4 wk

no

IV

nonfunctio
nal

pancrea
s

x

20

yes

OCT

30 mg

4 wk

no

IV

functional

CUP

x

1st
2nd

x

3rd

x

2nd

x
x

x

3rd

x

2nd
2nd

x

3rd
x

x

1st
3rd

x

1

During treatment with Detoxsan® powder. OCT: Octreotide (Sandostatin LAR); LAN: Lanreotide (Somatuline Autogel); CUP: Unknown primary with
suspicion of midgut primary; PRRT: Peptide receptor radionuclide therapy as treatment line. Determination of the disease stage according to the WHO
classification[29].

general, response rates of Detoxsan ® powder appears to correlate with patient’s
nutrition, e.g. raw salad, fatty food and sauerkraut were reported to have negative
effects on diarrhea despite intake of the powder.
In summary, 14 out of the 20 patients (70%) declared to be very content with using
Detoxsan ® powder and observed a significant reduction of diarrhea, while the
effective dose and intake period that resulted in a symptom relief varied individually
(Table 3). Moreover, some patients stopped oral application when bowel movement
became regular, whereas other patients extended intake in order to keep bowel
movements at a low tolerable level. Apparently, that individual decision seemed to be
dependent on the tolerance of patients with the number of bowel movements and
stool consistency, in which a variance could be observed. A correlation between NET
grade, part and size of bowel resection and functionality of the tumor could not be
demonstrated (Tables 1-3). Therefore, diarrhea seemed to be based on the metabolic
activity of the well-differentiated NETs, which eventually led to treatment resistance.
The serum serotonin level appears to be one of the major factors responsible for
diarrhea in NETs [3-5] , which is why blood serotonin level was determined and
recorded on follow-up (Table 5). Only in 6 patients (patients 4, 5, 10, 14, 19, 20),
serotonin level was measured in a short time interval before and after intake of
Detoxsan® powder. Independent of the potential wide range of level of this biogenic
amine, there was a significant decrease in the serotonin level during the period of
intake in all that cases. To evaluate if other commonly detected laboratory parameters
are affected by Detoxsan® powder intake, we determined exemplarily the levels of
creatinine and urea as well as the cations sodium (Na), potassium (K) and calcium
(Ca) in the blood (Table 5). In the creatinine and urea levels only a slight increase was
measured during the use of Detoxsan® powder while the investigated electrolytes did
not exhibit any significant changes of their level.
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Figure 1

Figure 1 Application of Detoxsan® powder and frequency of bowel movement of a 77-year-old male patient.

DISCUSSION
All the patients enrolled in this pilot study did not only suffer from NETs, but also
from comorbidities and treatment-resistant diarrhea due to reduced resorption
capacity of the bowl with a consequent intestinal failure (Table 1)[27,28]. Grading and
differentiation of NETs were categorized according to the recent WHO
classification[29]. Length of bowel resection was included in the characterization of
patient status. Principally, patients were treated according to the Theranostic concept
for NETs based on national and international guidelines[24]. However, there was
insufficient control of diarrhea, most probably due to the secretion of hormones like
serotonin produced by the slowly growing and highly differentiated NETs[2].
Whether the serotonin level decrease in 6 patients is based on the adsorption of
serotonin by the zeolite – similar to the histamine uptake – or the decline of the
chemically-labile serotonin is caused by other mechanisms is still the subject of
ongoing investigations[18,19]. Nevertheless, these 6 patients were part of the satisfied
ones with respect to the bowel movements (Table 2) corresponding to correlation of
serotonin level and diarrhea[3-5]. For further investigations it is worth to determine the
level of 5-hydroxyindoleacetic acid in a 24-h urine collection. It is a stable metabolite
of serotonin and by this way its level can be determined indirectly[30]. It was not done
in our present research.
Despite the known facts that enteric serotonin is a polyfunctional signaling
molecule, an essential component of the gastrointestinal inflammatory response and a
bioactive component in developing and mature animals, the effect of this amine on
diarrhea is still not comprehensively understood [6] . In weaning mice e.g., stressinduced diarrhea is considered to be caused by deregulation of the mucosal immune
system (among others). Interestingly, mucosal immunity was decreased in the
duodenum and jejunum without being affected in the ileum and colon[31,32]. Given the
fact that the intestinal tract is the largest immune organ of the human body, serotonin
might be therefore considered to be a link between the gut and the immune
regulation[33,34]. Moreover, histamine is one of the most important biogenic amines and
strongly involved in immunological reactions. It has been described as ‘an undercover
agent in multiple rare diseases’, because many pathological inflammatory processes
are involved with histamine as well[35].
The positive effect of zeolite on treatment-resistant diarrhea caused by NETs might
be related to several origins. High adsorption capacity for histamine and possibly
other biogenic amines like serotonin, the antiphlogistic effect of this mineral as well as
its high water uptake capacity are potentially responsible for reducing diarrhea
complaints[18-20]. This kind of treatment differs significantly from all other drugs in the
field because Detoxsan® powder acts only via its inherent adsorption properties within
the gastrointestinal tract; neither does it penetrate into the blood circulation nor
directly influence regulation processes. Furthermore, it is noteworthy that the
histamine uptake of the Cuban zeolite (and possibly of other biogenic amines) is
significantly higher compared to other zeolites containing only clinoptilolite and no
additional mordenite[19]. The clinical treatment of patients with NETs with regard to
their functional complaints is recently focused to the application of somatostatin
receptor inhibitors [36] . Thus, the aim of both methods appears similar while the
pharmacological approach is quite different. The slight increase of the creatinine and
urea levels during the use of Detoxsan ® powder might be interpreted as a mild
decrease in the kidney filtration process while the metabolic liver function seems to be
unaffected.
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Figure 2

Figure 2 Application of Detoxsan® powder to a 64-year-old male patient.

In conclusion, the contemporaneous mixture Detoxsan® powder is able to reduce
significantly symptoms of NET-related diarrhea in the majority of patients. The effect
of this zeolite seems to be due to its high capacity to bind water, histamine and
possibly serotonin, too, within the gastrointestinal tract and to removal of those
compounds via stool. The duration and dose of Detoxsan® powder intake varies
individually. In some patients the normalization of bowel movement could be
observed within a few weeks while some patients need to use it permanently in order
to maintain acceptable quality of life without diarrhea. Recommended daily dosage
requires an individual adaptation and ranges between 3 g once to three times per day.
The clinical reduction of the diarrhea symptoms by Detoxsan® powder comes without
a relevant negative influence on other biochemical parameters.
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Table 3 Effect of Detoxsan® powder on the bowel movements as evaluated by patients
Patient

Empirical evaluation of the patients
Satisfied

Uncertain

Intake time (d)

Dose (g/d)

Bowel movement

Non-satisfied

(frequency per day)

1

X

41

4x5

9 to 12

2

X

10

6x3

8 to 11

160

1x3

1 to 3

118

3x3

2 to 3

201

3x3

3 to 5

106

3x3

1 to 3

3

X

4

X

5

X

6

X

7

X

215

2x2

3

8

X

605

2x2

1 to 3

9

X

21

3x1

1 to 2

10

X

134

2x2

3 to 5

11

X

220

3x1

2 to 3

12

X

427

2x3

2 to 3

13

X

138

2x2

1 to 2

14

X

31

2x3

2 to 4

15

X

21

1x3

1 to 2

16

X

31

1x5

1

20

2x3

6 to 7

17

X

18

62

2x3

3 to 4

19

X

X

31

1x3

1 to 2

20

X

31

2x3

1 to 3

Total
Percentage

15

3

3

70.0

15.0

15.0

Responses were categorized as: Satisfied-bowel movements significantly reduced, uncertain-bowel movements not permanently reduced and nonsatisfied-no improvement of defecation number.

Table 4 Diary of a 57-year-old male patient using Detoxsan® powder over 3 mo
Empirical evaluation, daily
Detoxsan® powder intake (d)

days

Dose (g/d)

Bowel movements (frequency per day)
Satisfied

1 to 2
3 to 8

2x2

5 to 8

Non-satisfied
2

2x2

1 to 4

9 to 11

2x2

5 to 8

3

12 to 13

2x3

5 to 8

2

2x2

1 to 4

2x2

5 to 8

29 to 31

2x2

1 to 4

3

32 to 43

2x3

1 to 4

12

2x3

5 to 8

2x3

1 to 4

2x3

5 to 8

2x3

1 to 4

2x3

5 to 8

2x3

1 to 4

14 to 26
27 to 28

44 to 49
50 to 75
76 to 79
80 to 87
88 to 91
92 to 120

6

13
2

6
26
4
8
4
28

Sum of days

96

23
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The dose of Detoxsan® powder was individually adjusted. The treatment effect was assessed by the patient himself.
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Table 5 Blood parameters determined before (in brackets) and after the application of Detoxsan® powder
Patient

Serotonin (µg/L)

Creatinine (µmol/L)

Urea (mmol/L)

Sodium (mmol/L)

Potassium (mmol/L)

Calcium (mmol/L)

1

(1.554) 2.442

(58.0) 62.4

(3.1) 2.7

(139) 134

(3.7) 5.2

(2.3) 2.2

2

(ND) 940

(126.7) 142.3

(5.5) 7.3

(139) 142

(4.0) 4.2

(2.4) 2.4

3

(289) 530

(59.0) 69.8

(4.1) 5.2

(138) 133

(4.9) 4.4

(2.3) 2.2

4

(919) 718

(75.0) 92.1

(4.0) 4.8

(134) 140

(3.9) 4.0

(2.2) 2.3

5

(1.834) 1.330

(57.9) 91.9

(4.4) 5.4

(144) 145

(4.2) 3.9

(2.3) 2.3

6

(398) 540

(72.8) 91.8

(7.8) 10.4

(141) 137

(4.3) 4.1

(2.0) 2.1

7

(ND) 318

(53.0) 46.0

(3.1) 3.1

(139) 139

(3.9) 3.4

(2.3) 2.1

8

(946) 399

(167.5) 204.7

(4.7) 9.9

(142) 145

(4.2) 5.0

(2.3) 2.1

9

(394) 575

(73.2) 66.9

(3,7) 5.1

(136) 138

(4.3) 4.4

(2.3) 2.3

10

(2.500) 688

(60.5) 83.7

(3.6) 3.8

(146) 142

(3.8) 4.5

(2.3) 2.3

11

(263) 1.939

(59.3) 93.8

(6.8) 6.5

(144) 142

(4.3) 4.2

(2.1) 2.0

12

(1.102) 1.025

(85.6) 70,6

(4.1) 3.4

(143) 142

(3.9) 3.2

(2.2) 2.2

13

(1.230) 708

(70.0) 69.5

(5.4) 3.5

(144) 145

(4.0) 4.3

(2.4) 2.5

14

(1.967) 775

(46,9) 54,9

(2.6) 3.2

(142) 143

(4.4) 4.3

(2.3) 2.3

15

(2.052) 2.500

(75.1) 110.7

(4.6) 6.3

(137) 141

(3.9) 3.8

(2.3) 2.3

16

(477) 353

(58.6) 55.9

(5.8) 7.0

(144) 146

(4.2) 4.8

(2.2) 2.4

17

(1.224) 1.446

(50.3) 48.3

(3.5) 3.9

(143) 142

(4.0) 4.0

(2.3) 2.3

18

(1.185) 2.500

(52.7) 61.6

(3.5) 3.4

(143) 140

(4.2) 4.3

(2.3) 2.3

19

95 (63)

(155.0) 171.5

(8.2) 13.9

(133) 137

(4.1) 4.6

(2.3) 2.3

20

68 (64)

(75.5) 74.3

(5.3) 5.8

(144) 142

(4.5) 4.1

(2.4) 2.4

Bold values indicate that parameters were determined within a short time interval (< 30 d) before and after using Detoxsan® powder, respectively.

Figure 3

Figure 3 Application of Detoxsan® powder to a 63-year-old male patient.

ARTICLE HIGHLIGHTS
Research background
Therapy-refractory diarrhea in neuroendocrine tumor (NET) patients reduces quality of life,
strongly restricts their daily routine and is therefore a highly clinical unmet need.

Research motivation
Motivation of this investigation was reduce bowel movements in chronic diarrhea patients and
by this to achieve a significant improvement in their quality of life.

Research objectives
To overcome the therapy-refractory diarrhea of patients with NETs by the zeolite containing
medical advice Detoxsan® powder.

Research methods
For this purpose, patients were offered a well characterized zeolite product which is known to
adsorb biogenic amines and water in large extent and it does not enter into the blood stream. The
patients have been informed in detail about the product, the individual adaptation of the dosage
and the documentation in a predefined table. Due to the fact that diarrhea syndrome is a
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disturbance of the daily routine the patients enrolled in this clinical trial respected these
recommendations and showed an excellent compliance. In addition to the clinical trial, we
determined some biochemical parameters in order to monitor if some undesired changes occur.

Research results
It is the first time that a well characterized zeolite product is able to reduce bowel movements in
patients suffered by therapy-refractory diarrhea caused by NETs over a long time. In 14 of 20
patients (70%) enrolled in the trial bowel movement rate could be normalized. The application
time to reach an acceptable bowel movement oscillated between few weeks up to a permanent or
intermittent use. Also the dosage oscillated between 3 g per day up to three times 3 g per day.
All of the 14 responder patients appreciated the normalization of the bowel movements in spite
of the individual adaptation of dosage and time. There were no side effects. However, it is not
clear which factors influence the reduction of diarrhea. At least one component namely serotonin
seems to be involved in this physiological process. Therefore, the adsorption of this biogenic
amine by this type of zeolite is under investigation. Furthermore, the serotonin metabolite 5hydroxyindoleacetic acid should be determined in a 24-h urine collection. Using this method the
natural serotonin secretion can be determined indirectly.

Research conclusions
The new finding of this study is the effective application of a well characterized zeolite product
in patients suffered by therapy-refractory diarrhea caused by NETs. The attractive properties of
the lattice structure of this mineral for excellent binding capacity for water, amines and harmful
substances seem to possess a key function in overcome diarrhea symptoms in both temporary
application and long term use. The individual dosage and period of application in order to
receive the best reduction of diarrhea indicate that the physiological process of these symptoms
is not fully understood and requires further investigations. For the clinical practice it is
important to accept the individuality of this treatment to overcome patient’s diarrhea and
improve their daily routine.

Research perspectives
We observed that a well characterized natural zeolite is able to overcome therapy-refractory
diarrhea caused by NETs via passing the gastrointestinal tract only. However not all effects could
be answered satisfactorily. Therefore, future research should be focused on the one hand to the
adsorption of serotonin and other trigger substances for diarrhea by this zeolite. On the other
hand the clinical treatment of NETs patients requires the determination of the biochemical
factors in both blood and faeces in correlation the resected bowel part and the effect of this
zeolite. The aim of these investigations should be the selective dosage of the mineral product on
the basis of biochemical values and/or surgical data.
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Abstract
BACKGROUND
Esophagomediastinal fistula is a very rare complication of tuberculosis in
otherwise healthy adults, and mediastinal bronchial artery aneurysm is even
rarer. In this case report, we describe a rare case of tuberculosis complication that
presented with acute upper gastrointestinal (GI) bleeding. It also highlights the
benefits of chest computed tomography (CT) as an excellent adjunct diagnostic
tool to endoscopy and bronchoscopy and the role of trans-arterial embolization as
a minimal invasive therapy alternative to surgery.
CASE SUMMARY
A 19-year-old medically free male patient presented with acute multiple episodes
of hematemesis for 1 d. Upper GI endoscopy, bronchoscopy, and chest CT with
IV contrast confirmed esophagomediastinal fistula with mediastinal bronchial
artery aneurysm. After resuscitating patient with IV fluid and blood product
transfusion, trans catheter embolization was performed for mediastinal bronchial
artery aneurysm.
CONCLUSION
We successfully treated a patient with acute upper GI bleeding due to
tuberculous esophagomediastinal fistula and mediastinal bronchial artery
aneurysm using transcatheter coil embolization.
Key words: Mediastinal bronchial artery aneurysm; Esophagomediastinal fistula; Upper
gastrointestinal bleeding; Mediastinal tuberculosis; Case report
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A 19-year-old medically free male patient presented with acute upper
gastrointestinal bleeding. He underwent endoscopy, bronchoscopy, and chest computed
tomography with IV contrast. Diagnosis of pulmonary and mediastinal tuberculosis with
esophagomediastinal fistula and mediastinal bronchial artery aneurysms was made.
Patient was successfully treated with mediastinal bronchial artery aneurysm coil
embolization and antitubercular medications.
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INTRODUCTION
Mediastinal tuberculosis (TB) lymphadenitis is a rare clinical manifestation of TB in
adults, and it usually occurs secondary to pulmonary TB. Extrapulmonary lymph
node TB was reported to be 17.6% of all TB cases[1]. Esophagomediastinal fistula
formation secondary to mediastinal TB lymphadenitis is an unusual complication that
develops as a consequence of erosion of adjacent organs[2]. Mediastinal bronchial
artery aneurysms are extremely rare and can be idiopathic or secondary. Secondary
aneurysms are usually related to an underlying inflammatory process like
bronchiectasis, chronic bronchitis, or systemic vascular disease[3,4]. Bronchial artery
aneurysm with an esophageal fistula is an extremely rare and potentially fatal
diagnosis, and there are few case reports in literature[5].

CASE PRESENTATION
A 19-year-old medically free patient presented to our emergency department with 1-d
history of 5 episodes of hematemesis with moderate amount associated with
epigastric pain. His medical history is significant for chronic cough with occasional
hemoptysis and weight loss for 5 mo. His vital signs are stable. Patient was pale, but
there was no jaundice or cyanosis. Chest and abdominal examinations are
unremarkable. Laboratory investigations show normal results except low hemoglobin
level of 8 g/dL. Two units of packed red blood cells (PRBCs) were transfused. Upper
gastrointestinal (GI) endoscopy shows an opening in the mid-esophagus without clot,
bleeding, or mucosal lesions, otherwise a normal esophagus, stomach, and duodenum
(Figure 1). Tracheoesophageal fistula was suspected, and no definite source of
bleeding was identified.
Bronchoscopy was performed and showed no tracheoesophageal fistula but
edematous mucosa with nodular lesions in the left lower lobe bronchus. Biopsy was
performed. Initial chest X-ray shows cavitary left lung lesion. Three sputum samples
were sent for Ziehl-Neelsen (ZN) staining and were negative. Chest computed
tomography (CT) with IV contrast was performed and showed evidence of
esophagomediastinal fistula, multiple necrotic mediastinal lymph nodes, cavitary
lung lesion, and two small mediastinal bronchial artery aneurysms indicating
pulmonary and mediastinum TB (Figure 2). Patient had another episode of
hematemesis with moderate amount. Upper GI endoscopy was repeated and
unremarkable except a small opening in the mid-esophagus. Another two units of
PRBC were transfused. Conventional angiography was performed and showed
bronchial artery arising from the left subclavian artery with two small mediastinal
bronchial artery aneurysms. Embolization was performed using coils (Figure 3).
Histopathological results of bronchial biopsy showed necrotizing granulomatous
inflammation suggesting TB, and two additional sputum samples were sent for ZN
staining and were positive. Anti-TB medication was started. Patient did not have
hematemesis or melena after embolization. Patient was discharged in good condition
with anti-TB medications. At 3-mo of follow-up, patient was asymptomatic and had
no episode of GI bleeding. Follow-up chest X-ray shows interval improvement (Figure
4).
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Figure 1

Figure 1 Endoscopy image: An opening is seen in the mid-esophagus without active bleeding or clots.

FINAL DIAGNOSIS
Tuberculous esophagomediastinal fistula with mediastinal bronchial artery
aneurysm.

TREATMENT
Patient was treated by mediastinal bronchial artery aneurysm trans catheter coil
embolization and antitubercular medications.

OUTCOME AND FOLLOW-UP
After 3 mo of mediastinal bronchial artery aneurysm embolization and initiation of
antitubercular medication, patient become asymptomatic and no further episode of GI
bleeding was encountered. Follow-up chest X-ray shows interval resolution of lung
cavity.

DISCUSSION
Esophageal involvement in TB is extremely rare in otherwise healthy individuals. It
mostly affects the mid-esophagus and is secondary to direct extension from the
surrounding structures such as mediastinal lymph nodes, lungs, and vertebrae. The
usual presenting symptoms are dysphagia or odynophagia [2] . There are several
reports on esophageal TB that appeared as submucosal lesions mimicking a mass,
ulcer, diverticulum, or only sinus opening[1].
Bronchial artery aneurysm is a rare condition with reported rate of < 1% in selective
bronchial arteriogram[6]. It is can be classified according to location as mediastinal or
intrapulmonary. Clinical presentation is variable depending on the size, location,
concomitant disease and if it is ruptured or not. Although it usually detected
incidentally on chest CT, the most frequent symptoms are hemoptysis, chest pain, and
hemomediastinum[7]. Chest CT is greatly helpful in detecting TB manifestation in the
chest and mediastinal lymph nodes as well as associated fistula formation[8]. CT
angiography and conventional angiography are commonly used tools to diagnose
mediastinal bronchial aneurysm[3].
Mediastinal bronchial artery aneurysms are fatal and even asymptomatic, requiring
treatment regardless of the diameter. Endovascular embolization is the first line of
treatment, and surgery is reserved as the last option for some patients with
contraindication to endovascular therapy[3,5,7]. Anti-TB medication is the mainstay
treatment of mediastinal TB. A large esophageal fistula secondary to TB could be
treated by surgery or endoscopic clipping[2,8].
In this case report, although TB was suspected from the beginning, the presence of
acute upper GI bleeding made it challenging to determine its source and treat it.
Endoscopy and bronchoscopy – the examinations of choice for upper GI bleeding and
suspected tracheoesophageal fistula – failed to identify the source. Chest CT with IV
contrast and conventional angiography followed by coil embolization were of great
value for diagnosis and treatment of such a rare condition. We believe that TB is a
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Figure 2

Figure 2 Computed tomography chest. A: Computed tomography lung window axial image shows left lower lobe
lung cavitary lesion with multiple nodules in tree-in-bud configuration, a classical sign of lung tuberculosis; B: Chest
computed tomography lung window axial image shows multiple mediastinal air pockets anterior to the esophagus,
indicating an esophageal fistula; C: Computed tomography chest with IV contrast mediastinal window axial image
shows multiple mediastinal necrotic lymph nodes and mediastinal air pocket anterior to esophagus indicating
mediastinal tuberculosis and esophageal fistula; D: Computed tomography chest with IV contrast maximum intensity
projection coronal reformatted image shows mediastinal bronchial artery aneurysm.

primary disease that involves the lung and then extends to the mediastinum and leads
to esophageal fistula and mediastinal bronchial artery aneurysm formation. This rare
presentation of acute upper GI bleeding is most likely due to mediastinal bronchial
artery aneurysm that caused bleeding and drained into the esophagus by the
esophagomediastinal fistula.

CONCLUSION
We successfully treated a patient who presented with acute upper GI bleeding due to
tuberculous esophagomediastinal fistula and mediastinal bronchial artery aneurysm
using transcatheter coil embolization.

WJG

https://www.wjgnet.com

2147

May 7, 2019

Volume 25

Issue 17

Alharbi SR. Acute upper gastrointestinal bleeding
Figure 3

Figure 3 Conventional angiography. A: Selective angiogram of the bronchial artery showing 2 small mediastinal aneurysms; B: Post-coil-embolization angiogram
shows complete occlusion of the artery and aneurysms.
Figure 4

Figure 4 Follow-up chest X-ray shows resolution of cavitary lesion and no consolidation. Coils are seen in the mediastinum.
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Abstract
The incidence of esophageal adenocarcinoma (EAC) has increased in recent
decades, and its 5-year survival rate is less than 20%. As a well-established
precursor, patients with Barrett's esophagus (BE) have a persistent risk of
progression to EAC. Many researchers have already identified some factors that
may contribute to the development of BE and EAC, and the identified risks
include gastroesophageal reflux (GER), male sex, older age, central obesity,
tobacco smoking, Helicobacter pylori (H. pylori) eradication, and the administration
of proton pump inhibitors (PPIs) and antibiotics. The human gut harbors trillions
of microorganisms, the majority of which are bacteria. These microorganisms
benefit the human host in many ways, such as helping in digestion, assisting in
the synthesis of certain vitamins, promoting the development of the
gastrointestinal immune system, regulating metabolism and preventing invasion
by specific pathogens. In contrast, microbial dysbiosis may play important roles
in various diseases, such as inflammation and cancers. The composition of the
microbiota located in the normal esophagus is relatively conserved without
distinct microbial preferences in the upper, middle and lower esophagus. Six
major phyla constitute the esophageal microbiota, including Firmicutes,
Bacteroides, Actinobacteria, Proteobacteria, Fusobacteria and TM7, similar to the oral
microbiota. Streptococcus dominates the esophageal microbiota. However, the
microbiota varies in different esophageal diseases compared to that in the healthy
esophagus. The type I microbiota, which is primarily composed of gram-positive
bacteria, is closely associated with the normal esophagus, while type II
microbiota has enriched gram-negative bacteria and is mainly associated with the
abnormal esophagus. These increased gram-negative anaerobes/microaerophiles
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include Veillonella, Prevotella, Haemophilus, Neisseria, Granulicatella and
Fusobacterium, many of which are associated with BE. The microbial diversity in
the esophagus is decreased in EAC patients, and Lactobacillus fermentum is
enriched compared to that in controls and BE patients. Furthermore, the
microbiota may be associated with BE and EAC by interacting with their risk
factors, including central obesity, GER, H. pylori, administration of PPIs and
antibiotics. Therefore, a large gap in research must be bridged to elucidate the
associations among these factors. Some studies have already proposed several
potential mechanisms by which the microbiota participates in human
carcinogenesis by complicated interactions with the human host immune system
and signaling pathways. The activation of the LPS-TLR4-NF-κB pathway may
contribute to inflammation and malignant transformation. This exciting field of
gastrointestinal microbiota allows us to unravel the mystery of carcinogenesis
from another perspective. Further studies are needed to explore whether the
microbiota changes before or after disease onset, to improve our understanding
of the pathogenesis, and to find novel targets for prevention, diagnosis and
therapy, which could offer more cost-effective and relatively safe choices.
Key words: Barrett's esophagus; esophageal adenocarcinoma; microorganisms; esophageal
microbiota; alteration; dysbiosis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Esophageal adenocarcinoma (EAC) is a malignancy with poor prognosis, and
Barrett's esophagus (BE) is the only recognized precursor. As part of the human gut, the
esophagus harbors distinctive microbiota, and dysbiosis may be related to BE/EAC.
Many studies have attempted to characterize the esophageal microbiota in the normal
esophagus and in different diseases, but more data are required. Studies on the
esophageal microbiota in BE/EAC have mainly concentrated on these associations, and
the underlying mechanisms remain blurred. This review focuses on the features and
associations of esophageal microbiota and BE/EAC, which might provide some evidence
of their relationships.
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INTRODUCTION
Esophageal cancer is one of the most common malignancies in the world, and the
incidence of esophageal adenocarcinoma (EAC) has markedly increased in recent
decades, as it accounts for almost half of all esophageal cancers[1,2]. The 5-year survival
rate is less than 20%[3] because most EAC patients are first diagnosed in the advanced
stages, which are not curable[4]. As a well-established risk factor for EAC, Barrett's
esophagus (BE) confers a persistent risk of progression to EAC[5], increasing a patient's
risk more than 30 times than the general population[6,7]. In the first global definition,
namely, the Montreal definition, BE is defined as the replacement of normal
squamous epithelial lining with metaplastic columnar epithelium[8]. Notably, the
incidence of EAC progression from BE varies among studies. Some studies have
indicated that more than 85% of newly diagnosed EAC patients have no history of
BE[9,10], whereas other investigations[6,7] have reported that almost half of EAC patients
have progressed from BE. Nevertheless, BE is the only well-recognized precursor of
EAC, and the underlying mechanisms of pathogenesis and carcinogenesis need to be
elucidated[11]. Many researchers have already shown that some factors may contribute
to the development of BE and EAC, and the identified risks include, but are not
limited to, gastroesophageal reflux (GER), male sex, older age, central obesity, tobacco
smoking, Helicobacter pylori (H. pylori) eradication with antibiotics and acid
suppression therapy[3,12-14]. However, preventive strategies are lacking.
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The human gut harbors trillions of microorganisms[15-18], and the composition of the
microbial communities that inhabit the mouth, esophagus, stomach and intestine are
diverse and host-specific. The majority of microorganisms are bacteria and are
estimated to comprise ~1014 bacterial cells, which is ten times more than the total
number of human cells[19]. These microorganisms benefit the human host in many
ways, such as helping in digestion, assisting in the synthesis of certain vitamins,
promoting the development of the gastrointestinal immune system, regulating
metabolism and preventing invasion by specific pathogens[15,16,19,20]. On the other hand,
microbial dysbiosis may lead to tissue damage and play significant roles in various
diseases, including inflammatory disorders and cancers[21-25]. Dysbiosis refers to an
abnormal condition of the microbial ecosystem in a host[26]. Therefore, equilibrium
must be achieved and maintained to support the interactions of the human host and
microbiota. Before the 1990s, researchers mainly focused on the role of certain
microorganisms by using protocols largely limited to culture-dependent methods, but
cultivation is not suitable for defining a complicated microbial community and may
induce bias as well[19]. Since the development of next-generation sequencing, which is
independent of cultivation, the sensitivity of research techniques has been
dramatically improved, and microbiota exploration has begun[20].
However, little is known about the relationship between the microbiota and the
pathogenesis of BE and EAC. Here, we review the features of microbial communities
in BE and EAC patients, which may provide some evidence of the relationships
between altered esophageal microbiota and BE/EAC.

ESOPHAGEAL MICROBIOTA
The colon has the largest microbiota in the body[20], whereas the esophagus has far
fewer microbes. Although bacterial communities have been observed with high interand intra-individual variations, an overlapping community has been identified
between sites[27,28]. Previous studies[20,29-31] have suggested that Firmicutes (Clostridium,
Ruminococcus, Eubacterium, Peptostreptococcus, Peptococcus, Lactobacillus-L), Bacteroidetes,
Proteobacteria (Enterobacteriaceae) and Actinobacteria (Bifidobacterium-BF) phyla
constitute the majority of the human gut microbiota. The composition of the
microbiota located in the normal esophagus is relatively conserved, and the estimated
resident microbes are mainly composed of more than 100 species, most of which have
already been identified [32,33] . The dominant microbes that colonize the normal
esophagus are Streptococcus[32,33], and Dong L et al.[28] reported that no distinct microbial
preference exists in the upper, middle and lower esophagus. However, the microbiota
varies in different esophageal diseases compared to the healthy esophagus[34].
In 2004, Pei Z et al. [32] found that six major phyla constituted the esophageal
microbiota, namely, Firmicutes, Bacteroides, Actinobacteria, Proteobacteria, Fusobacteria
and TM7, which are comparable to the oral microbiota. The genus Streptococcus
dominates the esophageal microbiota[32]. Since then, more studies have emerged, and a
classification for the esophageal microbiota was proposed[33]. In 2009, Yang L et al.[33]
reported that type I microbiota, which is mainly composed of gram-positive bacteria,
is closely associated with the normal esophagus and is dominated by the Firmicutes
phylum. Consistent with previous studies, Streptococcus was the most dominant
genus, and its relative abundance was higher. The type II microbiota is enriched in
gram-negative bacteria (more than 50%) and is mainly associated with the abnormal
esophagus. The relative abundances of 24 other genera are increased in the type II
microbiota, many of which are relevant to BE. These increased gram-negative
anaerobes/microaerophiles include Veillonella, Prevotella, Haemophilus, Neisseria,
Granulicatella and Fusobacterium. Moreover, one study[19] conducted in Japan showed
that the numbers of bacteria were similar in control, esophagitis and BE groups,
despite the changes in the relative abundance of taxa. In patients with esophagitis or
BE, the microbial diversity changed, and the abundance of Streptococcus species was
reduced [ 3 3 ] . Gram-negative anaerobes/microaerophiles occupied greater
proportions[33], such as Veillonella, Prevotella, Fusobacterium and Neisseria[19,33]. This shift
from a gram-positive aerobic microbiota to a gram-negative anaerobic microbiota may
be influenced by microenvironmental changes and related to abnormal disease
states [33] . These consistent observations suggested that the altered microbiota is
reliable in BE and could be further studied. Of note, Macfarlane S et al.[35] found that
Campylobacter colonized the esophagus of the majority of BE patients and could not be
identified in the control group. Moreover, Amir I et al.[36] strongly suggested that the
family Enterobacteriaceae (mainly the genus Escherichia) is associated with esophageal
abnormalities, such as esophagitis and BE, and may have a possible role in the
pathogenesis of inflammation and metaplasia. Therefore, a large-scale joint multi-
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center, multi-region, multi-race study about the alteration of the esophageal
microbiota in BE/EAC is needed to provide more evidence.
Damage of the esophageal epithelium could affect the normal barrier and induce
the translocation of other bacteria, thus influencing the microenvironment and
immune homeostasis[11]. Although studies of specific bacteria in the development of
EAC in addition to H. pylori[3] are rare, more attention has been paid to the local
microbiota changes. The microbial diversity in the esophagus is decreased in EAC
patients[12], regardless of the exact sampling locations. The decreased genera included
some gram-negative and gram-positive taxa, such as Veillonella and Granulicatella. In
contrast, Lactobacillus fermentum was found to be enriched in EAC patients compared
to controls and BE patients. Notably, lactic acid bacteria could be dominant and affect
the microenvironment[12]. A low microenvironmental pH may facilitate the growth of
Lactobacillus spp. and Streptococcus spp. in the tumor niche[12]. Fermentation could
produce more factors to inhibit the proliferation of other competitor microbes as well.
Then, Lactobacillus may dominate the environment of the lower esophagus. Moreover,
some specific species were demonstrated to have higher abundance. At the phylum
level, the proportional abundance of Tenericutes was higher. At the genus level, the
proportional abundances of Fusobacterium, Megasphaera, Campylobacter,
Capnocytophaga, and Dialister were greater[12]. However, Blackett KL et al.[37] did not
identify any specific taxa with significant differences, and Zaidi AH et al.[38] reported
that Streptococcus pneumonia was present at a relatively higher abundance in control
and BE groups compared to EAC in rat BE and EAC models. Interestingly, Peters BA
et al.[39] found that the oral microbiota composition could reflect the prospective risk
for EAC, and the genus Neisseria and the species Streptococcus pneumoniae were
associated with EAC risk, which is consistent with the findings in the studies above. It
was reasonable to conclude that the esophageal microbiota is largely influenced by
the oral microbiota and that the oral microbiota composition could provide some
evidence of EAC progression[17].
Furthermore, the microbiota may be associated with BE and EAC by interacting
with their risk factors. One notable example is the case of obesity. As a chronic
systemic disease and a proposed risk factor, obesity, particularly central obesity, is
closely related to BE and EAC[20,40-42]. The linear pattern between increasing body mass
index (BMI) and increasing risks of BE and EAC has been verified in several
studies[43-46], which partially accounts for the increasing prevalence of EAC. Central
obesity is closely related to EAC, even after adjustment for BMI[47,48], whereas the
association between BMI and EAC risk disappeared after adjustment for central
obesity. Moreover, the relationship between central obesity and BE has a similar
pattern. Therefore, adiposity distribution may play an important role in BE and EAC
pathogenesis. However, it is unclear whether weight loss could contribute to a
reduced risk of BE and EAC. The possible mechanisms by which central obesity
contributes to BE and EAC have been explored and discussed in several aspects. First,
the increased abdominal adipose tissue might increase intra-abdominal pressure and
gastric compression, disrupting the normal function of the gastroesophageal junction
and promoting GER, which is also a well-recognized risk factor for BE and EAC[3].
Second, excess adipose tissue could secrete pro-inflammatory cytokines and
adipokines[20], and these active factors could provoke inflammatory and metabolic
changes in the body[40], such as stimulation of cell proliferation, apoptosis inhibition
and neoplastic transformation. Third, the gut microbiota is altered in obese patients
and has been associated with the activation of inflammation, which may play an
important role in the development of BE and EAC[49]. Streptococcus and Prevotella
species are the dominant bacteria in the upper gastrointestinal tract, and their ratio
may be associated with central obesity and hiatal hernia length[27], which are two
known risks of BE and EAC. In addition, the gut microbiota may be adjusted
concomitantly along with dietary changes that humans experience and that are the
main cause of central obesity, but some 'lost' taxa may be difficult to regain over
generations[50]. Therefore, a large gap in research must be bridged to elucidate the
associations among central obesity, microbiota and EAC[51].
Ultimately, the optimal method for esophageal microbiota sampling is fundamental
and needs to be explored. Many studies have used invasive endoscopy to obtain focal
tissues that are similar to those obtained by biopsy or endoscopic brushing to examine
the microbiota in a larger area. Gall A et al.[27] showed that mucosal brush samples
could enhance the detection of bacterial diversity in the esophagus and stomach and
the microbiota compositions were similar after replicate sampling. Fillon SA et al.[52]
proposed another minimally invasive sampling method, namely the overnight
esophageal string test, and suggested that the compositions of the esophageal
microbiota were similar between the traditional biopsy and the string test. Due to the
lack of standard sampling methods, Elliott DRF et al.[12] studied the values of the
Cytosponge prototype as a non-endoscopic sampling device to seek minimally
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invasive methods for sampling the esophageal microbiota. For comparison,
endoscopic biopsies, brushes and throat swabs were also included. Nevertheless, most
of the microbial species overlapped among different sampling methods. However, the
sampling area was larger with the Cytosponge, and the microbial DNA yield and
total microbial abundance were higher. Moreover, the Cytosponge also provided
clues for histological data, thus making it a valuable sampling method.
The important findings discussed above are summarized in Table 1. Nevertheless,
some of these data were drawn from a specific population, and the sample sizes were
not large. Consequently, these findings still need to be verified before any application
to the general population, and more effort should be made to reveal the exact
alteration of the microbiota in different diseases.

OTHER POSSIBLE FACTORS RELATED TO THE
ESOPHAGEAL MICROBIOTA
Helicobacter pylori
It has been reported that more than 15% of human malignant cancers are related to
infection or infection-associated inflammation [53] , and many relevant studies are
mainly focused on single microorganisms. There are two main theories to explain
bacterial diseases[33]. Koch proposed the classic pathogen theory, which requires the
presence of specific pathogens[54]. The other theory of microecological diseases is a
new concept in which the whole microbiota contributes to pathogenicity[26]. As the
only bacteria considered a class I human carcinogen, H. pylori is closely related to the
progression of gastritis, gastric ulcer, gastric atrophy and gastric adenocarcinoma[55,56].
The bacterium has infected more than 50% of the world's population[57] and continues
to spread. Although H. pylori is primarily localized to the gastric mucosa, its
colonization could affect the gastric and esophageal microbiota[11,58], and the microbial
composition in the esophagus and stomach overlaps to a certain extent[27].
The increasing incidence of BE and EAC may be inversely associated with H. pylori
infection[59,60], and the inverse correlation between H. pylori and EAC risk has been well
documented[10,27]. Meta-analyses[61-63] based on epidemiological and observational
studies showed that EAC coincides with H. pylori eradication[49]. That is, H. pylori
might affect carcinogenesis in the lower esophagus [ 2 7 ] . However, the inner
mechanisms have only been partially revealed[10,27]. H. pylori harbors some factors that
lead to chronic inflammation and cancer, such as cytotoxin-associated gene A (CagA),
vacuolating cytotoxin (VAC) and adhesins. The bacterium could promote
inflammatory responses by activating nuclear factor kappa B (commonly known as
NF-κB)[56] and may induce the production of certain cytokines such as IL-1β, IL-2, IL-8
and tumor necrosis factor-α (TNF-α), which trigger inflammatory responses in the
gastric epithelium. H. pylori may also directly damage host DNA, dysregulate DNA
transcription factors such as caudal type homeobox 2 (Cdx2), and induce epithelial
injury and acid secretory functions[55,56,58]. Another possible mechanism is that H.
pylori-induced gastric atrophy causes a reduction in gastric acid, which is the main
source of GER substances[20]. Some studies suggest that H. pylori eradication could
increase the serum level of ghrelin, which may lead to obesity and affect gastric
emptying[61], subsequently initiating the risks of BE and EAC. Moreover, H. pylori may
stimulate apoptosis of EAC cells via the Fas-caspase cascade, which may account for
another protective mechanism[61].

MEDICATIONS
Acid suppression therapies have been highly effective in acid-induced diseases, such
as gastritis, esophagitis, BE and EAC. Proton pump inhibitors (PPIs) are considered
benign and are commonly used in clinical practice [64] . The suppression of acid
secretion could affect gastric acidity, volume and GER and even the bacterial
composition in the stomach and esophagus, with potential consequences for human
health and diseases [36,64] . The administration of PPIs could change the microbial
composition in the esophagus and stomach in BE patients[34,36], which may contribute
to the pathogenesis of BE, though this has not been well established. Studies have
suggested that PPIs may directly target certain bacteria that contain P-type ATPase
enzymes as part of their proton pumps, such as Streptococcus pneumoniae and H.
pylori[65]. Moreover, the microenvironment could also be affected by the increased pH
in the stomach and esophagus after PPI therapy. PPIs could reduce the number of
gram-negative bacteria and decrease the risk for neoplasia in the esophagus[64]. To
detail the changes, Amir I et al.[36] collected esophageal samples before and after 8 wk
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Table 1 Esophageal microbiota studies on Barrett's esophagus and esophageal adenocarcinoma
Publication year
2004

Sample population

Sequencing approach

Related notable findings

Four patients with normal
esophagus

16S rDNA

1 Members of six phyla,
Firmicutes, Bacteroides,
Actinobacteria, Proteobacteria,
Fusobacteria, and TM7, were
represented.

Ref
[32]

2 Streptococcus (39%),
Prevotella (17%), and
Veilonella (14%) were most
prevalent.
2007

Seven subjects without BE
and seven patients with BE

16S rRNA

Campylobacter colonized the
esophagus in the majority of
BE patients and could not be
identified in the control
group.

2009

Thirty-four patients with
normal, esophagitis, or
Barrett's esophagus

16S rRNA

1 Esophageal microbiomes
can be classified into two
types.

[35]

[33]

2 The type I microbiome was
mainly composed of grampositive bacteria, dominated
by the genus Streptococcus
and concentrated in the
phenotypically normal
esophagus.
3 The type II microbiome
contained a greater
proportion of gram-negative
anaerobes/microaerophiles
and primarily correlated with
esophagitis (Odds Ratio: 15.4)
and BE (Odds Ratio: 16.5).
2012

Fifteen subjects

16S rRNA

The compositions of the
esophageal microbiota were
similar between the
traditional biopsy and the
overnight esophageal string
test.

2014

Thirteen patients with
esophagitis, six patients with
BE, fifteen normal controls

16S rRNA

The Enterobacteriaceae family
(mainly the genus Escherichia)
is associated with esophageal
abnormalities, such as
esophagitis and BE.

2015

Twelve participants enrolled
in the Seattle Barrett's
Esophagus Research Program

16S rRNA

1 Streptococcus and Prevotella
species dominate the upper
GI and the ratio of these two
species is associated with
waist-to-hip ratio and hiatal
hernia length, two known
EAC risk factors in Barrett’s
esophagus.

[52]

[36]

[27]

2 Mucosal brush samples
enhanced the detection of
bacterial diversity in the
esophagus and stomach, and
the microbiota compositions
were similar after replicate
sampling.
2017

Twenty normal controls,
twenty-four non- dysplastic
BE twenty-three dysplastic
BE

16S rRNA

1 The microbial diversity in
the esophagus is decreased in
EAC patients, regardless of
the exact sampling locations.

[12]

2 Lactobacillus fermentum was
enriched in EAC patients,
and lactic acid bacteria
dominated and affected the
microenvironment.
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2018

Twenty-seven dental and
esophageal disease-free
individuals

16S rRNA

1 The phyla Proteobacteria,
Firmicutes, Bacteroidetes,
Actinobacteria, Fusobacteria,
and TM7 were most
abundant in both the oral
cavity and the esophagus.

[28]

2 The genera Streptococcus,
Neisseria, Prevotella,
Actinobacillus, and Veillonella
were most abundant in both
oral cavity and esophagus,
and Streptococcus in the
esophagus.
3 No site-specific bacteria
were found for three different
segments (upper, middle, and
lower) of the esophagus.

These studies displayed are sorted by the publication year. BE: Barrett’s esophagus; EAC: Esophageal adenocarcinoma; GI: Gastrointestinal.

of PPI treatment in BE patients and found that PPI usage changed the esophageal
microbiota. At the family level, Comamonadaceae was decreased, whereas other
families, such as Clostridiaceae and Lachnospiraceae, were increased. However, longterm PPI therapy induced hypergastrinemia, which may upregulate cyclooxygenase-2
(COX-2) expression, cell proliferation and esophageal carcinogenesis [66] . PPI
administration plays an important role in H. pylori eradication therapy. A study[67]
conducted by Fischbach LA et al. showed that PPIs augment anti-H. pylori activity,
and H. pylori appears to exert a protective role in esophageal neoplasia. The possible
reason might be that PPIs have some direct protective effects in BE, which extend far
beyond other effects [64] . At present, there is no direct evidence of a relationship
between PPIs and esophageal carcinogenesis, and long-term preclinical and clinical
studies with larger samples are needed to reveal the precise associations among PPIs,
H. pylori and BE/EAC.
The introduction and worldwide application of antibiotics might also have
contributed to the increasing incidence of BE and EAC[20]. The discovery and wide
usage of antibiotics have cured many infectious diseases, but several unexpected
effects have appeared, some of which may influence the progression of BE and EAC.
Antibiotics may definitively change the gastrointestinal microbiota[3], and alteration of
the microbial abundance and/or diversity might contribute to disease pathology[68].
Cho I et al.[69] found that the sub-therapeutic administration of antibiotics increased the
abundance of Firmicutes and decreased the abundance of Bacteroidetes, which are the
two main phyla in the colonic microbiota. Moreover, the overweight population
harbored a higher ratio of Firmicutes to Bacteroidetes than the controls[26], and weight
loss increased the abundance of Bacteroidetes. These data[26,69] indicated that long-term
exposure to antibiotics changes the colonic microbiota, which may induce obesity and
GER. In the same way, the use of antibiotics can change the microbiota in the
esophagus. Tian ZY et al.[70] have suggested that H. pylori infection and antibiotic
treatment changes the microbiota composition in the esophagus in a mouse model. In
addition, an altered esophageal microbiota might play a more direct role than H.
pylori or obesity in inflammation and in BE and EAC carcinogenesis[20]. On the other
hand, antibiotics may help restore the normal esophageal microbiota to type I from
type II by increasing the relative abundance of Streptococcus. Interestingly, antibiotics
are another important part of H. pylori eradication therapy. The complicated
associations among these factors need further investigation and validation[20].

MECHANISMS
Some studies have already proposed several potential mechanisms by which the
microbiota participates in human carcinogenesis[20] by complicated interactions with
the human host immune system and signaling pathways[56] (Figure 1). First, alteration
of the microbiota may result in inflammation, and persistent chronic inflammation
may promote carcinogenesis[71]. The disequilibrium between human immunity and
microbiota may change the compositions of essential bacterial molecules at certain
organs or sites and then form microorganism-associated molecular patterns
(MAMPs) [ 7 1 ] , such as toll-like receptors (TLRs) and nucleotide-bindingoligomerization-domain (NOD)-like receptors[72,73]. Then, the subsequent activation of
related pathways may lead to the production and release of some target genes
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involved in inflammation[73], such as cytokines, chemokines and other inflammatory
factors. For example, specific bacterial invasion could promote the production of IL-17
and IL-23 and then induce an inflammatory response[74].
Bacterial products, or even the microbes themselves, could be sensed by some
receptors on the epithelial membranes. The esophageal type II microbiota could
produce larger amounts of gram-negative bacterial components, involving
lipopolysaccharides (LPS)[19,75]. LPS could delay gastric emptying via COX1/2[76] and
contribute to the development of GER by increasing the intra-gastric pressure.
Notably, LPS could also affect the function of the lower esophageal sphincter, which
may promote GER and carcinogenesis[75].
TLRs recognize known molecules from microbes[77,78] and have a well-recognized
role in carcinogenesis [38] . As part of the pathogen-associated molecular patterns
(PAMPs) or danger-associated molecular patterns (DAMPs), TLRs serve as receptors
of various ligands, such as bacterial cell wall components and DNA and viral doublestranded RNA[77,78]. Therefore, TLRs mediate the interaction of the immune system
with the microbiota[79]. Due to the connective roles between innate and adaptive
immune responses, TLRs represent an important linking factor between inflammation
and cancers[38,77,78,80]. As the natural ligand of LPS, TLR4 is expressed in the human
esophageal epithelium, and its expression increases in BE and EAC[75]. TLR4 activation
triggers the NF-κB pathway, which is related to inflammation-associated
carcinogenesis[81] and mediates the initial metaplastic BE changes[82]. COX-2 is also
upregulated as one of the downstream genes, which is related to gastric emptying[75]
and occurs along the progression of BE and EAC[83]. Therefore, the activation of the
LPS-TLR4-NF-κB pathway may contribute to inflammation and malignant
transformation[20,75]. Similarly, activation of the Wnt signaling pathway could induce
defects in cellular tight junction proteins and decrease the production of some mucins,
which may have positive roles in the protection from carcinogenesis[84].
Second, bacteria may generate genotoxins that could cause genomic damage. For
instance, the cytolethal distending toxin, which may be produced by gram-negative
bacteria, can induce DNA damage and genomic instability [23,85] . Some bacterial
products have tumor-promoting effects[86], such as CagA and VacA, and some bacteria
may also activate procarcinogens to provoke inflammation and cancer development[87].

CONCLUSION
The number of studies on how microbial communities contribute to the pathogenesis
of BE and EAC is increasing, and greater attention has been paid to the etiology and
molecular mechanisms[49]. Although some observations are promising, the sample
sizes of the related studies are not large enough, and the existing data are too limited
to draw any convincing conclusion. The most appropriate methods and controls need
to be proven as well. The mechanisms by which the microbiota affects the
pathogenesis of BE and EAC are still not clear, and further studies are required.
Whether the direct interactions between microbes and epithelia or the released
products from microbes regulate local inflammation and immunity are under
investigation[88]. Furthermore, it is important to identify when changes occur in the
microbial composition during disease progression.
Without a doubt, exploring BE pathogenesis is a good way to study the
carcinogenesis of EAC[11]. However, the alterations of microbial diversity in BE and
EAC are modest[36], and the particular species of bacteria that can discriminate BE and
EAC from controls have not yet been identified. Moreover, some low-abundance
genera might be difficult to detect. Amir I et al.[36] reported that they could not identify
any biomarker taxa for distinguishing BE from controls. Yang L et al.[33] showed that
some gram-negative bacteria are enriched in BE and might thus be related to BE.
Moreover, some genera might contribute to the etiology and pathogenesis of BE and
EAC, or result from BE and EAC[11]. We still need to search for distinct microbial
species that could be biomarkers for BE and EAC in individuals at higher risk, and the
subtypes of EAC should be taken into consideration.
Nevertheless, finding the true causal mechanisms of dysbiosis is complicated, and
the identification of a single species or a collection of species responsible for a
particular disorder is sophisticated. The introduction of new techniques, such as nextgeneration sequencing, will definitely assist in revealing the mechanisms of the
gastrointestinal microbiome in BE and EAC development, which might provide some
evidence of their relations and the pathogenesis of BE and EAC. The microbiota in BE
and EAC patients remains to be explored, particularly with the adjustment of other
risks, such as sex and central obesity. It is crucial to improve our understanding of the
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Figure 1 Hypothetical mechanisms by which the esophageal microbiota participates in the pathogenesis of Barrett's esophagus (BE) and esophageal
adenocarcinoma (EAC). The microbial dysbiosis in the esophagus is associated with abnormal esophagus. Normal esophagus harbors a larger proportion of grampositive bacteria, whereas the microbiota in abnormal esophagus is dominated by gram-negative bacteria. This shift from a gram-positive aerobic microbiota to a
gram-negative anaerobic microbiota may interact with inflammatory cells and promote the production and secretion of inflammatory factors, such as cytokines and
chemokines. In addition, the increase in gram-negative bacteria and their components/products, including LPS, DNA and RNA, may stimulate TLRs (mainly TLR4).
TLR4 expression in the esophageal epithelium of BE/EAC is upregulated. As the natural ligands of LPS, TLR4 may play an important role in pathogenesis, whose
activation could trigger the NF-κB pathway. These interactions mentioned above may stimulate activation of certain intercellular signaling pathways, such as NF-κB.
This activation may upregulate the expression of target genes. Moreover, genotoxins generated by some bacteria may cause genomic instability and DNA damage.
The end effects might be the induction of inflammation, BE transformation and carcinogenesis. However, whether the microbiota plays a causative role in BE/EAC
progression is still unclear. LPS: lipopolysaccharides; NF-κB: nuclear factor kappa B; TLRs: toll-like receptors; BE: Barrett's esophagus; EAC: Esophageal
adenocarcinoma.

process by which the microbial composition may promote disorder progression[20].
The prognosis of EAC is poor, and the most pivotal factor is the tumor stage at
diagnosis[3]. Given this situation in EAC patients, screening certain individuals with
higher risks could be useful for early diagnosis. The cost-effectiveness and feasibility
of endoscopic usage urge us to seek a less invasive and effective way of screening and
early detection for BE and EAC[89]. Early detection of EAC will improve the survival
rate and quality of life. Identification of BE patients who have higher risks of
developing EAC could provide diagnostic clues and avoid unnecessary procedures,
and the medical resources could be re-distributed to those who truly need attention.
Understanding the pathogenesis and exploring biomarkers could also lead to early
detection and prevention and improve the survival of some EAC patients. The
therapeutic manipulation of the microbiota, such as prebiotics, probiotics or
microbiota transplants, could be a potent approach in the management of
inflammation and cancers[56].
The convincing associations between the microbiota and BE/EAC have indicated
the importance of these studies. This exciting field of gastrointestinal microbiota
allows us to unravel the mystery of carcinogenesis from another perspective, and the
integration of different biomarkers may lead us to rapid advances. The introduction of
animal models could be the proverbial icing on the cake. Future perspective studies
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with sophisticated techniques are needed to explore whether the microbiota changes
before or after disease onset, to improve our understanding of the pathogenesis, and
to find novel targets for prevention, diagnosis and therapy, which could offer more
cost-effective and relatively safe choices[19,56,90].
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Abstract
Spondyloarthropathies (SpA) include many different forms of inflammatory
arthritis and can affect the spine (axial SpA) and/or peripheral joints (peripheral
SpA) with Ankylosing spondylitis (AS) being the prototype of the former. Extraarticular manifestations, like uveitis, psoriasis and inflammatory bowel disease
(IBD) are frequently observed in the setting of SpA and are, in fact, part of the
SpA classification criteria. Bowel involvement seems to be the most common of
these manifestations. Clinically evident IBD is observed in 6%-14% of AS
patients, which is significantly more frequent compared to the general
population. Besides, it seems that silent microscopic gut inflammation, is evident
in around 60% in AS patients. Interestingly, occurrence of IBD has been
associated with AS disease activity. For peripheral SpA, two different forms have
been proposed with diverse characteristics. Of note, SpA (axial or peripheral) is
more commonly observed in Crohn’s disease than in ulcerative colitis. The
common pathogenetic mechanisms that explain the link between IBD and SpA
are still ill-defined. The role of dysregulated microbiome along with migration of
T lymphocytes and other cells from gut to the joint (“gut-joint” axis) has been
recognized, in the context of a genetic background including associations with
alleles inside or outside the human leukocyte antigen system. Various therapeutic
modalities are available with monoclonal antibodies against tumour necrosis
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factor, interleukin-23 and interleukin-17, being the most effective. Both
gastroenterologists and rheumatologists should be alert to identify the coexistence of these conditions and ideally follow-up these patients in combined
clinics.
Key words: Spondyloarthropathies; Axial spondyloarthropathies; Peripheral
spondyloarthropathies; Ankylosing spondylitis; Inflammatory bowel disease
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Core tip: Spondyloarthropathies (SpA) are subdivided to axial and peripheral SpA with
ankylosing spondylitis (AS) being the prototype disease of the former. They have many
extra-articular manifestations the most common of which is bowel involvement.
Inflammatory bowel disease (IBD) (silent or clinically evident) occurs much more
frequently in AS compared to the general population and associates with AS disease
activity. Both axial and peripheral SpA occur more frequently in Crohn’s disease than
ulcerative colitis. Pathogenetic mechanisms that have been proposed to explain the link
between SpA and IBD include dysregulated microbiome and migration of T
lymphocytes and other cells from gut to the joint.
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INTRODUCTION
Under the term spondyloarthropathy (SpA) are classified many inflammatory
arthropathies with similar clinical and imaging features. However, diagnostic
laboratory or pathological findings with high specificity are lacking. SpA affects
mainly the spine, but symptomatology from the peripheral joints as well as from
entheses and other tissues might occur. SpA include: psoriatic arthritis (PsA),
peripheral SpA, enteropathic [also known as inflammatory bowel disease (IBD)related] arthritis, reactive arthritis, undifferentiated spondyloarthropathy and axial
spondyloarthropathy (axSpA) which includes non-radiographic axial spondyloarthropathy (nraxSpA), and Ankylosing spondylitis (AS)[1]. The latter is considered the
prototype of these diseases[2]. Enthesitis (inflammation of the entheses which are the
insertions of the ligaments and tendons into the bone) is thought to be one of the key
manifestations in SpA, helping to distinguish from other inflammatory
arthropathies[1]. Apart from the skeletal disease, extra-articular manifestations like
uveitis, psoriasis and inflammatory bowel disease often occur[2], offering significant
help in the diagnosis of these diseases and being part of their classification criteria[3,4].
Of note, IBD contributes to the diagnosis of axSpA, as it has a positive likelihood ratio
of 4.3 for axSpA diagnosis in patients with chronic low back pain[5,6].
According to the latest Assessment of SpondyloArthritis Society (ASAS) criteria,
SpA can be classified to axSpA or peripheral SpA. The former pertains to patients
with low back pain for ≥ 3 mo and age of onset < 45 years old and requires either
sacroiliitis on imaging and at least one other SpA feature (e.g., dactylitis, enthesitis) or
positivity for HLA-B27 and at least two other SpA features (Table 1)[4]. Difference
between nraxSpA and axSpA is the lack of radiographically confirmed sacroiliitis in
the former. Under the term “peripheral SpA” are classified patients without current
low back pain, with peripheral arthritis, or enthesitis or dactylitis plus at least one or
two of the following SpA features: (uveitis, psoriasis, crohn´s disease/ulcerative
colitis, preceding infection, positive HLA-B27, sacroiliitis on imaging) or (arthritis,
enthesitis, dactylitis, inflammatory back pain in the past, family history of SpA),
respectively[3].
It is well known that there is a close association between IBD and SpA[7]. Purpose of
our review was to present in detail the existing epidemiological data and treatment
approaches to these patients and to delineate the current diagnostic challenges. Also,
we aimed to describe the underlying pathogenetic mechanisms that have been
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Table 1 Assessment of Spondyloarthritis International Society Classification criteria for axial
spondyloarthropathy and peripheral spondyloarthropathy
Axial Spondyloarthropathy
Patients with back pain ≥ 3 months and age at onset <45 years
Sacroiliitis on imaging1 plus ≥ 1

HLA-B27 plus ≥ 2 other
OR

Spondyloarthropahty feature

Spondyloarthropahty features

(Imaging arm)

(Clinical arm)
Spondyloarthropahty features
Inflammatory back pain
Arthritis
Enthesitis (heel)
Uveitis
Dactylitis
Psoriasis
Crohn’s Disease/Ulcerative colitis
Good response to NSAIDs
Family history of spondyloarthropahty
HLA-B27
Elevated CRP
Peripheral Spondyloarthropathy
Arthritis OR Dactylitis OR Enthesitis2
PLUS

≥1

≥2

Uveitis

Arthritis

Psoriasis

Enthesitis

Inflammatory bowel disease

OR

Dactylitis

Preceding infection

IBP (past)

HLA-B27

Family history of Spondyloarthropahty

Sacroiliitis on imaging

ASAS (ASAS, Assessment of Spondyloarthritis international Society) classification criteria for axial
Spondyloarthropathy (axSpA) and peripheral Spondyloarthropathy (peripheral SpA).
1
Deﬁnite radiographic sacroiliitis according to the modiﬁed New York criteria or positive sacroiliac magnetic
resonance imaging.
2
Without current back pain. NSAIDS: Non-steroidal anti-inflammatories; HLA: Human leukocyte antigen;
CRP: C-reactive protein; IBP: Inflammatory back pain (3,4).

suggested to link these two entities.

IBD AND SPA: EPIDEMIOLOGY, AND ASSOCIATION WITH
DISEASE CHARACTERISTICS
IBD in the context of SPA
IBD [including Crohn’s disease (CD) and ulcerative colitis (UC)] is not rare in AS,
with its prevalence ranging from 6%-14%[2,6,8,9]. In detail, in a large population, controlmatched study, including 4101 patients with AS, Stolwijk et al[6] found that at the time
of AS diagnosis, the cumulative incidence was 4%. Additionally, in a French large,
prospective study for early inflammatory back pain, IBD occurred in 7.2% of patients
with newly diagnosed AS[10]. Furthermore, in an early axSpA cohort frequency of IBD
was calculated to be 2.6% (1.7% for AS and 0.9% for nraxSpA, difference was not
significant)[11]. In fact, it has been suggested that the risk for IBD is more pronounced
in the first years of AS diagnosis and falls at baseline levels approximately 10 years
after[6]. However, this has not been confirmed by a SLR and meta-analysis[2]. In that,
Stolwijk et al[6] found that prevalence of IBD in AS was 6.8% (95%CI: 6.1%-7.7%),
which is much higher than the percentages observed in the general population (0.01%
to 0.5%). Likewise, in a large population study was shown that the incidence rate of
IBD was 5.3-fold increased to the AS patients compared to healthy controls. For
nraxSpA the results seem to be largely similar. In a meta-analysis addressing the
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prevalence of extra-articular disease in nraxSpA versus AS, it was found that IBD was
almost equally frequent (pooled prevalence difference of 1.4% in favour of AS)
between these two entities[8].
The question remains open whether we can predict which SpA patients suffer from
or will develop IBD. Stolwijk et al[6] 2014 found that IBD was in general more common
in males and that its frequency decreases with age, in AS. In a multi-centre AS study
with a long follow-up, no differences were recorded between patients who had a
history of IBD at baseline and those who did not[9]. On the other hand, development of
IBD was associated with disease activity and spinal pain scores at baseline and worse
physical function and patient well-being, at the time of IBD diagnosis[9]. Additionally,
in a case control study [12] it was found that anterior uveitis was less frequent in
patients with IBD-related spondyloarthropathy compared to those with SpA without
bowel involvement[12]. Interestingly, in a sub-analysis of the GIANT cohort, it was
shown that in patients with axSpA, there is a link between bone marrow edema of the
sacroiliac joints and the gut inflammation. For this, SPARCC (Spondyloarthritis
Research Consortium of Canada) scores which is a tool to measure MRI-defined
sacroiliitis and ileocolonoscopy were used, respectively. It was found that SPARCC
scores were higher in patients with chronic gut inflammation, compared to those
without gut lesions[13].

Clinically silent IBD in SPA
Despite clinically evident IBD in the context of AS is observed in less than 15%, it has
been suggested that clinically silent macroscopic and microscopic gut inflammation
occurs in about 60% of AS patients[14-16]. From them, 5%-20% will develop CD within 5
years[17,18]. Microscopic gut inflammation, in axSpA, has been associated with younger
age, male gender, progressive disease, early disease onset, radiologic sacroiliitis, high
disease activity as assessed by the BASDAI and restricted spinal mobility measured
by the Bath Ankylosing Spondylitis Metrology Index [9,16] . No association was
identified with other extra-articular features or with the status of HLA-B27. Results
were comparable between nraxSpA and AS[16].

SPA occurring in patients with IBD
Seeing the opposite flip of the coin, SpA is encountered in about 10-39% of patients
with IBD, being the most frequent extra-intestinal manifestation in these
individuals[16,19-25]. SpA is more commonly observed in patients with CD compared to
those with UC[26-28]. Axial/arthritis symptomatology usually follows IBD diagnosis,
but in about 20% the opposite is the case[19,23] especially for axial disease[20]. In general,
AS and sacroiliitis (symptomatic or not) is estimated to occur in about 2%-16% and
12%-46% of IBD patients, respectively[19,20,22,23,27,29], both being more common in CD than
in UC [19,30] . In a recent meta-analysis, it was shown that prevalence of AS and
sacroiliitis in IBD were 3% (95%CI: 2%-4%) and 10% (95%CI: 8%-12%), respectively.
Comparing CD patients with and without AS, in a small single centre study, Liu et
al did not observe any differences between these two groups [31] . Of note, they
demonstrated that there was a significant correlation between disease activities of
these two entities. These were measured by CD activity index for CD and with
BASDAI for AS. They also showed that activity of CD significantly correlated with
functional disability in AS, as assessed by Bath AS functional index - BASFI. All these
possibly imply that there is a tight connection in the pathogenetic mechanisms of
these conditions.
On the other hand, in a study examining possible associations between clinical and
other characteristics with the occurrence of AS or SI in patients with CD, it was found
that there was an association between SI and peripheral arthritis as well as between
AS and uveitis, in these patients[32]. Besides, it has been suggested that in CD patients,
colitis is more commonly associated with arthritic involvement compared with
patients suffering from ileitis, while regarding UC, it seems that isolated proctitis is
rarely combined with rheumatic manifestations[20,23].
Finally, patients with IBD-related ankylosing spondylitis and IBD-related isolated
sacroiliitis are HLA-B27 positive in about 25%-78% and 7%-15%, respectively[20,22,32,33],
possibly suggesting that isolated sacroiliitis is of different nature compared to AS in
the setting of IBD[23]. These percentages are also lower compared to the prevalence of
HLA-B27 observed in patients with AS which range from 80%-90%[1,20,34-36].
Peripheral SpA is also common in IBD with its prevalence ranging from 0.4% to
34.6%[19,28,37]. A recent systematic review and meta-analysis found that the pooled
prevalence of peripheral arthritis, in the context of IBD was 13% (95%CI: 12%-15%)
with its prevalence being much higher in the younger ages: 25% (95%CI: 19%-32%)
and 2% (95%CI: 1%-5%) for age groups between 20-30 and 50-60 years old,
respectively[30]. As observed for axial disease, peripheral SpA is more common in CD
compared to UC[28,30,38]. A large retrospective study in the IBD Oxford clinics, had
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shown that peripheral arthritis occurred in 10% and 6% of patients with CD and UC,
respectively[38,39]. This study, led to identification of two major groups of peripheral
arthritis in the context of IBD, namely: oligoarticular (< 5 joints are affected) and
polyarticular (≥ 5 joints are affected)[20]. Some authors suggest that in the first group,
which is more frequent than the second[39], arthritis is usually asymmetrical, nonerosive, affects lower limbs[20] and is associated with IBD activity and positivity for
HLA-B27[23,39]. Patients belonging in the second group tend to have a more chronic
course and be destructive and unrelated with IBD activity and HLA-B27 status[38].
Furthermore, Yüksel et al[28], examining the characteristics of peripheral arthritis in
patients with IBD, they found that erythema nodosum and pyoderma gangrenosum
were more commonly observed in IBD patients who also had peripheral arthritis,
compared to those without. Various risk factors have been reported for peripheral
arthritis in the context of IBD including: family history of IBD, appendicectomy,
smoking and presence of other extra-intestinal manifestations[19,40,41].
Finally, some IBD patients might exhibit clinical features of SpA (e.g., dactylitis)
without fulfilling diagnostic criteria for SpA [20,42] . The frequency of dactylitis in
patients with SpA in the context of IBD varies from 0% to 15.5%, but it seems to be
around 5%[12,30] and therefore less common than in patients with SpA without IBD[12].
Incidence of enthesitis also varies largely, among different studies, in these
patients[12,30]. A case control study[12] found that enthesitis was also less frequent in
IBD-SpA patients compared to SpA individuals without IBD. For both dactylitis and
enthesitis, no differences in their frequency were detected between CD and UC
patients, while they occurred more frequently in patients with IBD and psoriasis
compared to the IBD patients without skin disease[12].

PATHOPHYSIOLOGY
The pathophysiology of spondylathropathies associated with IBD involves the socalled ‘’gut-synovial axis’’ hypothesis, which implicates environmental and host
factors. Many of them act as triggers leading to initiation of inflammation in
genetically predisposed individuals (Figure 1). Several studies have confirmed the
link between joint and gut inflammation. It seems likely that both bacterial antigens
and reactive T-cell clones, activated into the gut home the joint. However, the exact
immunological mechanisms linking gut and joint inflammation are not fully
understood[43,44].

Genetic predisposition
Genetic predisposition seems to carry a significant role in linking these conditions. In
a large genotyping study, investigating risk variants for AS, it was shown that many
of these were also linked with CD and UC[45]. Additionally, in a genealogic study in
Iceland it was shown that first and second-degree relatives of patients with AS had
increased risk (3.0 and 2.1, respectively) for IBD and vice versa[46].
Genetic factors play an important role, through alterations in both the adaptive and
innate immune pathways[43,44]. Certain human leukocyte antigen (HLA) alleles have
been recognized in patients with IBD who are at higher risk for having SpA. As
mentioned, 25%-78% of patients with AS and IBD are positive for HLA class I
molecule B27 (HLA-B27)[23,43,44]. Furthermore, MHC class II allele DRB1 0103 along
with HLA-B35 and HLA-B27 are frequently associated with type I peripheral
arthritis[23,47,48], while approximately 38% of patients with active UC or CD have been
identified as carrying the allele DRB1 0103. On the other hand, type II peripheral
arthritis is associated with HLA-B44[44,49].
Genetic factors outside the HLA system, have also been described. Variations of
CARD15 gene (which encodes the protein product NOD2) increase the risk of CD
about 4-40 times and has been linked to the development of sacroiliitis in IBD
patients[50-52]. In addition, patients with AS and CARD15 mutations are at higher risk
for subclinical intestinal inflammation[44,51,53]. NOD2 is an intracellular receptor for
bacterial molecules and is expressed in the surface of macrophages, lymphocytes,
paneth cells and intestinal epithelial cells. This receptor plays a role in the innate
immune response by activating nuclear factor-κB (NFκB) which is a transcriptional
regulator of a large variety of genes encoding pro-inflammatory cytokines, adhesion
molecules, cytokines, growth factors and enzymes) [43,44,48,51,54] . As a result, NOD2
protein is responsible for positive regulation of immune defense in the gut and
induction of a pro-inflammatory state[54]. However, though NOD2 gene mutations are
associated with the clinical expression of CD in 20%-30% of patients there is no
established association between presence of NOD2 mutations and development of
SpA in IBD patients[44,51,55].
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Figure 1

Figure 1 Pathogenic mechanisms linking gut and joint inflammation. The pathogenic link between spondyloarthropathies (SpAs) and inflammatory bowel
disease (IBD) involves the so-called ‘’gut-synovial axis’’ hypothesis. Various environ mental (gut bacteria-dysbiosis) and host factors (migration of activated gut-T cells
and macrophages) leading to initiation of inflammation in genetically predisposed individuals may act as triggers of inflammatory responses against gut and joints
components. IBD patients carrying specific human leukocyte antigens (HLA) alleles (such as DRB1 0103 allele, HLA-B27, HLA-B35, HLA-B44) and mutations of the
CARD15/NOD2 gene are at higher risk of developing SpAs. Recently, up-regulation of adhesion molecules (E-cadherin, αEβ7 integrin), increased levels of proinflammatory cytokines (tumor necrosis factor-α), macrophages expressing CD163 protein, interleukin (IL)-12/IL-23 signaling pathway and signal transducer and
activator of transcription 3 protein have also been implicated in the pathophysiology of SpAs in IBD patients. IL: Interleukin; STAT: Signal transducer and activator of
transcription; TNF: Tumor necrosis factor; HLA: Human leukocyte antigen; CARD15: Caspase recruitment domain-containing protein 15; NOD: Nucleotide-binding
oligomerization domain-containing protein 2.

Furthermore, CD, AS and PsA have been associated with polymorphisms in some
common genes like IL-23R, IL-12B, STAT3, and CARD9, all of them implicated in the
anti-IL-23/IL-17 axis[56-60].
Having said that, IL-23/-17 axis seems to play an important role in both axSpA and
IBD (regarding the latter, the evidence mainly pertains to CD rather than UC)[61-63].
This axis is mainly regulated by IL-23, resulting in the production of IL-17, IL-22 and
to a lesser extent of tumor necrosis factor (TNF)[1] by the so-called Th17 cells, which
are a subgroup of T-helper cells. These cytokines are also produced from other cells
like innate lymphoid cells[64]. In the gut of patients with CD or patients with SpA, it
has been observed increased expression of IL-23[65]. Similarly, in the peripheral blood
of AS patients there is increased number of Tγδ cells expressing IL-23R and producing
IL-17; additionally, increased expression of IL-23 is noticed in patients’ facets.
Interestingly, it seems that there are some cells able to produce IL-17 irrespective of
the presence of IL-23. This, as discussed below, might has some implications in the
therapeutic approach of these patients[66].

Links between the gut and the joints
Several other findings also highlight the common underlying pathogenetic
mechanisms between IBD and SpA. aEβ7 integrin which is expressed by
intraepithelial T cells in the intestinal mucosa and binds to the glycoprotein Ecadherin expressed by gut epithelial cells, has been found to be upregulated on
colonic T cells from AS patients and also from lymphocytes obtained from synovial
tissue of SpA patients[67,68]. The E-cadherin molecules have been also observed to be
up-regulated in the gut of patients with IBD and SpA individuals with subclinical gut
inflammation[51,67-69].
In another study increased levels of macrophages expressing the protein CD163
have been reported in both gut mucosa of IBD patients with and without SpA and in
the synovial tissue and gut from SpA patients[51,70,71]. Finally, animal models have
shown that prolonged exposure to the pro-inflammatory cytokine TNF-α might lead
to a phenotype resembling IBD-SpA[72]. In the last decade, it was recognized that a
common target of this cytokine could be the synovial fibroblasts and the intestinal
myofibroblasts[68,73].

The Gut-synovial axis
Two - probably complementary- theories have been formulated to explain the
development of SpA in patients with IBD. These theories include both alterations in
gut bacteria and migration of gut lymphocytes to the joint[43,44]. Changes in the gut
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microbiome, which is also known as dysbiosis, have been associated with SpA. In
detail, Faecalibacterium prausnitzii has been found to be in reduced numbers, in stools
of SpA patients[18,74,75]. Also, in AS patients, increased numbers of Dialister microbes in
ileal and colon biopsies have been correlated with Ankylosing Spondylitis Disease
Activity Score (ASDAS) [18,75] and of Ruminococcus gnavus in the stools with Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI)[18,76,77]. Furthermore, other
studies have detected in the inflamed joints of these patients certain bacteria like
Yersinia enterocolitica, Salmonella enteritidis and typhimurium, or antigens related to
them[26,78,79]. Role of microbiome in the pathogenesis of SpA is also supported by data
from animal models. For example, the arthritis and inflammatory colitis features
developed in HLA-B27 transgenic rats are ameliorated when they are raised in germfree conditions [18,80] . These observations suggest that gut and joint inflammation
process depends on the presence of bacteria into the gastrointestinal tract, which
emphasizes the role of autoimmunity and antigen mimicry[26,44].
The second hypothesis is based on experimental studies which showed that gut Tcells activated by antigens migrate to the joints and induce inflammation[43,44,51]. In state
of inflammation alterations occur in the mucosal vasculature, such as vasodilation,
hyperemia and increased vascular permeability which are induced by various
inflammatory cytokines, resulting in enhanced extravasation of leukocytes.
Furthermore, the migration pathways of lymphocytes are altered by aberrant
expression patterns of adhesion molecules, inflammatory cytokines and receptors[51]. It
is known that integrins α4β7 and αΕβ7 and MadCAM-1 mucosal vascular receptor
play an important role in the lymphocytes’ gut homing. It has been shown that
leukocytes populations from inflamed gut can bind to synovial vessels and home into
the joint, using multiple adhesion molecules[81], such as αΕβ7 integrins, vascular
adhesion protein-1 (VAP-1) and intracellular adhesion molecule-1 (ICAM-1/CD54)[26] .
The increased number of T cells expressing αΕβ7 integrins in the synovial membrane
is in favor of the mucosal origin of these cells, however this hypothesis remains to be
proven[68].
Additionally, It has been shown that macrophages from the gut of IBD patients are
able to adhere in endothelial cells of synovial tissue [81] , further enhancing the
activation of T cells locally [26] . Collectively, one could argue that gut T-cells are
activated in the Peyer’s patches and mesenteric lymph nodes, express a pattern of
adhesion molecules that under specific conditions leads to migration of these
activated T-cells into the joint causing inflammation [43,44,51,82] . Further studies are
needed to fully understand the pathogenic pathways linking IBD and SpA.

TREATMENT
Given the common pathogenetic mechanisms underlying SpA and IBD, therapeutic
approach to these entities is largely similar. However, there are some differences in
the safety and efficacy of the various treatment modalities used.
Non-steroidal anti-inflammatory drugs (NSAIDs) although commonly used in SpA,
should be generally avoided in IBD especially in the active ones, but short courses
(e.g., 2 wk) do not seem to cause exacerbations[20]. On the other hand, short courses of
systemic steroids, although demonstrate some efficacy for CD or UC are not effective
for axSpA[20,83]. Local steroids injections and low doses of systemic steroids have been
used for peripheral SpA[20].
The most common conventional Disease modifying antirheumatic drugs
(DMARDs) used for treatment of SpA are methotrexate and sulfasalazine, both
demonstrating some efficacy for peripheral but not for axial SpA[84,85]. Furthermore,
methotrexate has proved to be helpful in inducing and maintaining remission in CD
patients [86,87] but is not recommended as first line treatment of UC. Similarly,
sulfasalazine has some efficacy in CD (but not for ileal CD)[20] and UC[88,89].
Anti-TNF regimes are the gold-standard treatment for the patients with co-existing
IBD with SpA who are not controlled with conventional DMARDs. All of them are
approved for the treatment of axSpA[90] while infliximab and adalimumab are the
most well studied for patients with IBD, both having indication for CD and UC[87].
Etanercept, was not effective for IBD[91]. Many hypotheses have been made to explain
its lack of efficacy, including that this might be related to its insufficiency to induce
apoptosis in the T cells of the lamina propria[92]. Also, etanercept blocks both TNFa
and TNFb. The latter seems to regulate, in the lamina propria, T-cell dependent IgA
production, which in turn controls the intestinal microbiota composition[93,94].
Interestingly, new onset IBD in the context of AS, has been observed in patients
who started treatment with anti-TNF reagents[95,96]. These cases were more frequently
resembling CD rather than UC and have been associated with commencement of

WJG

https://www.wjgnet.com

2168

May 14, 2019

Volume 25

Issue 18

Fragoulis GE et al. IBD and SpA

etanercept[97-99]. Of note, a large multicentre AS study examining the presence and
development of extra-articular manifestations did not find any correlation between
biologics use and development of IBD[9]. Whether there is a true association between
treatment with anti-TNF drugs in AS patients and new-onset of IBD, remains to be
defined.
The role of the IL-23/-IL-17 axis in the pathogenesis of SpA and IBD is supported
by many studies of basic and clinical research[61]. Despite, monoclonal antibodies
targeting the key cytokines of the axis (i.e., IL-23 and IL-17) were thought to be very
effective, data from clinical trials did not fully support this notion. Ustekinumab, a
monoclonal antibody against the common p40 subunit of IL-12 and IL-23, has proved
to be effective for CD but does not appear to work for AS. Although data derived
from post hoc analyses of phase 3 trials in patients with psoriatic spondylitis were
promising, ustekinumab did not achieve the primary endpoint in phase 3 trials for AS
and non-radiographic axSpA [100] . Similarly, risankizumab, which is an antibody
specifically targeting the p19 subunit of IL-23 failed to show clinical and radiological
efficacy in a phase 2 trial for AS[101]. Data from clinical trial about other antibodies
against p19 subunit of IL-23 are eagerly awaited. To explain the differences observed
in the efficacy of anti-IL-23 between psoriatic spondylitis and AS, it is not irrational to
speculate that the pathogenetic mechanisms underlying AS are somewhat different to
those of spondylitis in the context of PsA.
Secukinumab, which is a monoclonal antibody against IL-17 recently received
approval for AS and therefore is another therapeutic option in patients with axSpA.
Phase 3 trials are now underway for secukinumab in nraxSpA. One could expect,
based on the underlying pathogenetic mechanisms that secukinumab would have
good results in CD. However, results in phase 2 trials were negative with the drug
being numerically worse than placebo. Many hypotheses have been formed to explain
the failure of secukinumab in CD. Candida albicans proliferation has been proposed as
a plausible explanation for the CD exacerbation given the role of IL-17 in fighting
fungal infections[61,102]. Although new cases of IBD in axSpA patients treated with
secukinumab have been described[103], a recently published study analysing data from
21 clinical trials from patients with psoriasis, psoriatic arthritis and ankylosing
spondylitis, has shown that exposure adjusted incidence rates for IBD did not increase
over time with secukinumab treatment[104]. Interestingly, a recent study provided
some evidence supporting that suppression of IL-17F but not IL-17A was indeed
protective for colitis by inducing T regulatory cells via modifications in colonic
microbiota[105].
An obvious question is how ustekinumab, which blocks IL-23 and subsequently IL17 works for CD but secukinumab does not? There is accumulated evidence that IL-17
can be produced also -to a lesser extent possibly- in an IL-23 independent manner
from innate lymphoid, T γδ or other types of cells[64,106]. Therefore, blocking IL-23
leaves some “basal” levels of IL-17. Lee et al[107] have shown, that T γδ cells in the
lamina propria are the producers of gut-protective IL-17, in an IL-23 independent
way. Its effect is possibly mediated through regulation of the tight-junction protein
“occludin” which maintain barriers integrity.
Vedolizumab, a gut selective α4β7 integrin antagonist, has shown to be effective in
patients with CD[108,109] and for inducing or maintaining therapy in UC patients[110].
Results of this drug in articular symptoms are somewhat conflicting. Whether this
drug is linked with exacerbation or new-onset arthralgias or inflammatory arthritis
remains to be answered[87,111-113]. Of note, a recent post hoc analysis of the “Gemini”
trials showed that vedolizumab was associated with decreased likelihood of new or
worsening arthritis/arthralgia in CD patients while in UC the incidence was similar
between patients treated with the active drug or with placebo[114].
JAK inhibitors are a new drug class category with promising results in various
immune mediated diseases. Genome wide association studies have shown that there
is association between CD and single nucleotide polymorphisms in the JAK-STAT
pathway[115]. Results in a phase 2 trial for CD has shown that tofacitinib was not
effective[116]. However, newer and more selective JAK-inhibitors, like filgotinib and
upadacitinib have favorable results in achieving clinical remission in phase 2 trials for
CD[117,118]. For UC, tofacitinib after the promising results with patients achieving higher
rates of clinical remission and clinical response compared to placebo[119] received Food
and Drug Administration (FDA) approval for patients with moderate to severely
active UC.
As regards to the efficacy of JAK-inhibitors in SpA, tofacitinib has shown favorable
results in phase 2 trials of AS with 80.8% of the patients treated with tofacitinib
achieving ASAS20 improvement at week 8, compared to 41.2% of placebo-treated
patients[120]. Recently published results from a phase 2 clinical trials showed also that
filgotinib was effective for AS with patients experiencing significant clinical
improvement, compared to placebo, at week 12. A phase 2b/3a clinical trial assessing
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the efficacy and safety of upadacitinib in patients with AS is currently underway
(NCT03178487). Whether JAK-inhibitors could be another potential therapeutic option
in patients with IBD and SpA remains to be defined from future studies.

DIAGNOSIS - THE ROLE OF CALPROTECTIN
Although colonoscopy is being considered as the gold-standard for IBD diagnosis, a
recent study has shown that capsule endoscopy was superior to classical colonoscopy
in diagnosing CD in the context of SpA. It was shown that small bowel inflammation
was present in 42.2% and 10.9% of the patients who underwent capsule endoscopy
and classical colonoscopy, respectively. Interestingly, positive findings were not
associated with symptomatology from the gastrointestinal system but with elevated
faecal calprotectin levels, confirming that many SpA patients have “silent” IBD[121].
Calprotectin measured in the serum or in the stools has been used to identify
subclinical bowel inflammation in patients with SpA. Cypers et al[14] have found that
elevated serum calprotectin levels have been associated with subclinical microscopic
colitis in SpA patients. In detail, individuals who had both CRP and calprotectin
elevated had a frequency of bowel inflammation of 64% compared to 25% in patients
who had low levels of these proteins. Additionally, in patients who had high levels of
either serum calprotectin or CRP, frequency of bowel inflammation was significantly
higher in SpA patients with high faecal calprotectin compared to those with low[14]. In
a recent study, Ostgard et al[122] confirmed that faecal calprotectin could serve as a
biomarker to identify patients with subclinical bowel inflammation. It has to be noted
however that faecal calprotectin levels can be influenced by NSAIDs use, which is
quite common in SpA patients [123] . Interestingly, patients with elevated faecal
calprotectin levels had more inflammation in the sacroiliac joints compared to those
with low levels. Also, the former had better response to adalimumab as assessed by
ASDAS. It has to be said however, that these patients received an extra loading dose
of 80 mg adalimumab, at baseline[122]. The concept of calprotectin as biomarker of
treatment response has been suggested also previously: In proof of concept trials for
SpA, serum calprotectin has been found to be decreased after treatment of axSpA and
peripheral SpA with infliximab and etanercept, respectively[124].

DISCUSSION - POINTS TO CONSIDER
It is increasingly being recognized that there is a very close link between IBD and
SpA. As outlined in this review, there are several hints for that: epidemiological,
clinical, laboratory (i.e., positivity for HLA-B27) histopathologic and pathogenetic.
Regarding the latter, it is very intriguing to define to which extent these are common
between these entities and identify the diversities that lead to different clinical
expressions. However, many limitations impede this venture. Firstly, over the last
years, many different criteria have been used for the classification of SpA, which
comprise a group of relatively heterogenous diseases. Besides, classification criteria in
SpA do not mean necessarily a certain diagnosis and vice versa[125]. Secondly, these
patients, depending on the cardinal manifestation, are followed up by a
gastroenterologist or a rheumatologist that might overlook the articular or bowel
manifestations of the disease, respectively. To that end, the effective communication
between different professions and the interdisciplinary approach, through combined
clinics for example, in imperative.
Treatment of this entities has progressed significantly over the last years. To the
successful anti-TNF reagents, drugs targeting IL-23 and IL-17 as well as the JAKinhibitors have been added to the clinician’s arsenal. However, treating patients with
co-existing SpA and IBD, should not only include these manifestations but also
considerate other extra-articular and extra-intestinal manifestations like skin disease
or uveitis. Comprehensive algorithms, designed by clinicians of many disciplines are
urgently needed, in light of the numerous emerging therapeutic modalities.
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The molecular scalpel of clustered regularly interspersed short palindromic
repeats/CRISPR associated protein 9 (CRISPR/Cas9) technology may be sharp
enough to begin cutting the genes implicated in inflammatory bowel disease
(IBD) and consequently decrease the 6.3 billion dollar annual financial healthcare
burden in the treatment of IBD. For the past few years CRISPR technology has
drastically revolutionized DNA engineering and biomedical research field. We
are beginning to see its application in gene manipulation of sickle cell disease,
human immunodeficiency virus resistant embryologic twin gene modification
and IBD genes such as Gatm (Glycine amidinotransferase, mitochondrial),
nucleotide-binding oligomerization domain-containing protein 2, KRT12 and
other genes implicated in adaptive immune convergence pathways have been
subjected to gene editing, however there are very few publications. Furthermore,
since Crohn’s disease and ulcerative colitis have shared disease susceptibility and
share genetic gene profile, it is paramount and is more advantageous to use
CRISPR technology to maximize impact. Although, currently CRISPR does have
its limitations due to limited number of specific Cas enzymes, off-target activity,
protospacer adjacent motifs and crossfire between different target sites. However,
these limitations have given researchers further insight on how to augment and
manipulate enzymes to enable precise gene excision and limit crossfire between
target sites.
Key words: Clustered regularly interspersed short palindromic repeats; Inflammatory
bowel disease; Crohn’s disease; Ulcerative colitis; Gene excision; Gene editing; Gene
therapy; Financial impact of inflammatory bowel disease on healthcare; Clustered
regularly interspersed short palindromic repeats crossfire
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Core tip: Using clustered regularly interspaced short palindromic repeats/CRISPR
associated protein 9 (CRISPR/Cas9) to harness the potential of gene editing technology
implicated in inflammatory bowel disease. This revolutionary way of editing genes and
its application of gene manipulation is only gaining momentum. Genes such as Gatm
(Glycine amidinotransferase, mitochondrial) and nucleotide-binding oligomerization
domain-containing protein 2 have been utilized to show CRISPR is able to manipulate
these genes precisely, and this is just the beginning.
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INTRODUCTION
Clustered regularly interspersed short palindromic repeats/CRISPR-associated
protein 9 (CRISPR/Cas9) technology has drastically revolutionized DNA engineering
and biomedical research in the past few years. It has enabled researchers to model
disease and advance therapeutic intervention techniques in a pragmatic and clinically
efficacious way. The Figure 1 below demonstrates the exponential growth in
publications and interest in CRISPR technology over the past few years. Abreast is
Figure 2 demonstrating use of CRISPR technology in inflammatory bowel disease
(IBD). Strong interest in CRISPR has driven gene therapy publications down in the
past few years as seen in Figure 3. Application of CRISPR is gaining momentum and
is seen in sickle cell disease gene modification of hematopoietic stem cells, embryonic
stem cells, gene-based therapy for HIV-1 infected individuals and other disease gene
modification[1-6]. It is a new era in biomedical research for use of CRISPR technology in
IBD (Figure 4). These advancements in biomedical research with the use of CRISPR
will enable researchers to begin treating IBD and other gene modifying diseases,
thereby relieving the healthcare financial burden of IBD.
IBD affects an estimated 1.5 million people in North America[7,8]. These patients
have considerable morbidity and the associated financial burden on healthcare system
is estimated to be 6.3 billion dollars annually with two thirds of that due to
hospitalizations and pharmaceutical therapy alone[9-11]. This does not take into account
the financial implications of work and disability of patients and impact on daily life.
Even though gene therapy remains expensive in any disease treatment due to
pharmaceutical patents, considerable thought should be taken to propel CRISPR use
in IBD because the use of this novel technology is less taxing than previously used
epigenetic modification[12].
Prior to the discovery of CRISPR/Cas9 enzyme, RNA sequencing[7,8], modular
protein recognition DNA such as zinc finger nuclease or TAL effector nuclease were
used in epigenetic modification and disease modeling, which are complex and require
very specific protein engineering and programming [ 1 3 ] . However, with the
revolutionary CRISPR technology, researchers now may edit genomes in a much
simpler and precise way as modeled by bacteria[14,15].
CRISPR/Cas9 was found in Streptococcus pyogenes, which uses this mechanism as
defense against invading viruses[14]. Upon infection by a virus the bacteria stores the
viral DNA sequence in between sections of regularly interspaced palindromic
repeated segments that are closely associated with genes that encode CRISPRassociated proteins. In order for the system to confer underlying efficacy and
specificity, the CRISPR and the viral DNA is converted to two RNA moieties:
TracrRNA and crRNA, the tracrRNA confers enzymatic activity and the crRNA
determines substrate specificity[13,16]. Once the moieties bind together, they traverse the
cell seeking any genetic material that matches the crRNA. Upon sequence matching,
the tracrRNA part of Cas enzyme clips the target DNA in specific nucleotide bases
disabling its replication. This incredibly precise system can be utilized in therapeutic
advances and programed to target any sequence in the cell. This novel mechanism
will be assessed for potential application and targeting of genes implicated in IBD.
CRISPR DNA engineering has advanced quickly and is evolving rapidly. It has
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Figure 1 Number of CRISPR publications by year.

already been used in diseases such as sickle cell, beta-thalassemia or HIV resistant
human embryos[1,2,6]. Given its exponential application in disease variants, it may
suggest that it’s an optimal time to further our understanding of IBD pathogenesis
and treatment. Primarily IBD refers to two major categories of chronic relapsing
inflammatory intestinal disorders: Ulcerative colitis (UC) and Crohn’s disease (CD).
With the advent of genetic research both diseases have seen notable success
culminating in the discovery of over 160 susceptible genes, among which, many
potentially may be targeted by the CRISPR technology[17,18]. Around one-third of these
loci/genes described, confer susceptibility to both CD and UC, which may make
targeting and gene editing a viable option[18,19]. The genetic architecture of IBD has
shed much light on central themes in IBD and the level of cellular process that the
pathogenesis emerges. A putative CD-susceptibility locus has been mapped to
chromosome 16 around locus D16S409 and D16S419 which may shed more light
etiology of IBD[20]. In CD a common genetic theme is seen in defective processing of
intracellular bacteria, autophagy and innate immunity. In UC, genetic evidence
demonstrates genes that are responsible for proper barrier function are important in
preventing UC. However, when analyzing genetic data in more detail, CD and UC
have shared disease susceptibility and shared genetic gene profile that may be
targeted[18]. Table 1 demonstrates common genes implicated and their strength of role
in IBD[18].
Recent research has identified and linked a gene, Gatm, to IBD using CRISPR/Cas9
gene-editing technology. When the Gatm gene is activated, it induces synthesis of
creatine which helps in intestinal mucosal barrier, which helps protect the intestinal
wall against inflammation that’s caused by bacteria[21]. When inducing a frame-shift
mutation in the Gatm gene via CRISPR/Cas9 there was signs of inflammatory
response in the intestinal wall. This demonstrated its important role in mucosal
barrier protection and potential manipulation of this gene using CRISPR. Protection
from inflammation by an intact barrier is vital to decrease immune response, which is
suppressed or increased by enhancers in the immune activation cascade. In the
inflammatory response pathway, IL2RA plays a role in signaling T cells to hamper or
increase the response. If the enhancers that switch on IL2RA are defective the T cells
won’t suppress inflammation and chronic inflammation is associated with 15%-20%
of all human malignancies[8,22]. Inflammation also results in autoimmune disorders
such as IBD and inflammatory-induced colon cancer mediated by NF-kB pathway[22-24].
Previously it has been demonstrated that single nucleotide polymorphisms -SNPs’
mutation of IL2RA leads to improper activation of T cells and subsequently resulting
in autoimmune disorders. These SNP’s may be targeted by CRISPR/Cas9 and
repaired with non-homologous end-joining repair. This has been demonstrated in
KRT12 mutations-specific targeting of SNP’s as well [25] . Recent advancements in
CRISPR/Cas9 specificity and potency of targeted genes demonstrate that SNP’s or
genes that have point mutations may be targeted and editing may be attempted.
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Figure 2 Publications on inflammatory bowel disease using CRISPR.

POTENTIAL THERAPEUTIC TIMING
CD and UC in general have three stages of disease progression, mild-moderate;
moderate-severe; and severe. Currently there are no studies indicating potential
therapeutic timing when to target affected genes using CRISPR in IBD, however
several multicenter trials conducted administering human recombinant IL-10 during
active mild/moderate stage of CD or during refractory CD as well as patients
undergoing curative ileal or ileocolonic resection[26,27]. However, results did not show
significant clinical improvement or higher remission rates secondary to too low IL-10
dose and adverse effects of medication. In addition, IL-10 alone failed to effectively
suppress variety of dysregulated pro-inflammatory cytokines[26,27]. In later stages of
disease process, significant dysregulation of pro-inflammatory cytokines and
redundant pathways occur, such as NF-kB receiving activation from different
pathways[28] thus single target impact is futile. Given that CRISPR can simultaneously
multiplex several genes, it will aid researchers to devise appropriate intervention
timing[29]. We also suggest early intervention is optimal to prevent progression of
disease and reduce complications. It is imperative to conduct studies to best identify
role of CRISPR in various stages of disease.

CURRENT STATUS
Currently, CRISPR is applied in many fields of scientific study. In biotechnology it is
used to modify Maize genome in protoplasts. In drug development, it is used to
understand modes of drug resistance and drug-target interactions. In epigenetics, it
has taken the place of zinc finger nuclease and TALEN in epigenetic modification
because the indel frequency is more superior[6]. Since the CRISPR debut, researchers
are improving and enhancing the specificity and accuracy of the Cas9. Currently the
Cas9 not only cuts the DNA, but can be altered to perform desired functions. The
Cas9 protein has a deaminase region that may be altered to increase highly specific
alternation of genome sequence, which will allow for broader specific DNA bases
manipulation[13]. It can also promote gene transcription using enzyme by deactivating
the endonuclease activity and add transcriptional activator to increase transcription.
The Cas9 can silence domains that recruit factors so that genes are blocked and they
are not transcribed. In general targeting studies, Cas9 can be tagged with fluorescent
dye so genes can be followed. Furthermore, Cas9 can be multiplexed with multiple
guide RNAs to generate multiple breaks in order to cut out large sequences of DNA in
one experiment[29]. This limits time and repetitiveness of experiments conducted and
time is of an essence in this race to invent even-more versatile or efficient variations of
this powerful enzyme, which greatly simplifies the editing of DNA. Furthermore,
very recently successful attempts were made to edit CCR5 gene in human embryos to
enable resistance to HIV[30]. Although, ethics and implications of such studies are
currently widely debated. Also, recently KRAS oncogenic alleles were modified
leading to decreased cancer cell growth without disturbing wild type alleles[31]. Since
major oncogenic mutations occur on codon-12 of KRAS exon-2, direct targeting of
oncogenic KRAS single-nucleotide missense substitution c.35G>T mutation using
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Figure 3 Total publications using gene therapy.

CRISPR/Cas9 system inhibited cancer cell growth and is dependent on efficient target
cell transduction[31].

LIMITATIONS
The excitement generated by the new CRISPR technology in the science community is
reflected by exponential publications and application in various fields of study,
including agriculture, drug development and epigenetic control but its revolutionary
genome editing method is far from perfect. The CRISPR is an RNA based DNA
recognition system. It is dependent on a guide molecule composed of RNA to
recognize a sequence in the DNA that has specific molecular features. The problem is
that the original Cas9 can only land on genome segments that have a trio of ‘NGG’ (N
being any nucleotide) nucleotide base pairs and cut only limited fraction of the
genome. The human genome contains 3.2 billion-bases and only one-sixteenth of the
genome where Cas9 can land. This limits the specific target genes of interest and leads
to “off-target” mutations however to limit these effects a highly specific guide RNA
sequence is selected [15,32] . Also, recently researchers modified the enzyme and
developed an xCas9s that has a broader range of three-base landing pads, referred to
as protospacer adjacent motifs or PAMs. It works best with NGN sequence, which
occurs in one-fourth of the genome. It allows for researches to perform gene knockout
studies, which help them, determine what gene is implicated in disease. However,
since majority of diseases are associated with “point mutations”, it is difficult to target
and repair a mutated gene. Not only that, once the enzyme clips the desired DNA
gene, the repair mechanism of the cell is wobbly and during repairs it tends to insert
or delete DNA bases. Furthermore, Cas9 enzyme only cuts DNA and only 2% of the
genome codes directly from DNA to protein and 98% of genome is regulatory gene
sequences. This poses a challenge for precisely modifying RNA. Although, very
recently a new enzyme was characterized called Cpf1, which was found in
Staphylococcus aureus, and is capable of cleaving both DNA and RNA[33]. This will
allow targeting of RNA gain-of-function mutations such as NOD2 or other mutations
that can be edited. Furthermore, Cpf1 is also smaller which makes transfection much
easier[33].
Although some of these limitations of the Cas9 are quickly becoming insightful
opportunities and researchers are drastically improving it by altering its capabilities.
The new enzymes are more precise than the original Cas9 and now there is xCas9,
dCas9 and dCas13 which are capable of editing specific base pairs. For example,
dCas13 can convert base A to I in RNA and I is a universal base[34]. Such manipulation
of bases is a very appealing target for therapies, particularly inflammation.
Furthermore, because RNA is around in the cell for a short period of time before it is
degraded repeated administration of RNA base editors would need to be given[34].
Also, sequencing RNA is problematic and laborious[35]. On the other hand this may
seem disadvantageous but working with RNA may limit some off target genome
mutations. In addition to off target genome mutations, crossfire between different
cells may occur. Intended target may be either gain of function mutation or loss of
function mutation, either way, altering alleles may have their own detrimental effect.
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Figure 4 Publications on inflammatory bowel disease using gene therapy.

For example, as indicated in Figure 5, NOD2 loss of function leads to Crohn’s and
gain of function causes endothelial to mesenchymal transition of glomerular
endothelial cells causing diabetic nephropathy [36] . However, some of these cross
reactions may not be as detrimental. In Figure 6, altering ATG16L1 allele to T300A
ATG16L1 only incases risk for CD type, but not disease onset[37]. Figures 5-7 below
demonstrate positive and negative effects of altering main genes implicated in IBD;
NOD2, STAT3 ATG16L1, IL23R genes using CRISPR technology[37-41].

CONCLUSION
Despite CRISPR/Cas technology limitations, as new innovative techniques such as
anti-CRISPR proteins and new Cas proteins are developed to advance precise DNA
editing, application of this revolutionary mechanism is at its prime time to hone in on
genes implicated in IBD. Implementation of CRISPR in IBD research will lead to better
outcomes and may decrease financial burden on the health care system.
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Table 1 Genes to target for optimal impact using CRISPR
Gene

Strength of role in inflammatory
bowel disease

Pathway

Function

+++++

Cellular Innate Immunity

Intermediate in MDP to NFkB and
IL1B production

Autophagy

Phagophore to autophagosome to
autophagolysosme creation

Defective Barrier

Leaky lamina propria allowing
antigen entry and T cell response

Adaptive Immune

Convergence of STAT3, IL10RB,
NOD2, ATG16L1 pathway

Th17 Mediated

Activation of Th17 adaptive
immunity

NOD2[42]
IRGM

++

LRRK2

+

ATG5

+

ATG16L1[42]

++++

IRGM

++

Gatm

+++

ECM1

+

CDH1

+

LAMB1

+

HNF4A

+

GNA12

+

IL10

+++++

CARD9/15

++

CCR6

++

IL2RA

+

MST1

+

TNFSF15

+++

REL

+

STAT3

+++++

[42]

IL23R

+++++

IL12B

++

FUT2

+

Genes in bold have publications using CRISPR technology. Strength of role is based on + of publications and relationship to inflammatory bowel disease: >
5 +; > 10 ++; > 20 +++; > 40 ++++; > 80 +++++. NOD2: Nucleotide-binding oligomerization domain-containing protein 2; IRGM: Immunity related GTPase
M; LRRK2- leucine-rich repeat kinase 2; ATG5: Autophagy related 5; ATG16L1: Autophagy-related protein 16-1; Gatm: Glycine amidinotransferase,
mitochondrial; ECM1: Extracellular matrix protein 1; CDH1: Cadherin 1; LAMB1: Laminin subunit beta 1; HNF4A: Hepatocyte nuclear factor 4 alpha;
GNA12: G protein subunit alpha 12; IL-10: Interleukin 10; CARD9/15: Caspase-associated recruitment domain; CCR6: Chemokine receptor 6; IL2RA:
Interleukin 2 receptor subunit alpha; MST1: Macrophage-stimulating protein; TNFSF15: TNF superfamily member 15; REL: Rel protein; STAT3: Signal
transducer and activator of transcription 3; IL23R: Interleukin 23 receptor; IL12B: Interleukin 12; FUT2: Fucosyltransferase 2.
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Figure 5

Figure 5 Positive and negative effects of CRISPR when targeting NOD2 gene.
Figure 6

Figure 6 Positive and negative effects of CRISPR when targeting gene ATG16L1. UC: Ulcerative colitis; CRC: Colorectal cancer.
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Figure 7

Figure 7 Positive and negative effects of CRISPR when targeting STAT3 and IL23R genes. UC: Ulcerative colitis.
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Abstract
The yeast Saccharomyces boulardii CNCM I-745 is one of the probiotics
recommended for the prevention of antibiotic-associated diarrhea. Studies
conducted in vivo and in vitro demonstrated that in the case of infectious diseases
there are two potential sites of action of Saccharomyces boulardii CNCM I-745: (1)
An action on enteropathogenic microorganisms (adhesion of bacteria and their
elimination or an effect on their virulence factors: Toxins, lipopolysaccharide,
etc.); and (2) a direct action on the intestinal mucosa (trophic effects, effects on
epithelial reconstitution, anti-secretory effects, anti-inflammatory,
immunomodulators). Oral administration of Saccharomyces boulardii CNCM I-745
to healthy subjects does not alter their microbiota. However, in the case of
diseases associated with the use of antibiotics or chronic diarrhea, Saccharomyces
boulardii CNCM I-745 can restore the intestinal microbiota faster. The interaction
of Saccharomyces boulardii CNCM I-745 with the innate immune system have been
recently demonstrated thus opening up a new therapeutic potential of this yeast
in the case of diseases associated with intestinal infections but also other
pathologies associated with dysbiosis such as inflammatory diseases.
Key words:Saccharomyces boulardii CNCM I-745; Probiotics; Yeast; Intestinal infection;
Mechanism
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The efficacy of lyophilized probiotic yeast Saccharomyces boulardii CNCM I745 was clinically demonstrated with controlled studies of intestinal infections
associated with antibiotics and acute diarrhea in children. This review summerizes
scientific data describing the mechanism of Saccharomyces boulardii protection against
infection and emphazises the diversity of potential mechanism of action that this

https://www.wjgnet.com

2188

May 14, 2019

Volume 25

Issue 18

Czerucka D et al.Saccharomyces boulardii CNCM I-745 and infection

P-Reviewer: Sakarya S, Serce O
S-Editor: Yan JP
L-Editor: A
E-Editor: Zhang YL

probiotic yeast can have against pathogenic microorganisms. More recently, effects on
the recovery of the intestinal microbiota as well as on the immune system have been
demonstrated, thus opening up a new therapeutic potential of this yeast.
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INTRODUCTION
Probiotics are living microorganisms that when administered in adequate amounts
have a beneficial effect on the host. Most are bacteria, the best known of which are
strains of Lactobacillus spp., and Bifidobacterium spp. However, there is a non-bacterial
microorganism classified as a probiotic agent: this is the yeast Saccharomyces boulardii
(S. boulardii) CNCM I-745 (Figure 1). S. boulardii was discovered by the French
microbiologist Henri Boulard in 1920 during a visit to Indochina. The microbiologist
noted that people who drank a decoction prepared from the outer skin of the lychee
and mangosteen fruits did not develop diarrhea. He isolated the causative agent and
named it S. boulardii. The initial strain was deposited at the National Collection of
Microorganism Culture (CNCM) at the Institut Pasteur under the reference CNCM I745. As a yeast, S. boulardii CNCM I-745 differs from bacterial probiotics in size, cell
wall composition, antibiotic resistance and metabolic properties[1,2]. S. boulardii CNCM
I-745 is the first identified yeast that has been studied for use as a probiotic in human
medicine. This strain responds to a manufacturing process and a mode of
conditioning that preserves the characteristics of the initial strain and its viability. The
probiotic actions demonstrated by this strain of yeast are not extrapolatable to other
strains. The aim of this review is to synthesize the experimental studies that have been
carried out with the yeast S. boulardii strain CNCM I-745 in order to understand its
mechanism of action against pathogenic microorganisms.

CLINICAL DATA IN THE CASE OF INFECTIOUS DIARRHEA
S. boulardii strain CNCM I-745 is prescribed in adults and children for the prevention
and treatment of diarrhea, including antibiotic and post-antibiotic diarrhea associated
with Clostridium difficile (C. difficile). Three prospective, randomized, double-blind,
placebo-controlled clinical trials demonstrated the efficacy of S. boulardii CNCM I-745
in preventing diarrhea associated with antibiotic therapy in adults[3-5]. In children, two
studies showed that S. boulardii CNCM I-745 has a preventive effect in diarrhea
associated with antibiotics[6,7]; the second study also demonstrated a curative effect. A
recently published meta-analysis [8] analyzed data from 21 randomized studies
comprising a total of 4780 adult or child patients that received antibiotics. The results
of this study support those of the first meta-analysis conducted in 2005[9] and show an
efficacy of S. boulardii CNCM I-745 in the pediatric and adult population regardless of
the type of antibiotic prescribed. When considering studies that reveal a significant
benefit of the administration of S. boulardii strain CNCM I-745, an early treatment
with the yeast during antibiotic therapy appears to be an essential factor with the
administration of S. boulardii strain CNCM I-745 for the entire duration of antibiotic
treatment. Several clinical studies show the effectiveness of S. boulardii CNCM I-745 in
relapsing colitis and C. difficile diarrhea[10-12]. There are several studies evaluating S.
boulardii CNCM I-745 in patients with gastroenteritis that may be due to a viral,
bacterial, or parasitic infection. A 2012 meta-analysis of 11 randomized controlled
trials found that S. boulardii decreased the duration of diarrhea and hospitalization
due to gastroenteritis in all countries examined[13-18].
Tourists traveling to countries with warm climates, particularly in tropical or
subtropical regions, are at high risk of diarrhea. In 80% to 85% of cases, diarrhea is
due to pathogenic bacteria [Escherichia coli (E. coli), enteropathogenic, Campylobacter
jejuni, Shigella, Salmonella, Yersinia enterocolitica]. Viruses [Norwalk or Rotavirus (RV)]
and parasites [Entamoeba histolytica (E. histolytica), Giardia lamblia, Cyclospora,
Cryptosporidium] are less frequently the causative pathogen. In many cases, the cause
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Figure 1 Transmission microscopy image showing Saccharomyces boulardii CNCM I-745 on a culture of
human epithelial cells (T84 lineages). (Source: Pontier-Bres R and Czerucka D). The arrows indicate budding yeast
located either in the spaces between the cells or near the cell walls and the formation of a protective barrier.

can not be determined. Two randomized controlled studies were conducted with S.
boulardii CNCM I-745 with a total of four treatment arms with different doses.
Kollaritsch et al [19] analyzed the results from 1231 Austrian travelers that were
randomized into 2 arms, receiving S. boulardii CNCM I-745 at two different doses (250
and 500 mg daily) or a placebo for 3 wk. This treatment was started 5 d prior to the
trip and continued throughout the trip. In the placebo group, the rate of diarrhea was
43% while it was 34% for the traveler receiving 250 mg of S. boulardii CNCM I-745 and
32% for those receiving the highest dose. No side effects have been reported[19]. In a
second study by Kollaritsch et al[20] conducted with 3000 Austrian tourists, travelers
received either a dose of S. boulardii CNCM I-745 (250 mg or 1 g per day) or a placebo.
The treatment was initiated 5 days prior to departure and continued throughout the
trip (for a mean duration of 3 wk). Patients that received a placebo had a higher
frequency of diarrhea (39% vs 34% for the low dose and 29% for the high dose, P <
0.05).

PRECLINICAL-STUDIES: EFFECTS ON
ENTEROPATHOGENIC MICROORGANISMS
Several studies using animal or cellular models have shown that S. boulardii CNCM I745 has a beneficial effect against infections by various pathogenic bacteria such as C.
difficile, Vibrio cholerae, Salmonella, Shigella, E. coli, viruses (RV) and finally, pathogenic
yeasts, for example C. albicans. S. boulardii CNCM I-745 acts either directly on bacterial
toxins or on the pathogen, and can also act directly on the intestinal mucosa of the
host and modulate the response to infection (Figure 2). The protective action of S.
boulardii CNCM I-745 with respect to an infection often results from the
complementary effect of several mechanisms.

Anti-toxin activity
Vibrio cholerae: The first studies on the mechanism of action of S. boulardii CNCM I745 with respect to pathogenic bacteria focused on the Vibrio cholerae. In 1986, Vidon et
al[21] demonstrated, in vivo, that the administration of S. boulardii CNCM I-745 to
ligated jejunal loop in rats that had been innoculated with cholera toxin (CT)
significantly reduced the fluid and sodium secretion induced by CT. This effect has
been confirmed in models of intestinal epithelial cells[22,23]. The action of S. boulardii
CNCM I-745 (Figure 3A) is associated with a decrease in CT-induced cAMP. It
requires live yeasts and it is associated to a protein factor present in the culture
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Figure 2

Figure 2 The hypothesized targets of Saccharomyces boulardii CNCM I-745 during bacterial infections:
Saccharomyces boulardii CNCM I-745 may act directly on toxins “1”, on pathogenic bacteria “2” or on host
cells “3”. Sb: Saccharomyces boulardii CNCM I-745.

supernatant of S. boulardii CNCM I-745. This protein factor, at 120 kDa, acts directly
on enterocytes by inhibiting the cAMP-induced secretion of chloride (Cl-) triggered by
CT, and also by other cAMP-agonists like Vaso-intestinal peptide (VIP) or the Labile
toxin (LT) of E. coli[22,23]. Another study shows that S. boulardii CNCM I-745 can attach
CT to its cell wall, which is another mechanism of action against this toxin[24].
Clostridium difficile: The mechanism of action of S. boulardii CNCM I-745 with
respect to C. difficile infections has been the most studied. The administration of S.
boulardii CNCM I-745 significantly reduces the mortality induced by C. difficile colitis
in clindamycin-treated hamsters[25] and mice inoculated either by C. difficile[26] or by
toxins A and B produced by the bacteria [27] . A recent study demonstrated the
protective effect of S. boulardii CNCM I-745 against different ribotypes of C. difficile
that are associated with outbreaks [28] . Among the various mechanisms of action
proposed (action on the bacterium or its toxins see Figure 3B), the direct action of S.
boulardii CNCM I-745 on toxins A and B of C. difficile and their receptors is the most
supported. In fact, the injection of toxin A into the ileal loop does not induce
inflammatory diarrhea if the animal has been previously treated with S. boulardii
CNCM I-745 or its supernatant [29] . In vitro studies have shown that the culture
supernatant of S. boulardii CNCM I-745 inhibits the adhesion of toxin A to its
receptor[30]. A 54kDa protease identified in this supernatant can degrade C. difficile
toxins A and B and their receptors[29,30]. The inflammation associated with C. difficile
colitis is due to the activation of pro-inflammatory pathways by toxins A and B:
nuclear translocation of NF-κB factor and activation by phosphorylation of MAP
kinases that induce cytokine synthesis. The culture supernatant of S. boulardii CNCM
I-745 inhibits interleukin 8 (IL-8) synthesis as well as nuclear translocation of NF-κB
and inhibits toxin A-induced phosphorylation of ERK1/ 2 and JNK in epithelial
cells[31]. In addition to acting on toxins and their receptors, the mechanism of action of
S. boulardii CNCM I-745 with respect to C. difficile infections appears to involve
modulation of the immune system. In fact, S. boulardii CNCM I-745 increases the level
of circulating anti-toxin A IgA in mice that have been stimulated with inactivated
toxin A[32].
Bacillus anthracis:Bacillus anthracis, the etiological agent of anthrax, infects the host
by three routes of entry: cutaneous (most common), digestive and inhalation. The
virulence factors are the capsule responsible for sepsis and two toxins responsible for
toxemia. The toxins are composed of three peptides: The protective antigen (PA) and
two enzymatic factors. The PA binds to cell-surface receptors and, after endocytosis,
injects into the cytosol the two enzymatic factors: The lethal factor (LF) and the
edematogenic factor (EF). The lethal toxin (LT) formed by the combination of PA with
LF is a 90 kDa protein with metalloprotease activity that specifically cleaves MEK-2
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Figure 3 Demonstrated mechanism of Saccharomyces boulardii CNCM I-745 action against bacterial toxins. A: Saccharomyces boulardii CNCM I-745 (S. b)
produces a 120 kDa protein that inhibits adenylate cyclase and cholera toxin (CT)-induced chloride secretion. S. boulardii CNCM I-745 can also bind to CT; B: S.
boulardii CNCM I-745 secretes a protease (> 54kDa) that lyses C. difficile toxins A and B and their receptors and a protein (< 10 kDa) that inhibits the signaling
pathways involved in interleukin 8 synthesis. AC: Adenylate cyclase; CT: Cholera toxin; Sb: Saccharomyces boulardii CNCM I-745; IL-8: Interleukin 8.

protein kinase. This toxin affects actin filaments in endothelial and epithelial cells and
triggers morphological changes that result in the opening of tight junctions.
Incubating cells with S. boulardii CNCM I-745 prior to exposure to LT toxin maintains
the structure of the actin fibers and junctions[33]. Furthermore, the cleavage of MEK-2
is delayed in the presence of S. boulardii CNCM I-745. The yeast acts directly on the LT
subunits by cleaving the PA antigen and attaching the antigen and LF to its surface.
These results suggest the use of S. boulardii CNCM I-745 as a preventive agent for B.
anthracis infection.

Action on pathogenic bacteria
Enteropathogenic E. coli and enterohaemorrhagic E. coli: Among pathogenic E. coli,
enteropathogenic coli (EPEC) cause infectious diarrhea in developing countries, while
enterohaemorrhagic coli (EHEC), that produce the shiga-like toxin, are involved in
foodborne infections in industrialized countries. The adhesion of these bacteria to the
intestinal mucosa is a crucial step in their pathogenicity. After contact with the
mucosa, these bacteria inject effector proteins into the host through the type III
secretion system. These effector proteins induce changes in the structure of tight
junctions, stimulate the activation of MAP kinases and the factor NF-κB and,
consequently, activate the synthesis of IL-8. Studies on monolayers of polarized
human epithelial cells (Figure 4) showed that incubation with S. boulardii CNCM I-745
prevents the increase in intestinal permeability induced by EPEC and EHEC
infection[34,35]. In addition, the structure of the tight junctions is maintained in these
infected cells after exposure to the yeast. In EHEC-infected cells, S. boulardii CNCM I745 inhibits phosphorylation of the myosin light chain that is directly involved in
maintaining the integrity of tight junctions. S. boulardii CNCM I-745 also has an antiinflammatory effect that inhibits the activation of mitogen-activated protein kinases,
the nuclear translocation of NF-κB, and, consequently, the synthesis of IL-8[34,35]. In a
mouse model infected with Citrobacter rodentium (the equivalent of EPEC in rodents)
S. boulardii CNCM I-745 decreases the flux of mannitol and improves the histological
score of infected animals[36]. In vivo the yeast acts directly on the expression of the
virulence factors of the bacterium: Tir (Translocated receptor intimin), a factor directly
involved in the adhesion of bacteria to the surface of enterocytes, and EspB, an
effector protein injected into the host cell by the type III secretion system. Another
study shows that S. boulardii CNCM I-745 can act on bacterial factors, in this case
lipopolysaccharide (LPS) of E. coli. Buts et al[37] reported that S. boulardii CNCM I-745synthesized phosphatase could de-phosphorylate E. coli O55B5 LPS. Injection to rats
of LPS exposed to phosphatase purified from S. boulardii CNCM I-745 resulted in a
reduction in circulating TNF-compared to the level induced by untreated LPS.
Salmonella enterica Typhimurium and Shigella flexneri: Ingestion of food
contaminated with Salmonella enterica Serovar Typhimurium (hereafter referred to as
Salmonella typhimurium) results in diarrhea. Salmonella typhimurium are invasive
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Figure 4 The protective mechanisms against enteropathogenic Escherichia coli (enteropathogenic coli,
enterohaemorrhagic coli and Citrobacter rodentium). They include an effect on the mucosa with Saccharomyces
boulardii CNCM I-745 inhibiting the pathways involved in opening tight junctions (phosphorylation of myosin light
chain kinase), inhibition of activation pathways of mitogen-activated protein kinases and NF-κB that are involved in
the synthesis of Interleukin 8, and finally a direct effect of S. boulardii CNCM I-745 on bacteria (dephosphorylation of
lipopolysaccharide of Escherichia coli and modification of the expression of pathogenicity factors of Citrobacter
rodentium). EHEC: Enterohaemorrhagic coli; EPEC: Enteropathogenic coli; LPS: Lipopolysaccharide; MAPK:
Mitogen-activated protein kinase; MLCK: Myosin light chain kinase; P-MLC: Phosphorylation of myosin light chain; IL8: Interleukin 8; TNF-α: Tumor necrosis factor α Sb: Saccharomyces boulardii CNCM I-745.

bacteria that use several entry routes into the mucosa: microfold cells, enterocytes and
a specific population of dendritic cells (DC). These bacteria are also able to induce a
pro-inflammatory response by activating the MAP kinase and NF-κB pathways.
Inoculation of S. boulardii CNCM I-745 to gnotoxenic or conventional mice infected
with Salmonella typhimurium or Shigella flexneri protects against mortality (Shigella
flexeneri) or reduces the severity of intestinal lesions (Salmonella typhimurium)[38]. This
protective effect is not related to a reduction in the level of intestinal population of
these bacteria. In the case of Salmonella infection, the protective effect of S. boulardii
CNCM I-745 has been confirmed in a conventional mouse model and a mouse model
with intestinal flora impaired by antibiotic treatment[39,40]. In treated animals, mortality
and translocation of S. typhimurium to the liver and spleen were reduced. In vitro, S.
boulardii CNCM I-745 decreases enterocyte invasion by S. typhimurium, which is
correlated with decreased activation of the Rac pathway, a pathway directly used
duirng invasion by these bacteria (Figure 5) [39] . S. typhimurium, like E. coli, are
peritrichous bacteria with flagella that give them the ability to swim. Mutants devoid
of flagellum are immobile and not invasive. A recent study showed that S. boulardii
CNCM I-745 modifies the motility of bacteria by a steric effect and also by chemotaxis,
decreasing the invasiveness of S. typhimurium[41]. In polarized T84 cells, S. boulardii
CNCM I-745 maintains the structure of tight junctions in infected monolayers. In
addition, in this model, the yeast prevents the activation of NF-κB and MAP kinase
pathways and the synthesis of IL-8, which are associated with cell infection. The
maintenance of tight junctions and the anti-inflammatory effect of S. boulardii CNCM
I-745 were also confirmed in the case of Shigella infection[42]. The adhesion of E. coli
and Salmonella to S. boulardii CNCM I-745 cell walls was reported in an earlier
study[43] and has recently been confirmed in vitro and in vivo for S. typhimurium by
scanning and confocal microscopy[39,40]. Salmonella adherent to the yeast wall was
visualized by confocal microscopy on sections of caecum (Figure 6). The adhesion
constitutes one of the mechanisms of action of S. boulardii CNCM I-745. By imaging
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bioluminescent S. typhimurium, it was shown that in vivo S. boulardii CNCM I-745
modifies bacterial propagation in the gut of living mice during the first hours of
infection. The yeast accelerates the spread of Salmonella along the digestive tract with
the bacteria being detected in the feces as early as 6 h after the onset of infection. In
addition, the administration of S. boulardii CNCM I-745 modifies the site-dependent
(ileum vs caecum) pro and anti-inflammatory responses at the early stages of
infection[40].
Helicobacter pylori: Helicobacter pylori (H. pylori) is major causative agent of gastritis,
peptidic ulcer disease and is strongly associated with gastric cancer and lymphoma of
the gastric mucosa-associated lymphoid tissue. Currently recommended treatments
for the eradication of H. pylori is standart triple therapy combining two antibiotics
with a proton pump inhibitor. This therapy produces excellent cure rates but present
side effects such as (diarrhoe, nausea/vomoting and even C. difficile infection) and
emergence of antibiotic-resistant strains. Introduction of probiotics, especially S.
boulardii as adjuvent treatment show promising results in reducing side effect[44,45].
Investigation on S. boulardii’s mechanism of action demonstrated that this yeast
prevents binding of H. pylori on duodenal cells, whereas bacterial probiotical strains
do not. It may be linked with S. boulardii neuramidase activity that modifies H. pylori
binding site on the duodenal cells [46]. In a murine model of Helicobacter infection
using a close species of H. pylori (H. suis), S. boulardii decreased the Helicobacter
bacterial load, inhibited the formation of lymphoid follicles and reduced expression
levels of inflammatory cytokines and chemokines in the stomach. It also increased the
production of anti-helicobacter specific IgA and sIgA and beta-defensin in the small
intestine after the infection [47].

Action on other pathogenic microorganims
Candida albicans: Candida albicans (C. albicans) is the most commonly isolated
opportunistic pathogenic fungus in humans, responsible for localized and systemic
infections. The prevention of C. albicans infections is one of the first effects attributed
to S. boulardii CNCM I-745[48]. In the gnotoxenic mouse, continued administration of S.
boulardii CNCM I-745 precludes the implantation of a strain of C. albicans in the
gastrointestinal tract[49]. Two studies in immunocompromised mice and rats indicate
that S. boulardii CNCM I-745 also reduces the translocation of C. albicans to mesenteric
lymph nodes (MLN)[50,51]. In a mouse model of dextran sulfate sodium- induced colitis,
S. boulardii CNCM I-745 reduced both inflammation and intestinal colonization by C.
albicans[52]. The antagonistic effects of S. boulardii CNCM I-745 on C. albicans have
recently been demonstrated in vitro[53]. S. boulardii CNCM I-745 has an inhibitory effect
on the filamentous growth of C. albicans, as well as its adhesion and the formation of
biofilm on different surfaces. The same authors identified the active compound as
capric acid, an AGCC synthesized by S. boulardii CNCM I-745, which reduces the
virulence of C. albicans[54]. In vitro, S. boulardii CNCM I-745 decreases the adhesion of C.
albicans to Caco-2 and Intestin 407 cells, and inhibits IL-8 expression[55]. S. boulardii
CNCM I-745 also shows an anti-inflammatory effect in intraepithelial lymphocytes, of
a mouse model, that were exposed to C. albicans[56]. In the presense of the yeast, the
authors observed an increase in the anti-inflammatory cytokines IL-4 and IL-10, and a
decrease in the pro-inflammatory cytokine IL-1.
Rotavirus: Rotavirus (RV) infection is the most frequent and severe form of acute
gastroenteritis in infants and children worldwide, and frequently requires
hospitalization. RV infects mature enterocytes of the small intestinal villi, inducing
broad functional and structural damage. In humans, RV causes watery diarrhea that
results from a combination of osmotic and secretory effects. The non-structural
protein 4 (NSP4) produced by RV plays a key role in secretory diarrhea by inducing a
redox imbalance, resulting in the secretion of chloride by intestinal epithelial cells. In
Caco-2 cells infected with the viral strain SA11, the secretion of chloride is induced in
association with an increase in reactive oxygen species [57] . The supernatant of S.
boulardii CNCM I-745 reduces oxidative stress in these cells and strongly inhibits RVinduced chloride secretion. These results were confirmed on human intestinal
biopsies exposed to NSP4. S. boulardii CNCM I-745, via a soluble metabolite, prevents
oxidative stress and inhibits NSP4-induced chloride secretion[57].
Entamoeba histolytica: Amoebiasis ranks third among the most deadly parasitic
diseases in the world. About 10% of the world's population is infected with amoeba
parasites of the genus Entamoeba, the most pathogenic of which is E. histolytica. It is a
protozoan that can surround itself with a thin shell to form a cyst a few microns in
diameter. When these cysts are ingested, they germinate in the small intestine to give
rise to the vegetative form, the trophozoites, which enter the large intestine,
proliferate and re-encysted. It is in this form that E. histolytica is expeled in feces and is
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Figure 5

Figure 5 The mechanisms of protection against enteroinvasive bacteria (Salmonella and Shigella). In the case of Salmonella, there is a decrease in the
activation of the small GTPase pathway and consequently a decrease in the number of intracellular bacteria and the maintence of tight junctions. Saccharomyces
boulardii CNCM I-745 also induces inhibition of mitogen-activated protein kinases and NF-κB activation pathways that are involved in interleukin 8 synthesis. And
finally, a direct effect of S. boulardii CNCM I-745 on bacteria with the modification of their motility and the adhesion of Salmonella to S. boulardii CNCM I-745. IL-8:
Interleukin 8; MAPK: Mitogen-activated protein kinase; Sb: Saccharomyces boulardii CNCM I-745.

likely to contaminate other people. If the infection remains generally asymptomatic,
the parasite can, however, cause painful and bloody diarrhea (amoebic dysentery),
ulcers, and, in the more severe forms, lead to abscesses in the liver, lungs and brain. In
young rats, infection with this species can produce lesions similar to those observed in
humans. A model of caecal amoebiasis in rat was used to study the effect of S.
boulardii CNCM I-745 on the development of lesions[58]. In this model, young rats
infected with E. histolytica were treated with S. boulardii CNCM I-745. In the yeast
treated group the number of sick pups was significantly lower and the macroscopic
appearance of the lesions on the cecum, as well as the presence of amoebae, was
decreased. The lesions were similar to those of the control animals, but their healing
process was accelerated. In addition, S. boulardii CNCM I-745 showed no amoebicidal
activity. The antagonistic effect of the yeast has been explained in vitro by competition
between the yeast and amoebae at binding sites on erythrocytes[59].

EFFECT ON MUCOSA THAT CAN BE IMPLICATED IN THE
ANTI-PATHOGENIC EFFECT ANTI-SECRETORY EFFECTS
Intestinal fluid secretion is driven by active Cl- secretion creating the electro-chemical
gradient for paracellular Na+ secretion and the osmotic driving force for transcellular
water secretion. Cl- is transported into the cell at the basolateral membrane by a
Na+/K+/Cl- cotransporter which is driven by Na+ and Cl- concentration gradients
produced by Na+K+-ATPase and basolateral K+ channels. The electrochemical gradient
drives Cl- secretion across the luminal membrane by two Cl- channels: (1) The cAMPactivated channel CFTR; and (2) the Ca2+-activated channel. These channels are an
attractive target for potentially antidiarrheal therapeutics. The effect of S. boulardii
CNCM I-745 on these channels has been the subject of several studies using
pharmacological agents. The first study conducted in the jejunum of pigs or in tissue
from animals treated with S. boulardii CNCM I-745, shows a decrease in Cl- secretion
induced by a phosphodiesterase inhibitor: Theophylline[60]. Another study performed
in vitro reports that S. boulardii CNCM I-745 inhibits the secretion induced by receptor
(vasointestinal peptide or prostaglandin E2) or non-receptor (forskolin) c-AMP
mediated Cl- secretion, thus demonstrating that S. boulardii CNCM I-745 can directcly
affect adenylate cyclase activity[22]. In the same study S. boulardii CNCM I-745 showed
decreased Ca2+-stimulated Cl- secretion induced by carbachol. These inhibitory effects
on Cl- secretion have been reproduced with bacterial toxin: For exemple in the case of
CT or LT-toxin produce by Enterotoxigenic E. coli, which induces secretory diarrhea
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Figure 6

Figure 6 Scanning electron microscopy image showing Saccharomyces boulardii CNCM I-745 and
Saccharomyces typhimurium on a monolayer of T84 polarized cells. A and B: Electron microscopy image
showing Saccharomyces typhimurium adhesion to Saccharomyces boulardii CNCM I-745; C and D: Confocal
microscopy images showing S. typhimurium (Fluorescein IsoThioCyanate labelling), which adheres to S. boulardii
CNCM I-745 (rhodamine labeling) in vitro (C) and in vivo on mouse cecum sections (D). Photos A and B: D.
Czerucka1, P. Gounon2, P. Rampal1; C and D: D. Czerucka1, R. Pontier-Bres1, P. Rampal1 (1CSM, Monaco,
microscopy Platform Cote d’Azur, MICA; 2University of Nice-Sophia-Antipolis). Sb: Saccharomyces boulardii CNCM I745; St: Salmonella typhimurium.

primarely by activating cAMP-activated Cl- secretion. The authors demonstrate that
the culture supernatant of S. boulardii CNCM I-745 exerts an anti-secretory effect,
suggesting the existence of a factor secreted by the yeast that could act on the cAMP
dependent Cl- secertion[23]. The anti-secretory effect of S. boulardii CNCM I-745 on the
secretion of Cl- was also suggested in a rat model exposed to prostaglandin-2[61].
However in this model, S. boulardii CNCM I-745 stimulates the absorption of Cl- in the
jejunum and colon. S. boulardii CNCM I-745 exerted an antisecretory effect in other
models that did not involve Cl- channels. In a rat study, prophylactic administration
of S. boulardii CNCM I-745 showed a potent effect on castor oil-induced secretory
diarrhea in a dose-dependent manner[62]. This effect is significantly inhibited by Larginine, suggesting the involvement of the nitric oxide pathway. Finally, S. boulardii
CNCM I-745 also has an effect on short chain fatty acid (SCFA) synthesis: Butyrate,
acetate and propionate, which play a role in the absorption of water and electrolytes.
Treatment with clindamycin decreases the daily production of acetate, propionate and
butyrate in pigs[63]. Simultaneous administration of S. boulardii CNCM I-745 and the
antibiotic maintains acetate and propionate at their initial levels. In another study
performed on patients receiving exclusive enteral nutrition, treatment with S. boulardii
CNCM I-745 reduced fecal SCFA concentrations to normal, particularly for
butyrate [64] . This property may account in part to the anti-diarrheal and antiinflammatory effects of S. boulardii CNCM I-745.
One of the roles of the intestinal epithelium is to prevent microorganisms present in
the intestinal lumen from accessing the tissues. Immune exclusion is the process by
which microorganisms are prevented from crossing the intestinal barrier. This is done
through tight junctions that provide a mechanical barrier and the combination of
mucus-containing fluid and secreted IgA that allows the sequestration of
microorganisms. Finally, the intestinal immune system also plays a crucial role in
eliminating pathogenic bacteria that evade immune exclusion. In previous sections of
this review we saw that S. boulardii CNCM I-745 was able to maintain the structure of
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tight junctions in monolayers of infected cells. The effect of S. boulardii CNCM I-745 on
IgA is the subject of one of the first studies on the mechanism of action of this yeast.
This study showed that S. boulardii CNCM I-745 induces an increase in the
concentration of secretory IgA in the intestinal fluid and an increase in the secretory
component of the polymeric immunoglobulin receptor in cryptic cells of the intestinal
mucosa in young rats 14 d after weaning[65]. This effect appears transient, as another
study done on adult rats shows that after 21 d of administration of S. boulardii CNCM
I-745 the yeast has no effect on IgA secretion, intestinal mucosal or circulating
lymphocyte populations [66] . The effect of S. boulardii CNCM I-745 on IgA was
confirmed in C. difficile infections, and furthermore, administration of the yeast to
mice exposed to inactivated toxin A increases the level of circulating anti-toxin A
IgA[32]. More recently, in vitro and in vivo studies showed a direct action of S. boulardii
CNCM I-745 on cells of the innate immune system (Figure 7). DC plays a key role in
the balance between immunity and tolerance, and participate in the activation of
lymphocytes. A recent study found that S. boulardii CNCM I-745 modulates the
properties of DC after treatment with amoxicillin[67]. Membrane markers of antigen
activity (MHC-II and CD86) are upregulated in DC of female rats treated with the
antibiotic. In the presence of the yeast, these antigens are negatively regulated and the
intestinal flora regains its equilibrium more quickly after stopping antibiotic
treatment. This study suggests that S. boulardii CNCM I-745 exerts a modulatory effect
on the specific immune response to microbial antigens. This has been confirmed on
human DC isolated from the blood of healthy subjects exposed to LPS, which induces
DC activation[68]. The authors show that a < 3 kD fraction of the culture supernatant of
S. boulardii CNCM I-745 decreases the expression of co-stimulatory CD40 and CD80
molecules and the chemokine receptor CCR7 (a receptor that causes chemotactic
migration to secondary lymphoid organs) induced by LPS. This fraction also
decreases the secretion of pro-inflammatory cytokines (TNF and IL-6) and stimulates
the secretion of IL-10 in DC. In addition, S. boulardii CNCM I-745 decreases DCinduced T cell activation[68]. In another study, the same group demonstrated that
supernatant of S. boulardii CNCM I-745 may modify the profile of DC (CD40 and
CD80 co-factors, CCR7 and cytokine profile) in the blood of patients with Crohn's
Disease or ulcerative colitis [69] . In addition, this supernatant inhibits the Th1
polarization of lymphocytes and induces the secretion of IL-8 and TGF, two cytokines
involved in the reconstitution of the epithelium. Recently our group demonstrated
that in a model of Salmonella-infected mice, S. boulardii CNCM I-745 decreases the DC
population expressing CD103+ that migrate to the MLN and are responsible for the
bacterial translocation to MLN. The yeast also acts on another population of
macrophage which express the fractalkine receptor CX3CR1 (CX3CR1hi MΦs) and are
present in the Lamina Propria (LP). Thanks to extensions between epithelial junctions,
this population of highly phagocytic cells recognize intra-luminal antigens, including
pathogenic bacteria. They phagocyte them, and unlike CD103+DCs do not migrate
into the MLN but are locally induced in the LP activated T lymphocytes. The
population of these CX3CR1hi MΦs in S. boulardii CNCM I-745-treated mice infected
with Salmonella. The increase in this population comes from the expansion of
circulating pro-inflammatory monocytes (mono Ly6Chi, CX3CR1int) that are recruited
in the bone marrow. These results could be confirmed in vitro on cells isolated from
the bone marrow of mice treated or not with S. boulardii CNCM I-745 and then
infected. In the presence of the yeast, monocytes differentiate to CX3CR1hi MΦs and
their ability to phagocyte Salmonella increases significantly. These results
demonstrate that S. boulardii CNCM I-745 can act on the immune response during the
early phase of infection[70]. The CX3CR1hi MΦs has been involved in tolerance to the
microbiota. In mice with induced dysbiosis and treated with antibiotics, the
population of CX3CR1hi MΦs decreases. Administration of S. boulardii CNCM I-745
during antibiotic therapy increases the population of CX3CR1hi MΦs. The impact of
this increase on the reconstitution of intestinal flora remains to be demonstrated.

EFFECTS ON THE INTESTINAL MICROBIOTA
Several studies conducted in humans and mice show that S. boulardii CNCM I-745 has
no effect on the intestinal microbiota of healthy subjects, however, in some diseases
there is an effect on intestinal dysbiosis (Table 1). In a model of amoxicillin-treated
mice, antibiotic treatment increased the Enterobacteriaceae and Bacteroides
populations and decreased Clostridium coccoides and Eubacterium rectale. Treatment
with S. boulardii CNCM I-745 did not influence changes in the gut microbiota during
antibiotic treatment but accelerated the return to normal that occurred after 10 days in
these mice versus 22 d in untreated mice [67,71] . Swidsinski et al [72] developed an
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Figure 7

Figure 7 Effect of Saccharomyces boulardii CNCM I-745 on intestinal mononuclear phagocytes: Dendritic cells expressing CD103 (CD103+DC) and
macropahge expressing the fractalkine receptor (CX3CR1MΦs). A.CD103+DC which expresses the CCR7 on their surface phagocytes the Salmonella (ST) and
migrate to the mesenteric lymph nodes (MLN). CX3CR1MΦs which have a high phagocytosis capacity, include bacteria, do not migrate, but remain in the LP where
they stimulate T lymphocytes. These MΦs are able to form extensions that pass between the epithelial cells and capture the antigens in the intestinal lumen, among
other pathogenic bacteria such as ST. Saccharomyces boulardii CNCM I-745 induces the recruitment of CX3CR1MΦs and promotes phagocytosis of ST by these
cells. S. boulardii CNCM I-745 effects the expansion of Ly6C inflammatory monocytes, which are the precursors of CX3CR1 DCs in the bone marrow. In addition, S.
boulardii CNCM I-745 reduces the number of ST that migrate to MLN by decreasing the number of migratory DCs. B.In vitro studies have shown that S. boulardii
CNCM I-745 can modify lipopolysaccharide activation of migratory DCs. This effect would be due to a molecule of low molecular weight (< 3 kDa) present in S.
boulardii CNCM I-745 conditioned medium[64]. Sb: Saccharomyces boulardiiCNCM I-745; ST: Salmonella; MLN: Mesenteric lymph nodes; DCs: Dendritic cells; LPS:
Lipopolysaccharide.

innovative technique based on in situ hybridization (FISH) of stool samples collected
by coring, which enables quantitatively assessing microbiota in the mucus, in the
germinal reserve area and in the central fermentation area. This technique was used to
compare and localize bacterial populations in healthy subjects and patients with
idiopathic chronic diarrhea treated or not with S. boulardii CNCM I-745. Stools from
healthy subjects are characterized by, a mucus layer of 5-60 m with homogeneous
fluorescence, high concentrations of three usual bacterial groups (Bacteroides, Roseburia
and Faecalibacterium prausnitzii) and low concentrations of occasional bacterial groups.
In patients with diarrhea, the authors observed a thickening of the protective mucous
layer, mucous layer incorporation in the stool, a reduced concentration of usual
bacteria, an inhibition of the metabolism with appearance of areas devoid of
hybridization signal and a stratification with increased levels of the occasional
bacteria. Treatment with S. boulardii CNCM I-745 has no effect on the microbiota of
healthy subjects, but the microbiological and clinical symptoms of diarrhea are
reversible after treatment with the yeast. S. boulardii CNCM I-745 reduces the
thickness of the mucus layer and increases the concentration of two usual bacterial
groups: Bacteroides and Roseburia. Yeast treatment also decreases the abundance of the
occasional bacterium Akkermansia muciniphila.
In a recent study using the same technique (corning and FISH), Swidsinski et al[73]
investigated the effect of S. boulardii CNCM I-745 on the reconstitution of intestinal
flora after antibiotic treatment in patients with vaginal infection. In this study a group
of patients was treated with metronidazole and ciprofloxacin, a second group
received yeast during antibiotic treatment and a third group was treated with yeast
after antibiotic therapy. Antibiotic treatment significantly decreased the number of
bacteria in the dominant group (Clostridium cocoides, Eubacterium rectum,
Faecalibacterium prausnitzii, etc.) mainly located in the fermentation zone. Treatment
with S. boulardii CNCM I-745 during antibiotic therapy increased these populations
and post-antibiotic treatment allowed these populations to return to normal.
Identification of bacteria in the stool by bacterial 16S RNA sequencing confirmed that
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Table 1 Effets of Saccharomyces boulardii CNCM I-745 on gut microbiota in various diseases
Disease

Technique

Antibiotic treatment (mice)

FISH and cytometry

Alteration of the
microbiota

Effet of S.boulardii CNCM
I-745

Increase in
Enterobacteriaceae and
Bacteroides

Rapid return to normal for:
Bacteroides, Clostridium
cocoidesEubacterium rectale,
PrevotellaPorphyromonas

Drastic decrease in
Clostridium cocoides and
Eubacterium rectale
Chronic diarrhea (humans)

Coring and FISH

Increase in
BifidobaceriumEubacterium
cylindrodes, Clostridium
histolyticus et

Decrease in Bacteroides and
Roseburia

Ref.
[67,71]

[72]

Decrease in Bacteroides et
Roseburia
Antibiotic Treatment
(humans)

Sequencing

Increase in Parabacteroides and
Escherichia/Shigella

Antibiotic Treatment
(women1)

Corning and FISH

Decrease in dominant
microbiota:Clostridium
cocoides, Eubacterium rectale,
Bacteroides, Roseburia and
Faecalibacterium prausnitzii

Decrease in Ralstonia

Reduces microbiota
variations due to antibiotic
treatment
Group A/Sb: Increase in
Bacteroides, Roseburia and
Faecalibacterium prausnitzii

[74]

[73]

Groupe Sb-A: Rapid return to
normal

FISH: Fluorescence in situ hybridation; A/Sb: Group of patients concomitantly treated with antibiotics and Saccharomyces boulardii CNCM I-745; Sb-A:
Group of patientstreated with Saccharomyces boulardii CNCM I-745 after antibiotic treatment; S.boulardii; Saccharomyces boulardii.
1
Patients with vaginal infections.

S. boulardii CNCM I-745 did not alter the microbiota composition of healthy
subjects[73]. In patients treated with amoxicillin, there was a decrease in Ralstonia and
an increase in Parabacteroides and Escherichia/Shigella in the fecal microbiota. In the
group treated with S. boulardii CNCM I-745 and antibiotic, changes in the composition
of the microbiota are significantly attenuated. A summary of the effect of S. boulardii
CNCM I-745 on antibiotic-associated dysbiosis is presented in Figure 8. These results
suggest that an optimal use of S. boulardii CNCM I-745 would be to administer it
during and after antibiotic therapy. More and Swidsinski[75] recently published a
review that summarizes all preclinical and clinical data on the effect of S. boulardii
CNCM I-745 on intestinal microbiota associated and not associated with mucus.

CONCLUSION
S. boulardii strain CNCM I-745 is a probiotic yeast that by virtue of being a eukaryote
differs from other probiotic strains, which are of bacterial origin (prokaryote). The
research shows a great diversity in its mode of action and types of targets: pathogens,
pathogenic toxins, gut microbiota and intestinal epithelium. Two main mechanisms
were demonstrated: the first one is a large capacity of the wall to fix bacteria and
toxins which facilitates their elimination during intestinal transit and the second one
is the synthesis by this yeast of several active factors. These factors include high
molecular weight proteins, some of which have antisecretory effects, others act as
proteases that degrade toxins or their receptors. Factors of small size and protein or
non-protein nature that exhibit anti-secretory or anti-inflammatory activities are also
involved in its action. Finally, S. boulardii CNCM I-745 acts on different components
that maintain the intestinal barrier: Tight junctions that regulate permeability;
reconstitution of the microbiota after antibiotic therapy; and, activation of innate
immunity which stimulates innate defenses of the host during infection. The
optimization of the use of this probiotic in infections requires a better knowledge of
the different mechanisms of action.
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Figure 8

Figure 8 Diagram illustrating the impact of Saccharomyces boulardii CNCM I-745 on dysbiosis during antibiotic therapy. A 2-wk treatment with antibiotics
(red zone of the graph) induces a sudden decrease in the dominant bacterial populations of the microbiota (blue curve). Treatment with Saccharomyces boulardii
CNCM I-745 during antibiotic therapy (red curve) reduces the sudden decrease in bacterial populations. When S. boulardii CNCM I-745 is administered after antibiotic
therapy (green zone of the graph, green curve) the yeast accelerates the restoration of the intestinal flora to its initial level. An optimal use of yeast would be
administration during and after antibiotic therapy, which is presented by the hatched curve resulting from the red and green curve (from reference[75]).
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Abstract
BACKGROUND
The dysbiosis of the gut microbiome is evident in Crohn’s disease (CD) compared
with healthy controls (HC), although the alterations from active CD to remission
after treatment are unclear.
AIM
To characterize the mucosa-associated gut microbiota in patients with CD before
and after the induction therapy.
METHODS
The basic information was collected from the subjects and the CD activity index
(CDAI) was calculated in patients. A 16S rRNA sequencing approach was
applied to determine the structures of microbial communities in mucosal samples
including the terminal ileal, ascending colon, descending colon and rectum. The
composition and function of mucosa-associated gut microbiota were compared
between samples from the same cohort of patients before and after treatment.
Differential taxa were identified to calculate the microbial dysbiosis index (MDI)
and the correlation between MDI and CDAI was analyzed using Pearson
correlation test. Predictive functional profiling of microbial communities was
obtained with PICRUSt.
RESULTS
There were no significant differences in microbial richness among the four
anatomical sites in individuals. Compared to active disease, the alpha diversity of
CD in remission was increased towards the level of HC compared to the active
stage. The principal coordinate analysis revealed that samples of active CD were
clearly separated from those in remission, which clustered close to HC. Sixty-five
genera were identified as differentially abundant between active and quiescent
CD, with a loss of Fusobacterium and a gain of potential beneficial bacteria
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including Lactobacillus, Akkermansia, Roseburia, Ruminococcus and Lachnospira after
the induction of remission. The combination of these taxa into a MDI showed a
positive correlation with clinical disease severity and a negative correlation with
species richness. The increased capacity for the inferred pathways including
Lipopolysaccharide biosynthesis and Lipopolysaccharide biosynthesis proteins in
patients before treatment negatively correlated with the abundance of Roseburia,
Ruminococcus and Lachnospira.
CONCLUSION
The dysbiosis of mucosa-associated microbiota was associated with the disease
phenotype and may become a potential diagnostic tool for the recurrence of
disease.
Key words: Crohn’s disease; Mucosa-associated gut microbiota; Active; Remission; 16S
rRNA sequence
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The dysbiosis of gut microbiome is associated with the development of Crohn’s
disease (CD), although the alteration from active CD to remission after treatment is
unclear. This study illustrated that the composition of mucosa-associated gut microbiota
in active CD significantly changed after the induction of remission regardless of drugs
used, which got close to healthy subjects. We speculate that the maintenance of gut
microbiota balance may be potential therapeutic target for reducing the risk of disease
relapse.
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mucosa-associated gut microbiota during treatment in Crohn’s disease. World J Gastroenterol
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URL: https://www.wjgnet.com/1007-9327/full/v25/i18/2204.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i18.2204

INTRODUCTION
Crohn’s disease (CD), a subtype of inflammatory bowel disease (IBD), has become a
global disease with accelerating incidence over the last few decades [1] . CD is
characterized by multiple episodes of exacerbation and remission, with clinical
manifestations of diarrhea, abdominal pain, fistulas and perianal lesions, which may
affect the whole digestive tract and cause systemic symptoms[2]. Current therapies for
IBD include anti-inflammatory and immunomodulatory treatments such as 5aminosalicylates, corticosteroids, thiopurines, thalidomide and anti-tumor necrosis
factor alpha, all of which aim to achieve clinical remission and mucosal healing[3,4].
The pathogenesis of CD is multifactorial and involves the interplay of host genetics,
immune dysregulation and environmental factors resulting in an aberrant immune
response and subsequent intestinal inflammation[5].
Recent progress in understanding the composition and function of human
microbiota has revealed the important role of microbiota in immune homeostasis[6].
Accumulating studies using culture-independent techniques have shown the
dysbiosis of gut microbiota in patients with CD, including decreased bacterial
diversity, with an expansion of putative aggressive groups (such as Enterobacteriaceae,
Fusobacterium) combined with decreases in protective groups (such as Faecalibacterium,
Roseburia)[7,8]. In addition to observing the characteristics of gut microbiota in CD, a
study by Wang et al[9] evaluated their dynamic changes after infliximab (IFX) therapy
and found that the dysbiosis could be corrected in patients with a sustained
therapeutic response. Furthermore, a prospective study assessed the stool
metagenomes of IBD patients starting biologic therapy and demonstrated a higher
abundance of butyrate producers at baseline in therapy-responsive CD patients,
indicating the predicative effect of the gut microbiome in treatment response[10]. Due
to the dysregulated microbiota in the pathogenesis of IBD, several studies have
reported the potential effect of restoring dysbiotic gut microbiota, including the use of
probiotics and unprocessed donor feces, in the management of IBD[11]. It is necessary
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to clarify the key bacteria that play a role in disease remission and relapse, and then,
precise manipulation of these bacteria may become a therapeutic target in the future.
To date, most studies investigating the gut microbiota of CD have typically used
fecal samples since they are readily obtained[7-9]. However, the composition of fecal
microbiota has been shown to be significantly different from mucosal microbiota; this
difference is believed to directly affect epithelial and mucosal function and to be more
deeply involved in the pathophysiology of CD[12,13]. To collect sufficient mucosal
samples, we processed endoscopically uninflamed mucosa, which was thicker than
the inflamed mucosa and probably more appropriate for microbial analysis[14]. In
addition, only limited differences in microbiota composition were observed between
inflamed and uninflamed mucosa in patients[15]. The previous cross-sectional study of
the alterations between CD patients and healthy controls (HC) could be misread
based on the interindividual differences, which make it difficult to characterize the
critical bacteria in CD. Thus, we investigated the mucosal-associated microbiome in
paired samples from CD patients before and after clinical treatment by 16S rRNA
gene sequencing to determine the association between gut microbiota and disease
activity.

MATERIALS AND METHODS
Study cohort
A prospective study was performed in nine CD patients who were enrolled in flare at
baseline and then induced remission after clinical therapy. Inclusion criteria were a
diagnosis of CD confirmed by endoscopy and histology and the activity of the disease
was measured by the CD activity index (CDAI). Six HC without previous history of
chronic disease were also recruited in the study from the First Affiliated Hospital of
Nanchang University, China. Exclusion criteria for the two groups included severe
concomitant disease involving the liver, heart, lung or kidney, pregnancy or breastfeeding, and treatment with antibiotics and prebiotics during the previous 4 wk. The
mucosal samples were collected during the colonoscopy and both the patients and
healthy subjects underwent intestinal washing before the examination. We did not
collect both inflamed and noninflamed tissues since a previous study showed that the
mucosal microbiota of inflamed and noninflamed regions of the gastrointestinal tract
in CD or ulcerative colitis (UC) were indistinguishable, with virtually no taxa
demonstrating disproportional abundances at a significant threshold nor any
significant diversity differences observed[15]. Written informed consent was obtained
from all the subjects and this study was approved by the Medical Ethics Committee of
Nanfang Hospital.

Sample collection and DNA extraction
A total of 74 mucosal biopsies were collected from 15 participants, including 9
patients with CD and 6 healthy individuals. Specimens of terminal ileum, ascending
colon, descending colon and rectum in noninflamed mucosa were taken during
colonoscopic examination. Sampling included both active and remission stages for
each patient who underwent clinical treatment. All the samples were immediately put
in liquid nitrogen and stored at - 80 °C before processing.
Microbial DNA was extracted from the mucosal biopsies using the E.Z.N.A. stool
DNA kit (Omega Biotek, Norcross, GA, United States) according to the
manufacturer’s protocols. The 16S rDNA V3-V4 region of the Eukaryotic ribosomal
RNA gene was amplified by PCR (95 °C for 2 min, followed by 27 cycles at 98 °C for
10 s, 62 °C for 30 s, and 68 °C for 30 s and a final extension at 68 °C for 10 min) using
primers 341F: CCTACGGGNGGCWGCAG; 806R: GGACTACHVGGGTATCTAAT,
where the barcode is an eight-base sequence unique to each sample. PCRs were
performed in triplicate 50 μL mixture containing 5 μL of 10 × KOD Buffer, 5 μL of 2.5
mM dNTPs, 1.5 μL of each primer (5 μM), 1 μL of KOD Polymerase, and 100 ng of
template DNA.

16S rRNA gene sequencing
Amplicons were extracted from 2% agarose gels and purified using the AxyPrep
DNA Gel Extraction Kit (Axygen Biosciences, Union City, CA, United States)
according to the manufacturer’s instructions and qualified using QuantiFluor-ST
(Promega, United States). Purified amplicons were pooled in equimolar and pairedend sequenced (2 × 250) using Illumina Hiseq 2500 following standard protocols. The
raw reads were deposited into the NCBI Sequence Read Archive database (Accession
Number: SRP157001).

Sequencing data analysis
WJG

https://www.wjgnet.com

2206

May 14, 2019

Volume 25

Issue 18

He C et al. Crohn’s disease and gut microbiota

The raw data were filtered to obtain clean reads by eliminating the adapter pollution
and low-quality sequences. Paired end clean reads were merged as raw tags using
FLASH (Fast Length Adjustment of Short reads, v 1.2.11) with a minimum overlap of
10 bp and mismatch error rates of 2%[16]. Noisy sequences of raw tags were filtered by
QIIME (v1.9.1) pipeline under specific filtering conditions to obtain high-quality clean
tags[17]. The tags were then clustered as Operational Taxonomic Unit (OTU) by scripts
of USEARCH (v 7.0.1090) software with a 97% similarity threshold [ 1 8 ] . The
representative OTU sequences were taxonomically classified using Ribosomal
Database Project classifier v.2.2 trained on the Greengenes database[19,20]. Finally, an
OTU table and a phylogenetic tree were generated for diversity analysis. To estimate
the diversity of the microbial community of the sample, we calculated the withinsample (alpha) diversity by Wilcoxon rank test for two groups and multiple group
comparisons were made using Kruskal-Wallis test. Beta diversity was estimated by
computing weighted Unifrac distance and was visualized with principal coordinate
analysis (PCoA). Statistical differences (P < 0.05) between the two groups in the
relative abundance of bacterial phyla and genera were evaluated using Metastats
(Kruskal-Wallis test for more than two groups).
According to the genera average abundance in patients before and after treatment,
genera were divided into before-enriched and after-enriched. The correlation network
of genera differentially enriched in before and after group was constructed by Pearson
correlation test based on the abundance. The correlation network was visualized
using Cytoscape (version 3.3.0). Pearson correlation test was also performed for
investigating microbial dysbiosis index (MDI) and CDAI, as well as differential
genera and predicted pathways.

Functional annotation
The metagenomes of the gut microbiome were imputed from 16S rRNA sequences
with PICRUSt (Phylogenetic Investigation of Communities by Reconstruction of
Unobserved States). This method predicts the gene family abundance from the
phylogenetic information with an estimated accuracy of 0.8. The closed OTU table
was used as the input for metagenome imputation and was first rarefied to an even
sequencing depth prior to the PICRUSt analysis. Next, the resulting OTU table was
normalized by 16S rRNA gene copy number. The gene content was predicted for each
individual. Then, the predicted functional composition profiles were collapsed into
level 3 of the KEGG database pathways. The output file was further analyzed using
Statistical Analysis of Metagenomic Profiles (STAMP) software package[21].

RESULTS
Bacterial microbiota diversity
To determine the effect of disease activity on microbial composition, we collected four
parts of mucosal samples including ileum, ascending colon, descending colon and
rectum from nine patients in active and remission stages. Patients characteristics are
described in Supplement Table 1. The CDAI was significantly decreased in the After
group compared to the Before group, indicating that the remission had been induced
after clinical treatments (Figure S1). The Before group included samples from three
anatomical sites (ileum, ascending colon, descending colon) and the After group
supplemented with rectum mucosa, except for three samples that were unqualified
for sequencing. Given the ethical issue, we did not collect mucosa from the four sites
in healthy subjects, but the samples in each site were relatively uniform (3 from ileum,
4 from ascending colon, 3 from descending colon and 4 from rectum). After filtering
and bioinformatic processing, a median yield of 275041 high-quality reads were
obtained per sample.
The gut microbiota richness, measured by observed species and Shannon index,
was not significantly different among ileum, ascending colon, descending colon and
rectum in both CD and HC (Figure S2, numbers of observed species, P = 0.12 for CD
and P = 0.49 for HC; Shannon index, P = 0.78 for CD and P = 0.91 for HC, KruskalWallis test). The analysis of beta diversity based on the unweighted UniFrac distances
showed that there was no significant difference among the four regions of intestinal
tract in both CD and HC (Adonis analysis, P = 0.85 for CD, P = 0.94 for HC).
Interestingly, analysis of alpha diversity as calculated by number of observed species
and Chao1 index revealed that the microbial biodiversity of the patients in remission
was significantly increased towards the HC compared to their active stage before
treatment (Figure 1A, numbers of observed species, P < 0.0001; Chao1 index, P <
0.0001; Kruskal-Wallis test). Beta diversity represented by PCoA analysis clearly
showed that the samples from patients after treatment, which clustered separately
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from those before treatment, tended to approach that of HC (Figure 1B, Adonis
analysis, P = 0.001).

Bacterial microbiota composition and correlations
To investigate the specific changes of microbiota in patients with active and remission
CD, we assessed the relative abundance of taxa before and after treatment. At the
phylum level, the Fusobacteria was lower in the After group than the Before group
(Figure 2A). In addition, the Firmicutes was significantly decreased in CD whereas the
Proteobacteria was overrepresented in CD relative to HC. At the genus level, we
observed 65 bacterial taxa that displayed different abundance between Before and
After group. Compared with the After group, 14 bacterial taxa were enriched in the
Before group, while 51 bacterial taxa were depleted in the Before group. The Beforeenriched bacterial taxa included Fusobacterium, Streptococcus, Bacillaceae, etc. Bacterial
taxa that were depleted in the Before group included Anaerostipes, Roseburia,
Ruminococcus, Lactobacillus, Akkermansia, Lachnospira, etc, which were significantly
more abundant in HC than CD (Figure 2B). Then, we used these taxa to calculate the
MDI, which is the log of (total abundance in organisms increased in Before group)
over (total abundance of organisms decreased in Before group) for the samples. The
MDI showed a positive correlation with clinical disease severity (CDAI), and a
negative correlation with species richness (Figure 2C), suggesting the close association
between gut microbiota disorder and disease activity.
We further compared the effect of different medications including thalidomide,
azathioprine (AZA), AZA plus prednisolone and IFX on gut microbiota. First, the
observed species and Chao1 index, which represents alpha diversity, tended to
increase after treatment in four groups, although without significance in IFX and AZA
(Figure S3, numbers of observed species, P < 0.05 for thalidomide, P < 0.01 for AZA
plus prednisolone, P > 0.05 for AZA and IFX; Chao1 index, P < 0.05 for thalidomide, P
< 0.01 for AZA plus prednisolone, P > 0.05 for AZA and IFX, t test). The analysis of
beta diversity based on the unweighted UniFrac distances showed that the overall
microbial composition of the After group was significantly different from the Before
group regardless of treatment drugs (Adonis analysis, P = 0.005 for thalidomide, P =
0.019 for AZA, P = 0.004 for AZA plus prednisolone, P = 0.018 for IFX). Furthermore,
the differential taxa between After and Before groups were identified according to
each treatment. The relative abundance of Roseburia, Ruminococcus and Anaerostipes
was significantly increased after IFX treatment while the number of Fusobacterium and
Streptococcus was lower. The relative abundance of Roseburia, Ruminococcaceae and
Lachnospira was significantly increased while Fusobacteriaceae was decreased after
patients were treated with AZA. In the AZA plus prednisolone group, the relative
abundance of Lactobacillus, Ruminococcus and Lachnospiraceae was increased while that
of Fusobacterium and Bacillaceae was decreased after treatment. In the thalidomide
group, the relative abundance of Lactobacillus and Roseburia was also increased after
treatment (Supplement Table 2). Collectively, these alterations in microbiota
composition between Before and After group were similar among the four
medications.
Spearman correlation test was performed to evaluate the relationships among the
genera identified in MDI. Significant positive correlations were found in the genera
depleted in the Before group including Lachnospira, Roseburia, Anaerostipes,
Ruminococcus, which were abundant in HC, suggesting their synergy as commensal
bacteria in maintaining gut microbiota homeostasis and promoting the mucosal
healing process (Figure 3). On the other hand, the genera enriched in the Before group
such as Fusobacterium and Bacillaceae showed negative correlations with those
depleted in the Before group, indicating an antagonistic relationship between harmful
bacteria in the active stage and beneficial bacteria in the remission stage.

Microbial functions altered during CD treatment
To infer the metagenome functional content based on the microbial community
profiles obtained from the 16S rRNA gene sequences, we used PICRUSt [22] . The
pathways including Lipopolysaccharide (LPS) biosynthesis proteins and LPS
biosynthesis, which were enriched in patients before treatment compared to HC,
tended to decrease after the induction of remission (Figures 4A and S4). On the other
hand, the pathways including Folate biosynthesis, Starch and sucrose metabolism as
well as Glycolysis/Gluconeogenesis which were deficient in active CD patients
tended to increase after treatment and approached that of HC. Intriguingly, the
abundance of LPS biosynthesis proteins and LPS biosynthesis were negatively
correlated with three genera including Roseburia, Ruminococcus and Lachnospira, which
were more abundant in HC and patients in remission, suggesting their potential role
in anti-inflammation in CD (Figure 4B-D).
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Figure 1

Figure 1 Richness and diversity in the mucosa-associated microbiota of the patients with Crohn’s disease and healthy controls before and after induction
of remission. A: The number of observed species was 388.26 ± 94.22 in the Before group, 475.03 ± 96.01 in the After group and 547.85 ± 52.85 in the healthy
controls (HC) group. The Chao1 index was 617.78 ± 161.04 in the Before group, 771.40 ± 146.62 in the After group and 864.08 ± 91.59 in the HC group; B: Plots
shown were generated using the weighted version of the UniFrac-based Principal coordinate analysis. Samples from After group (green triangle) clustered separately
from Before group (blue circle) while got close to the HC group (red square). HC: Healthy controls.

DISCUSSION
In the current study, we analyzed, using a 16S rRNA sequencing approach, the
alterations of the gut mucosal microbiota in CD patients during their treatment. The
comparison from the same cohort showed that the composition of mucosa-associated
microbiota changed significantly after the induction of remission, with increased
diversity as well as a restoration of potential beneficial bacteria. The MDI that was
identified using differential microbiota between patients before and after treatment
showed the correlation of microbial dysbiosis with disease activity.
Accumulating evidence has demonstrated the disorder of gut microbiota in CD,
and this disorder is considered as an essential factor in driving inflammation[7,23]. The
gut microbial community of CD patients is characterized by reduced diversity as well
as compositional changes in phylum level, including a decreased abundance of
Firmicutes and an increased abundance of Proteobacteria when compared to HC[24].
However, it remains unclear whether these alterations of gut microbiota are
associated with disease activity. Consistent with previous studies, we found the
dysbiosis of mucosa-associated microbiota in patients with CD and then analyzed its
composition before and after the induction of remission. Due to the distinct
microbiome signatures in different sub-phenotypes of CD, we enrolled the patients
with the same behavioral phenotype to exclude bias [25] . Both the alpha and beta
diversity showed that the structure of gut microbiota in patients before treatment was
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Figure 2

Figure 2 The microbial dysbiosis index characterizes the activity of Crohn’s disease. A: The composition of mucosa-associated microbiota at phylum level; B:
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The heatmap of 65 differentially abundant genera between patients before and after treatment. Each column represented a mucosal sample from patients before and
after treatment as well as healthy controls. The first letter means the site of the colon (L: Ascending colon; R: Descending colon; i: Terminal ileum; Z: Rectum); C: The
identified 65 genera were used to calculate the microbial dysbiosis index (MDI). The Pearson correlation analysis was constructed between MDI and the Crohn’s
disease activity index as well as MDI and Chao index. MDI: Microbial dysbiosis index; HC: Healthy controls; CDAI: Crohn’s disease activity index.

significantly different from those after treatment, approaching that of HC and
indicating the partial restoration of microbial balance after treatment. A previous
study by Wang et al[9] reported the dynamic changes of fecal microbiota during IFX
therapy in pediatric CD, and IFX has been demonstrated to diminish CD-associated
gut microbial dysbiosis. Another earlier study using a polymerase chain reactiondenaturing gradient gel electrophoresis also found that treatment with Adalimumab
induced short-term changes in the microbiota composition, and these changes seem to
parallel the partial recovery of the gut bacterial ecology[26]. AZA is the most commonly
employed 6-mercaptopurines drug, and these drugs have been found to exert antiinflammatory effects by targeting not only human macrophages but also the gut
microbiota linked to CD[27]. Consistent with these previous findings, the present study
showed that the mucosa-associated gut microbiota changed after treatment,
regardless of the drug used, and thus we speculate that the alterations of gut
microbiota may be associated with the change in disease status from active to
remission. The causal relationship between disease activity and microbiota, however,
needs further investigation using a germ-free animal model.
To further clarify the critical taxa that may be associated with the activity of CD, we
identified 65 genera showing significant difference before and after treatment, and
these genera were used to calculate the MDI. Interestingly, the positive correlation
between MDI and CDAI indicates that the activity of CD may be associated with the
dysbiosis of gut microbiota. A previous study in treatment-naïve children with CD
also described the MDI using the differential taxa between CD and healthy subjects,
and then demonstrated that the MDI characterized CD severity [28] . Some MDIassociated taxa were common to both studies including Fusobacterium, Lachnospira,
Ruminococcus and Parabacteroides. The relative abundance of Lachnospira, Ruminococcus
and Roseburia, which are known to produce short chain fatty acids (SCFAs) was
significantly increased in patients with clinical remission compared to those with
active CD. SCFAs, which are mainly composed of acetate, propionate and butyrate,
are the end products of the fermentation of dietary fiber by the gut microbiota and
have been shown to exert multiple beneficial effects on mammalian energy
metabolism[29]. Recently, numerous studies have shown the loss of SCFA-producing
taxa in CD and that IFX treatment was able to restore their levels in responsive
patients, indicating their association with disease severity[9,24,30]. The beneficial effect of
SCFAs on CD is probably due to their anti-inflammation capacity which is
documented both in vitro and in vivo[31]. Chronic inflammation is a hallmark of CD and
results from the recruitment and activation of immune cells from the circulation.
Butyrate elicits anti-inflammatory effects via the inhibition of IL-12 and the
upregulation of IL-10 production in human monocytes, repressing production of proinflammatory molecules TNF-α, IL-1β, nitric oxide, and reducing NF-κB
activation[32,33]. A clinical study explored the therapeutic effect of butyrate on patients
with CD and found that the administration of butyrate induced clinical improvement
and remission in 53% of patients, in whom butyrate successfully downregulated
mucosal levels of NF-κB and IL-1β[34]. Thus, it is conceivable to modulate the dysbiotic
gut microbiota using probiotics, prebiotics and fecal microbiota transplantation (FMT)
for the management of CD. Several studies have reported the potential of FMT for CD
treatment, and we speculate that it may helpful to select donors with a high
abundance of the beneficial bacteria, which are deficient in patients to improve the
therapeutic efficacy[35].
Analysis of the inferred metagenome in our study showed that the abundance of
LPS biosynthesis proteins and the LPS biosynthesis pathway in patients with CD were
significantly decreased after treatment while the abundance of Folate biosynthesis,
glycolysis/gluconeogenesis, starch and sucrose metabolism were increased,
suggesting that the induction of remission could partially rectify the dysbiosis of gut
microbiota and restore the homeostasis of metabolic function. LPS, one important
component in the outer membrane of gram-negative bacteria, plays a critical role in
triggering inflammatory responses that could further result in various diseases such
as CD[36]. The serum levels of LPS were demonstrated to increased markedly in active
CD patients compared with patients in remission and HC and were positively
correlated with the severity of the disease[37]. Moreover, the blockade of intestinal
mucosal inflammation with IFX could reduce the levels of LPS and IFX has been
reported to diminish the CD-associated gut microbial dysbiosis [9,37] . Analysis of
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Figure 3

Figure 3 Spearman correlations among the 65 Crohn’s disease-associated genera in gut mucosal samples. The green circle represented taxa enriched in
patients after treatment while the red circle represented taxa enriched in patients before treatment. Lines between nodes denoted Pearson correlation (r > 0.2 and P <
0.05). The red and blue lines represented the positive and negative correlation, respectively.

microbiota genes in this study showed a prominent upregulation of LPS-related
pathways in patients before treatment, and this upregulation may be due to the
overgrowth of LPS-producing bacteria such as Fusobacterium and Eikenella. Folate
deficiency is common in patients with IBD, mostly in CD patients. Up to 80% of
patients with CD present with low levels of serum folate, and this is more common in
active disease than at times of remission[38,39]. Folate is produced in large quantities by
the colonic microbiota, mainly probiotics such as Lactobacillus and Bifidobacterium[40].
The enrichment of Lactobacillus in CD patients after treatment as shown in our study
may promote the biosynthesis of folate whose deficiency is associated with disease
severity.
This study has some limitations. First, the number of patients was somewhat small.
Therefore, the characteristics of mucosa-associated gut microbiota during CD
treatment and the predictive value of MDI in disease activity warrant verification in
large populations. Second, the patients in this study received different drugs for
inducing remission, which may cause some bias. Our results showed that the
composition of gut microbiota in patients before treatment was significantly different
from those after treatment regardless of the drug used. Due to the small sample size
in each treatment group, the effect of drugs on gut microbiota needs further
investigation.
In conclusion, the results in this study presented that both the structure and
function of mucosa-associated bacterial microbiota in patients with CD changed
significantly during treatment, approaching healthy status. The dysbiosis of gut
microbiota, which is associated with disease activity, is partially restored after the
induction of remission with characteristics including increased biodiversity and an
increase in SCFA-producing bacteria. Therefore, the disturbance of gut microbiota,
especially the overgrowth of pathogenic bacteria and the depletion of beneficial
bacteria may act as a potential therapeutic target for CD treatment.
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Figure 4 The predicted functional module involving pro-inflammatory pathways altered in Crohn’s disease compared to healthy controls. A: Pathways
including Lipopolysaccharide biosynthesis proteins and Lipopolysaccharide biosynthesis predicted to show significant different abundances among before, after and
healthy controls group according to Kyoto Encyclopedia of Genes and Genome pathway analysis. The Crohn’s disease-depleted genera including Roseburia,
Ruminococcus and Lachnospira were negatively correlated with Lipopolysaccharide biosynthesis proteins (P = 0.001 for Roseburia, P = 0.002 for Ruminococcus and
P = 0.025 for Lachnospira) and Lipopolysaccharide biosynthesis (P = 0.0002 for Roseburia, P = 0.002 for Ruminococcus and P = 0.021 for Lachnospira). B:
Roseburia; C: Ruminococcus; D: Lachnospira.
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ARTICLE HIGHLIGHTS
Research background
Accumulating evidence demonstrated the alterations of gut microbiota in patients with Crohn’s
disease (CD) compared to healthy subjects. However, comparative analysis of mucosal
microbiota in the same cohort of patients before and after treatment remains limited. The
different characteristics of mucosa-associated gut microbiota between active and quiescent CD
may provide as a predictive tool for disease relapse as well as a potential therapeutic target for
treatment.

Research motivation
Most studies investigating the gut microbiota of CD have used fecal samples while only few
studies have investigated the mucosal microbiota, which is believed to directly affect epithelial
function and may be more deeply involved in the pathogenesis of CD. Although the dysbiosis of
gut microbiota have been reported in patients with CD as compared with healthy controls, the
microbial changes during treatment and their association with disease activity are largely
unknown.

Research objectives
To illustrate the global alterations of mucosa-associated microbiota in patients with active CD
before and after treatment.

Research methods
A total of 74 mucosal biopsies were collected from 15 participants including 9 patients with CD
and 6 healthy individuals. Sampling included both active and remission stages for each patient
who underwent clinical treatment. The gut microbiota was sequenced by 16S rRNA analysis.

Research results
Our results showed that the structure of gut microbiota in patients with active CD changed
significantly after the induction of remission, including the decreased abundance of pathogenic
bacteria and increased abundance of beneficial bacteria.

Research conclusions
The dysbiosis of mucosa-associated gut microbiota in active CD was partially restored after
treatment, indicating the association of microbiota and disease activity.

Research perspectives
The variations of gut microbiota may act as a tool to supervise and predict the recurrence of CD,
and the maintenance of microbial homeostasis could become a potential therapeutic target for
the disease.
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Abstract
BACKGROUND
Patients with pancreatic cystic neoplasms (PCN), without surgical indication at
the time of diagnosis according to current guidelines, require lifetime imagebased surveillance follow-up. In these patients, the current European evidencedbased guidelines advise magnetic resonance imaging (MRI) scanning every 6 mo
in the first year, then annually for the next five years, without reference to any
role for trans-abdominal ultrasound (US). In this study, we report on our clinical
experience of a follow-up strategy of image-based surveillance with US, and
restricted use of MRI every two years and for urgent evaluation whenever
suspicious changes are detected by US.
AIM
To report the results and cost-efficacy of a US-based surveillance follow-up for

https://www.wjgnet.com

2217

May 14, 2019

Volume 25

Issue 18

Morelli L et al. US in PCN follow-up
(CEAVNO)”.

known PCNs, with restricted use of MRI.

Informed consent statement: All

METHODS
We retrospectively evaluated the records of all the patients treated in our
institution with non-surgical PCN who received follow-up abdominal US and
restricted MRI from the time of diagnosis, between January 2012 and January
2017. After US diagnosis and MRI confirmation, all patients underwent US
surveillance every 6 mo for the first year, and then annually. A MRI scan was
routinely performed every 2 years, or at any stage for all suspicious US findings.
In this communication, we reported the clinical results of this alternative followup, and the results of a comparative cost-analysis between our surveillance
protocol (abdominal US and restricted MRI) and the same patient cohort that has
been followed-up in strict accordance with the European guidelines
recommended for an exclusive MRI-based surveillance protocol.
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RESULTS
In the 5-year period, 200 patients entered the prescribed US-restricted MRI
surveillance follow-up. Mean follow-up period was 25.1 ± 18.2 mo. Surgery was
required in two patients (1%) because of the appearance of suspicious features at
imaging (with complete concordance between the US scan and the on-demand
MRI). During the follow-up, US revealed changes in PCN appearance in 28
patients (14%). These comprised main pancreatic duct dilatation (n = 1), increased
size of the main cyst (n = 14) and increased number of PNC (n = 13). In all of
these patients, MRI confirmed US findings, without adding more information.
The bi-annual MRI identified evolution of the lesions not identified by US in only
11 patients with intraductal papillary mucinous neoplasms (5.5%), largely
consisting of an increased number of very small PCN (P = 0.14). The overall mean
cost of surveillance, based on a theoretical use of the European evidenced-based
exclusive MRI surveillance in the same group of patients, would have been 1158.9
± 798.6 € per patient, in contrast with a significantly lower cost of 366.4 ± 348.7 €
(P < 0.0001) incurred by the US-restricted MRI surveillance used at our
institution.
CONCLUSION
In patients with non-surgical PCN at the time of diagnosis, US surveillance could
be a safe complementary approach to MRI, delaying and reducing the numbers
of second level examinations and therefore reducing the costs.
Key words: Ultrasound; Pancreatic cystic neoplasms; Magnetic resonance imaging;
Surveillance
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Considering the high incidence of pancreatic cystic neoplasms (PCN) in the
general population and the low risk of malignant progression in these patients, health
care providers need to consider cost-effective follow-up programs. Current guidelines
advise only magnetic resonance imaging (MRI) surveillance for the routine follow-up of
these patients. This image-based surveillance carries issues concerning accessibility and
high costs. The present retrospective analysis enrolling 200 patients has demonstrated
that a modified surveillance based on ultrasound and restricted use of MRI is both safe
and significantly more cost-effective. However, this retrospective study requires
confirmation by a prospective randomized controlled clinical trial comparing the two
follow-up regimens in patients with non-surgical PCN.
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INTRODUCTION
The widespread use of high resolution imaging has resulted in a marked increase in
the incidental detection of pancreatic cystic lesions, such that these lesions are
encountered in 3% of abdominal computed tomography (CT) examinations and in up
to 13%-19.6% of magnetic resonance imaging (MRI) scans[1-3]. The MRI prevalence data
are in agreement with the previously reported autopsy studies demonstrating
pancreatic cystic lesions in up to a quarter of cases[4]. Cystic pancreatic lesions are a
heterogeneous group. The classification of pancreatic cyst neoplasms (PCNs) is based
either on their neoplastic potential or their epithelial or mesenchymal origin.
The two most common PCN lesions are the intraductal papillary mucinous
neoplasms (IPMN) and the mucinous cystic neoplasms (MCN). Both are benign, but
with an established risk of malignant progression; whereas others are always benign,
without any risk for malignant transformation, e.g., serous cystic neoplasm (SCN).
More rarely, PCN are overtly malignant at the time of diagnosis (cystadenocarcinomas). PCN not only have diverse histological and imaging appearances, but also
differ in their clinical presentation, biological behavior, growth pattern, and risk of
malignancy[5]. Accurate risk stratification and decisions regarding treatment and
follow-up strategies necessitate precise lesion characterization and diagnosis. Several
recommendations have been published on their pathology and management. The
most relevant are the International Consensus Guidelines (2006[6], 2012[7] and 2017[8]),
the guidelines of the American Gastroenterological Association (2015[9]), and the
European study group on cystic tumors of the pancreas guidelines (2012 [10] and
2018[11]). All these guidelines consider repeated MRI scans with similar frequency as
the preferred surveillance tool in the follow-up strategy of non-surgical PCN. The
European evidence-based guidelines on pancreatic cystic neoplasms consider the
presence of jaundice, mural nodes (> 5 mm) and main duct dilatation ≥ 10 mm as
“absolute indications” for surgery. The presence of main duct dilatation 5-9.9 mm,
cyst growth rate > 5 mm/year, mural nodes < 5 mm, cystic diameter ≥ 40 mm,
increased serum markers and new onset of diabetes or acute pancreatitis are relative
indications for surgical intervention. In the presence of one or more of these features,
surgical indication has to be balanced by the patients’ general condition, including comorbid disorders.
Surgical intervention in the remaining “low risk” PCN (Wirsung diameter < 5 mm,
cyst size < 40 mm, growth rate < 5 mm/years and no mural nodes) is not indicated at
the time of diagnosis. Instead, accurate surveillance follow-up is recommended in the
first instance. This consists of a MRI every 6 mo during the first year and then
annually for the next 5 years, in order to detect the appearance of progressive
changes, e.g., an increase in the size of the major lesion, main pancreatic duct
dilatation or mural nodules. Although MRI is considered the gold standard imaging
technique[12-14] to follow-up on these lesions, it has some issues, including limited
access to this imaging modality and high costs[15,16]. In addition, MRI examinations are
lengthy and can be uncomfortable for patients, particularly those who suffer from
claustrophobia. Additionally, there are patients in whom MRI is contraindicated.
Other imaging modalities used include endoscopic ultrasound (EUS) with or without
fine needle aspiration (FNA), transabdominal ultrasound (US), contrast enhanced US
(CEUS) and contrast enhanced-EUS (CH-EUS). EUS is recommended in the current
guidelines as an adjunct to the other imaging modalities in the assessment of patients
harboring PNC with features identified during the initial investigation or follow-up,
which may indicate the need for surgical resection. Despite its accuracy, EUS-FNA is
invasive and thus should be performed only when the results are expected to change
clinical management. Although US and CEUS are included in the Italian consensus
guidelines for the diagnostic work-up and follow-up of cystic pancreatic neoplasms[17],
this recommendation is not included in the European Evidence Based Guidelines;
although CH-EUS is considered for evaluation of mural nodules[11].
A pragmatic approach is needed, especially in public healthcare hospitals, in the
clinical management of patients harboring relatively common benign lesions but a
varying risk of malignant transformation. Although these PCN do not require surgery
at the time of diagnosis, there is an evidence-based absolute need for expensive
image-based long-term surveillance follow-up. Hence, cost considerations, with the
emphasis on cost-efficacy and utility of long-term surveillance, is particularly
essential in public healthcare systems. However, in the quest for cost containment, an
alternative cheaper follow-up system for non-surgical PCN is only acceptable if it is
safe and proven to be fit for purpose, i.e. if it does not miss malignant evolution of
PCN. Recently, a few publications[18-20] have evaluated the role of US in monitoring
PCN. Nevertheless, to date there has not been any reports of a safe alternative followup strategy based on US with limited MRI use outlined by the present study.
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MATERIALS AND METHODS
Patients selection and data acquisition
Records from all patients with PCN diagnosis without indications for surgery
(absolute or relative), who were enrolled in our modified surveillance protocol
between January 2012 and January 2017, were reviewed retrospectively. The patient
cohort for this retrospective study was obtained from our institutional, prospectivelycollected database and selected as patients with confirmed diagnosis of PCN without
absolute or relative indications for surgery according to the current European
evidence-based guidelines[11]. The diagnostic US criteria for suspect PNC were the
identification of one or more partial or completely anechoic areas within the
pancreatic parenchyma and/or dilation of Wirsung duct > 2 mm, in the absence of
identifiable causes of obstruction. In the protocol, the US diagnosis was always
confirmed with an MRI scan. Exclusion criteria were suspected or proven malignancy
at the time of diagnosis (presence of solid vascularized tissue in the cyst, presence of
nodal or distant metastasis at imaging, or positive histopathological findings)[18], PCN
with absolute or relative surgical criteria [11] , clear diagnosis of SCN, absence of
diagnostic MRI scan, and follow-up period less than 10 mo. The last date of entrance
into the US follow-up for the group of patients included in the study was January 1,
2017, with an end-point date of January 1, 2018 for the surveillance follow-up period.
After US diagnosis and MRI confirmation, all scheduled patients were followed-up
with a non-conventional surveillance protocol that was used in our Unit since 2012. It
consisted of a US scan every 6 mo for the first year and then, in patients with stable
disease, annually from the second to the fifth year. A planned MRI was performed
routinely every two years for stable disease, or at any time when suspicious changes
were observed on US. Abdominal US was always performed just before the planned
routine MRI in the second year of follow-up (Figure 1). The reasons for reducing the
imaging intervals and advancing the MRI were dilatation of the main duct > 50%,
increased size of the cyst ≥ 2 mm from previous examinations, or development of new
lesions (Figure 2). The development of new PCN is diagnosed by conventional US as a
new anechoic area into the pancreatic parenchyma. Stable disease was defined as
PNC without detectable changes between two subsequent follow-up images.
Retrieved data included baseline patient characteristics, Wirsung caliber (the
widest portion regardless of location), PCN size (largest diameter), connection of the
cyst to the ductal system, and numbers and locations at the time of diagnosis. The
duration of the follow-up period, Wirsung caliber, PCN modifications discovered
during surveillance with subsequent performance of US as a follow-up examination,
and MRI were also evaluated. Finally, the number and cost of US and MRI performed
for each patient were obtained.
Costs of a single examination were expressed in Euros and obtained from our
regional rates as follows: 60 € for US and 480 € for MRI, with an extra 254 € for a
contrast-enhanced study. The total number of US and MRI scans (both routine and
urgent) for each patient included in the study, together with the total number of
examinations, were obtained. In the same way, the overall number of MRI alone,
which would have been performed if the same patient group had undergone the
standard guidance-approved MRI only surveillance[11], were calculated. According to
the guidelines, a short MRI protocol without the administration of contrast provides
equivalent information to a longer contrast enhanced MRI protocol for the
surveillance of PCN. As a consequence, the MRI exam in the ‘virtual’ control group
was estimated as 480 € and scheduled, as suggested, every 6 mo. This enabled the
calculation of the theoretical overall cost of the control group.
These data were used in the cost-analysis comparison between the US-MRI
restricted surveillance-based follow-up strategy and surveillance had the same group
of patients been subjected to the evidenced-based existing guidelines surveillance
with MRI alone. Sensitivity, negative predictive value, and the accuracy of US with
respect to MRI in the follow-up were evaluated. Specifically, the sensitivity, negative
predictive value and accuracy refer to the ability of US to detect changes in PNC, with
respect to the gold standard MRI at two years. The diagnostic criteria evaluated for
this analysis are the same for both US and MRI, which include a detected increase in
the number of PCN (detection of new anechoic areas not identified in previous
examination; increased of size PCN > 2 mm; increase of Wirsung caliber > 50%). In
this series, no patients developed mural nodules or PCN wall thickness. Hence, these
were not included in the analysis.

Imaging protocol
B-mode US was performed in all patients at our department by surgeons with
expertise in US examinations and with over 25 years of experience in pancreatic
surgery and imaging. All patients signed an informed consent to authorize the
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Figure 1

Figure 1 The two follow-up strategies comprising the standard magnetic resonance imaging vs nonconventional abdominal US surveillance. US: Ultrasound; PCN: Pancreatic cyst neoplasms.

scientific use of the collected data. A GE Logiq 9 (GE Healthcare, Milwaukee, WI,
United States) with a probe frequency of 3.5-5.0 MHz was utilized. Patients were
scanned supine or in other positions with grey scale imaging and Color-Doppler.
Harmonic imaging was routinely used to reduce artefact and increase the signal-tonoise ratio. The position, size, boundaries, and contents of all PCN, as well as the
diameter of the pancreatic duct, if visible, were recorded. During the examinations,
previous US or MRI images, including those performed at the time of diagnosis, were
available using Resolution and then Suit Estensa PACS (Esaote Spa, Genova, Italy).
They were used as correlative images to identify known PNC and evaluate their
modifications. CEUS was only used occasionally in a few selected patients with
relative surgical indications, which had shown at the time of the diagnosis septa or
cystic wall thickness by B-mode US. Hence, it was not considered in the present
analysis.
Patients underwent MRI on a superconductive 1.5T system (Signa HDx; GE
Healthcare) using a twelve-channel phased-array body coil for both excitation and
signal reception. Immediately before starting the examination, scopolamine methylbromide (20 mg; Buscopan®, Boehringer Ingelheim, Italy) was administered
intramuscularly to avoid peristaltic artefacts. The standard imaging protocol
included, first, T1-weighted breath-hold SPGR in-phase and out-of-phase axial
sequences (with and/or without fat suppression), and T2-weighted axial sequences
(both breath-hold, single-shot fast spin-echo and respiratory-triggered, fat-suppressed
fast spin-echo) of the upper abdomen. Next, MRCP was performed by respiratorytriggered, three-dimensional, heavy T2-weighted fast spin-echo (3D FRFSE) sequence
and breath-hold, thick-slab, single-shot FSE T2-weighted sequences performed in the
coronal and oblique-coronal projections. Diffusion-weighted MR imaging of the
pancreatic region was performed using an axial respiratory-triggered spin-echo echoplanar sequence with multiple b values (300, 500, 700, 1000 s/mm²) in all diffusion
directions. If there were some doubts on the pre-contrast study, a three-dimensional
fat-suppressed Liver Acquisition with Volumetric Acceleration (LAVA) sequence was
obtained in the axial and sometimes coronal plane before and after intravenous
injection of Gadolium-based contrast agents. Post-contrast graphic images were
obtained in the arterial, portal-venous and delayed (between 3 and 5 min) phases.
Acquisition time for the whole examination ranges from 30 to 35 min. The size of the
voxels and therefore the spatial resolution depends on matrix size, the field-of-view
(FOV), and slice thickness. Moreover, higher magnetic field allows improved
resolution. In our study, the MR cholangiography matrix was 256 × 160, the slice
thickness/spacing was 2.4/-1.2 mm, and the FOV was about 40. By applying these
parameters, the 1.5 T MR device allowed evaluation of variation in the dimension of 2
mm. The spatial resolution of the 1.5 T MR commercial device has been reported in
the literature by Arizono et al[21] as 1.1 × 1.0 mm (inplane resolution) and 0.84 mm
(minimum slice resolution).
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Figure 2

Figure 2 Development of new pancreatic cyst neoplasms as new anechoic areas into the pancreatic
parenchyma detected by conventional ultrasound.

Statistical analysis
SPSS version 21.0 (IBM Corp., Armonk, NY, United States) and STATA version 13
(STATA Corp., College Station, TX, United States) software were employed for
statistical evaluation. Continuous variables are reported as mean ± standard deviation
(SD) and compared using Student’s t-test. Variables with a non-normal distribution
are expressed as median and compared using the Wilcoxon Test. To determine the
competency of US policy in the surveillance period relative to the gold standard MRI,
a receiver operating characteristic curve (ROC) test was performed with a calculation
of sensitivity, negative predictive value, accuracy and area under the curve (AUC). P
values less than 0.05 were considered statistically significant.

RESULTS
Two hundred patients harboring 261 PCN were followed-up with the US-Restricted
MRI surveillance program described above. At diagnosis, 140 patients (74.5%) had a
single PNC and 51 patients had multiple PNC (25.5%), the multiple PNC being
referred to as IMPNs. The median number of cysts was two (range 2-5). The study
group comprised 138 (69%) females and 62 (31%) males with a mean age of 67 ± 14
years. At the time of diagnosis, the median Wirsung diameter was 2.6 (range 1.8-4.5
mm) and the mean cystic diameter was 16 ± 13 mm, with 97 (37%) measuring less
than 10 mm. Most lesions were located in the pancreatic head (106 PCN, 40% of total).
Connections to the ductal system and MRI diagnosis of IPMN was documented in 148
(74% of total patients). The mean follow-up period was 25.1 ± 18.2 mo. Surgery was
required in two patients (1%) because of the appearance of suspicious features on the
surveillance scans (with complete concordance between the US and the on-demand
MRI scans). In the first patient, a 35 mm lesion located in the tail was detected by the
1-year US scan, which confirmed a rapid increase in cyst diameter reaching 42 mm.
After MRI, EUS was also performed. However, due to the distal localization of the
lesion and poor acoustic window, needle aspiration was not performed. This female
patient was treated by laparoscopic distal pancreatectomy. Pathological examination
of the excised specimen confirmed a cystic neuroendocrine tumor. For the second
patient with a PCN located in the pancreatic head, follow-up imaging showed a
progressive Wirsung dilatation that was accompanied by a rising serum Ca 19.9 level
and, hence, had clear-cut indications for surgery. The final histologic diagnosis of the
excised lesion was confirmed as a mucinous carcinoma arising from IPMN and staged
T2N0M0. Data summarized in Table 1.
In 28 patients (14%), US showed non-surgical changes in PCN during surveillance,
consisting of pancreatic duct dilatation in one case (from 2 to 3 mm) and an increase in
diameter of the main cyst in 14 cases (median increased = 2.5 mm; range 2-5 mm). One
female 88-year-old patient with PCN in the head of the pancreas that enlarged by 5
mm in one year was treated conservatively because of significant ischemic heart
disease and diminished cardiac function. The lesion remained stable during a follow-
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Table 1 Patient characteristics
Characteristics
Number of patients

200

Baseline total PCN

261

Multiple PNC patients, n (%)

51 (25)

Sex ratio, M:F

62:138

Age in yr, mean ± SD

67 ± 14

Main duct diameter in mm, median (range)

2.6 (1.8-4.0)

Cystic size in mm, mean ± SD

16 ± 13

PNC < 10 mm, n (%)

97 (37)

Location, uncinate process, n (%)

73 (28)

Location, pancreatic head, n (%)

106 (40)

Location, pancreatic body, n (%)

54 (21)

Location, pancreatic tail, n (%)

28 (11)

Radiologically suspected IPMN, n (%)

148 (74)

Mean follow-up, mo (± SD)

25.1 (± 18.2)

Surgery during follow-up, n (%)

2 (1)

PNC: Pancreatic cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm.

up of 28 mo. In the remaining 13 patients, US discovered new cystic lesions during
image-based surveillance. All these patients underwent MRI, which confirmed the US
findings.
In 11 patients (5.5% of total), the routine 2 years MRI identified evolution of the
lesions not detected at the same time US (P = 0.14), but mainly related to an increased
number of PCN (6 cases; 54%). In all these cases, the new PCN detected by MRI were
located in the uncinate and tail of the pancreas. In five cases (46%), the routine MRI
demonstrated a median PCN enlargement of 3 mm (range 3-4 mm) not detected by
US. However, all these patients had PCN diameters < 15 mm and an MRI every 6 mo
would not have altered the clinical management of these patients. In the present
study, the follow-up surveillance program did not identify the development of mural
nodules or thickness of the wall either by US or MRI.
Considering the MRI as the gold standard, US used in PCN surveillance showed a
sensitivity of 72%, negative predictive value of 94%, accuracy of 95% and AUC of a
ROC curve of 86% (confidence interval 77%-94%, P < 0.001) (Figure 3).
The mean cost of surveillance for each patient according to the proposed USrestricted MRI surveillance follow-up strategy was 366.4 ± 348.7 €. Had we used the
surveillance recommended by the European evidenced-based guidelines with MRI in
the same group of patients, the costs incurred would have been 1158.9 ± 798.6 € (P <
0.0001), i.e. nearly trebled (Figure 4).
However, the cost of our proposed US-restricted MRI-based surveillance could be
higher than the above cost of 366 ± 349 €, since it would be influenced by the number
of patients with PCN requiring urgent MRI. This is because of changes documented
by surveillance imaging (total = 30 in present cohort) and/or the need for a contrastbased MRI scanning contrast phase (n = 5 in present study). The overall costs of our
proposed follow-up strategy still remain significantly lower than the exclusive MRIbased surveillance, i.e. 907.2 ± 382.9 € vs 1511.6 ± 790.4 € respectively, P < 0.05).

DISCUSSION
The crucial objective in the clinical management of patients harboring PCN is the
early identification of those at high risk of malignant degeneration[22]. To this effect,
MRI is considered the gold standard imaging modality [13] in all the published
guidelines[8,11], both in the diagnostic workup and in the subsequent follow-up. MRI is
useful for establishing the diagnosis and presence of any connection between PCN
and the ductal system, the baseline cystic diameter and other features. Likewise, the
follow-up imaging-based surveillance used has to be capable of the risk
features/changes predictive of neoplastic evolution[23-25]. Despite its proven efficacy,
MRI has certain issues, including contrast-related side effects, claustrophobia, limited
accessibility and high costs. EUS is helpful in resolving PCN with suspicious features,
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Figure 3

Figure 3 Receiver operating characteristic analysis showing the accuracy of ultrasound in the follow-up
respect to gold standard magnetic resonance imaging performed 2 year after diagnosis vs those performed
“on demand” during the follow-up.

but on its own exhibits modest useful diagnostic performance for these lesions.
However, when combined with fine-needle aspiration (FNA), the diagnostic yield and
accuracy of EUS are increased significantly. Nevertheless, because of the invasive
nature of FNA, this combination should be reserved in selected PNC cases with
suspicious features on the MRI that suggest a need for surgery. Otherwise, because of
its invasive nature, EUS with FNA is not suitable or recommended as a surveillance
follow-up modality[11].
In the management of patients with PCN who are largely asymptomatic and often
young, within the context of increasing costs of secondary and tertiary healthcare in
both public and private hospitals, cost considerations cannot be ignored. The clinical
management of patients is essentially based on image-based surveillance follow-up,
and we need an imaging protocol that is both fit for purpose and affordable. In this
context, US is an imaging modality worthy of consideration as an alternative imaging
modality in the follow-up of PCN. US can be used to evaluate most patients by
assessing pancreatic duct caliber, diameter of the wall, and the internal aspect of
pancreatic cysts[19]. US scanning for the detection and evaluation of PCN has been
analyzed in a few reports, with the most important being the report by Sun et al[19].
This seminal publication is based on a study involving 57 patients who underwent
blinded US on the same day that each had an MRI. The authors demonstrate that an
abdominal US for established PNC provides visualization and accurate measurement
of many PCN of the cyst size, location, and other lesion characteristics. The conclusion
from this study was that US was a valid adjunct of MRI in monitoring patients
harboring PCN diagnosed by MRI. In another recent report, Jeon et al[20] reported that
the detection rate and utility of US is significantly improved by repeat imaging if the
initial diagnostic US image is available for use as a reference map; thereby confirming
the increased usefulness of US in PCN surveillance. Apart from the patients’ stature,
the cyst location, availability of initial (baseline) images that affect US successful
evaluation, and different PCN changes are not detected equally by US. In line with
these studies, we have shown that during follow-up, Wirsung duct caliber and cyst
diameter are the factors that are well-visualized with US scan, whereas the
development of new cysts and small mural nodes are detected less successfully. When
detectable, the US features indicative of the development of new cysts and small
mural nodes include the appearance of new anechoic areas in the pancreatic
parenchyma and the appearance of a solid iso/iper-echoic component inside the
anechoic cystic area[26].
Although dilatation of pancreatic duct caliber was clearly detected by US, the
growth rate of PCN was missed in five cases and detected by MRI. However, all these
missed lesions that measured smaller than 15 mm did not affect management. The
development of new cyst(s) in other part of the pancreas was the main limitation of
US surveillance, largely due to the inability for complete US exploration of the gland.
However, the clinical importance of detecting small new PCN remains debatable.
Since the clinical records of the patients included in the present study contained no
data on mural nodes, the ability of US to detect these changes was not evaluated.
Nevertheless, our view is that with conventional US, the difficulty of distinguishing
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Figure 4

Figure 4 The box-plot graph showing the statistical difference between the overall cost for MRI alone and
US-restricted MRI surveillance follow-up. US: Ultrasound; MRI: Magnetic resonance imaging.

genuine mural nodes from mucin plugs is substantial. CEUS can be useful to enhance
the ability of conventional US to image and detect changes in the inner wall of
pancreatic cysts[27]. In some reports[20], CEUS alone has not been found to be useful or
reliable in documenting suspicious abnormalities that warrant change in
management. In addition, these studies consider MRI to be better for detecting
malignant transformation of IPMN, such that a detected intra-cystic solid mural node
inevitably requires a second level MRI exam, thus limiting the utility of CEUS. The
use of US as part of the surveillance protocol in the follow-up of patients with PCN
has certain advantages: ease of performance by fully trained ultrasonographists, fast,
widespread availability, and low cost.
The main potential risk of delaying the MRI imaging routine could be to miss early
detection of worrisome features, however this has never been found in this study.
Furthermore, even in this instance, the additional risk appears to be very low. In fact,
relative indications for surgery according to European evidence-based guidelines[11]
are not an expression of degeneration but only of increased risk, which is estimated in
about 5.7% in patients with one relative indication for surgery[28].
Although CEUS has been proven to be more sensitive than US, it is a more complex
procedure to be performed, requires venous access and the availability of the contras
media, and is more time-consuming and costly (about double with respect to a
conventional US). Furthermore, CEUS is not as panoramic as the MRI, because the
various phases must be focused only on a precise target instead of on the whole
gland.
For these reasons, we think that CEUS is a good diagnostic technique in selected
cases, particularly when we have to study a precise finding of a B mode US, as an
alternative or complimentary study to MRI. However, it is not a good technique for a
routine follow-up.
The results of the present study indicate the potential benefit of including US
scanning with restricted MRI, as outlined in our hospital protocol, for surveillance of
patients with PCN. The study has confirmed that restricting MRI imaging to patients
with progressive PCN modifications identified by abdominal US can reduce hospital
costs without incurring missing patients who develop changes that require prompt
surgical intervention or overt malignant transformation. Several studies[29-31] have
confirmed the utility and importance of a cheaper imaging alternative to the MRI
protocol. In our institution, the MRI protocol includes diffusion-weighted imaging for
a more reliable definition of suspicious PCN elements, together with the routine use
of contrast-enhanced sequences. The routine MRI sequences differ substantially from
those reported by Pozzi-Mucelli et al [30] , and our costs seem lower despite the
comprehensive protocol. In Italy, several factors influence the imaging workflow, and
these include examination time. US is the most acceptable imaging modality in this
setting because it is quick, widely accessible and low cost. This is confirmed by the
Italian Consensus guideline for diagnostic work-up and follow-up of PCN[17]. This
may be different in other countries where a short MRI is preferred.
The primary goal of any surveillance program is to reduce the frequency of high-
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level tests exemplified by MRI without compromising patient safety. The
shortcomings of US are related to the patients’ acoustic window and the undeniable
fact that US is operator-dependent. Hence, the successful outcome of the present
study may be related to the expertise of the surgeon US operators involved. For this
reason, we believe that this program should be followed only in tertiary care hospitals
by a dedicated team with specialist expertise in managing pancreatico-biliary
disorders. Even so, there can be no doubt that patients/PNC locations with poor
acoustic window cannot be safely followed by US. In our opinion, the standard
exclusive MRI surveillance is needed for the follow-up of these patients.
We acknowledge that the study has some limitations. The first is its retrospective
nature, which prevented the inclusion of patients with PCN who could not be
assessed by US because of a poor acoustic window, thereby increasing the risk of
selection bias. However, in the literature, cases with poor acoustic windows
precluding US assessment are not common and range from 2%-12% of cases[32]. The
retrospective nature of the study may also influence extrapolated cost estimations
based on the same cohort of patients undergoing surveillance by exclusive MRI
surveillance. Another limitation of the study is the short follow-up, as this may inflate
the performance of US since many PCNs remained unchanged during the study
period. Clearly, the two surveillance regimens for patients with PCN (MRI-based
surveillance (current gold standard) vs our proposed US-restricted MRI surveillance
protocols) need to be evaluated and confirmed by a prospective RCT with both
clinical and health economic endpoints.
In conclusion, in patients with good US window, and with PCN without absolute
or relative surgical criteria, abdominal US performed by an expert physician could be
a safe complementary approach to MRI. This would delay and reduce the numbers of
second-level examinations and therefore reduce the cost of surveillance. Considering
the growing pressure for the allocation of healthcare resources, US is an inexpensive
option for follow-up of a large number of PCN patients in a protracted period.
However, the proposed abdominal US-restricted MRI surveillance protocol needs to
be evaluated and confirmed by a prospective RCT against the currently recommended
MRI-based surveillance, with the RCT having both clinical and health economic
endpoints.

ARTICLE HIGHLIGHTS
Research background
The current international guidelines only consider magnetic resonance imaging (MRI) for the
follow-up of patients with pancreatic cystic neoplasms (PCN). Given the great number of
patients with PCN that have to be followed-up due to the inherent risk of malignant progression,
the use of abdominal ultrasound (US) might be a quick, easily accessible and cost-saving
imaging modality. Recent publications have evaluated the role of US in monitoring PCN, but
none have proposed a safe alternative follow-up surveillance based on US with restricted MRI
use.

Research motivation
We performed this study in order to evaluate the safety and cost-efficacy of US as a diagnostic
tool to simplify the follow-up of selected patients with low risk pancreatic cystic neoplasms.

Research objectives
The objectives of this study were: (1) to evaluate the safety of the use of US in the surveillance of
patients with good acoustic window and low-risk pancreatic cystic neoplasms; and (2) to
propose an alternative follow-up protocol that reduces the cost with respect to the cost incurred
by current international guidelines.

Research methods
We retrospectively evaluated the safety and costs of a follow-up surveillance for patients with
low-risk PCN, performed with 6 monthly abdominal US for the first year, and then annually and
with recourse to MRI scans performed every 2 years, or for confirmation of suspicious US
findings.

Research results
Between January 2012 and January 2017, we followed 200 patients with a specific protocol that
included abdominal US scans for pancreatic cystic neoplasms. During a follow-up period of 25.1
± 18.2 mo, MRI identified evolution of the lesions not detected by US in only 11 patients (5.5%).
However, MRI every 6 mo would not have changed patient management in any case. The mean
cost of surveillance for each patient based on theoretical application MRI surveillance
(recommended by international guidelines) within the group of patients included in the study
would have incurred costs of 1158.9 ± 798.6 €, compared to the surveillance costs incurred by the
proposed US-restricted MRI protocol of 366.4 ± 348.7 € (P < 0.0001).
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Research conclusion
Abdominal US seems to provide a cost-effective surveillance that reduces the frequency of MRI
scans without affecting patient outcome. This is important in reducing the financial burden on
hospital healthcare, aside from reducing the examination time and MRI-related issues and side
effects. For patients with PCN, we have proposed a follow-up surveillance that includes
abdominal US, and demonstrated that it is safe and complementary to MRI. In addition, it
effectively delays and reduces the number of MRI scans, thereby reducing the cost of
surveillance.

Research perspectives
The results of the present study need to be confirmed by a comparative prospective randomized
trial with both clinical (long-term patient outcome safety) and health economic primary
endpoints.
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Abstract
BACKGROUND
The hepatitis C virus (HCV) NS5A inhibitor ABT-267 (ombitasvir, OBV), the
HCV NS4/4A protease inhibitor ABT-450 (paritaprevir, PTV), the CYP3A
inhibitor ritonavir (r) and the non-nucleoside NS5B polymerase inhibitor ABT333 (dasabuvir, DSV) (OBV/PTV/r + DSV) with or without ribavirin (RBV) is a
direct-acting antiviral regimen approved in the United States and other major
countries for the treatment of HCV in genotype 1 (GT1) infected patients. Patients
with HCV who are considered “hard-to-cure” have generally been excluded from
registration trials due to rigorous study inclusion criteria, presence of
comorbidities and previous treatment failures.
AIM
To investigate the efficacy of this regimen in HCV G1-infected patients
historically excluded from clinical trials.
METHODS
Patients were ≥ 18 years old and chronically infected with HCV GT1 (GT1a, GT1b
or GT1a/1b). Patients were treatment-naïve or previously failed a regimen
including pegylated interferon/RBV +/- telaprevir, boceprevir, or simeprevir.
One hundred patients were treated with the study drug regimen, which was
administered for 12 or 24 wk +/- RBV according to GT1 subtype and
presence/absence of cirrhosis. Patients were evaluated every 4 wk from
treatment day 1 and at 4 and 12 wk after end-of-treatment.
RESULTS
Many of the patients studied had comorbidities (44.2% hypertensive, 33.7%
obese, 20.2% cirrhotic) and 16% previously failed HCV treatment. Ninety-six
patients completed study follow-up and 99% achieved 12-wk sustained virologic
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response. The majority (88.4%) of patients had undetectable HCV RNA by week
4. The most common adverse events were fatigue (12%), headache (10%),
insomnia (9%) and diarrhea (8%); none led to treatment discontinuation. Physical
and mental patient reported outcomes scores significantly improved after
treatment. Almost all (98%) patients were treatment compliant.
CONCLUSION
In an all-comers HCV GT1 population, 12 or 24-wk of OBV/PTV/r + DSV +/RBV is highly effective and tolerable and results in better mental and physical
health following treatment.
Key words: Hepatitis C; Ombitasvir; Paritaprevir; Ritonavir; Dasabuvir; Genotype 1
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The hepatitis C virus (HCV) NS5A inhibitor ABT-267 (ombitasvir, OBV),
HCV NS4/4A protease inhibitor ABT-450 (paritaprevir, PTV), CYP3A inhibitor
ritonavir (r) and non-nucleoside NS5B polymerase inhibitor ABT-333 (dasabuvir, DSV)
(OBV/PTV/r + DSV) with or without ribavirin (RBV) is an approved direct-acting
antiviral regimen less frequently studied in an all-comers population. This study included
96 all-comers; many had comorbidities (44.2% hypertensive, 33.7% obese, 20.2%
cirrhotic) and 16% previously failed HCV treatment. In these patients, 12 or 24-wk of
OBV/PTV/r + DSV +/- RBV was highly effective (99% sustained virologic response for
12 wk treatment), tolerable and resulted in better mental and physical health.
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INTRODUCTION
The National Health and Nutrition Examination Survey (NHANES) approximates
that 3.2 million hepatitis C virus (HCV) patients are living in the United States[1].
Among these patients, most will develop chronic infection that can ultimately lead to
hepatic fibrosis and cirrhosis[2]. Cirrhotic HCV patients have an increased risk of
developing decompensated cirrhosis, hepatocellular carcinoma (HCC) [3,4] . and
commonly require liver transplantation[5].
The recent era of improved treatment regimens for HCV has contributed to much
better outcomes in these patients[6], with the goal of treatment being to eradicate the
virus and prevent the development of cirrhosis and its complications. Successful
treatment of HCV is defined in terms of sustained virologic response (SVR), which is
undetectable levels of HCV viral RNA in the blood 12 wk after completion of
therapy[7]. Currently, treatment for HCV involves the use of direct-acting antiviral
(DAA) regimens, which are molecules that target specific nonstructural proteins of the
virus and disrupt viral replication and infection. One such DAA regimen is the HCV
NS5A inhibitor ombitasvir (OBV), HCV NS4/4A protease inhibitor paritaprevir
(PTV), the CYP3A inhibitor ritonavir and the non-nucleoside NS5B polymerase
inhibitor dasabuvir (DSV) (OBV/PTV/r + DSV) with or without ribavirin (RBV). In
registration trials for this regimen, SVR rates reached as high as 99% in HCV genotype
1 (GT1) patients[8].
Patients with HCV who are considered “hard-to-cure” have generally been
excluded from registration trials due to rigorous study inclusion criteria, presence of
comorbidities and previous treatment failures. Here we report the results of a phase 4,
open label study that evaluated the safety and efficacy of OBV/PTV/r + DSV +/RBV in a real-world clinical setting in patients who have historically been excluded
from clinical trials. We also report on the patient quality of life, dosing adherence and
whether resistance-associated substitutions (RASs) impact achievement of SVR.
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MATERIALS AND METHODS
All patients provided written informed consent. The study was conducted in
accordance with the International Conference on Harmonisation, applicable
regulations, and the principles of the Declaration of Helsinki. Upon signing the
informed consent, patients were considered enrolled and screening and baseline
assessments were initiated. Patients were screened from April 21, 2016 through
December 5, 2016. Screening procedures at baseline included a medical history,
physical exam, blood chemistries, HCV RNA PCR and HCV genotype assessments.
Eligible patients were ≥ 18 years old and chronically infected with HCV GT1 (GT1a,
GT1b or GT1a/1b). Patients were either treatment naïve or previously failed a
regimen including pegylated interferon (pegIFN)/RBV with or without telaprevir,
boceprevir, or simeprevir. Patients were excluded from the study if they were
currently taking or planning on taking any medications contraindicated in the
OBV/PTV/r + DSV package insert, had evidence of decompensated liver disease
(Child-Pugh B or C, including the presence of clinical ascites, bleeding varices, or
hepatic encephalopathy), hemoglobin < 8 g/dL, platelets < 25000 cells/mm3, all
nucleated cells < 500 cells/mm3, bilirubin > 3, international normalized ratio ≥ 2.3,
serum albumin < 2.8 and glomerular filtration rate < 30 mL, alanine aminotransferase
or aspartate aminotransferase > 10 × ULN, consume > 3 alcoholic drinks daily or have
uncontrolled HIV or hepatitis B virus coinfection. Patients with cirrhosis were
required to have serum alpha fetoprotein < 100 ng/mL and imaging ruling out HCC
within 3 mo of screening visit.
Treatment was initiated when screening and baseline procedures were completed,
and patient eligibility was confirmed. Patients received the US package insert
recommended dose: Two OBV/PTV/r 12.5/75/50 mg tablets once daily (in the
morning) and one DSV 250 mg tablet twice daily (morning and evening) with a meal
without regard to fat or calorie content. RBV was given to some patients based on
approved US package insert and was dosed at 1000 mg/d (< 75 kg) or 1200 mg/d (≥
75 kg), divided and administered twice-daily with food. Duration of treatment was
determined based on GT1 subtype and the presence or absence of cirrhosis. GT1a
patients with compensated cirrhosis were treated for 24 wk including RBV, GT1a
patients without cirrhosis and GT1b patients with compensated cirrhosis were treated
for 12 wk including RBV, and GT1b patients without compensated cirrhosis were
treated for 12 wk without RBV.
For patients treated for 12 wk, study visits took place at day 1 (baseline) and weeks
4, 8 and 12 (end-of-treatment, EOT). For patients treated for 24 wk, study visits took
place at day 1 (baseline) and weeks 4, 8, 12, 16, 20 and 24 (EOT). All patients had
follow-up visits 4 and 12 wk after their last dose of study medication. Patients were
considered to be off study if they discontinued early or did not complete protocol
defined visits. The study protocol was approved by the Integ Review Institutional
Review Board. The study was registered on ClinicalTrials.gov.

Definitions and outcome measures
The primary endpoint was SVR 12 wk after the last treatment dose for the all treated
population. The all treated population was defined as all patients that were consented
and received at least 1 dose of study medication. SVR was defined as HCV RNA
below the lower limit of quantification (LLOQ) 12 wk after the end of treatment
(SVR12). Plasma HCV RNA levels were measured using the COBAS TaqMan HCV
test (version 2.0), for use with the High Pure System, which has an LLOQ of 25 IU per
milliliter.
Outcomes for patients not achieving an SVR12 were recorded as on-treatment
virologic failure (VF), post-treatment virologic relapse through post-treatment week
12 or failure due to other non-virologic reasons (e.g., premature discontinuation,
adverse event, lost to follow-up, consent withdrawn). HCV RNA was assessed at each
study visit and post treatment weeks 4 and 12 (or early post treatment
discontinuation).
Key safety parameters that were recorded included dose discontinuations/
modifications due to adverse events (AEs), treatment related serious AEs (SAEs), and
laboratory test abnormalities. The onset and end dates, severity and relationship to
study drug were recorded for each AE. Patients were questioned and/or examined by
the investigator or a qualified designee for evidence of AEs at each treatment visit.
The determination of AE severity rested on medical judgment and was made with the
appropriate involvement of the investigator or a designated sub-investigator. The
severity of AEs, with the exception of laboratory values, was graded according to the
WHO grading system. Investigators relied on clinical judgment in assigning severity
to abnormal laboratory AEs. Data on all treatment emergent AEs were collected from
the start of study drug until 30 d after receipt of the last dose. Clinical laboratory
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testing was performed at all visits during the treatment period.
The first pre-defined secondary endpoint evaluated the effect of baseline RASs on
SVR12. Baseline sampling for RASs was obtained on day 1 for all patients and
thereafter only in patients with detectable HCV RNA after previously testing negative
(breakthrough) or patients who were undetectable at the end of treatment but had
detectable HCV RNA during the follow up period (relapse). Resistance testing was
performed by Quest Diagnostics. The patient subgroups evaluated included all RASs
and different classes of RASs.
Another pre-defined secondary endpoint evaluated patient reported outcomes,
examined via the Short Form–36 version 2 Health Survey (SF36v2), at baseline
compared to end of treatment. Patients completed this self-administered
questionnaire, which assessed functional health and well-being at baseline and at 12
wk. The results consisted of eight scaled scores, which are the weighted sums of the
questions in their section. Scores were aggregated into a mental component summary
(MCS) and a physical component summary (PCS); higher scores were indicative of
better health.
The final secondary endpoint was to evaluate adherence in patients receiving this
treatment regimen. Pills were counted by study personnel at each treatment visit.
Treatment compliance was defined as the subject having a total missed pill count of ≤
20% of the total dispensed pill count over the course of their treatment duration. For
patients on RBV, the total dispensed pill count was 840 over 12 wk and 1680 over 24
wk. For patients not on RBV, the total dispensed pill count was 336 over 12 wk and
672 over 24 wk. Patient adherence was reported according to treatment arm.

Statistical analysis
All patients who consented and received at least one dose of study medication were
included in the primary analysis for both efficacy and safety (all-treated population).
Descriptive summaries consisted of frequencies and percentages for categorical
measures and of the number of patients, mean, standard deviation, median,
minimum, and maximum values for continuous measures. Descriptive summaries
were presented for select subgroups. Tabular summaries presented included age, sex,
and race and other parameters measured at baseline. Since this was a single arm
study design, no power statement was calculated.

RESULTS
Patients
A total of 104 patients were screened and 100 patients were treated with the study
drug regimens. The majority of patients (n = 89, 89%) were treated with OBV/PTV/r
+ DSV + RBV, with 75 (75%) undergoing 12 wk of treatment and 25 (25%) undergoing
24 wk of treatment. The vast majority of patients (86%) were infected with GT1a
(Figure 1). Patient characteristics at baseline, including current comorbidities and
history of previous HCV treatments are shown in Table 1.

Efficacy
The final date for collection of data was October 3, 2017. One hundred (100) patients
received at least one dose of study drug, 96 patients completed follow-up and 95
(95%) achieved SVR12. The HCV RNA results for patients completing treatment with
SVR are depicted in Figure 2. The vast majority (88.4%) were undetectable by week 4.
Of the 4 patients who exited the study early, 3 were lost to follow-up and 1 was
terminated early due to noncompliance. The one patient who completed treatment
but did not achieve SVR was a 48-year-old Black male infected with GT1a HCV. He
was treatment-naïve, FibroScan® showed no fibrosis (F0) and no baseline RASs were
detected. His baseline viral load was 2694796 IU/mL and he was prescribed 12 wk of
OBV/PTV/r + DSV + RBV. He had undetectable HCV RNA at treatment week 4 and
treatment week 8; however, he missed 6 doses of RBV 8 wk into treatment. He was
counseled on medication compliance and didn’t miss any other doses. At end of
treatment (week 12), HCV RNA was detected (742 IU/mL) and he was considered a
treatment-failure. The patient did not return for his 12-wk follow-up visit.

Safety
The number of AEs reported totaled 123. The most common AEs were fatigue (12%),
headache (10%), insomnia (9%) and diarrhea (8%) (Table 2). There were no serious
AEs or AEs leading to discontinuation reported in this study.

Baseline variants
Sampling for RASs was performed on 99 patients at baseline. There were no
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Table 1 Demographic and clinical characteristics of patients n (%)
Characteristic

Patients

Age
104

n
Mean (yr ± SD)

49.9 ± 10.5

Min, max (yr)

29.0, 78.0

Median (yr) (IQR)

51.5 (41.0, 58.2)

Gender
104

n
Female

46 (44.2)

Male

58 (55.8)

Ethnicity
104

n
Hispanic or Latino

48 (46.2)

Not Hispanic or Latino

56 (53.8)

Race
104

n
White

91 (87.5)

Black

11 (10.6)

Unknown

2 (2)

Current comorbidities
104

n
Hypertension

46 (44.2)

Obesity

35 (33.7)

Cirrhosis, Child-Pugh A

21 (20.2)

Hepatic steatosis

18 (17.3)

Diabetes mellitus, type II

17(16.3)

Hyperlipidemia

17 (16.3)

Chronic kidney disease

3 (3)

Coronary artery disease

3 (3)

Atherosclerosis

1 (1)

Congestive heart failure

1 (1)

HIV

1 (1)

Genotype
100

n
GT1a

86 (86)

GT1b

14 (14)

Prior HCV treatment
n

100

IFN

2 (2)

IFN+RBV

3 (3)

PegIFN

1 (1)

PegIFN+RBV

10 (10)

SD: Standard deviation; IQR: Interquartile range; GT1: Genotype 1; IFN: Interferon; PegIFN: Pegylated
interferon; RBV: Ribavirin.

detectable mutations in the NS5a or NS5b genes in 88 (88%) and 98 (98%) of these
patients, respectively. A probable resistance to OBV was found in one patient (1%)
with an NS5a mutation, but no resistance to daclatasvir, elbasvir, ledipasvir or
velpatasvir was noted. In addition, there were 4 (4%) cases of possible resistance to
OBV, daclatasvir, elbasvir, ledipasvir and velpatasvir. With regard to NS5b RASs, one
patient (1%) had a possible resistance to DSV.

Patient reported outcomes
Patient reported outcomes were analyzed in patients with both baseline and end of
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Figure 1

Figure 1 Hepatitis C genotype and presence/absence of cirrhosis for patients. GT1: Genotype 1.

treatment (Week 12 or Week 24) scores (n = 67). These results are portrayed in Table 3.
Overall, PCS scores and MCS scores were significantly higher following treatment
compared to baseline (P = 0.04 and P = 0.011, respectively). Of the 8 scaled scores, all
end of treatment scores were higher compared to baseline, with statistically
significant improvement observed for 5 sub-scores (physical, general health, vitality,
emotional and mental health).

Adherence
Treatment compliance was assessed in all 100 patients and 98 (98%; 95% confidence
interval, 93 to 99.4) of these patients were considered compliant. The two
noncompliant patients were in the OBV/PTV/r + DSV + RBV 12-wk treatment arm.
All patients in the OBV/PTV/r + DSV 12-wk arm and the OBV/PTV/r + DSV + RBV
24-wk treatment arm achieved 100% compliance. Four patients terminated the study
early (prior to 12 wk) and are included in these data; all 4 met the criteria for
treatment compliance while on treatment.

DISCUSSION
In a real world, all-comers population of HCV GT1 patients, a 12 or 24-wk multitargeted DAA regimen of OBV/PTV/r + DSV +/- RBV was highly effective with a
95% SVR12 rate. Of the 96 patients who completed follow up, 99% (95/96) achieved
SVR12. The presence of baseline RASs had no impact on the ability to achieve SVR12.
Furthermore, treatment was associated with a low rate of treatment discontinuation
unrelated to AEs. No AEs were considered serious. These efficacy and safety results
are comparable to those seen in controlled clinical trials of OBV/PTV/r + DSV +/RBV[8-11]. Although newer DAA regimens with shorter durations have been recently
approved, our data on this older regimen remains important; this regimen is an
approved treatment option and is still used in some developing countries.
Our study population was made up of slightly more males than females, which is
consistent with the distribution of HCV in the United States[1]. Although there were no
Asian patients and a small percentage of Black patients, this study represented an
even distribution of Hispanics and non-Hispanics with HCV. HCV data are important
in this population. Hispanics are a large and fast-growing minority group in the
United States[12] and, according to one study[13], Hispanics infected with HCV are at a
significantly higher risk of developing cirrhosis and HCC than non-Hispanic Whites.
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Figure 2

Figure 2 Hepatitis C virus RNA results for patients completing treatment with sustained virologic response.

Traditionally, individuals with HCV who have comorbidities are considered “hardto-cure” and are often excluded from controlled clinical trials. The HEARTLAND
study sought to enroll these individuals; many of the individuals studied had
hypertension (44.2%), obesity (33.7%), Child-Pugh A cirrhosis (20.2%), steatosis
(17.3%), type II diabetes mellitus (16.3%) and hyperlipidemia (16.3%). Including these
populations in HCV treatment studies is essential. Data has demonstrated that,
among patients with HCV, > 99% have at least one comorbidity, with hypertension
being one of the most common[14]. In addition, NHANEs investigators predict that the
incidence of cirrhosis will peak by the year 2020, affecting 1.76 million HCV-infected
individuals in the United States[1]. Finally, metabolic conditions such as steatosis,
obesity and diabetes are emerging as independent co-factors of fibrogenesis[15].
Individuals who previously failed HCV treatment are also often disqualified from
registration studies or evaluated in separate retreatment studies. Sixteen percent of
patients in HEARTLAND were HCV treatment experienced, with the majority (62.5%)
previously treated with PegIFN + RBV. The inclusion of these patients did not affect
overall SVR rates. This is consistent with what other studies of OBV/PTV/r + DSV
+/- RBV have demonstrated: combining antiviral drugs with multiple mechanisms of
action is effective regardless of the prior response to PegIFN + RBV[9,16].
In addition to including underrepresented HCV patients, data were collected in the
“real world” setting, further demonstrating its applicability in clinical practice.
Moreover, results are similar to other published real-world data on this regimen. For
example, in a study of 5168 HCV GT1 patients, who were included irrespective of
cirrhosis status or prior HCV treatment experience, real world SVR12 rates were
consistently high (94 to 99%) for the OBV/PTV/r + DSV +/- RBV regimen[17]. Another
study performed in Taiwan showed SVR12 rates of 98% and good tolerability in
patients administered this regimen[18].
The data generated from the secondary analyses performed in this study are also
consistent with published reports. With regard to resistance testing, according to the
American Association for the Study of Liver Diseases (AASLD) HCV Guidance,
Recommendations for Testing, Managing, and Treating Hepatitis C, a subset of
patients with HCV will have viral variants harboring substitutions associated with
resistance to DAAs, especially with NS5A inhibitor-containing regimens. This may
negatively impact treatment response[19]. In HEARTLAND, SVR rates approached
100% despite the presence of baseline NS5A and NS5B RASs in 12% and 2% of
patients, respectively. This reinforces what is stated in the AASLD HCV guidance: the
magnitude of the negative impact of RASs varies according to many factors and RAS
testing alone will not dictate optimal DAA regimen selection[19].
Another secondary analysis was the effect of OBV/PTV/r + DSV +/- RBV on
patient reported outcomes. Such outcome assessments provide patients’ perspective
on the impact of treatment on daily life and work. HEARTLAND demonstrated, via
data collected from the SF36v2 short form, that OBV/PTV/r + DSV +/- RBV
significantly improved patient reported outcomes for total physical and mental
components. The MALACHITE-I and MALACHITE-II controlled clinical studies in
HCV G1 patients evaluated the same secondary endpoints using a similar method
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Table 2 Adverse events reported during the HEARTLAND study
Most common adverse events

Patients reporting AE (n = 100)

Fatigue

12 (12%)

Headache

10 (10%)

Insomnia

9 (9%)

Diarrhea

8 (8%)

Anemia

6 (6%)

Nausea

6 (6%)

Pruritus

5 (5%)

Rash

4 (4%)

Upper respiratory infection

3 (3%)

Urinary tract infection

3 (3%)

AE: Adverse event.

and demonstrated matching trends. Overall, patients treated with OBV/PTV/r + DSV
+/- RBV have better mental and physical health following HCV treatment[20].
Finally, patient adherence was addressed in HEARTLAND. Adherence is
important when successfully treating HCV and becomes even more critical in the realworld setting. Often, efficacy rates reported from clinical trials are substantially
reduced when drugs are approved and used in clinical practice. The reasons for this
are multifactorial and can be due to side effects, complexity of the regimen and/or
other patient-related factors[21]. In our study, we demonstrated excellent adherence
rates (98% treatment compliance) in the real-world setting using a complex regimen.
This study was designed to enroll approximately 100 patients with baseline factors
that may have limited their ability to enroll in registration trials including 28% with
cirrhosis. The safety and efficacy results reported in this study are impressive and
comparable to those reported in registration trials.
In conclusion, the all oral, DAA regimen containing OBV/PTV/r + DSV +/- RBV
was associated with a 99% SVR at post-treatment week 12 in GT1-infected patients,
with and without compensated cirrhosis.
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Table 3 Mean short form 36 version 2 scores using the normative based scores
End of treatment

Baseline

P value

(n = 67)

(n = 67)

(Paired)

Physical functioning

45.6 ± 11.3

44.4 ± 11.0

0.3389

Physical

45.3 ± 10.8

42.2 ± 10.4

0.0152

Bodily pain

46.3 ± 12.0

43.9 ± 11.2

0.1103

General health

49.0 ± 10.8

44.6 ± 10.5

0.0004

Vitality

50.4 ± 11.9

46.0 ± 10.6

0.0066

Social functioning

45.4 ± 11.9

42.7 ± 12.1

0.0530

Emotional

45.2 ± 12.1

41.8 ± 11.4

0.0272

Mental Health

46.6 ± 12.6

44.1 ± 10.4

0.0287

Physical component summary

46.8 ± 10.7

44.4 ± 9.1

0.0404

Mental component summary

47.1 ± 13.7

43.6 ± 11.6

0.0112

ARTICLE HIGHLIGHTS
Research background
The hepatitis C virus (HCV) is a prevalent virus that, if left untreated, leads to chronic liver
disease and, ultimately, death. The new era of direct acting antiviral (DAA) treatment regimens
has the potential to cure the virus [i.e., achieve sustained virologic response (SVR)] in the
majority of patients. The HCV NS5A inhibitor ombitasvir (OBV), HCV NS4/4A protease
inhibitor paritaprevir (PTV), the CYP3A inhibitor ritonavir and the non-nucleoside NS5B
polymerase inhibitor dasabuvir (DSV) (OBV/PTV/r + DSV) with or without ribavirin (RBV) is a
DAA regimen that achieves SVR rates as high as 99% in HCV genotype 1 (GT1) patients in
controlled clinical studies. However, there are patients who are considered “hard to cure” that
are traditionally excluded from registration trials due to rigorous study inclusion criteria,
presence of comorbidities and previous treatment failures. This phase 4, open label study
evaluated the safety and efficacy of OBV/PTV/r + DSV +/- RBV in a real-world clinical setting
in patients who have historically been excluded from clinical trials. This study is completed.

Research motivation
Controlled clinical studies demonstrate 99% SVR rates in patients with HCV GT1, however,
many patients in these studies do not meet the inclusion criteria for these studies. In a real world
population of HCV patients, many have comorbidities or history of previous HCV treatment
failures. We sought to examine the efficacy and safety of OBV/PTV/r + DSV +/- RBV in real
world HCV patients who are generally underrepresented in clinical trials. This study also
examined patient quality of life, dosing adherence and whether resistance-associated
substitutions (RASs) impact achievement of SVR, which are all real world issues encountered in
HCV patients. The results of this study will determine if controlled clinical trial results can be
expected in everyday HCV patients seen in clinical practice.

Research objectives
The primary objective of this study was to examine the efficacy and safety of OBV/PTV/r + DSV
+/- RBV in real world HCV patients generally underrepresented in clinical trials. This study
found that this treatment regimen was highly effective and no adverse events were considered
serious; these results are comparable to those seen in controlled clinical trials with this treatment
regimen. Therefore, including patients with comorbidities or a history of previous HCV
treatment(s) did not affect the results. According to this one study, the results demonstrated in
controlled clinical trials involving OBV/PTV/r + DSV +/- RBV can be applied to everyday HCV
patients seen in clinical practice.

Research methods
Patients were ≥ 18 years old and chronically infected with HCV GT1 (GT1a, GT1b or GT1a/1b).
Patients were treatment-naïve or previously failed a regimen including pegylated
interferon/RBV +/- telaprevir, boceprevir, or simeprevir. One hundred patients were treated
with the study drug regimen, which was administered for 12 or 24 wk +/- RBV according to GT1
subtype and presence/absence of cirrhosis. Patients were evaluated every 4 wk from treatment
day 1 and at 4 and 12 wk after end-of-treatment.

Research results
Many of the patients studied had comorbidities (44.2% hypertensive, 33.7% obese, 20.2%
cirrhotic) and 16% previously failed HCV treatment. Ninety-six patients completed study followup and 99% achieved 12-wk sustained virologic response. The majority (88.4%) of patients had
undetectable HCV RNA by week 4. The most common adverse events were fatigue (12%),
headache (10%), insomnia (9%) and diarrhea (8%); none led to treatment discontinuation.

WJG

https://www.wjgnet.com

2237

May 14, 2019

Volume 25

Issue 18

Loo N et al. ABT-267/ABT-450/r + ABT-333 in HCV GT1
Physical and mental patient reported outcomes scores significantly improved after treatment.
Almost all (98%) patients were treatment compliant.

Research conclusions
In an all-comers HCV GT1 population, 12 or 24-wk of OBV/PTV/r + DSV +/- RBV is highly
effective and tolerable and results in better mental and physical health following treatment.

Research perspectives
Results of he approved use of the OBV/PTV/r + DSV +/- RBV regimen in HCV GT1 patients in
clinical practice can potential mirror results obtained in controlled clinical trials. The availability
of real world data on approved HCV treatment regimens is extremely useful in clinical practice.
Newer DAA regimens with shorter treatment durations have been recently approved. These
regimens should also be evaluated in the real world population of HCV patients. Future clinical
studies need to evaluate the efficacy and safety of these newer DAA regimens in real world
patients. Patients with comorbidities and those who have had previous HCV treatment failures
should be included in these studies. In addition, secondary measures should include physical
and mental outcomes, the affects of RASs and adherence to the newer regimens.
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Abstract
BACKGROUND
When opportunistic infections occur, patients with inflammatory bowel disease
(IBD) commonly display a significantly increased rate of morbidity and mortality.
With increasing use of immunosuppressive agents and biological agents,
opportunistic infections are becoming a hot topic in the perspective of drug safety
in IBD patients. Despite the well-established role of opportunistic infections in
the prognosis of IBD patients, there are few epidemiological data investigating
the incidence of opportunis-tic infections in IBD patients in China. Besides, the
risk factors for opportunistic infection in Chinese IBD patients remain unclear.
AIM
To predict the incidence of opportunistic infections related to IBD in China, and
explore the risk factors for opportunistic infections.
METHODS
A single-center, prospective study of IBD patients was conducted. The patients
were followed for up to 12 mo to calculate the incidence of infections. For each
infected IBD patient, two non-infected IBD patients were selected as controls. A
conditional logistic regression analysis was used to assess associations between
putative risk factors and opportunistic infections, which are represented as odds
ratios (OR) and 95% confidence intervals (CIs).
RESULTS
Seventy (28.11%) out of 249 IBD patients developed opportunistic infections.
Clostridium difficile infections and respiratory syncytial virus infections were
found in 24 and 16 patients, respectively. In a univariate analysis, factors such as
the severity of IBD, use of an immunosuppressant or immunosuppressants, high
levels of fecal calprotectin, and C-reactive protein or erythrocyte sedimentation
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rate were individually related to a significantly increased risk of opportunistic
infection. Multivariate analysis indicated that the use of any immunosuppressant
yielded an OR of 3.247 (95%CI: 1.128-9.341), whereas the use of any two
immunosuppressants yielded an OR of 6.457 (95%CI: 1.726-24.152) for
opportunistic infection. Interestingly, when immunosuppressants were used in
combination with infliximab (IFX) or 5-aminosalicylic acid, a significantly
increased risk of opportunistic infection was also observed. The relative risk of
opportunistic infection was greatest in IBD patients with severe disease activity
(OR = 9.090; 95%CI: 1.532-53.941, relative to the remission stage). However, the
use of IFX alone did not increase the risk of opportunistic infection.
CONCLUSION
Factors such as severe IBD, elevated levels of fecal calprotectin, and the use of
immunosuppressive medications, especially when used in combination, are
major risk factors for opportunistic infections in IBD patients. The use of IFX
alone does not increase the risk of opportunistic infection.
Key words: Nested case-control study; Opportunistic infections; Inflammatory bowel
disease
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INTRODUCTION
Opportunistic infection refers to any infection caused by a weakened immune system
and typically does not occur in people with normal immune function[1]. When they
occur, patients presenting with opportunistic infections commonly display a
significantly increased rate of morbidity and mortality. With increasing use of
immunosuppressive agents and biological agents, opportunistic infections are
becoming a hot topic in the perspective of drug safety in patients with inflammatory
bowel disease (IBD). Studies have shown that opportunistic infections are closely
related to the recurrence of IBD[2,3]. Severe opportunistic infection was observed in 3%
of IBD patients, significantly increasing their mortality[4]. According to the consensus
of The European Crohn’s and Colitis Organization on opportunistic infections in IBD,
IBD patients taking glucocorticoids, immunomodulators, and biologic therapies are
all at an increased risk of opportunistic infection. Malnutrition and old age are also
key risk factors for opportunistic infections [5] . A multicenter prospective study
conducted in Japan followed 570 patients with IBD for one year and observed 52
(9.1%) cases of opportunistic infection. Further analysis found that being over 50 years
of age and the use of immunosuppressive agents are contributing risk factors for
opportunistic infections in patients with IBD[6]. A study conducted by Tourner et al[7]
also concluded that immunosuppressive medications and increased patient age are
related with an increased risk of opportunistic infections in IBD patients. On the other
hand, positive prevention, early diagnosis, and timely control of opportunistic
infections are the current focuses for improving the prognosis of IBD patients.
Despite the well-established role of opportunistic infections in the prognosis of IBD
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patients, there are few epidemiological data investigating the incidence of
opportunistic infections in IBD patients in China. The level of fecal calprotectin (FC) is
a commonly used diagnostic measure for patients with IBD as its levels generally
increase in patients with IBD. It is generally accepted that FC levels are a stable and
reliable measure of IBD severity with a high sensitivity and specificity. However, the
relationship between FC levels and the incidence of opportunistic infections in IBD
has never been studied.
Therefore, this study sought to investigate the relationship between IBD and
opportunistic infections from a cohort of patients with IBD using a nested case-control
method. Specifically, we sought to predict the incidence of oppor-tunistic infections in
patients with IBD in China, and determine the relationship between FC and
opportunistic infection, with an aim to provide a scientific basis for the effective
prevention and control of opportunistic infections in patients with IBD.

MATERIALS AND METHODS
Research design and patient groups
This study involving 301 IBD patients [139 with ulcerative colitis (UC) and 162 with
Crohn’s disease (CD)] enrolled from January to December 2017. The probability of an
opportunistic infection was calculated during a one-year follow-up period. Common
opportunistic infections in patients with IBD include viral infections (herpes viruses,
human papillomavirus, influenza virus, and JC virus), bacterial infections
(tuberculosis, nocardia, Clostridium difficile, pneumococcus, legionella, and listeriosis),
fungal infections (histoplasmosis, cryptococcosis, Pneumocystis jirovecii infection,
aspergillosis, and candidiasis), and parasite infections (Strongyloides stercoralis)[8].
Patients were screened for opportunistic infection before enrollment to exclude those
currently infected. Infection was based on laboratory results, in which viral IgM
positivity and DNA copy were diagnosed as viral infection. The diagnosis of
tuberculosis was based on the detection of Tubercle bacillus. Clostridium difficile was
detected by PCR. Positive fecal cultures of mold and candida were diagnosed as
fungal infections. Clinical visits were conducted once a month. Clinical follow-up and
laboratory examinations [including routine blood examination, C-reactive protein
(CRP), hepatic and renal function, FC, infection indicators, etc.] were conducted once a
month. In addition, disease activity was assessed at each follow-up. Truelove and
Witts disease severity classification criteria[9] and CD activity index (CDAI)[10] were
used to evaluate the disease activity of patients with UC and CD, respectively. These
diagnoses and disease activity index were admitted by the attending physician.
This study was approved by the ethics committee of First Affiliated Hospital of
Zhejiang Chinese Medical University, and patients under the age of 16 were admitted
to our study with the consent from their parents or guardians.

Case-control study
IBD patients with opportunistic infections were selected as the case group. For each
case, two uninfected patients were chosen as controls and were matched according to
age (at an interval of 10 years; ≤ 19, 20-29, 30-39,40-49, and ≥ 50 years).

Data collection
The demographic characteristics of patients were collected, including age, gender,
course of the disease, current smoking habits, previous bowel surgery, comorbidity,
disease activity, the type of IBD, and current medications. All patients were diagnosed
with UC or CD based on the previously criteria[11].

Statistical analysis
Demographic characteristics were analyzed by the t-test. The univariate and
multivariate analyses were performed with SPSS version 23 (SPSS, Tokyo, Japan).

RESULTS
IBD patients’ demographic and clinical features
A total of 301 IBD patients were enrolled in this study, 52 of whom were lost to
follow-up. Of the remaining 249 patients, 119 had UC and 130 had CD. The patients’
ages ranged from 12 to 78 years (mean age, 45.24 years). During one year of followup, we found 70 IBD patients who developed an opportunistic infection (Table 1). The
incidence of opportunistic infections was 28.11%. Clostridium difficile infection was
found to be the most common opportunistic infection in patients with IBD (9.64%),
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followed by respiratory syncytial virus infection (6.43%). Fifteen (6.02%) and eleven
(4.42%) patients were infected with Epstein-Barr virus and Fungal, respectively. One
patient developed active tuberculosis.
There were 70 patients in the case group, including 33 UC patients and 37 CD
patients. In contrast, the control group consisted of 140 patients, including 66 UC
patients and 74 CD patients. Selected demographic and clinical characteristics of cases
and controls are provided in Table 2. There were no statistically significant differences
between the two groups in age, gender, type of IBD, duration of IBD, duration of
medication use, prior surgery or smoking history. The data of the two groups were
well balanced and comparable.

Severe disease activity is a risk factor for opportunistic infections in IBD patients
Patients’ gender, age, type of IBD, duration of medication, course of the disease,
history of prior surgery, and smoking habits were not related to increased risk of
opportunistic infections, according to the univariate analysis. However, severe disease
activity in IBD patients was related to an increased rate of opportunistic infections (P
< 0.001, OR = 18.404; 95%CI: 3.833-88.375). Multivariate analysis also indicated that
severe IBD was the greatest risk factor for opportunistic infections (P < 0.001, OR =
18.404; 95%CI: 3.833-88.375).

Elevated level of FC is a risk factor for opportunistic infections in IBD patients
In our study, FC higher than normal levels (>200 µg/g) was related to an increased
risk of opportunistic infections both in our univariate analysis (P < 0.001, OR = 4.431;
95%CI: 2.265-8.667) and multivariate analysis (P = 0.023, OR = 2.467; 95%CI: 1.1335.373).

Immunosuppressive medications, especially when used in combination, are risk
factors for opportunistic infections in IBD patients
Compared with the use of 5-aminosalicylic acid (5-ASA), the use of infliximab (IFX) or
5-ASA+ IFX was not related to the incidence of opportunistic infections in our
univariate analysis (Table 3) and multivariate analysis. On the contrary, the use of any
immunosuppressant (steroids, azathioprine, tacrolimus, thalidomide, or
methotrexate) was related to a significantly increased odd for opportunistic infection,
compared with the use of 5-ASA both in univariate analysis (P < 0.047, OR = 2.668;
95%CI: 1.012-7.033) (Table 3) and multivariate analysis (P = 0.029, OR = 3.235; 95%CI:
1.125-9.306) (Figure 1). Especially when two or more immunosuppressants were used
in combination, it represented the second largest risk factor for opportunistic
infections in both univariate analysis (P < 0.001, OR = 10.375; 95%CI: 2.948-36.508)
(Table 3) and multivariate analysis (P = 0.006, OR = 6.462; 95%CI: 1.727-24.172)
(Figure 1). In addition, the use of 5-ASA and any immunosuppressant(s) or IFX with
any immunosuppressant(s) was related to significantly increased infection rates both
in univariate analysis (P < 0.01) (Table 3) and multivariate analysis (P < 0.05) (Figure
1).

High levels of CRP and erythrocyte sedimentation rate (ESR) are not related to a
significantly increased risk of opportunistic infection
Our univariate analysis showed that high levels of CRP (OR = 3.98; 95%CI: 1.9947.944) and ESR (OR = 3.744; 95%CI: 1.87-7.494) were related to an increased risk of
opportunistic infections (Table 3). However, the results of multivariate analysis did
not confirm this finding (Figure 1).

DISCUSSION
In our study, we prospectively predicted the occurrence of opportunistic infections in
IBD patients. A total of 70 (28.11%) of the 249 patients developed opportunistic
infections. Currently, there are few epidemiological data on the rate of opportunistic
infection in IBD patients in China. In a study performed at Ruijin Hospital affiliated to
Shanghai Jiao Tong University, of 130 patients with IBD, 12.3% developed CD
infection[12]. In another study, positive serum IgG for cytomegalovirus (CMV) was
found in 73% of UC patients in Wuhan, China and 89% of CD patients, and the rate in
the healthy population was 50.69% [13] . Data from Peking Union Medical College
Hospital indicated that the CMV infection rate in UC patients undergoing surgical
operations was 46.2% [14] , compared to 36.7% among refractory UC patients in
Tianjin[15]. A multicenter prospective study conducted in Japan included 570 IBD
patients who were followed for one year, and the authors observed 52 cases (9.1%) of
opportunistic infection [7] . Separately, a national study in France found that the
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Table 1 Opportunistic infections in inflammatory bowel disease patients evaluated between
January 1, 2017 and December 31, 2018
Organism

Number of UC patients

Number of CD patients

Mycobacterium tuberculosis

1

0

Epstein-Barr virus

10

5

Cytomegalovirus

3

1

Hepatotropic virus

0

1

Clostridium difficile

11

13

Adenovirus

0

3

Syncytial virus

5

11

Coxsaccie virus

1

2

Herpes simplex virus

3

2

Herpes zoster

0

1

Mold

6

3

Candida albicans

2

0

Streptococcus

1

2

Three patients were co-infected with Epstein-Barr virus (EBV) and respiratory syncytial virus (S virus). Two
patients were co-infected with EBV and mold. One patient was co-infected with EBV and Clostridium difficile
(CDI). One patient was co-infected with EBV and cytomegalovirus (CMV). One patient was co-infected with
EBV and herpes simplex virus (HSV). One patient was co-infected with EBV, S virus, and Coxsaccie virus (C
virus). One patient was co-infected with mold and CDI. One patient was co-infected with adenovirus and S
virus. One patient was co-infected with adenovirus and C virus. One patient was co-infected with CDI and C
virus. One patient was co-infected with CDI and S virus. One patient was co-infected with CDI, mold, and
Streptococcus. UC: Ulcerative colitis; CD: Crohn’s disease.

incidence of opportunistic infections in IBD patients was 7.9% after five years of
follow-up[16]. The high incidence of opportunistic infection in IBD patients in China
may be related to the level of economic development and the abuse of antibiotics. In
most regions of China, expensive biological agents are not covered by medical
insurance, which limits their extensive use in China. However, most immunosuppressants, such as steroids and azathioprine, are cheap and are accepted by the majority
of IBD patients. China is known to be one of the countries with the worst rates of
antibiotic abuse in the world. It is estimated that China produced 248000 tons of
antibiotics in 2013[17], and the per capita consumption of antibiotics was 10 times that
of the United States[18]. The direct consequence of abuse of antibiotics is widespread
bacterial drug resistance, which results in an increased rate and severity of
opportunistic infections.
Infection with Clostridium difficile, an anaerobic, gram-positive bacillus, is the most
common nosocomial infection which was most commonly observed in the IBD
patients in our study (9.64%). IBD patients are at an increased risk for infection with
Clostridium difficile [19-23] . Compared with those with IBD alone, patients with
Clostridium difficile and IBD had longer hospital stay, requiring colon surgery
intervention [24,25] . The use of antibiotics is closely related to Clostridium difficile
associated diarrhea. Antimicrobials may disrupt the normal gastrointestinal flora,
leading decreased colonization resistance and allowing toxigenic strains of Clostridium
difficile to cause diseases. The abuse of antibiotics in China is serious. In addition, IBD
patients are often treated with antibiotics for IBD deterioration or immunosuppressive
complications, so Clostridium difficile infection can easily occur. Clostridium difficile is
an increasing problem in immunocompromised patients, which can lead to higher
rates of colectomy and mortality [26] . Clostridium difficile infection initiates with
disruption of normal colonic microbiota, for which IBD patients are at high risk,
conferring them an additional risk of Clostridium difficile infection[27,28]. In our pooled
analysis, Clostridium difficile has the highest infection rate among opportunistic
infections in IBD patients due to the extensive use of antibiotics and
immunosuppressive agents.
Our study found that disease severity was also a risk factor for opportunistic
infections in IBD patients. Previously, the relationship between disease activity and
the incidence of opportunistic infections was not clear. We speculate that when IBD
patients progress to late-stage disease, a nonspecific inflammatory reaction is initiated
in the gut mucosa, promoting pathogen invasion. The invasion of pathogens
subsequently aggravates intestinal inflammation, creating a positive feedback loop.
Furthermore, the increased energy consumption and low immunity state induced by
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Table 2 Demographic and clinical features of inflammatory bowel disease patients with (cases)
and without (controls) opportunistic infection
Cases (n = 70)

Controls (n = 140)

P-value

45.67 ± 15.79

44.13 ± 14.21

0.45

Male

39

89

Female

31

51

UC

33

66

Proctitis

4

24

Left-sided

7

15

Extensive

22

27

CD

37

74

Ileitis (L1)

9

23

Median age
Gender

0.11

Type of IBD

0.82

Colitis (L2)

6

3

Ileocolitis (L3)

17

26

Upper gastrointestinal tract (L4)

1

4

L1 + L4

0

5

L2 + L4

0

2

L3 + L4

4

11

Duration of IBD (yr)

6.42 ± 6.01

5.12 ± 4.04

0.28

Duration of medication (yr)

2.73 ± 2.02

2.54 ± 2.11

0.71

Prior surgery

25

41

0.31

Smoking

2

13

0.11

L1; Ileitis; L2: Colitis; L3: Ileocolitis; L4: Upper gastrointestinal tract; IBD: Inflammatory bowel disease; UC:
Ulcerative colitis; CD: Crohn’s disease.

inflammation diminish IBD patients’ ability to resist external pathogens, leading to
further opportunistic infection.
A reliable measure of long-term outcome is paramount in predicting the course of
the disease, responsiveness to treatment, potential for complications, and need for
hospitalization and/or surgery[29]. Many studies have shown that mucosal healing is
the best predictor of positive long-term outcomes [30-33] . Endoscopy is currently
regarded as the gold standard test for the assessment of mucosal healing[34]. However,
its invasive nature and high cost make it an unfeasible modality for frequent
monitoring. Calprotectin is an abundant calcium-binding protein, which is derived
mainly from neutrophils and a lesser extent monocytes and reactive macrophages. FC
is a sensitive marker of intestinal inflammation in IBD, as its concentration reflects the
migration of neutrophils into the intestinal cavity[35]. Thus, FC has emerged as a novel
diagnostic tool to detect and monitor intestinal inflammation and reflect disease
activity in IBD. Measurements for FC are simple, rapid, specific, sensitive, and
inexpensive compared to its counterparts[36,37]. Along with CRP, ESR, and FC, our
study discovered that elevated FC was a risk factor for opportunistic infections in IBD
patients. One explanation for this finding may be that the level of FC serves as an
indicator for intestinal inflammation and therefore, disease activity. This makes FC
level a more sensitive and specific marker than CRP and ESR. When the level of FC in
IBD patients is elevated, it suggests that intestinal inflammation has occurred and the
disease is in an active stage, conferring the patient to opportunistic infections.
In our study, immunosuppressive agents included methotrexate, 6mercaptopurine, azathioprine, thalidomide, tacrolimus and steroids. From this study,
we have found that the use of immunosuppressive medications alone increased the
risk of an opportunistic infection about 3.247-fold. When any two immunosuppressive
medications were used in conjunction, the risk was increased greatly to about 6.457fold. This result from our study is consistent with recent results in the literature[7,8,38,39].
Additionally, it was determined that when immunosuppressive medications were
combined with 5-ASA or IFX, the risk of opportunistic infection was increased greatly
to about 4 to 5 folds. This conclusion is consistent with the findings reported by
Tourner et al[7], Lawrance et al[40], and Kirchgesner et al[16].
The relationship between biologics and opportunistic infections has not been
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Figure 1

Figure 1 Risk factors for opportunistic infection in inflammatory bowel disease patients (multivariate analysis). 5-ASA: 5-aminosalicylic acid; IS:
Immunosuppressant (steroids, thiopurine, thalidomide, tacrolimus, or methotrexate); FC: Fecal calprotectin; CRP: C-reaction protein; ESR: Erythrocyte sedimentation
rate; ULN: Upper limit of normal; CI: Confidence interval. P-values and 95% confidence intervals (CIs) for mild, moderate, and severe disease were compared with
remission. P-values and 95%CIs for any immunosuppressant (IS), any two IS, infliximab, 5-aminosalicylic acid (5-ASA) + any IS, and infliximab + any IS were
compared with 5-ASA.

clearly established. Some studies[41-44] indicated that biologics increase the incidence of
opportunistic infections, while others do not support this conclusion[45,46]. In our study,
we found no association between the use of IFX alone and the increased risk of
opportunistic infections. One possible explanation is that IFX may not cause
opportunistic infections within the one-year period of the study (shorter than the
previous five-year period)[7].
Despite the important findings, this study had several limitations. First, the sample
size of our study was small. A larger sample size would have allowed for more
accurate estimation of the incidence of opportunistic infections and increase in
reliability of risk factors in Chinese IBD patients. Second, our study was a singlecenter clinical study, which cannot represent the situation of IBD patients in China as
a whole.
In conclusion, severe disease activity, elevated levels of FC, and immunosuppressive medications, especially when used in combination, are risk factors for
opportunistic infections in IBD patients. The use of IFX alone has nothing to do with
opportunistic infections. With the increasing use of immunosuppressants in IBD and
the advocacy of combination therapy, patients and physicians need to pay attention to
and prevent opportunistic infections. As the genetic background, living environment,
lifestyle, and diet of IBD patients in China are different from those in Western
countries, our study of opportunistic infection could provide vital information for
clinicians and IBD patients in China and other countries.

WJG

https://www.wjgnet.com

2246

May 14, 2019

Volume 25

Issue 18

Gong SS et al. Opportunistic infections in IBD patients

Table 3 Risk factors for opportunistic infection in inflammatory bowel disease patients (univariate analysis)
Cases (n = 70)

Controls (n = 140)

P-value

Odds ratio

95%CI

Remission

25

85

Mildly active

20

40

0.145

1.673

Moderate

14

13

0.004

3.604

1.505-8.626

Severe

11

2

<0.001

18.404

3.833-88.375

5-ASA

20

83

Any IS

8

12

0.047

2.668

1.012-7.033

Any two IS

10

4

<0.001

10.375

2.948-36.508

Infliximab

13

24

0.109

1.992

0.857-4.632

5-ASA + any IS

11

9

0.002

5.072

1.853-13.887

Disease activity
Reference
0.837-3.345

Treatment
Reference

Infliximab + any IS

9

7

0.003

5.336

1.773-16.058

FC > ULN

57

69

<0.001

4.431

2.265-8.667

CRP > ULN

26

18

<0.001

3.98

1.994-7.944

ESR > ULN

25

18

<0.001

3.744

1.87-7.494

5-ASA: 5-aminosalicylic acid; IS: Immunosuppressant (steroids, thiopurine, thalidomide, tacrolimus, or methotrexate); FC: Fecal calprotectin; CRP: Creaction protein; ESR: Erythrocyte sedimentation rate; ULN: Upper limit of normal; CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Opportunistic infection refers to any infection caused by a weakened immune system and
typically does not occur in people with normal immune function. When they occur, patients
presenting with opportunistic infections commonly display a significantly increased rate of
morbidity and mortality. A number of studies have been conducted in Western countries and
Japan to investigate the incidence of and risk factors for opportunistic infection in inflammatory
bowel disease (IBD) patients. Currently, there are few epidemiological data on the rate of
opportunistic infection in IBD patients in China. The risk factors for opportunistic infection in
Chinese IBD patients remain unclear.

Research motivation
The main topics in our study are to predict the incidence of opportunistic infections related to
IBD in China, and explore the risk factors for opportunistic infections. The key problems to be
solved is to ensure compliance of enrolled IBD patients. The significance of solving these
problems for future research in this field is to more accurately predict the incidence of and risk
factors for opportunistic infections.

Research objectives
The main objectives in our study were to predict the incidence of opportunistic infections related
to IBD in China, and explore the risk factors for opportunistic infections. The realized objectives
include that the incidence of opportunistic infection in IBD patients in China is higher than that
in Western countries and factors such as severe IBD, elevated levels of fecal calprotectin, and the
use of immunosuppressive medications, especially when used in combination, are major risk
factors for opportunistic infections in IBD patients, according to our single-center study. The
significance of realizing these objectives for future research in this field is to alert patients and
physicians to pay attention to and prevent opportunistic infections. Meanwhile, our study can
provide important information for clinicians and IBD patients in China and other countries.

Research methods
The research design that was adopted to realize the objectives is observational study and nested
case-control study. Observational study is to observe and record the characteristics of research
objects in a natural state, and describe and compare the results. In our study, the patients were
followed for up to 12 mo to identify the incidence of infections. In nested case-control studies,
cases and controls come from the same cohort, so the selection bias in effect estimation is
reduced and comparability is good. For each infected IBD patient, two non-infected IBD patients
were selected as controls in our study.

Research results
Our study found that the incidence of opportunistic infection in IBD patients in China is higher
than that in Western countries and factors such as severe IBD, elevated levels of fecal
calprotectin, and the use of immunosuppressive medications, especially when used in
combination, are major risk factors for opportunistic infections in IBD patients. Meanwhile, the
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use of infliximab alone does not increase the risk of opportunistic infection. Our findings remind
patients and physicians to pay attention to and prevent opportunistic infections. As the genetic
background, living environment, lifestyle, and diet of IBD patients in China are different from
patients in Western countries, our study of opportunistic infection could provide important
information for clinicians and IBD patients in China and other countries. The following problems
remain to be solved: (1) Our study was a single-center clinical study, which cannot represent the
situation of IBD patients in China as a whole; and (2) the sample size of this study for both
ulcerative colitis and Crohn’s disease patients was small. A larger sample size would have
allowed for more precise estimation of the incidence of opportunistic infections and increase in
reliability of risk factors in Chinese IBD patients.

Research conclusions
The new findings of this study are that the incidence of opportunistic infection in IBD patients in
China is higher than that in Western countries, according to our single-center study, and factors
such as severe IBD, elevated levels of fecal calprotectin, and the use of immunosuppressive
medications, especially when used in combination, are major risk factors for opportunistic
infections in IBD patients. Meanwhile, the use of infliximab alone does not increase the risk of
opportunistic infection. The original insights into the current knowledge that this study offered
is when opportunistic infection occurs, patients commonly display a significantly increased rate
of morbidity and mortality. Therefore, prevention and identification of opportunistic infections
are critical. The implications of this study for clinical practice in the future is patients and
physicians need to pay attention to and prevent opportunistic infections.

Research perspectives
From this study, we can conclude that the incidence of opportunistic infection in IBD patients in
China is higher than that in Western countries, and doctors should pay attention to and prevent
the incidence of opportunistic infections. The future research direction is to conduct a multicenter study to evaluate the incidence of opportunistic infection in Chinese IBD patients, and
more accurately screen out the risk factors leading to the occurrence of opportunistic infection in
Chinese IBD patients, so as to effectively prevent the occurrence of opportunistic infection.
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Abstract
BACKGROUND
The role of prophylactic clipping for the prevention of delayed polypectomy
bleeding (DPB) remains unclear and conclusions from prior meta-analyses are
limited due to the inclusion of variety of resection techniques and polyp sizes.
AIM
To conduct a meta-analysis on the effect of clipping on DPB following endoscopic
mucosal resection (EMR) of colorectal lesions ≥ 20 mm.
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METHODS
We performed a search of PubMed and the Cochrane library for studies
comparing the effect of clipping vs no clipping on DPB following endoscopic
resection. The Cochran Q test and I2 were used to test for heterogeneity. Pooling
was conducted using a random-effects model.

PRISMA 2009 Checklist statement:

RESULTS
Thirteen studies with a total of 7794 polyps were identified, of which data was
available on 1701 cases of EMR of lesions ≥ 20 mm. Prophylactic clipping was
associated with a lower rate of DPB (1.4%) when compared to no clipping (5.2%)
(pooled OR: 0.24, 95%CI: 0.12-0.50, P < 0.001) following EMR of lesions ≥ 20 mm.
There was no significant heterogeneity among the studies (I2 = 0%, P = 0.67).
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CONLUSION
Prophylactic clipping may reduce DPB following EMR of large colorectal lesions.
Future trials are needed to further identify risk factors and stratify high risk cases
in order to implement a cost-effective preventive strategy.
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Core tip: The role of prophylactic clipping for the prevention of delayed polypectomy
bleeding (DPB) remains unclear and conclusions from prior meta-analyses are limited
due to the inclusion of variety of resection techniques and polyp sizes. We conducted a
meta-analysis that included 7794 polyps in 1701 cases of endoscopic mucosal resection
(EMR) and found that prophylactic clipping may reduce DPB following EMR of large
colorectal lesions. Future trials are needed to further identify risk factors and stratify high
risk cases in order to implement a cost-effective preventive strategy.
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INTRODUCTION
Colonoscopy has been shown to decrease the risk of death from colorectal cancer
through the early identification and removal of pre-malignant or early stage
cancerous lesions[1]. Endoscopic resection (ER) is the preferred first-line treatment for
most of these superficial neoplasms and is associated with lower costs, morbidity, and
mortality when compared to surgery[2,3]. Most colonic polyps are less than 10 mm and
can be safely and effectively resected with conventional snare polypectomy.
Conversely, larger lateral spreading lesions (LSLs) or sessile polyps, particularly those
≥ 20 mm in size, are usually removed by endoscopic mucosal resection (EMR) or
endoscopic submucosal dissection (ESD). While ESD continues to gain traction as an
alternative for lesions with suspected superficial invasion or subtypes of non-granular
LSLs[4,5], its definitive role in Western clinical practice is yet to be defined. Hence,
wide-field EMR remains the preferred therapy for large non-cancerous colorectal
lesions.
Bleeding is the most common adverse event following ER of colorectal lesions.
Bleeding can be immediate (during the procedure) or delayed (post-operatively), and
has been estimated to occur in 1%-6% of cases[6,7]. In the absence of coagulopathy, the
risk of delayed polypectomy bleeding (DPB) is nearly negligible for the resection of
small polyps < 10 mm. Conversely, the incidence of DPB increases with polyp size[8-10].
Several studies have evaluated the effect of prophylactic clipping on DPB following
ER, with mixed results[11-13]. The inclusion of small polyps and different ER techniques
(i.e., conventional polypectomy, EMR, ESD) significantly limits the interpretability of
the data. The primary aim of this study was to conduct a meta-analysis on the effect of
prophylactic clipping on DPB following EMR of colorectal lesions ≥ 20 mm. A
secondary aim was to evaluate the effect of clipping on the incidence of adverse
events following colorectal ER.

MATERIALS AND METHODS
Search strategy and study selection
We identified studies through a literature search of two databases (MEDLINE
through PubMed and the Cochrane Library) with the last search performed in
January 2018. The PubMed search strategy was constructed by using the following
string of search terms: (“clip” OR “clipping”) AND (“colon” OR “colorectal” OR
“colonic”) AND (“endoscopic”). The search of the Cochrane library was conducted
using similar search terms. A review of the reference list of included studies was
performed to identify any relevant articles missed through the original search
strategy. Titles and abstracts were screened by two investigators (F.A. and D.R.W) for
relevance to the study. The full text of potentially eligible studies was subsequently
reviewed by the two investigators (F.A and D.R.W). Disagreements were resolved by
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consensus or by consulting with a third investigator (D.Y).

Inclusion and exclusion criteria
Studies eligible for inclusion were: (1) Prospective or retrospective, case-control, or
cohort studies and clinical trials; (2) studies reporting incidence of DPB following ER;
and (3) those that included outcomes on both patients with prophylactic clipping vs
non-clipping after resection. Exclusion criteria were: (1) Case reports; (2) single arm
retrospective or prospective case series; (3) studies not reporting incidence of DPB; (4)
reviews, commentaries, surveys; and (5) duplicate studies.

Data extraction
Data from each eligible study were extracted using a standardized data extraction
sheet. The extracted data included: (1) Study authors; (2) year of publication; (3)
setting (location); (4) study period; (5) patient demographics (age, gender); (6) number
of patients/lesions; (7) lesion characteristics (size, location, morphology); (8) type of
ER (conventional polypectomy, EMR, ESD); (9) incidence of adverse events, including
DPB and perforation; and (10) follow-up period.

Outcomes and definitions
The aim of this study was to conduct a meta-analysis studying the effect of
prophylactic clipping on DPB following EMR of colorectal lesions ≥ 20 mm. A
secondary aim was to evaluate the effect of prophylactic clipping on the incidence of
adverse events following colorectal ER. Prophylactic clipping was defined as
endoscopic clipping performed with the aim of reducing the risk of delayed (postoperative) adverse events. DPB was defined as bleeding occurring post-operatively
(upon conclusion of the ER and after scope withdrawal from the patient).
Conventional polypectomy was defined as removal of a colorectal lesion with a
forceps or snare without prior submucosal injection. In contrast, EMR was defined as
resection achieved by first lifting the target lesion with a submucosal injection
followed by snare polypectomy. ESD was defined as any resection in which
submucosal dissection was performed.

Assessment of methodologic quality
For prospective trials, the quality of each study was assessed using the risk-of-bias
tool as outlined in the Cochrane Handbook for Systematic Reviews of Interventions
(version 5.1.0). The methodologic quality of retrospective studies was assessed using
the Newcastle-Ottawa scale [14] . The quality of all studies was assessed by 3
investigators (F.A, D.R.W, J.J.F). Funnel plots were generated to evaluate for any
potential publication bias. Visual inspection of the funnel plot was used detect
significant publication bias when less than 10 studies were available for meta-analysis
as recommended by the Cochrane Handbook. Egger’s regression test was used when
more than 10 studies were included in the meta-analysis.

Statistical analysis
We obtained or calculated the proportions and 95%CI for each categorical variable
and the mean or median for continuous data when possible. The pooled means and
OR were calculated utilizing a random effects model. The random effects model was
used regardless of underlying statistical testing of heterogeneity since it provides
more conservative estimations of the pooled effects that are more likely to contain the
true effect. The Cochran Q test and I2 were used to assess heterogeneity of included
studies. I2 values of < 25%, 25%-50% and > 50% were considered to represent low,
moderate and high heterogeneity, respectively. P values < 0.05 were considered
significant and all tests were two tailed. The study was performed in accordance with
the PRISMA recommendations for reporting systematic reviews and meta-analyses.
Analysis was conducted using Stata, version 15 (Stata Corp, College Station, TX,
United States) and RevMan 5.3 (The Cochrane Collaboration, Copenhagen).

RESULTS
Search results
Figure 1 depicts the study selection flow diagram. Overall, 255 studies were identified
using our search strategy, of which 110 were duplicates. Of the remaining 145 studies,
120 were excluded after screening titles and abstracts. Full text review was then
performed on 25 studies using the predefined inclusion and exclusion criteria, after
which 13 studies were retained. Of the 13 studies, 7 were randomized control trials
(RCTs)[13,15-21] and 6 were cohort studies (2 prospective, 4 retrospective)[11,12,22-25]. Studies
were published between 2003 and 2017. Nine studies were conducted in Asia, 2 in
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Europe, and 2 in the United States. These 13 studies were included in the metaanalysis evaluating the impact of prophylactic clipping on adverse events following
colorectal ER. Of these, 4 studies with available data on specific parameters (lesion
size, type of ER, clipping vs no clipping, incidence of DPB) were included in the
analysis on the effects of prophylactic clipping on DPB after EMR of lesions ≥ 20 mm.
Study characteristics are summarized in Table 1. Colorectal ER was performed in
7794 polyps, of which 3567 (45.8%) underwent prophylactic clipping. Out of the 13
studies identified, 7 studies excluded all pedunculated polyps whereas 1 study did
not report details on polyp morphology[23]. Of the remaining six studies, 3772 out of
5225 polyps (72%) were reported as pedunculated. Eleven studies specified that the
lesion located in the right colon (2695 out of 6309; 42.7%). Overall, 7 studies included
data on EMR only, 3 studies reported outcomes on both EMR and conventional
polypectomy, 2 on ESD alone, and 1 on both ESD and EMR. Most lesions (82%; 6377)
were removed by EMR, followed by conventional polypectomy (14%; 1118), and ESD
(4%; 299). While several studies reported the number of patients in each group
(clipping vs non-clipping), a few studies only described the number of lesions in each
arm[11,12,15,18,22-25]; hence, the number of lesions was used in the analysis.

Quality assessment
The risk of bias in the 6 nonrandomized studies was evaluated according to the
Newcastle-Ottawa assessment scale (Supplementary Table 1). The average quality
score was 8 out of the highest possible score of 9. Five of the 6 included cohort studies
were of high methodological quality (score 8-9/9), and 1 was of low quality (score 45/9). The risk of bias for the 7 RCTs is shown in Supplementary Table 2. Blinding of
participants and personnel was not performed in any of the included RCTs. Methods
for random sequence generation and allocation concealment were described by 5
studies. All RCTs were found to have adequate assessment of incomplete outcomes
and avoided selective reporting.

Meta-analysis results
Effect of prophylactic clipping on DPB following EMR of colorectal lesions ≥ 20
mm: Of the 13 studies on colorectal ER, data from 4 studies were available to evaluate
the incidence of DPB after EMR of lesions ≥ 20 mm [11,21-23] . In all, clipping was
performed in 592 (34.8%) cases of the 1701 EMRs of lesions ≥ 20 mm. Clipping was
associated with a lower incidence of DPB (8 out of 592; 1.4%) when compared to no
clipping (58 out of 1109; 5.2%) (pooled OR: 0.24, 95%CI: 0.12-0.50, P < 0.001). There
was little heterogeneity among the included studies (I2 = 0%, P = 0.67) (Figure 2A).
There was no evidence of substantial publication bias based on visual inspection of
the funnel plot (Figure 2B).
Effect of prophylactic clipping on the incidence of adverse events following
colorectal ER: DPB, the incidence of DPB was reported in all 13 studies included in
the meta-analysis. The overall pooled incidence of DPB was 2.1% (160 out of 7794
lesions) (Table 2). DPB was reported in 46 (1.3%) cases with prophylactic clipping as
compared to 114 (2.7%) in the non-clipping arm (pooled OR: 0.50; 95%CI: 0.25-0.91, P
= 0.02) (Figure 3A). A sensitivity analysis was performed by using patient instead of
lesion numbers when available and this did not alter the overall pooled outcome
(pooled OR 0.49; 95%CI: 0.27-0.89, P = 0.02). There was significant heterogeneity
among the included studies (I2 = 50%, P = 0.03). When only RCTs were included in the
analysis, compared with no clipping, the pooled OR for DPB with clipping was 0.77
(95%CI: 0.36-1.65, P = 0.51), suggesting no significant difference between the two
groups (Figure 3A). However, there was moderate heterogeneity among these RCT
results (I2 = 42%, P = 0.12). In all, there was no evidence of substantial publication bias
based on the visual inspection of the funnel plot and Egger’s regression test (P = 0.57)
(Figure 3B).
Perforation following Colorectal ER. Eight studies evaluated the rate of perforation
following ER. No cases of perforation were reported in six studies, whereas the
remaining two observed a total of 2 cases of perforation in each group (clipping vs
non-clipping). Hence, the overall pooled rate for perforation was 0.19% (4 out of 2031
lesions), with no significant difference between the two groups (pooled OR: 1.05;
95%CI: 0.15-7.48, P = 0.96).

Subgroup analyses
Lesion Size ≥ 20 mm: Eight studies with available data on outcomes for lesions ≥ 20
mm included 910 cases with clipping and 1445 without clipping following ER (EMR
or ESD). The overall pooled rate of DPB was 3.8% for lesions ≥ 20 mm. Prophylactic
clipping of lesions ≥ 20 mm was associated with a lower rate of DPB when compared
to no clipping (1.8% vs 5.1%) (pooled OR: 0.33, 95%CI: 0.18-0.62, P < 0.001), with no
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Figure 1

Figure 1 PRISMA flow diagram.

significant heterogeneity among the available studies (I2 = 10%, P = 0.36) (Figure 4).
Polyp morphology (pedunculated) and right-colon location: Out of the 13 studies
included in the meta-analysis, only two studies specified outcomes on DBP for
pedunculated polyps[16,21]. The pooled incidence for DPB in pedunculated polyps from
these two studies did not show a difference between clipping (1.1%) vs no clipping
(1.1%) (pooled OR: 0.77, 95%CI: 0.17-3.46, P = 0.73). Only 1 study specified the
incidence of DPB in right-sided colonic lesions. The authors did not report a
significant difference in the rate of DPB between the two groups (1.3% with clipping
vs 6% without clipping; OR: 2.28, 95%CI: 0.79-6.58, P = 0.13)[16].

DISCUSSION
DPB is the most common adverse event following ER of colorectal lesions.
Prophylactic clipping has been suggested as a strategy for the prevention of DPB,
although prior data has been marred by conflicting findings. The results from this
meta-analysis suggests that endoscopic clipping may be associated with a lower
occurrence of DPB after colorectal EMR of lesions ≥ 20 mm in size.
Nishizawa et al[26] recently reported the results of their meta-analysis on the effect of
prophylactic clipping after colorectal ER. A total of 7 RCTs with 3059 cases were
included. In their study, the rate of DPB was similar between cases with clipping
(2.1%) vs no clipping (2.7%) (OR 0.76; 95%CI: 0.39-1.47; P = 0.414). Similarly, when
only RCTs were included in our meta-analysis, clipping did not affect the rate of DPB
when compared to no clipping after ER (OR 0.77; 95%CI: 0.36-1.65, P = 0.51).
However, it is important to highlight that nearly all of the cases included in these
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Table 1 Study characteristics

Study

Study
Country
design

Endoscopic Resection (n)

Age,
Interven
mean ±
tion
SD

Lesion
Size in Pedunc
Gender Patients Lesions
ulated
mm,
(M/F)
(n)
(n)
(n)
mean ±

Right
colon
(n)

SD

Shioji et
al[20],
2003

RCT

Kaltenb
ach et
al[25],
2007

Cohort

Dior et
al[23],
2012

Cohort

Liaquat
et al[11],
2012

Cohort

Matsum
oto et
al[12],
2012

Cohort

Mori et
al[18],
2014

RCT

Tomina
ga et
al[21],
2014

RCT

Dokoshi
et al[15],
2015

RCT

Zhang
et al[13],
2015

Japan

CP

EMR

ESD

-----

413

----

United
States

-----

France

------

125

----

Clip

64 ± 9

118/38

156

205

7.8 ± 3.9

67

97

Non-Clip

63 ± 12

130/37

167

208

7.8 ± 4.1

65

90

Clip

68 ± 9

100/0

Not
reported

49

16.7 ± 7

Excluded

49

Not
reported

75

Not
reported

225

Not
reported

174

Not
reported

73

15.3 ±
2.84

24

9

75

15.5 ±
2.60

24

10

Non-clip

139

----

Clip
Non-clip

United
States

------

Japan

403

472

----

Clip
Non-clip

----

Clip

66 (2390)1

76/62

67.1 ±
10.9

250/213

63 ± 12

140/135

Non-clip

Japan

------

148

----

Clip

Not
reported

Not
reported

Non-clip

RCT

Japan

Japan

China

------

54

----

801

234

286

----

----

62

Cohort

Matsum
oto et
al[16],
2016

RCT

Osada et
al[19],
2016

RCT

Harada
et al[24],
2017

Cohort

Spain

----

1056

----

WJG

Japan

Japan

1064

----

----

2300

----

----
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----

26

211

247

Not
reported

Not
reported

63

31 (20100)1

Excluded

273

27.1 ± 9.6 Excluded

229

Not
reported

67 (2288)1

151/60

211

385

7.7 (5-30)1

229

79

Non-clip

66.6 (1594)1

148/68

216

416

8.5 (5-35)1

245

114

Clip

67.1 ± 82

109/45

Not
reported

154

< 10 mm:
98, 10-20
mm: 48, >
20 mm: 8

41

73

Non-clip 67.8 ± 112

99/35

134

< 10 mm:
86, 1020mm:
48, > 20
mm: 6

Clip

67.9 ±
12.6

112/62

174

174

10-20
Excluded
mm: 111,
20-40
mm: 63

22

107/67

174

174

10-20
mm: 107,
20-40
mm: 67

27

67.9 ±
10.9

770/444

Not
reported

281

30.5 ±
11.8

Excluded

Not
reported

65 (25-87)

534/218

752

1636

< 5 mm:
388, > 5
mm: 1248

1467

823

Non-clip 66 (25-88)

513/234

747

1728

< 5 mm:
447, > 5
mm: 1281

1595

845

Excluded

Not
reported

14

50

Clip
Non-clip

Japan

64

0

Clip

Non-clip 64.2 ± 9.8

Albéniz
et al[22],
2016

76

Clip

775

Clip

68.8 ± 8.7

9/4

13

13

677.2 ±
3063

Non-clip

66.2 ±
10.4

7/6

13

13

790 ±
2203

Clip

70.7 ± 9.2

124/87

Not
reported

123

< 30 mm:
65, 30-60
mm: 58, >
60 mm: 2
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Non-Clip

88

< 30 mm:
23, 30-60
mm: 53, >
60 mm:
12

1

Range;
Standard error;
3
Area in mm2. RCT: Randomized controlled trial; CP: Conventional polypectomy; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal
dissection.
2

RCTs (2847 out of 3059; 93%) involved polyps < 20 mm in size. DPB is a rare
occurrence following ER of small colorectal lesions. Indeed, most if not all of these
lesions can be safely and completely excised with conventional cold snare
polypectomy with no risk for DPB[27,28]. Hence, it is not surprising that prophylactic
clipping did not impact the rate of postoperative bleeding in patients included in
those trials.
It is well known that the incidence of DPB is directly associated with lesion size,
and has been more frequently reported after the resection of lesions ≥ 20 mm[8,29,30].
Nonetheless, the study by Nishizawa et al [ 2 6 ] did not report a difference in
postoperative bleeding for lesions ≥ 20 mm with clipping vs no clipping (pooled OR
0.78; 95%CI: 0.23-2.68). The small number of cases with lesions ≥ 20 mm included in
their study (97 with clipping and 115 without clipping) may have underpowered their
analysis to detect any meaningful differences. In contrast, in effort to specifically
evaluate the risk of DPB in lesions of clinically significant size, we included a total of
2355 polyps ≥ 20 mm in size. Our results demonstrated that clipping following the ER
of lesions ≥ 20 mm was associated with a reduction in the risk of DPB when compared
to no clipping (1.8% vs 5.1%, pooled OR: 0.33, 95%CI: 0.18-0.62, P < 0.001), with little
heterogeneity among the studies (I 2 = 10%, P = 0.36). Furthermore, given that
colorectal lesions ≥ 20 mm are primarily removed with EMR, we specifically
evaluated the risk of DPB in this group. Similarly, our meta-analysis demonstrated
that clipping after EMR of lesions ≥ 20 mm significantly reduced the risk of bleeding
when compared to no clipping (1.4% vs 5.2%; pooled OR: 0.24, 95%CI: 0.12-0.50, P <
0.001). When compared to conventional polypectomy, EMR, particularly when
performed for the removal of larger lesions, inherently results in an extended residual
mucosal defect[31]. Prophylactic clip closure of the defect reduces exposure of the
submucosal tissue to the colonic luminal milieu, which may in turn reduce the risk of
DPB and other adverse events, including abdominal pain and post-polypectomy
syndrome[13].
Several issues remain to be addressed before this practice can be fully advocated. It
is important to note that prophylactic clipping is not without its limitations. From a
health economics standpoint, a prophylactic clipping strategy may not be cost
effective and justifiable for all colorectal lesions removed by EMR[32]. Certainly, the
added cost of clips and lengthier procedure should be weighed against the potential
incremental expenditures associated with DPB (i.e., emergency room visits,
readmissions, need for transfusions, repeat therapeutic interventions). Given the
above limitations, a strategy of clipping targeted to patient and/or lesion
characteristics would likely prove most efficient. Patient characteristics that may
warrant prophylactic clipping may include those requiring resumption of anticoagulant or anti-thrombotic therapy following resection, those with a high
comorbidity burden who may not hemodynamically tolerate significant hemorrhage
or patients with low likelihood of post-procedural follow up and access to care[11,33].
Lesion characteristics that may benefit from clipping may include those that are larger
than 20 mm, pedunculated, located in the right colon or a combination of the
aforementioned factors. Future well-designed RCTs are needed to further define the
role of prophylactic clipping in the prevention of DPB in select lesions, specifically
after EMR of large colonic lesions.
This study has several strengths. Given that DPB often occurs following ER of
larger lesions, we specifically evaluated the efficacy of prophylactic clipping with
respect to lesion size. Furthermore, many studies on prophylactic closure for DPB do
not differentiate between the types of endoscopic intervention (i.e., EMR vs ESD),
which significantly limits the interpretability of the results as both of these approaches
are technically distinct and carry inherently different risks for post-procedural
adverse events[34,35]. In this meta-analysis, we demonstrate that prophylactic clipping
reduces the risk of DPB in arguably the most clinically significant group: lesions ≥ 20
mm removed with EMR. These observations have direct clinical implications as vast
majority of these lesions in the West are approached with EMR.
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Table 2 Incidence of delayed polypectomy bleeding and perforation following endoscopic resection
Author/Year

Endoscopic resection (n)

Shioji et al[20], 2003

CP

EMR

ESD

-----

413

----

Kaltenbach et al[25], 2007

-----

125

-----

Dior et al[23], 2012

------

139

------

Liaquat et al[11], 2012

------

472

-----

Matsumoto et al[12], 2012

403

[18]

Mori et al

, 2014

------

Tominaga et al[21], 2014

[15]

Dokoshi et al

, 2015

Zhang et al[13], 2015

54

------

[22]

Albéniz et al

-------

, 2016

------

------

148

801

234

286

1056

-------

-------

-------

62

------

Matsumoto et al[16], 2016

1064

2300

------

Osada et al[19], 2016

------

------

26

Harada et al[24], 2017

------

------

211

Intervention Polyps

DPB

Perforation

Clip

205

2

0

No clip

208

2

0

Clip

49

0

0

No clip

76

0

0

Clip

75

0

Not reported

No clip

64

3

Not reported

Clip

225

4

1

No clip

247

24

1

Clip

174

3

Not reported

No clip

229

14

Not reported
0

Clip

73

2

No clip

75

0

0

Clip

385

4

Not reported

No clip

416

9

Not reported

Clip

154

4

0

No clip

134

3

0

Clip

174

2

1

No clip

174

12

1

Clip

281

4

Not reported

No clip

775

30

Not reported

Clip

1636

18

Not reported

No clip

1728

15

Not reported

Clip

13

0

0

No clip

13

0

0

Clip

123

3

0

No clip

88

2

0

CP: Conventional polypectomy; EMR: Endoscopic mucosal resection; ESD: Endoscopic submucosal dissection.

We also acknowledge the limitations of this study. All available studies reporting
the effect of clipping on DPB were included in this meta-analysis in efforts to capture
sufficient cases for subgroup analyses. The inclusion of cohort studies, in addition to
RCTs, potentially introduces selection bias. Nonetheless, the overall quality of the
included cohort studies was satisfactory based on the Newcastle-Ottawa scale and
there was little heterogeneity among the studies. Furthermore, given that the main
aim of the study was to evaluate DPB in lesions ≥ 20 mm following EMR, only a few
studies were available, and thereby these results should be interpreted with caution
and underscores the need of additional well-designed trials. Secondly, the lack of data
on polyp morphology, location in the colon, and management of anti-coagulant/antithrombotic medications prior to ER in many of the included studies limited our ability
to perform additional sub-analyses or draw any meaningful conclusions on these
important subgroups.
In summary, this meta-analysis suggests that prophylactic clipping may reduce
DPB after ER of colorectal lesions. Clip closure was associated with a significant
reduction in the incidence of DPB in lesions ≥ 20 mm following EMR. Future trials are
needed to further identify risk factors for DPB and help implement a cost-effective
preventive strategy.
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Figure 2

Figure 2 Forrest plot of the included studies evaluating the rate of delayed polypectomy bleeding after colorectal endoscopic mucosal resection of lesions
≥ 20 mm (A) and funnel plot of studies evaluating the rate of delayed polypectomy bleeding after colorectal endoscopic mucosal resection of lesions ≥ 20
mm (B).
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Figure 3

Figure 3 Forrest plots on the effect of prophylactic clipping on delayed polypectomy bleeding following colorectal endoscopic resection stratified by
study type (A) and funnel plot of the included studies comparing the rate of delayed polypectomy bleeding between clipping vs no clipping (B).
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Figure 4

Figure 4 Forrest plot of the included studies evaluating the rate of delayed polypectomy bleeding for lesions ≥ 20 mm.

ARTICLE HIGHLIGHTS
Research background
The role of prophylactic clipping in the prevention of delayed polypectomy bleeding (DPB) is
unclear.

Research motivation
Previous meta-analyses included a variety of polyp resection methods and all polyp sizes, our
analysis used a more focused approach.

Research objectives
To assess the effect of prophylactic clip placement on DPB after endoscopic mucosal resection
(EMR) of colorectal lesions 20mm or larger.

Research methods
We performed a systematic search of Medline through PubMed and the Cochrane Library
database for studies investigating the effect of prophylactic clipping on DPB following EMR of
colorectal lesions. We used the PRISMA protocol for our analysis and assessed the quality of
included articles using the Newcastle-Ottawa scale. We used RevMan version 5 for the statistical
analysis, using the random-effects model (DeSimonian-Laird method).

Research results
A total of 7794 polyps in 13 studies were analyzed, including 1701 cases of EMR of lesions ≥ 20
mm. We found that prophylactic clipping following EMR of lesions ≥ 20 mm was associated with
a lower rate of DPB (1.4%) compared to no clipping (5.2%).

Research conclusions
Placement of clips prophylactically following EMR of colorectal lesions ≥ 20 mm may reduce
rates of DPB and its associated morbidity and should be considered by practicing endoscopists
in select patients.

Research perspectives
Future prospective studies on the effect of clipping for DPB after EMR should focus on lesions ≥
20 mm since those represent the highest risk. Cost analyses must also be conducted to implement
the most cost-effective strategies for DPB prevention.
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Abstract
BACKGROUND
Polycystic liver disease (PCLD) with a large cystic volume deteriorates the
quality of life of patients through substantial effects on the adjacent organs,
recurrent cyst infections, cyst rupture, and hemorrhage. Surgical or radiological
intervention is usually needed to alleviate these symptoms. We report a rare case
of the cystic metastasis of renal cell carcinoma (RCC), which was misdiagnosed as
PCLD, as a result of the clinical and radiological similarity between these
disorders.
CASE SUMMARY
A 74-year-old female who had undergone nephrectomy for papillary-type RCC
(PRCC) was suffering from abdominal pain and the recurrent intracystic
hemorrhage of multiple cysts in the liver. Imaging studies and aspiration
cytology of the cysts showed no evidence of malignancy. With a diagnosis of
autosomal dominant polycystic liver disease, the patient received hepatectomy
for the purpose of mass reduction and infectious cyst removal. Surgery was
performed without complications, and the patient was discharged on
postoperative day 14. Postoperatively, the pathology revealed a diagnosis of
recurrent PRCC with cystic formation.
CONCLUSION
This case demonstrates the importance of excluding the cystic metastasis of a
cancer when liver cysts are observed.
Key words: Polycystic liver disease; Polycystic kidney disease; Cystic metastasis; Renal
cell carcinoma; Case report
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Core tip: Polycystic liver disease (PCLD) usually exhibits typical presentations in
imaging studies, but the diagnosis is sometimes challenging because of the late onset of
this genetic disorder and the atypical presentations of other diseases. In a case of cystic
metastasis of renal cell carcinoma, the disease could be misdiagnosed as PCLD due to
the clinical and radiological similarity between these disorders. This case demonstrates
that when multiple cystic lesions are observed in the liver, it is important to first exclude
the cystic metastasis of a cancer. Additionally, some specific types of cancer can have
different presentations at metastasis and recurrence.

Citation: Liang C, Takahashi K, Kurata M, Sakashita S, Oda T, Ohkohchi N. Recurrent renal
cell carcinoma leading to a misdiagnosis of polycystic liver disease: A case report. World J
Gastroenterol 2019; 25(18): 2264-2270
URL: https://www.wjgnet.com/1007-9327/full/v25/i18/2264.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i18.2264

INTRODUCTION
Polycystic liver disease (PCLD) is defined as the presence of more than 20 cysts in the
liver or the presence of more than 4 cysts in the liver with a family history of the
disease. PCLD is a relatively rare disease, which is estimated to be present in 0.05%0.53% of the total population [1] . PCLD manifests as clinical symptoms such as
tiredness, fullness, shortness of breath, dissatisfaction with the abdomen size, limited
mobility and early satiety, which significantly deteriorate the patient’s quality of life[2].
PCLD is classified as one of two inherited disorders, i.e., autosomal dominant
polycystic kidney disease (ADPKD) and autosomal dominant polycystic liver disease
(ADPLD). ADPLD is distinguished from ADPKD by the absence of polycystic
kidneys. The mutations present in polycystic kidney disease (PKD1 and PKD2) are
causative genes for ADPKD, while 20% of ADPLD is caused by mutations in the
protein kinase C substrate 80K-H (PRKCSH) or SEC63, leaving the other 80% with
unknown etiologies. PCLD, together with congenital hepatic fibrosis, is a type of
disease that is characterized by the dysfunction of the primary cilium[3]. Current
radiological and surgical interventions for “symptomatic” PCLD patients include
aspiration-sclerotherapy, fenestration, hepatectomy and liver transplantation.
Hepatectomy is usually indicated for Gigot type II PCLD, in which one liver segment
is retained with unaffected liver parenchyma[4].
The diagnosis of PCLD is sometimes challenging. Typical differential diagnoses
include ciliated hepatic foregut cysts, hepatobiliary cystadenomas, and parasitic cysts.
However, in very rare cases, the cystic metastasis of a cancer becomes an important
differential diagnosis that significantly changes the treatment strategy. The origins of
cystic metastasis include colon, pancreas, ovary, kidney, neuroendocrine, and prostate
cancer[1]. Here, we describe a rare case of the cystic metastasis of renal cell carcinoma
(RCC), for which hepatectomy was performed due to the misdiagnosis of ADPLD.

CASE PRESENTATION
Chief complaints
A 74-year-old female complained of right upper quadrant abdominal pain when she
presented at our hospital. Computed tomography (CT) with intravenous contrast
demonstrated the local recurrence of RCC in the ipsilateral lymph nodes and multiple
liver cysts.

History of present illness
The patient was diagnosed with left renal cancer and liver cysts in the bilateral lobes 4
years prior (Figure 1A). There was one large cyst and several small cysts, as
demonstrated by a CT scan. The liver cysts appeared as well-demarcated and waterdense sacs without mural nodules. The patient had not received health screening for
20 years. Left nephrectomy with ipsilateral adrenalectomy was performed. Pathology
revealed PRCC, G2, INF-α, pT2a, N0, M0, and v (-) (Figure 1B). No cysts were found

WJG

https://www.wjgnet.com

2265

May 14, 2019

Volume 25

Issue 18

Liang C et al. RCC PCLD

in the excision. Eight months prior to the surgery, the patient complained of right
upper quadrant pain secondary to recurrent intracystic hemorrhage and received cyst
aspiration and sclerotherapy. Aspiration cytology showed no evidence of malignancy,
and the pain recurred soon after the treatment.

History of past illness
The patient had a medical history of hypertension and hyperlipemia.

Family history
The patient did not have a family history of PCLD.

Physical examination
The patient’s temperature was 36.2 °C, heart rate was 82 bpm, respiratory rate was 14
breaths per minute, blood pressure was 140/99 mmHg and oxygen saturation in room
air was 98%. A surgical scar was located in the left upper abdomen. In the abdominal
examination, an abdominal mass was observed in the umbilical region, shifting
dullness was present and liver cysts were palpable.

Laboratory examinations
Blood analysis revealed anemia with a hemoglobin level of 7.8 g/dL, white blood cells
at 2.3 × 109/L, with a normal hematocrit and platelet count. The prothrombin, partial
thromboplastin times and d-dimers were normal. The serum albumin was low, at 3.2
mg/dL. In the blood biochemistry analysis, the lactate dehydrogenase was high, at
262 U/L, with a high alkaline phosphatase level, at 626 U/L, and a γ-glutamyl
transpeptidase rate of 101 U/L. The alanine aminotransferase and aspartate
aminotransferase were normal. The urine analysis was normal. The
electrocardiogram, chest X-ray and arterial blood gas were also normal.

Imaging examinations
CT with intravenous contrast demonstrated the local recurrence of RCC in the
ipsilateral lymph nodes and multiple liver cysts, which had increased in size and
number (Figure 2A and B). The cysts were various in sizes, but the borders were clear,
and there was no sign of enhancement in the cystic walls.

FINAL DIAGNOSIS
Considering the fact that multiple cysts existed, mainly in the right lobe, while normal
liver areas were retained in the lateral section, the patient was classified as having
Type II PCLD, based on Gigot's classification (Figure 2B and C).

TREATMENT
Tumor resection with lymphadenectomy was planned to ensure the complete
resection of the locally recurrent RCC. Further, with a diagnosis of PCLD, right
lobectomy combined with cyst fenestration was planned to provide an optimized
method for alleviating the symptoms.

OUTCOME AND FOLLOW-UP
The surgery was completed without major intraoperative complications. In the
pathological report of the liver specimens, cells located focally around the cysts
formed tubule-papillary structures that were mostly lined with single-cuboidal or
low-columnar epithelial cells with scant cytoplasm and uniform nuclei, which were
morphologically similar to PRCC by hematoxylin-eosin staining (Figure 3A) [5] .
Immunohistochemical staining showed the presence of CD10+ cells in the edges of the
cysts (Figure 3B), while CK7+ and CK19+ cells were absent (Figure 3B-D). Combined
with the results of H&E staining, the diagnosis of PRCC liver metastasis was verified.
The patient was discharged on postoperative day 14 and started sunitinib treatment 1
mo after the hepatectomy. It has been 2 years since the surgery was performed. The
pain was relived after the surgery, and the patient is still alive. However, lymph node
metastases and lung metastases appeared after a few months, and the cysts occupying
the remnant liver are growing, causing recurrent abdominal pain. The patient is now
managed with symptomatic treatment.
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Figure 1

Figure 1 Abdominal computed tomography of the liver and pathologic findings from the primary tumor. Abdominal computed tomography demonstrated left
renal cancer (arrow) and bilateral liver cysts. A: There was one large cyst and several small cysts. The borders of the liver cysts were clear, with no mural nodules. B:
Pathology of the primary tumor revealed papillary renal cell carcinoma, G2, INF-α, T2a, N0, M0, v (-), × 20.

DISCUSSION
PRCC is the second most frequent RCC subtype, followed by clear cell-type RCC
(CRCC). PRCC is known to metastasize less frequently than CRCC, with a reported
incidence of 5.7%-11%[6]. The lung and bone are common sites of metastases, whereas
the metastasis of the liver is less frequent (16.1%)[6,7]. PRCC can be classified as having
solid or cystic masses. Cystic-type PRCC may be a result of its inherent architecture or
of cystic degeneration[6]. Cystic metastasis of RCC is very rare[7]. Some cases with
cystic lymph node metastases or dissemination have been previously reported in the
literature[8-11].
Liver cysts can be classified as developmental, neoplastic, inflammatory, or
miscellaneous[12]. The differential diagnosis of liver cysts is sometimes challenging,
and excluding metastasis is one of the highest priorities. In typical cases of cystic
metastatic cancers, the borders of the cystic lesions are typically heterogeneous and
ill-defined[13]. The cystic walls are irregular, and the vessels are amputated; however,
these characteristics are not observed in cases of PCLD. Cystic metastases usually
have a peripheral enhancing rim on the arterial phase of a CT scan and magnetic
resonance imaging, while PCLD usually does not have this feature[14]. Peribiliary cysts,
which are also seen with high incidence, are usually located at the hilum and adjacent
to the hepatic ducts, and the cyst sizes are smaller than 10 mm[13,14]. The misdiagnosis
of cystic liver disease can be critical since the treatment strategy is completely
different.
We described a rare case of the cystic metastasis of PRCC, which was misdiagnosed
as PCLD. This case is important in that it demonstrates that PRCC can manifest with
different presentations at metastasis and recurrence, i.e., multiple cyst formation,
imitating PCLD[7,13]. In our case, the preoperative images of the liver cysts indicated
that there were clear borders with no signs of enhancement in the cystic walls, which
were characteristically similar to the cysts of PCLD, and the aspiration cytology was
negative for cancer cells. Pathologically, the cystic walls were irregular, and the cells
around the cysts were morphologically compatible with RCC. The diagnosis of RCC
was confirmed by the presence of CD10 + cells around the cysts, which is a
characteristic surface marker of RCC. It was quite unlikely that cystic liver metastasis
occurred to a liver affected by PCLD, since all the cysts that were pathologically
investigated showed the malignant characteristics described above. Since CA 50 was
reported as a potential tumor marker for cystic RCC[15], we could have tested the CA
50 in the blood and the cystic fluid from repeated fine-needle aspiration. Further, 18Ffluorodeoxyglucose (FDG) positron emission tomography/CT (PET/CT) is highly
sensitive and accurate, with a sensitivity of 97% and a specificity of 75% for hepatic
metastasis[10]. It has been reported to show intense uptake in cystic liver metastasis
compared with that in benign cysts [16] . We could have checked PET/CT scan to
confirm the malignancy of the cysts if we had taken metastasis into consideration.
The treatment for metastatic renal cancer is debated, and the therapeutic options
are limited. The National Health Service of England Guidelines stated that sunitinib
and pazopanib are first-line systemic therapies for metastatic RCC [17] . Complete
resection is the only choice for patients with metastatic RCC to have a satisfactory
prognosis, with 5-year overall survival rates of 15 to 60%[18]. However, patients with
bilateral multiple metastatic RCC, such as our patient, are not candidates for
hepatectomy because radical resection cannot be performed, and the surgery will not
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Figure 2

Figure 2 Images from abdominal computed tomography. Local recurrence of renal cell carcinoma was detected in the ipsilateral lymph nodes and in the left
lumbar vertebra (B, white arrow). There was a diffuse involvement of the liver parenchyma, with multiple cysts and large areas of noncystic liver parenchyma
remaining (C); A: coronal view; B and C: transverse view.

prolong the overall survival time of the patients[19,20]. In our case, since the patient
suffered from acute abdominal pain and recurrent intracystic hemorrhage, we
performed hepatectomy following the diagnosis of PCLD. However, as the cysts were
located diffusely in the bilateral lobe, the patient would have had no indication for
hepatectomy if she had been correctly diagnosed with PRCC preoperatively. We
should have started with chemotherapy and palliative care, using opioids and
additional adjuvants to alleviate the abdominal symptoms[21]. This case reminds us of
the following: first, when multiple cystic lesions are observed throughout the liver
parenchyma in patients with cancer, it is important to first exclude metastasis; and
second, some specific types of cancer can show different presentations at metastasis
and recurrence, which could cause preoperative misdiagnosis.

CONCLUSION
In a patient with cystic neoplasms of the liver, the diagnosis remains challenging in
everyday practice. Cystic lesions may present as solitary or multiple cysts and may
range from benign to malignant. To the best of our knowledge, this is the first report
of cystic liver metastasis from PRCC. The most important implication of this case is
that PCLD must be distinguished from the cystic metastasis of a cancer, which can
contribute to a profoundly better prognosis as a result of the use of an optimal
treatment approach.
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Figure 3

Figure 3 Pathological findings from the metastatic liver cysts. A: Cells around the cysts showed a basophilic morphologic appearance with low-grade nuclear
features that were morphologically consistent with papillary-type renal cell carcinoma cells, × 20. B-D: Immunohistochemical staining showed the occasional presence
of CD10+ cells in the edges of the cysts, while CK7+ and CK19+ cells were not observed, × 20.
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Abstract
Pancreatic cystic lesions (PCLs) have been increasingly recognized in clinical
practice. Although inflammatory cysts (pseudocysts) are the most common PCLs
detected by cross-sectional imaging modalities in symptomatic patients in a
setting of acute or chronic pancreatitis, incidental pancreatic cysts with no
symptoms or history of pancreatitis are usually neoplastic cysts. For these lesions,
it is imperative to identify mucinous cysts (intraductal papillary mucinous
neoplasms and mucinous cystic neoplasms) due to the risk of their progression to
malignancy. However, no single imaging modality alone is sufficient for a
definitive diagnosis of all PCLs. The cyst fluid obtained by endoscopic
ultrasound-guided fine needle aspiration provides additional information for the
differential diagnosis of PCLs. Current recommendations suggest sending cyst
fluid for cytology evaluation and measurement of carcinoembryonic antigen
(CEA) levels. Unfortunately, the sensitivity of cytology is greatly limited, and cyst
fluid CEA has demonstrated insufficient accuracy as a predictor of mucinous
cysts. More recently, cyst fluid glucose has emerged as an alternative to CEA for
distinguishing between mucinous and nonmucinous lesions. Herein, the clinical
utility of cyst fluid glucose and CEA for the differential diagnosis of PCLs was
evaluated.
Key words: Carcinoembryonic antigen; Differential diagnosis; Fine-needle biopsy;
Glucose; Pancreatic cyst; Tumor marker
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Incidental pancreatic cysts have been found in far more patients with the
improvement of cross-sectional imaging tests. Many of these lesions have malignant
potential, especially the mucinous lesions, and imaging alone is not enough to guarantee
definitive diagnosis. Cyst fluid carcinoembryonic antigen (CEA) has been used as the
most important cyst fluid marker to distinguish mucinous from nonmucinous cysts. More
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recently, glucose has emerged as a useful cyst fluid marker for the identification of
pancreatic mucinous cysts with an accuracy similar to or even better than CEA.

Citation: Lopes CV. Cyst fluid glucose: An alternative to carcinoembryonic antigen for
pancreatic mucinous cysts. World J Gastroenterol 2019; 25(19): 2271-2278
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2271.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2271

INTRODUCTION
Pancreatic cystic lesions (PCLs) have been detected in between 2.4% and 19.6% of the
general population during imaging tests [computed tomography (CT), magnetic
resonance imaging (MRI)] for unrelated reasons [1,2] . In the absence of previous
episodes of acute pancreatitis, which could increase the chance of pseudocysts, most
of these lesions are neoplasms, and some of them have significant malignant potential,
especially the intraductal papillary mucinous neoplasms (IPMNs) and mucinous
cystic neoplasms (MCN)[3-5].
The accurate diagnosis of PCLs is critical to guarantee the best management for
these patients, whether through surgical resection or periodic surveillance [6-8] .
Unfortunately, there is no a single test accurate enough to assure a definitive
diagnosis for all PCLs, particularly for those that are isolated unilocular cystic lesions,
with neither perceptible communication with the main pancreatic duct (MPD) nor
previous episodes of pancreatitis[9]. Therefore, a combination of information obtained
from demographics, clinical history and imaging, as well as cytopathology and cyst
fluid markers obtained by endoscopic ultrasound-guided fine needle aspiration (EUSFNA), has been used for the differential diagnosis of PCLs (Table 1).
Recently, a few studies reported on the value of cyst fluid glucose as an addition to
the differential diagnosis of pancreatic cysts[10-12]. However, carcinoembryonic antigen
(CEA) has been the most used cyst fluid marker to date. This review aimed to
compare the roles of cyst fluid glucose and CEA for the diagnosis of mucinous and
nonmucinous PCLs.

IMAGING OF PANCREATIC CYSTIC LESIONS
Noninvasive cross-sectional imaging tests (CT and MRI) are usually responsible for
detecting unsuspected PCLs and represent the first diagnostic approach for these
lesions. EUS is a complementary tool when the diagnosis is undetermined by clinical
and cross-sectional imaging data, when there are worrisome features present, or if
surgery is believed to pose a high risk. Regarding the characteristics of mucinous
lesions, IPMNs are radiographically classified according to the dilation of the ductal
system as main duct-IPMN (MD-IPMN), branch duct-IPMN (BD-IPMN), or mixed
type-IPMN. MD-IPMN is characterized by focal or diffuse dilation of the MPD to > 5
mm (Figure 1), and by the frequent presentation of a patulous aspect of the ampullary
orifice with mucus secretion. Chronic pancreatitis and ductal adenocarcinoma are the
most important differential diagnoses for this type of lesion. BD-IPMN is usually a
multifocal disease with normal caliber MPD (Figure 2). Mixed type-IPMN shows a
dilation of the MPD and the presence of dilated side branches (Figure 3). The MCN is
classically a single macrocystic lesion in the body or tail of the pancreas (Figure 4). For
nonmucinous cysts, the pseudocyst is usually a thin- or thick-walled unilocular lesion
that almost always occurs in the setting of an episode of acute pancreatitis or
pancreatic trauma, as well as in patients with chronic pancreatitis. For serous cystic
lesions, numerous microcystic lesions with thin septa are the most common
presentation. Central calcified fibrosis is a classic aspect of this type of lesion[13-15].
Nevertheless, there is not an ideal imaging modality to guarantee a correct
diagnosis for all PCLs. There is a significant imaging overlap for different types of
PCLs, and specific cystic lesions do not always disclose their most typical imaging
features. The accuracy of CT and MRI/MR cholangiopancreatography in determining
a definitive diagnosis is approximately 50%[16-18]. For EUS morphology alone, there is
slightly more than chance interobserver agreement among experienced
endosonographers for the diagnosis of the specific types of PCLs[19].
Since imaging alone is not sufficient for a definitive diagnosis of many PCLs, EUS-
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Table 1 Differential diagnosis of pancreatic cystic lesions
IPMN

MCN

PC

SCN

NET

SPN

Sex

M=F

Age (yr)

40-80

F>M

M>F

F>M

M=F

F>M

30-70

Variable

50-70

20-50

8-40

Asymptomatic
Pancreatitis

Asymptomatic
Pain/mass

Pancreatitis

Asymptomatic
Pain/mass

Asymptomatic
Pain/mass

Asymptomatic
Pain/mass

Dilated MPD
and/or branchducts. Fish- mouth
papilla.

Well-circumscribed
macrocystic lesion

Unilocular.
Thin/thick- walled.
Acute/chronic
pancreatitis.

Microcystic with
central fibrosis/
macrocystic and
solid variants are
possible

Associated mass

Mixed solid and
cystic with welldefined borders.

Head

Body/tail

Anywhere

Anywhere

Body/tail

Body/tail

Communication
with MPD

Yes

Rare

Yes/no

No

No

No

Calcification

No

Peripheral

Related to chronic
pancreatitis

Central

In necrotic lesions.

In necrotic lesions.

Clinical setting
Appearance

Location

Clear/viscous

Clear/viscous

Thin/dark

Clear/watery

Thin

Bloody

Epithelium

Columnar papillary
mucinous.

Columnar/cuboidal
mucinous.

No epithelium.
Inflammatory cells.

Serous cuboidal.
Stain for glycogen.

Endocrine. Stain for
synaptophysin,
chromogranin

Stain for vimentin,
α1-antitrypsin, βcatenin

Malignant
potential

High

High

None

Rare

Low

Low

Usually High

High

Low

Very low

Very low

Low

High

Variable

High

Low

Low

Low

Fluid

Cyst fluid CEA
Cyst fluid amilase

IPMN: Intraductal papillary mucinous neoplasm; MCN: Mucinous cystic neoplasm; PC: Pseudocyst; SCN: Serous cystic neoplasm; NET: Neuroendocrine
tumor; SPN: Solid pseudopapillary neoplasm; MPD: Main pancreatic duct; CEA: Carcinoembryonic antigen.

FNA provides additional information that can be helpful in confirming the type of
cyst. The aspirated cyst fluid allows cytological analysis, as well as assessment of
biochemical and molecular factors and tumor markers.

PANCREATIC CYST FLUID ANALYSES
Cytology
Cytologic diagnosis using cystic fluid relies on the presence of confirmed malignant
cells, mucin-containing cells, or glycogen-containing cells. The specificity of cytology
in most studies is excellent and approaches 100%, but the sensitivity is usually
unsatisfactory, especially due to the paucicellular nature of the samples and the
presence of blood and benign epithelial cells from the gastric or duodenal mucosa. In
a meta-analysis by Wang et al[20] of 16 studies and 1024 patients, the specificity of
malignant cytology was 94%, but the sensitivity was only 51%. These data resemble
those from another meta-analysis by Thornton et al[21].

Carcinoembryonic antigen
Given the unsatisfactory sensitivity of cytology for PCLs, the value of tumor markers
in the aspirated cyst fluid has been examined. In the well-known multicenter
prospective study by Brugge et al[22], a cut-off of 192 ng/mL for CEA demonstrated a
sensitivity of 75%, specificity of 84%, and accuracy of 79% for the differential
diagnosis between mucinous and nonmucinous cystic lesions. This performance was
significantly better when compared to EUS morphology alone (51%) or cytology (59%)
(P < 0.05). These results were corroborated in a meta-analysis by Thornton et al[21].
However, a multicenter study demonstrated a misdiagnosis of 40% for mucinous and
17% for nonmucinous lesions by using the same cut-off [23] . Given the risk of
misclassification, other studies have used higher CEA thresholds in an attempt to
improve the diagnostic accuracy for mucinous lesions, despite compromising the
sensitivity of the marker[23-27]. A CEA level of > 800 ng/mL had a specificity ranging
between 86% and 98% and a diagnostic accuracy between 58% and 79% for detecting
mucinous lesions, but the sensitivity was too low, ranging from 33% to 48%[23,24,26]. On
the other hand, similar results have been found with lower thresholds. Gaddam et
al[23], using a cut-off value of 105 ng/mL, yielded a sensitivity of 70% and specificity of
63%, albeit 30% of mucinous lesions were misdiagnosed. With an even lower CEA
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Figure 1

Figure 1 Main duct-intraductal papillary mucinous neoplasms. Magnetic resonance imaging of a uniform dilation
of the main pancreatic duct.

cut-off of only 48.6 ng/mL, Oh et al[28] described a sensitivity, specificity, and accuracy
for the diagnosis of mucinous cysts of 72.4%, 94.7%, and 81.3%, respectively.
Unlike the high CEA levels and the correlation with mucinous lesions, CEA levels
of < 5 ng/mL are highly suggestive of nonmucinous lesions, with sensitivity ranging
from 44% to 50%, specificity higher than 95%, and diagnostic accuracy ranging from
67% to 78%[24,26]. Most of these lesions were serous cystic neoplasms in the presence of
low levels of amylase. However, in the experiment of Gaddam et al[23], despite median
CEA levels for serous cysts having been found to be 1.7 ng/mL, 31% of serous cysts
would have been misclassified when using a cut-off of 5 ng/mL.
Thus, cyst fluid CEA alone cannot be regarded as a perfect marker for the
differential diagnosis of PCLs at this time. CEA levels have been demonstrated to be
insufficiently accurate as a predictor of mucinous cysts, and the optimal cut-off is
controversial. The ranges of cyst fluid CEA concentration from mucinous and
nonmucinous cysts overlap considerably according to the CEA cut-off used[23,24]. Cysts
with viscous fluid and CEA values between 10 ng/mL and 200 ng/mL represent the
most important diagnostic challenge. Particularly for IPMNs, Yoon et al [ 2 9 ]
demonstrated that cyst fluid CEA levels vary considerably by histologic type, with the
gastric and pancreatobiliary types presenting the highest median CEA concentrations
(619.8 and 270 ng/mL, respectively), and the intestinal and oncocytic types presenting
the lowest median concentrations (83 and 5.1 ng/mL, respectively, P = 0.012).
Furthermore, there has not been a significant correlation between the risk of
malignancy and cyst fluid CEA levels [28,30,31] . CEA measurement is a laborious
technique that requires specific laboratory capabilities that are costly and timeconsuming. Commercially available methods for CEA measurement have been
validated for the analysis of serum or plasma but not for pancreatic cyst fluid, and
there could be significant variation in the results among different methods. Moreover,
CEA thresholds are not necessarily transferable between different methods[32].
Molecular markers in pancreatic cyst fluid seem to be promising for the future,
especially with the evaluation of GNAS and KRAS[33-35]. However, molecular markers
are even more expensive than CEA, the analyses are performed using specialized
technologies offered in few referral laboratories, and their results take a long time to
be available. Additionally, molecular profiling remains under investigation and is not
widely available. Currently, other cyst fluid markers are being sought, and a
combination of these markers with CEA seems to be a more reasonable alternative.

Glucose
In 2013, Park et al[10], who were looking for potential cyst fluid markers for pancreatic
mucinous cysts, published, for the first time, that glucose levels were significantly
lower in mucinous cysts when compared to nonmucinous cysts (5 vs 82 mg/dL, P =
0.002). The best performance for glucose was observed by using a cut-off of 66
mg/dL, with a sensitivity, specificity, and diagnostic accuracy of 94%, 64%, and 84%,
respectively. With this threshold, glucose had an accuracy similar to that of CEA > 192
ng/mL (84% vs 77%). Particularly for serous cystic neoplasms, glucose levels were
significantly higher when compared to other cyst types (98 mg/dL vs 7 mg/dL, P =
0.0001). The diagnostic yield for the differentiation of serous cystic neoplasms at the
same cut-off of 66 mg/dL had a sensitivity of 88%, a specificity of 89%, and a
diagnostic accuracy of 89%. The same group validated these findings with a larger
cohort two years later[11]. Sixty-five pancreatic cyst fluid samples with histological
correlation were analyzed. Median glucose levels were once again lower in mucinous
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Figure 2

Figure 2 Branch duct—intraductal papillary mucinous neoplasms. Magnetic resonance
cholangiopancreatography demonstrating a nondilated main pancreatic duct with multiple cystic dilated side branch
ducts.

cysts (20 mg/dL vs 78 mg/dL, P < 0.0001). In this new study, the sensitivity and
specificity for the definition of mucinous cysts at a glucose cut-off of ≤ 50 mg/dL were
88% and 78%, respectively. The standard CEA cut-off of 192 ng/mL had a sensitivity
and specificity of 73% and 89%, respectively. However, the combination of both
markers did not improve the diagnostic accuracy when compared to glucose or CEA
alone. Recently, a well-designed study conducted by Carr et al[12] compared the cyst
fluid glucose and CEA levels in samples from 153 patients with pathologically
confirmed diagnoses. Median glucose levels were lower in mucinous cysts (19 vs 96
mg/dL, P < 0.0001). With the same threshold of ≤ 50 mg/dL, glucose had a sensitivity
of 92%, a specificity of 87%, and a diagnostic accuracy of 90% in diagnosing mucinous
cysts. All median glucose levels for mucinous cysts fell below 50 mg/dL. In
comparison, a CEA threshold of > 192 ng/mL had a sensitivity of 58%, a specificity of
96%, and a diagnostic accuracy of 69% for mucinous cysts. Combining glucose and
CEA for differentiating pancreatic mucinous cysts had a sensitivity of 95%, a
specificity of 85%, and a diagnostic accuracy of 93% (P = 0.03). However, like CEA,
cyst fluid glucose was unable to diagnose malignant disease. These studies have
demonstrated that cyst fluid glucose performs similar to or even better than CEA in
differentiating mucinous from nonmucinous cysts. Unlike CEA, glucose measurement
is simple, rapid, inexpensive, reproducible, and requires only a few drops of cyst
fluid.
In our initial experiment comparing cyst fluid glucose and CEA levels in 115
patients, glucose levels were < 50 mg/dL in 33 of 36 (91.6%) samples whose CEA
levels were suggestive of mucinous pancreatic cysts at ≥ 192 ng/mL (Table 2). When
CEA levels were < 5 ng/mL, suggestive of serous cystic neoplasms, glucose levels
were ≥ 50 mg/dL in 48 of 51 (94.1%) samples (Table 3). Our median glucose levels in
cysts whose CEA levels were ≥ 192 ng/mL and < 5 ng/mL were 5.5 mg/dL, and 98
mg/dL, respectively. The median glucose levels were 5 mg/dL in two studies
evaluating mucinous cystic lesions[10,11]. On the other hand, the median glucose levels
ranged between 86 and 103 mg/dL in studies evaluating serous cystic lesions[10-12]. Our
findings are completely in line with the literature. Regardless these findings have not
been compared to surgical pathology, they could demonstrate an almost perfect
correlation between specific glucose and CEA thresholds for different types of PCLs
(data not published).

CONCLUSION
PCLs have the potential to be malignant, and imaging, cytology, and cyst fluid CEA
have demonstrated inadequate abilities for accurate diagnosis. In this context, glucose
has emerged as a useful cyst fluid marker for distinguishing between mucinous and
nonmucinous cysts with accuracy similar to or even better than CEA. Indeed, the
initial results are promising, and more high-quality multicenter studies must
reproduce these findings to corroborate cyst fluid glucose for routine use in the
differential diagnosis of these lesions.
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Table 2 Comparison between cyst fluid carcinoembryonic antigen and glucose levels, using a carcinoembryonic antigen cut-off
suggestive of mucinous cystic neoplasms
Glucose levelsCEA levels

< 50 mg/dL

≥ 50 mg/dL

Total

≥ 192 ng/mL

33

3

36a

< 192 ng/mL

25

54

79

Total

58

57

115

CEA: Carcinoembryonic antigen;
a
P < 0.0001.

Table 3 Comparison between cyst fluid carcinoembryonic antigen and glucose levels, using a carcinoembryonic antigen cut-off
suggestive of serous cystic neoplasms
Glucose levelsCEA levels

< 50 mg/dL

≥ 50 mg/dL

Total

55

9

64a

< 5 ng/mL

3

48

51

Total

58

57

115

≥ 5 ng/mL

CEA: Carcinoembryonic antigen;
a
P < 0.0001.

Figure 3

Figure 3 Mixed-intraductal papillary mucinous neoplasms. The main pancreatic duct is markedly dilated in the pancreatic head with multiple dilated side branches
throughout the pancreas.
Figure 4

Figure 4 Mucinous cystic neoplasm. An unilocular cyst with thin walls and homogeneous content on computed tomography in the pancreatic body.
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Abstract
Hepatocellular carcinoma (HCC) is the most common primary malignancy of the
liver. It is the second leading cause of cancer-related deaths worldwide, with a
very poor prognosis. In the United States, there has been only minimal
improvement in the prognosis for HCC patients over the past 15 years. Details of
the molecular mechanisms and other mechanisms of HCC progression remain
unclear. Consequently, there is an urgent need for better understanding of these
mechanisms. HCC is often diagnosed at advanced stages, and most patients will
therefore need systemic therapy, with sorafenib being the most common at the
present time. However, sorafenib therapy only minimally enhances patient
survival. This review provides a summary of some of the known mechanisms
that either cause HCC or contribute to its progression. Included in this review are
the roles of viral hepatitis, non-viral hepatitis, chronic alcohol intake, genetic
predisposition and congenital abnormalities, toxic exposures, and autoimmune
diseases of the liver. Well-established molecular mechanisms of HCC progression
such as epithelial-mesenchymal transition, tumor-stromal interactions and the
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tumor microenvironment, cancer stem cells, and senescence bypass are also
discussed. Additionally, we discuss the roles of circulating tumor cells,
immunomodulation, and neural regulation as potential new mechanisms of HCC
progression. A better understanding of these mechanisms could have
implications for the development of novel and more effective therapeutic and
prognostic strategies, which are critically needed.
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Core tip: The overall prognosis for hepatocellular carcinoma patients remains poor, as
there has only been minimal improvement over the past 15 years. Details of the
mechanisms of hepatocellular carcinoma progression remain unclear. This review
discusses a summary of both well-established and newly proposed mechanisms of
hepatocellular carcinoma progression. A better understanding of these mechanisms is
critical to the development of novel and more effective therapeutic strategies likely to
improve hepatocellular carcinoma patient outcomes.

Citation: Ogunwobi OO, Harricharran T, Huaman J, Galuza A, Odumuwagun O, Tan Y, Ma
GX, Nguyen MT. Mechanisms of hepatocellular carcinoma progression. World J
Gastroenterol 2019; 25(19): 2279-2293
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2279.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2279

INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary liver cancer
comprising 75%-85% of cases of liver cancer[1]. It is the sixth most common cancer and
the second leading cause of cancer deaths worldwide[1]. The incidence of HCC in the
United States has been increasing over the past two decades[1-3]. While the overall
prognosis for HCC patients in the United States has improved somewhat in the past
15 years, it still remains poor. In fact, in the United States, the 2-year survival for HCC
is less than 50% and 5-year survival is only 10%[4].
In Asia, chronic hepatitis B virus (HBV) infection is the primary cause of HCC.
While in the Western world, chronic hepatitis C virus (HCV), alcoholic cirrhosis and
non-alcoholic steatohepatitis (NASH) are the main causes[5]. Other known risk factors
of HCC include heavy alcohol consumption, nonalcoholic fatty liver disease,
consumption of aflatoxins, obesity, type 2 diabetes and tobacco smoking[6,7].
Early diagnosis and effective treatment of HCC remain a challenge. While some
patients can be symptomatic, including symptoms such as right upper abdominal
quadrant pain, anorexia, early satiety, weight loss, obstructive jaundice, fever, watery
diarrhea, lethargy, and bone pain (from metastases) [6,7] , most patients remain
asymptomatic, and clinical presentation occurs at advanced stages of the disease.
If detected very early, HCC can actually be cured with an excellent long-term
prognosis[7], where the principal treatment options would be surgical resection or liver
transplantation if the patient is a suitable transplant candidate[8]. However, for the
vast majority of HCC patients, their cancer is detected at an advanced stage where
surgical cure is no longer an option [ 7 ] . Most patients will therefore need
chemotherapy, which works by destroying cancer cells and inhibiting the
proliferation of new cancer cells via the use of chemical agents. Sorafenib, a small
multi-tyrosine kinase inhibitor that blocks Raf kinase, vascular endothelial growth
factor (VEGF), and platelet-derived growth factor (PDGF) receptor activities, is the
most commonly used chemotherapeutic agent to treat HCC[4]. Although a targeted
chemotherapeutic agent, its use has been shown to minimally enhance patient
survival[9] by only about 7-10 months[10]. Other drugs such as sunitinib, brivanib, and
other angiogenic inhibitors are currently still under development and hold promise in
targeting the extensive angiogenic network that is present in the liver[11,12]. Additional
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multi-kinase inhibitors recently approved for HCC treatment include regorafenib (for
secondary treatment after sorafenib), as well as levatinib (another first-line drug to
treat HCC besides sorafenib). However, neither provide much more additional benefit
than sorafenib treatment[13,14]. As such, better treatment options are still needed.
To address this unmet need, researchers are trying to identify different mechanisms
that may be involved in HCC progression to find alternative therapeutic strategies[8].
There have been various signaling pathways and molecules implicated in HCC
progression. Some of these will be discussed in this review article and are
summarized in Figure 1.

MECHANISMS OF ETIOLOGY
Several risk factors have been implicated in the development and progression of
HCC, notably chronic viral hepatitis, non-viral hepatitis, chronic alcohol intake,
certain disease states (obesity and diabetes), and consumption of toxin-contaminated
staples[15]. The epidemiologic distribution of these risk factors varies according to
geographic location and host-specific factors.

Viral hepatitis
HBV and HCV are major causes of viral hepatitis that lead to the development of
cirrhosis and HCC. The pathogenesis of HBV-induced HCC is thought to involve
several mechanisms, including HBV-DNA integration into host genetic machinery,
DNA methylation, oxidative stress, and HBx protein[16]. The risk of developing HCC
has been shown to be proportional to HBV-DNA level in liver cells. HBV gains entry
into liver cells through a receptor mediated pathway. Chronic illness results from
persistence of the virus in the host cells via various mechanisms that include infection
of immune defense control centers, viral inhibition of antigen presentation, selective
immune suppression, down-regulation of viral gene expression, and viral mutations
that functionally incapacitate virus-specific T cells from recognizing HBV antigen[17].
Immune response and inflammatory reactions induce cytokine and chemokine
mobilization, causing oxidative stress. This, in turn, promotes constant activation of
several genes that cause cirrhosis, including TERT, MLL4, RARβ, CCNE1, Cyclin A2,
FN1, ROCK1, SENP5, ANGPT1, PDGF receptor, calcium signaling-related genes,
ribosomal protein genes, epidermal growth factor receptor (commonly known as
EGFR), and mevalonate kinase carboxypeptidase[15].
HBV and HCV viral proteins may be involved in hijacking the cellular machinery.
Viral attack can also directly cause cirrhotic tissue development through the release of
proinflammatory cytokines (e.g., interleukin (IL)6, tumor necrosis factor (TNF)-α, IL1
and IL18)[18].
HCV hijacks host cellular machinery to increase cellular proliferation, steatosis,
inflammatory processes, mitochondrial dysfunction, insulin resistance, all leading to
oxidative stress, genetic instability and DNA damage with cirrhosis and HCC as a
likely outcome[19].
HCC risk drastically increases at the cirrhotic liver stage, suggesting a close
association.
The corresponding interplay of inflammatory responses, gene activation, and viral
clearance suppression creates a conditioned environment that promotes cellular
mutations leading to HCC.

Non-viral hepatitis
Even though viral hepatitis from HBV and HCV are strongly associated with liver
cancer, there are non-viral risk factors that can induce the development of HCC[20].
Diabetes mellitus, alcohol abuse, cardiovascular disease, liver inflammation, obesity,
dyslipidemia and non-alcoholic fatty liver disease (NAFLD) are some other major
contributors to HCC development.
Accumulation of iron in the liver of NASH and HCC patients[21,22] is correlated with
progression of fibrosis and HCC[23]. In this context, a possible tumor biomarker may be
serum ferritin rather than iron. However, because there is no exact correlation
between iron inside the liver and iron in the blood, it is difficult to clarify the
pathological features of ferritin on the poor prognosis of non-viral HCC (nvHCC)[24].
Results of a cohort study of 93 patients with nvHCC, 62 of whom had alcohol abuse
problems, showed an increase in ferritin level in non-diabetics[24]. However, further
research needs to be done to assess the correlation between the impacts of alcohol and
ferritin on NAFLD[24].
On the other hand, HCC is associated with obesity. Obesity impairs metabolism,
induces inflammation and is an etiological factor for NAFLD, steatosis, NASH,
hepatic fibrosis, cirrhosis, and ultimately HCC. Caused partly by a sedentary lifestyle
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Figure 1

Figure 1 Summary of the HCC progression mechanisms discussed in this review. HCC: Hepatocellular
carcinoma; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

and obesity, impaired lipid metabolism and deregulation of energy equilibrium in the
liver contributes to the correlation between type 2 diabetes and NAFLD. In fact,
several studies have shown that high BMI, waist circumference, and type II diabetes
mellitus are associated with higher risks of liver cancer[25,26]. They have also suggested
that the association may vary depending on the status of viral hepatitis infection[25].
Conversely, NAFLD provides the metabolic environment to induce insulin
resistance[27], a known etiological factor for HCC.

Role of alcohol
Chronic alcohol intake is detrimental to our health. It leads to liver cirrhosis, and
subsequently HCC. Alcoholic liver disease is one of the leading causes of HCC[28].
According to case studies from all over the world, alcohol abuse is related to up to 2fold increased risk of HCC[29]. Moreover, studies performed on mice fed an alcohol
diet have shown exacerbation of inflammation, epithelial-mesenchymal transition
(EMT) and fibrosis, and consequent progression to HCC[28].
Pure ethanol does not directly cause inflammation and liver damage, however,
toxic by-products of alcohol catabolism such as accumulation of acetaldehyde and
free radicals can influence oxidative stress, apoptotic cell death, necrosis and
necroptosis[29]. Reactive oxygen species (ROS) generation is the result of increased
inflammatory cytokine secretion caused by constant inflammatory pathways[19]. ROSinduced DNA damage, genomic vulnerability of hepatocytes and T-lymphocyte
suppression contribute to HCC development[19].
Also, alcohol catabolism impacts several steps of lipid metabolism, which leads to
liver steatosis and inhibition of fatty acid oxidation[29].
Reversibility of gene expression via epigenetic alteration is an important biological
phenomenon that often plays a role in tumorigenesis. Epigenetic mechanisms affected
by excessive alcohol consumption lead to altered DNA methylation and acetylation.
For instance, altered acetylation is associated with hepatic steatosis alcohol-induced
HCC[29]. Overexpression of c-Met and hepatocyte growth factor is directly associated
with promoter hypomethylation in circulating tumor cells (CTCs) of HCC in a
syngeneic BALB/c mouse tumor model[30].
Moreover, alcohol abuse is associated with HCC via impaired metabolism, such as
accumulation of acetaldehyde, hypomethylation, lack of antioxidants and retinoic
acid, together with inflammation, oxidative stress, hypoxia and genetic instability[28].

Other mechanisms of progression to cirrhosis and HCC
In addition to the role of viral hepatitis and alcohol in the development of HCC, other
possible risk factors include genetic predisposition and congenital abnormalities, toxic
exposures (aflatoxin or arsenic contaminated food), and autoimmune diseases of the
liver.
Several congenital abnormalities have been shown to predispose patients to liver
cirrhosis and HCC. These include hereditary tyrosinemia, Wilson’s disease, alpha-1antitrypsin deficiency, and hemochromatosis[31].
The pathogenesis of aflatoxin B1 (AFB1) - induced HCC includes several
mechanisms, including the formation of mutagenic and carcinogenic intermediates
and adducts. Aflatoxins are released from food contaminated by the fungi, Aspergillus
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flavus and Aspergillus parasiticus. A series of chemical transformations occur that result
in the conversion of AFB1 to established mutagenic or carcinogenic compounds:
aflatoxin-B1 → aflatoxin B1-8,9 exo-epoxide → 8,9-dihydroxy-8-(N7) guanyl-9hydroxy aflatoxin B1 adduct → aflatoxin B1 formaminopyrimidine adduct. These
adducts and intermediates can also directly induce a mutation at codon 249 of the p53
tumor suppressor gene. This replaces arginine with serine, a change that reverses the
tumor suppressing ability of the gene. There are reports that suggest that AFB1 acts
synergistically[32] with HBV to induce HCC. Additive interactions have also been
reported[33].
In a systematic review, Tansel et al [34] demonstrated a relationship between
increased risk of developing HCC in patients with liver cirrhosis as a result of
autoimmune hepatitis (AIH). The risk of liver cirrhosis from AIH was found to be
lower than that of liver cirrhosis secondary to HBV and HCV infection or primary
biliary cholangitis. Nevertheless, the risk of liver cirrhosis and HCC from AIH is
clinically significant.

ESTABLISHED BIOLOGICAL MECHANISMS OF HCC
PROGRESSION
There are several established biological mechanisms involved in the progression of
HCC. These include EMT, tumor-stromal interactions, tumor microenvironment,
cancer stem cells, and dysregulation of microRNAs and well-known signaling
pathways[35,36]. Some of these are discussed below.

EMT
EMT is a biological process that occurs normally during development and wound
healing, but is hijacked by cancer cells. During this process, epithelial cells, which are
normally attached to a basement membrane and closely adhered to one another, lose
their cell adhesive properties and become migratory in nature[37-39]. This endowed
mesenchymal behavior permits the successful migration of cells, which if usurped by
cancer cells, can promote their dissemination and spread throughout the body.
EMT has been recognized by many in the field to be important for cancer
progression[40,41]. In HCC, there have been several reports of EMT effectors such as
cadherins, fibronectin, vimentin, and integrins, being altered to permit a more
mesenchymal phenotype. Furthermore, transcription factors promoting EMT,
including Snail, Slug, Twist and Zeb, are also upregulated during HCC
progression[42,43]. Additionally, there have been a number of studies on exosomes,
microRNAs, long noncoding RNAs, and regulatory signaling pathways that have
been associated with EMT and demonstrate consequences in HCC progression[30,41,44-49].
This is indicative of the important role that EMT plays in HCC progression. The
molecular mechanisms of EMT may have diagnostic, prognostic, and therapeutic
implications in HCC.

Tumor-stromal interactions and role of the tumor microenvironment
Metastasis is the most common cause of cancer-related deaths[30,50]. Worldwide, HCC
is a leading cause of death from cancer[51]. However, the molecular mechanisms of
HCC and metastasis are still being clarified[50].
Tumor development and malignant progression can be promoted by a constantly
changing extracellular environment that is impacted by microenvironmental stimuli,
immune cell cooperation, and inflammatory signals. There is communication between
hepatic tumor cells and non-tumor stroma. The non-tumor stroma consists of
components of the extracellular matrix (ECM) such as non-malignant fibroblasts,
immune and endothelial cells, collectively known as the peri-tumoral
microenvironment[52]. Major alterations to the hepatic microenvironment and cells in
chronic liver disease influence cancer development [53] . For example, a hypoxic
microenvironment in primary HCC is strongly associated with progression and
angiogenesis. The consequent enhanced blood supply in the tumor mediates growth
formation and metastasis[54].
According to previous studies, tumor cells cross-talk with the abnormal
microenvironment, ECM, inflammatory cytokines, chemokines and upregulated
growth factors, contributing to increased angiogenesis[55,56]. Although the molecular
mechanisms of tumor-stromal interactions are still being clarified, existing evidence
show an accumulation of hepatic stellate cells (HSCs), triggered by hypoxia-induced
platelet-derived growth factor-BB (PDGF-BB), and proliferation in the tumor stroma,
as well as an increase in VEGF-A expression in HSCs leads to HCC angiogenesis[54].
Interactions between normal tumor-suppressive microenvironment and hepatic
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stellate cells and normal liver fibroblasts have been reported[53]. One of the major
factors in liver fibrosis and cirrhosis is activated HSCs[53]. The important paracrine
interactions between activated HSCs and hepatocytes impact HCC proliferation and
metastasis[57-59]. HSCs (also known as peri-sinusoidal cells), one of the components of
the cellular tumor microenvironment in HCC, are responsible for collagen synthesis
in the liver[51]. As liver damage occurs, activated HSCs accumulate in the ECM and
induce hepatic fibrosis and hepatocarcinogenesis[51].
The exact molecular mechanisms of interactions between non-tumor stromal
constituents (specifically macrophages) and hepatic cancer cells are unclear. Studies in
mice have shown induced macrophage infiltration of alternatively activated
phenotype M2 pro-tumor monocyte-derived macrophages into tumors developed in
the chronically damaged livers of mice injected with carbon tetrachloride (CCl4) for 7
weeks [52] . Therefore, an inflamed liver background is favorably associated with
increased cancer development[52].

Cancer stem cells in HCC
Liver lineage studies have uncovered four maturational levels of cells that allow the
liver to strike a perfect balance between cell gain and cell loss. These include mature
hepatocytes, oval cells, bone marrow cells and hepato-pancreas stem cells[60]. These
different levels of stem cells integrate to respond to loss of liver cells in the body in
several ways, and are thus implicated in liver cirrhosis and HCC.
The cancer stem cell (CSC) theory has been proposed as an explanatory mechanism
of HCC metastasis, progression and aggressiveness. CSCs, like regular stem cells,
have self-renewing features and are capable of differentiating into tumor cells of
varying phenotypes and through several pathways, partly accounting for the
heterogeneous clinical presentation of HCC[61]. Previous research has successfully
demonstrated that liver cells are directly involved in hepatocarcinogenesis[62], and
transformation of these cells may give rise to CSCs. Some reports also suggest that
cancer cells in HCC develop from dedifferentiation of mature hepatocytes rather than
from uncontrolled proliferation of liver stem cells[63], with intrinsic factors (genetics,
autoimmune diseases) contributing, and extrinsic factors (HBV, HCV, alcohol, AFB1)
accounting for 70%-90% of the transformation of small hepatocyte-like progenitor
cells to cancer cells of HCC[64]. Nevertheless, the correlation between stem-cell division
and cancer risk cannot distinguish the effect of intrinsic factors from that of extrinsic
factors.
Stem cells originating from the bone marrow, known as bone marrow-derived stem
cells, have been demonstrated to be involved in the progression of HCC. Yavorkovsky
et al[65] observed the biomarkers when liver trauma simulating HCC was induced with
allyl alcohol and demonstrated that only bone marrow-derived stem cells were
activated to respond to the trauma.
Stem cells originating from the canal of Hering (oval cells) are mobilized in chronic
liver injury[66]. Oval cell biomarkers include γ-glutamyl transpeptidase, glutathione-Stransferase, OV6, α-fetoprotein, neural cell adhesion molecule 1, and chromogranin
A[67]. The normal compensatory mechanisms that mobilize stem cells during liver
injury are altered in HCC in such a way that promotes progression of the carcinogenic
process.
Various models are being used to explain cancer development and intra-tumoral
heterogeneity in HCC. These include CSCs, cancer cell plasticity and the clonal
evolution model, to mention a few[68]. While the majority of heterogeneous tumor cells
stay inactive[69], a small subgroup comprised of CSCs and cancer initiating cells,
facilitate tumor development and growth[70-72]. Phenotypic plasticity of cancer cells,
which allows conversion from cancer stem cell to non-CSC and vice versa, is one of
the proposed mechanisms that may be responsible for the intra-tumoral heterogeneity
found in solid tumors [73] . According to previous studies, underlying molecular
mechanisms of EMT and CSCs were found to be associated with a high risk for poor
prognosis of cancer patients[68].
During normal development, EMT plays a crucial role in organogenesis[74]. At the
time of early embryogenesis, through EMT, cell-cell adhesive epithelial cells undergo
trans-differentiation and become mobile mesenchymal cells that can migrate, and
invade into neighboring tissues and have increased resistance to apoptosis[73-75]. On the
other hand, mesenchymal cells can transform back to epithelial cells via the process of
mesenchymal-to-epithelial transition, or MET. These reprogramming processes
emphasize the epithelial cell plasticity[73] facilitating metastasis to distant and local
anatomical sites via increased invasive and migratory functions[68,73,74].
The CSC hypothesis in cancer remains controversial. While some studies have
demonstrated the CSC hypothesis in brain, skin, and colon cancers, others have
suggested that tumor-initiating cells (TICs, CSC-like cells) exist instead of CSCs in
other cancer types[69,76]. Some studies have demonstrated that HCC arises from either
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TICs or hepatocytes. According to previous research based on drug-treated HCC
patients, TICs are the main trigger of tumor development and progression [61] .
However, the exact origin of TICs is still not completely understood.
Liver CSCs (LCSCs) have many analogous characteristics to normal liver
stem/progenitor cells. In addition to self-renewal and tumorigenesis abilities, LCSCs
have been implicated in therapeutic drug resistance and relapse in patients[77]. Longterm inflammatory microenvironment, caused by HBV or HCV, chronic alcohol
consumption or NASH, and progression of HCC [ 3 5 ] highly contribute to
reprogramming of non-CSC into CSCs[78] and the acquisition of CSC-like properties by
non-CSCs through carcinogenic dedifferentiation[79].
Identification of tumor - specific biomarkers and discovery of molecular
mechanisms are crucial to establish effective therapeutic and early detection strategies
for cancer[60,80]. Through the work of several investigators, we are now familiar with
some of the putative surface markers for liver CSCs, including epithelial cell adhesion
molecule (EpCAM)[81], CD90[82], CD133[83], CD44[84], and CD13[85]. However, there is still
uncertainty as to which cell surface markers best identify CSCs in different cancers.
Therapeutic approaches involving inhibitor targeting of signaling pathways, such
as Wnt, hedgehog (Hh), TGF-β and Notch signaling, have been shown to diminish
LCSC self-reprogramming, metastasis and tumor proliferation[60]. Moreover, drugs
designed to modulate cross-talk between CSCs and cancer cells and the tumor
microenvironment may have success in inhibiting tumor growth[60]. Other efforts to
target LCSC markers and epigenetic modulators could produce promising results.

OTHER MECHANISMS OF HCC PROGRESSION
Another established mechanism of HCC progression is senescence bypass. The liver
cells have powerful regenerative abilities. Progenitor cells rapidly divide to restore the
balance offset by tissue loss. However, these cells reach a Hayflick limit, a point where
cell division is permanently arrested after a number of divisions. The cells are said to
exhibit replicative senescence. Replicative senescence can be due to (1) shortening of
telomeres in the absence of telomerase, thereby halting cell division; (2) telomericindependent oncogene activation; and (3) elevated ROS. Telomere shortening triggers
the DNA damage response, which is thought to activate several signaling pathways,
including the p53-p21pRB pathway, bringing replication to a halt. Non-telomeric
senescence utilizes both ATM/Chk/p53 and p16-pRB pathways. Oncogene-induced
senescence is closely associated with DNA hyper-replication that succeeds oncogenic
activation. Several oncogenic pathways have been reported to be involved in
triggering oncogene-induced senescence, including activated Ras, c-myc or Wnt/βcatenin[86,87]. Given the tumor suppressing tendency of cell senescence, bypassing it can
result in the proliferation of genetically mutated cells, further DNA instability and
propagation of HCC. Researchers have been exploring cell senescence induction as a
potential strategy in cancer therapeutics.
Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-kB) plays a
critical role in how cells respond to stressful stimuli, including infections and
ultraviolet radiation[88]. Inflammatory responses mediated by the NF-kB signaling
pathway have been reported to be involved in perpetuating the malignant state. NFkB activation suppresses apoptosis[89], activates EMT[90], represses maspin (a metastasis
suppressor gene) [91] , and targets VEGF and other angiogenic factors required in
forming new blood vessels that supply HCC[90].
There has been considerable advancement in understanding the fundamental
epigenetic mechanisms in gene expression, which is now allowing for the
development of novel insights into chronic liver disease epigenetic control[92]. For
example, loss of DNA methylation has been pointed to as potential diagnostic
markers in HCC progression. Some studies have also suggested that non-coding
RNAs (ncRNAs) such as microRNAs (miRNAs), small non-coding RNAs (sncRNAs),
long non-coding RNAs (lncRNAs), RNA interference (RNAi), small interfering RNAs
(siRNAs), and piwi-interacting RNAs (piRNAs), could serve as therapeutic strategies
for HCC [93,94] . Several preclinical studies have shown that significant tumor
suppression can be achieved by modulating ncRNAs[93,94].
Other interesting factors that have been shown to correlate with HCC patient
prognosis are molecular stratification and mutational signatures [95,96] . There are
different classes of liver cancer based on varying molecular features and cell of
origin[96]. It has been shown that each stratification has a different implication on
patient prognosis [95-97] . For example, proliferative subclasses result in a more
aggressive phenotype and poorer patient outcomes[97].
In terms of mutational signature, there are several genetic alterations that are
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promising for therapeutic interventions. For instance, approximately 15% of HCCs
harbor amplifications at 11q13 and 6p21[95]. Currently, a better understanding of how
molecular stratification and mutational signatures affect HCC progression is still
needed before they can be used as therapeutic strategies or biomarkers in a clinical
setting.

CTCs in HCC
There is increasing evidence that CTCs play an important role in HCC progression.
CTCs are considered an intermediate stage of metastasis. They are cancer cells that
have dissociated from the primary tumor, enter circulation, and may subsequently
form metastatic lesions [98,99] . There is strong interest in studying CTC biology to
understand their molecular mechanisms and how they affect metastasis. Moreover,
CTCs have clinical applications, such as diagnostic applications circumventing the
need for invasive tissue biopsies[100].
As illustrated in Figure 2, a considerable amount of data has been and can be
gathered through the study of CTCs in HCC. Through isolation, characterization and
correlation of CTCs with pathological features, as well as disease stage, researchers
have shown that a greater CTC count in patient blood is associated with poorer HCC
prognosis[53,101-106]. As there is a current lack of reliable biomarkers for the early, noninvasive detection of HCC, a few studies have demonstrated the potential feasibility
of using CTCs as a possible diagnostic marker[104,107-110]. Although CTCs are found in
very low numbers in the blood [110,111] , the advent of new single-cell sequencing
technologies and methods to successfully expand CTCs in long-term cultures has
enabled their molecular profiling and characterization[104,110,112-115], hence making CTCs
promising diagnostic biomarkers in HCC.

IMMUNOMODULATORY MECHANISMS IN HCC
Additionally, several immune mechanisms have been observed to be dysregulated
during HCC progression [116] . For instance, HCC is a cancer arising against the
backdrop of an inflammatory state in the liver. HBV, HCV, and many of the other
etiological factors discussed earlier in this article give rise to chronic inflammation. In
turn, this leads to the production of inhibitory cytokines such as IL-10 and
transforming growth factor beta (TGFβ), which dampen the immune response and
favor tumor growth[117-119]. During HCC progression, regulatory T cells and myeloidderived suppressor cells are also recruited to the tumor site as a result of these
cytokine secretions, adding to the already immunosuppressive environment[116,118,120].
Lastly, it has been found that several checkpoint inhibitor receptors such as CTLA4
and PD-1 are commonly upregulated in immune cells in the HCC setting. With more
checkpoint inhibitor receptors being expressed on these immune cells, they are unable
to become active and counterattack tumor cells for clearance from the body[119,121,122].
Ironically, a fundamental characteristic of the liver may also permit tumorigenesis.
The liver is immunologically tolerant. This is because the liver is in constant contact
with microbiota from the gut and therefore needs to have a tolerant immune response
so that it does not become hyperactivated [116,119] . This, in conjunction with the
supplementary immunosuppressive mechanisms that develop during HCC
progression, enable tumors to grow. This irony makes exploration of immunotherapy
for HCC a challenging but potentially exciting prospect to consider.
Indeed, several studies have shown that immune checkpoint inhibitors have had
some efficacy in preclinical and early stage clinical trials of HCC. Additionally, the
fact that sorafenib, the current first line treatment for advanced HCC, has been noted
to exhibit some immunomodulatory effects, seems to suggest the potential efficacy of
immunotherapeutic strategies in HCC[122-125].

NEURAL REGULATION OF HCC
Tumor cells and the cells in the tumor microenvironment are affected by stress
physiology[126]. Neuroeffector molecules can reach the tumor microenvironment via
the circulatory system or nerve fibers. During threatening or stressful life
circumstances, there is an activation of the sympathetic nervous system, which
mediates fightorflight stress responses. The hypothalamus-pituitary-adrenal axis is
responsible for mediating withdrawal responses from more profound and
overwhelming threats. The neurotransmitter norepinephrine is released by the
sympathetic nervous system nerve fibers, while the major stress hormone cortisol is
released into the blood by the adrenal gland upon hypothalamus-pituitary-adrenal
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Figure 2

Figure 2 Use of circulating tumor cells as a non-invasive means to study HCC progression. CTCs: Circulating
tumor cells; HCC: Hepatocellular carcinoma.

activation[126]. Cortisol is secreted by the adrenal glands. However, its secretion is
regulated by the pituitary gland. Under conditions of severe psychological stress,
corticotropin-releasing factor upregulates the secretion of adrenocorticotropic
hormone by the pituitary gland. The adrenocorticotropic hormone in turn upregulates
the secretion of cortisol [127] . Cortisol can reach the tumor microenvironment via
circulating blood, while norepinephrine can do so by being released from nerve fibers
(carried by blood vessels), which are recruited in larger amounts by some tumors
when these tumors secrete nerve growth factors. Cortisol and norepinephrine binding
to the intracellular glucocorticoid receptor (located within the cell) or the beta
adrenergic receptor (located on the cell surface) can trigger cellular responses[126].
It has long been recognized that psychosocial conditions affect the progression of
some cancers [126] . In fact, epidemiological studies have shown that there is an
accelerated progression of various cancers among patients with high stress levels or
low social support[126]. While the relationship between stress and cancer development
is not fully understood, some studies have shown that psychological stress causes
abnormal immune responses, which are associated with cancer pathogenesis[128,129].
Cortisol release has been linked to the development and progression of, and survival
from various cancers[130-134]. Cortisol inhibits immune responses, which allow cancer
cells to evade the immune system[127,134].
Prostate cancer patients have also been shown to have high cortisol levels
compared to low risk individuals[131], and breast cancer patients were reported to have
high serum cortisol levels, which can be downregulated by emotional support[135].
Serum levels of cortisol have been shown to be higher in HCC patients than in
healthy individuals[134]. Studies by Wu and colleagues have shown that exposing HCC
cell cultures to cortisol represses p53 expression by upregulating expression of the p53
suppressor Bcl2L12. This suggests that cortisol is a factor that plays a role in the
development of HCC[134]. Consequently, it has been suggested that cortisol may be a
therapeutic target in HCC treatment[134].
Oxytocin is a neuropeptide hormone produced by hypothalamic neurons and has
multiple roles in the central nervous system. While oxytocin is best known for its role
in the female reproductive system (milk ejection), further research has shown that
oxytocin also plays important roles in complex social behaviors, including stress and
trust, anxiety, social interaction and bonding, and parental care, as well as in
neuropsychiatric disorders linked to such social behaviors[136,137]. Oxytocin and its
receptor have more recently been shown to play roles in some cancers[138-142].
Cortisol has also been linked to some functions of oxytocin[140]. Some studies have
shown that higher oxytocin levels and increased social support (a known prognostic
player in cancer) are associated with diminished effects of stress. In a study by
Mankorious and colleagues, it was shown that there is a cross-talk network between
oxytocin and cortisol at the molecular level, where the carcinogenic effect of cortisol
was reversed by oxytocin via autophagy in human ovarian cancer cells in vitro[140].
It is known that the effects of oxytocin in cancer may depend on cell type, hormone
concentration, its interactions with other hormones in the microenvironment, and the
location of its receptor on the cell membrane [137] . Unpublished work from our
laboratory analyzing data from sequenced HCC and pancreatic cancer cases in the
TCGA dataset showed that genetic alterations in the oxytocin and oxytocin receptor
genes were associated with lower median months of overall survival. It would be
interesting to determine whether there could be an interaction between oxytocin and
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cortisol, which could be involved in a potential neural regulation of HCC as well as
other gastrointestinal cancers.

CONCLUSION
There has been minimal improvement in the prognosis for HCC patients over the past
two decades. The detailed molecular mechanisms of HCC progression remain
unclear, and there is an urgent need to better understand the mechanisms underlying
HCC progression so as to develop novel and effective therapeutic strategies and
reliable prognostic biomarkers. Further, a better understanding of mechanisms of
HCC development can further aid efforts at developing effective preventative
strategies. This review provides a summary of some of the mechanisms of HCC
etiology, and some of the well-established as well as a few recently proposed
mechanisms of HCC progression.
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Abstract
Congenital peritoneal encapsulation (CPE) is a very rare, congenital condition
characterised by the presence of an accessory peritoneal membrane which
encases a variable extent of the small bowel. It is unclear how CPE develops,
however it is currently understood to be a result of an aberrant adhesion in the
peritoneal lining of the physiological hernia in foetal mid-gut development. The
condition was first described in 1868, and subsequently there have been only 45
case reports of the phenomenon. No formal, systematised review of CPE has yet
been performed, meaning the condition remains poorly understood,
underdiagnosed and mismanaged. Diagnosis of CPE remains clinical with
important adjuncts provided by imaging and diagnostic laparoscopy. Two thirds
of patients present with abdominal pain, likely secondary to sub-acute bowel
obstruction. A fixed, asymmetrical distension of the abdomen and differential
consistency on abdominal palpation are more specific clinical features present in
approximately 10% of cases. CPE is virtually undetectable on plain imaging, and
is only detected on 40% of patients with computed tomography scan. Most
patients will undergo diagnostic laparotomy to confirm the diagnosis.
Management of CPE includes both medical management of the critically-unstable
patient and surgical laparotomy, partial peritonectomy and adhesiolysis.
Prognosis following prompt surgical treatment is excellent, with a majority of
patients being symptom free at follow up. This review summarises the current
literature on the aetiology, diagnosis and treatment of this rare disease. We also
introduce a novel classification system for encapsulating bowel diseases, which
may distinguish CPE from the commoner, more morbid conditions of abdominal
cocoon and encapsulating peritoneal sclerosis.
Key words: Congenital; Encapsulation; Peritoneum; Cocoon; Sclerosis
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Core tip: Congenital peritoneal encapsulation (CPE) is a very rare congenital disorder
characterised by the presence of an accessory peritoneal membrane surrounding the
entirety of the small intestine. Though not fully understood, it is thought to arise due to
an aberrant peritoneal adhesion during foetal mid-gut development. It is a rare but
important cause of undifferentiated abdominal pain and sub-acute small bowel
obstruction. We present a comprehensive review of CPE including an international
epidemiological focus, diagnosis and treatment. We also describe a novel classification
system for encapsulating bowel diseases.
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INTRODUCTION
Congenital peritoneal encapsulation (CPE) is a very rare, congenital malformation of
the gastro-intestinal tract. It is characterised by the presence of an accessory peritoneal
membrane which covers a variable extent of the small bowel. This in turn creates an
accessory extra-peritoneal sac in which the bowel is contained. The membrane is
morphologically and histologically identical to peritoneum. The condition is often
asymptomatic, detected incidentally during routine imaging or surgery and even in
posthumous dissection. However, CPE also remains a rare but important cause of
recurrent, undifferentiated abdominal pain and sub-acute small bowel obstruction.
The condition was first described by Cleland[1] in 1868 as a ‘secondary sac bounded by
omentum and meso-colon, and communicating with the general sac by means of a
small aperture’. Since this time, it has been described in less than fifty cases. To our
knowledge, there has been no prior definitive, systematised review of CPE, and
therefore the condition has remained poorly understood, underdiagnosed and
mismanaged. This review attempts to integrate all the literature available to provide
an understanding of the aetiology, pathology, diagnosis and management of this rare
and unusual condition. In addition, we provide a novel classification system for
encapsulating bowel diseases, which categorises CPE and the similar phenomena of
abdominal cocoon and encapsulating peritoneal sclerosis (EPS) in a histomorphological manner.

METHODS
An electronic, systematic search of the literature was performed using several
databases, including Medline, PubMED, Scopus and Google Scholar (Figure 1). The
search was not limited by English language restriction or by date of publication. The
following search terms were used as keywords: “Peritoneal Encapsulation”,
“Congenital Peritoneal Encapsulation” and “Abdominal Cocoon”. The electronic
search was augmented by means of manual searches of the reference lists of the
selected publications. Article titles and abstracts were reviewed independently by two
investigators for relevance to CPE. A significant volume of the literature reported
cases of the more common abdominal cocoon or EPS, and these were excluded. Most
cases of CPE could be identified and included through the abstract alone. If further
clarification was required, clinical information, histopathology and photographs were
used to determine cases. Full manuscripts of articles were read thoroughly and
independently by two investigators, and information was extracted, including age,
sex, past medical history, clinical information, diagnostic studies, management,
histopathology and follow-up status. In two case reports[2,3] full articles could not be
found either by contacting the journal or the relevant authors. In these cases, the
abstracts alone were used to gather information. In total, 42 reports[1-42] describing 45
separate cases of CPE were found and collated. Table 1 demonstrates the key
demographic and clinical information obtained from the cases.
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Table 1 Patient demographics and key clinical characteristics
Clinical
Features

Ref.

Year

Country

Age

Sex

1

McMahon et
al[23]

2018

Australia

20

M

Intermittent
abdominal
pain,
distension

CT

Surgical
resection of
sac

Symptom free
recovery

2

Wolski et al[41] 2017

Poland

12

M

Abdominal
pain for 1 wk

XR, US

Surgical
resection of
sac

Postoperative
complication
of adhesion
SBO

3

Griffith et
al[13]

United
Kingdom

12

M

Abdominal
XR, US
pain and
vomiting for 1
wk

Surgical
resection of
sac

Gangrenous
acalculous
cholecystitis

4

Arumugam et 2017
al[6]

India

22

F

Small bowel
obstruction,
assymetric
distension

CT

Surgical
resection of
sac

5

Zoulamoglou 2016
et al[42]

Greece

28

F

Intermittent
abdominal
pain for 1 yr,
asymmetric
distension

XR, CT

Surgical
resection of
sac

6

Teixeira et
al[36]

2015

Portugal

25

M

Small bowel
obstruction.
Fixed,
assymetrical
distension

XR, CT

Surgical
resection of
sac

7

Stewart et
al[35]

2014

Australia

16

M

Intermittent,
chronic
abdominal
pain

XR, US

Surgical
resection of
sac

8

Wani et al[40]

2013

India

28

M

Generalised,
intermittent
abdominal
pain

XR, CT, labs

Surgical
resection of
sac

9

Naidoo et
al[26]

2013

India

40

M

Stab wound

XR, fluoro,
CT

Surgical
resection of
sac

Stabbing
injury

10

Mitrousias et
al[24]

2012

Greece

78

F

3 d of
abdominal
pain

XR, CT, labs

Surgical
resection of
sac

Helical
pattern on CT

11

Shamsuddin
et al[30]

2012

Pakistan

16

F

Small bowel
obstruction

XR

Failed
conservative.
Surgical
resection.

Excellent
recovery

12

Ince et al[15]

2012

Turkey

71

M

Small bowel
obstruction

XR, US, CT

Ileocaecal
resection

13

Al-Taan et
al[5]

2010

United
Kingdom

82

M

Asymptomatic

14

Kumara et
al[17]

2009

Sri Lanka

44

F

Cushing’s
syndrome
secondary to
right adrenal
tumour

15

Sherigar et
al[31]

2007

United
Kingdom

85

F

16

Basu et al[9]

2006

India

21

17

Chew et al[11]

2006

Singapore

38

WJG
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Tests

Management

Case

Other

Surgical
resection of
tumour and
sac

Bowel cancer

CT

Surgical
resection of
tumour and
sac

Adrenal
tumour

Small bowel
obstruction

XR, CT

Surgical
resection of
sac

Patient died
from chest
sepsis

F

Distension,
peritonism

XR, US, labs

Resection of
7 yr follow up
sac, appendix,
lavage

M

Small bowel
obstruction

XR, CT

Surgical
resection of
sac
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18

Shioya et al[32] 2005

Japan

34

M

Small bowel XR, labs
obstruction,
right inguinal
hernia

19

Okobia et al[2] 2001

Nigeria

15

F

Abdominal
pain

20

Mordehai et
al[25]

2001

Israel

14

F

Abdominal
pain,
vomiting,
weight loss

21

Naraynsingh
et al[27]

2001

West Indies

64

M

Abdominal
pain, fixed
asymmetrical
distension,
differential
palpation

22

Lee et al[19]

2000

South Korea

22

F

Abdominal
pain,
distension

XR, CT, labs

Failed
Excellent
conservative recovery
management.
Surgical
resection of
sac

23

Kyaw et al[18]

1998

Singapore

11

M

Abdominal
pain for 5 d,
soft mass left
flank

US, CT

Surgical
resection of
sac

Hydronephrosis

24

Casas et al[10]

1998

Spain

43

M

Intermittent
abdominal
pain for 6 mo

XR, fluoro,
US, CT

Surgical
resection of
sac

Hydronephrosis.
Asymptomatic at 14
mo

25

Constantinide 1998
s et al[12]

Italy

49

F

Found at
autopsy.
Intermittent,
severe
abdominal
pain during
life.

26

Adedeji et al[4] 1994

United
Kingdom

40

M

Abdominal
XR, labs
pain,
peritonism for
1d

Surgical
resection of
sac

27

Tsunoda et
al[38]

1993

Japan

52

M

Small bowel
obstruction,
central
abdominal
mass

XR, US, CT

Surgical
resection of
sac

Asymptomatic at 8 mo

28

Silva et al[34]

1992

Japan

29

M

Intermittent
abdominal
pain,
scaphoid
abdomen

XR, fluoro,
CT, labs

Surgical
resection of
sac

Patient died
due to
gangrenous
small bowel

29

Awasthi et
al[8]

1991

India

16

F

Abdominal
XR, fluoro
pain for 9 mo,
distension

Surgical
resection of
sac

Discharged
day 6 with
resolution of
symptoms.

30

Arora et al[3]

1989

India

F

Abdominal
pain

31

Askew et al[7]

1988

United
Kingdom

M

Incidental
finding
during
surgery

32

Walsh et al[39]

1988

Ireland

82

M

Small bowel
obstruction

XR

33

Huddy et al[14] 1988

United
Kingdom

56

M

Intermittent
abdominal
pain

XR

34

Lifschitz et
al[22]

Ciskei

66

M

Abdominal
XR, labs
pain,
vomiting,
distension for
3 wk
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35

Jamieson et
al[16]

1985

United
Kingdom

Incidental
finding
during
laparotomy

Surgical
resection of
sac

Colorectal
cancer

36

Sieck et al[33]

1983

Saudi Arabia

14

F

Nausea,
XR, fluoro,
vomiting,
labs
distension for
3 mo

Surgical
resection of
sac

Patient had
breast cancer

37

Sieck et al[33]

1983

Saudi Arabia

65

F

Intermittent
pelvic pain,
fever,
abdominal
distension for
5 yr

Surgical
resection of
sac

38

Sayfan et al[29] 1979

Israel

12

F

Abdominal
XR, labs
pain,
vomiting for 1
d

Surgical
resection of
sac

39

Lewin et al[20]

United States

66

M

Post-mortem
examination.
Patient died
of acute
myocardial
infarct.

40

Thorlaksen et 1953
al[37]

Canada

57

M

Diarrhoea,
abdominal
pain for
several years

41

Thorlaksen et 1953
al[37]

Canada

53

M

Incidental
XR, labs
finding in
asymptomatic
patient

Surgical
resection of
sac

42

Thorlaksen et 1953
al[37]

Canada

64

M

Epigastric
pain,
constipation
for 2 yr

Surgical
resection of
sac

43

Papez et al[28]

1932

United States

61

M

Cadaveric
dissection

44

Lickley et
al[21]

1907

United
Kingdom

52

M

Autopsy.
Asymptomatic during
life

45

Cleland et al[1] 1868

1970

Ireland

XR, labs

XR, labs

Excellent
recovery.
Discharged
day 7

Initial
conservative
management
successful.
Car accident,
intraabdominal
haemmorhage

Cadaveric
dissection

XR: X-Ray; CT: Computed tomography; US: Ultrasound scan; Fluoro: Fluoroscopic imaging; Labs: Laboratory investigations.

AETIOLOGY
The cause of CPE remains poorly understood, however it likely develops at the time
the foetal mid-gut herniates into the umbilical cord at 8-10 wk gestation. The most
widely accepted aetiology is attributed to Papez[28], who postulates that it is caused by
an aberrant peritoneal adhesion between the linings of the physiological umbilical
hernia and the caudal duodenum. Within the cord, the mid-gut is encased by
peritoneum which lines the hernia walls like a sack. The neck of this sac is thus
intimately adjacent to the caudal duodenum. If an adhesion forms between these
peritoneal layers, significant traction forces are placed on the peritoneum which lines
the mid-gut at the time the hernia is reduced. This may cause it to peel off and
surround the small bowel as an extra-peritoneal accessory sac. This theory
successfully explains the morphological resemblance of the membrane to peritoneum
and its extra-peritoneal location.
A competing theory by Thorlakson et al[37] suggests that CPE may develop due to an
abnormality in the reduction of the physiological hernia. The proximal limb of the
hernia (which forms jejunum and ileum) is usually reduced first, naturally occupying
the lower left of the abdomen. This causes the dorsal mesentery to be pushed to the
left. Following this, the distal limb reduces and passes cranially to lie just caudal the
liver. Instead, if the distal limb were to reduce first and inappropriately occupy the
lower left quadrant, the proximal limb would be forced more caudally and toward the
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Figure 1

Figure 1 Literature search.

right. The distal limb would then attempt a migration toward the right iliac fossa, and
in doing so its dorsal mesentery would cover the entirety of the proximal limb,
thereby forming the peritoneal sac over the mid-gut. However, if this were the case, it
would be expected that there would be significant mesenteric abnormalities such as
mal-position and mal-rotation, which are not always associated with CPE.

EPIDEMIOLOGY
Given the rarity of the condition, the incidence and prevalence of CPE is difficult to
quantify. However, CPE does not appear to have any predilection toward particular
ethnicities. Table 2 demonstrates the geographic distribution of cases. 42% of cases
were reported from Europe, with the most common countries being United Kingdom
(n = 8), Israel (n = 2)[25,29], Greece (n = 2)[24,42] and Ireland (n = 2)[1,39]. India has the second
highest number of cases after the United Kingdom, with six in total[3,6,8,9,26,40]. The mean
age of patients at the time of diagnosis was 40.8 (range 11-85 years). Interestingly,
there is a 5:3 male predominance. The mean age of diagnosis for males and females
was 46 and 32 respectively. This reflects a differential pattern of presentation between
genders. Females are diagnosed earlier, with a majority presenting prior to 30 years.
In contrast, males display a bi-modal age distribution, with peak presentations
occurring in the 20-30 years and 60-70 year period. Medical co-morbidities of patients
were documented in some reports, however it is unclear whether these are causally
linked to CPE. Three patients had a diagnosis of co-morbid cancer. Two of these
patients had gastro-intestinal cancer[5,16] and one of the breast[33]. One patient had an
incomplete situs inversus and congenital epigastric hernia[15] and two patients had comorbid inguinal hernia[11,32].

CLASSIFICATION OF ENCAPSULATING BOWEL DISEASES
Classification system
CPE is one type of a collection of conditions which are characterised by encapsulation
of the bowel. We introduce a novel classification system which aims to distinguish
CPE from the similar, yet discrete, conditions of abdominal cocoon and EPS (Figure
2). Abdominal cocoon and EPS were first described over 100 years ago by
Owtschinnikow [43] and have been aptly reviewed by Danford et al [44] . These are
acquired conditions which are characterised by a thick fibro-collagenous encasing of
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Table 2 Geographical distribution of cases
Country

Case number

United Kingdom

8

India

6

Canada

3

Japan

3

Australia

2

Greece

2

Ireland

2

Israel

2

Saudi Arabia

2

Singapore

2

United States

2

Ciskei

1

Italy

1

South Korea

1

Nigeria

1

Pakistan

1

Poland

1

Portugal

1

Spain

1

Sri Lanka

1

Turkey

1

West Indies

1

the small and large bowel. As such, they have a different aetiology, pathogenesis, and
management to CPE. EPS describes cases of the disease that have known associations
or aetiological factors, such as abdominal trauma and peritoneal dialysis. Abdominal
cocoon, a term first used by Foo et al[45] in 1976, describes idiopathic cases of this
disease with no known aetiological factors. We also introduce a novel, broader term,
“Fibrotic Peritoneal Encapsulation (FPE)” or FPE, to denote the entire spectrum of
these diseases, both primary and secondary. This term adequately describes both the
morphology and histopathology of this disease, differentiating it from CPE.

Fibrotic peritoneal encapsulation
A robust discussion of FPE, both primary and secondary, is outside the scope of this
review, and has been reported elsewhere[44,46-49]. However key differences between
fibrotic encapsulating bowel diseases and CPE should be noted as part of forming a
differential diagnosis. These are highlighted in Table 3. Firstly FPE is an acquired
condition which is far more common than CPE. In most cases, there is a known
secondary cause for the disease[44]. The most common of these is peritoneal dialysis[50],
in which the annual incidence of FPE varies from 0.14%-2.5%[51,52]. Other causative
factors include local irritant factors (abdominal trauma[53], abdominal surgery[54],
peritoneal shunts [55] , peritoneal tuberculosis [56] , peritoneal foreign body [57] , intraperitoneal chemotherapy [ 5 8 ] ) and systemic factors (beta blocking agents [ 5 9 ] ,
methotrexate [ 6 0 ] , cirrhosis [ 6 1 ] , Systemic Lupus Erythematosus [ 6 2 ] , malignancy,
sarcoidosis[63]). FPE is considered to be an inflammatory process, which leads to
scarring and fibrosis of the peritoneal membranes through a process of cytokine and
cell-mediated inflammation [64] . Furthermore, FPE tends to be significantly more
symptomatic and morbid compared to CPE. Following commencement of peritoneal
dialysis, an estimated 20% of patients will develop FPE at 8 years[50]. Patients tend to
present with bowel obstruction, and long-standing intermittent abdominal pain. 29%
of patients with FPE require emergency surgery at the time of presentation[65], and the
mortality at one year is as high as 50% [66] . The morphological and histological
pathology is the most definitive differentiating factor of FPE. Morphologically, FPE
appears as a thick, firm, fibrotic membrane. It is separate from the peritoneum, but
may have significant adhesions to the peritoneum and other surrounding structures.
Histologically, FPE is characterised by dense fibro-connective tissue proliferation,
chronic inflammatory cell infiltration and dilated lymphatics. This differs to CPE,
which is histologically identical to peritoneum, and displays no inflammatory
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Figure 2

Figure 2 Classification system for encapsulating bowel diseases. SLE: Systemic lupus erythematosus.

component.

Abdominal cocoon
Abdominal Cocoon, also called idiopathic FPE, was first described by Foo et al[45] in
1978 as a form of FPE where no established cause can be identified. Foo’s case series
reported on three adolescent girls who presented with bowel obstruction and were
found to have thick, fibrotic peritoneal membranes at laparotomy. Since that time,
approximately 75 case reports of abdominal cocoon have been reported, and have
been summarised by Akbulut[67]. The disease is most prevalent in India, China and
Turkey and has no obvious gender or age distribution. Though historically abdominal
cocoon was thought to affect adolescent girls, more recent studies have shown that it
tends to occur mainly in equatorial areas and may be twice as common in males. It
has been suggested abdominal cocoon may be caused by ‘subclinical peritonitis’[45],
possibly as a result of retrograde menstruation, with a complex interplay with
superimposed viral infections, salpingitis and cell mediated tissue damage[68]. This, of
course, fails to explain its preponderance in males. Other studies have suggested that
perhaps developmental disorders, vascular anomalies or omental hypoplasia[69] may
be the basis of the disease.

DIAGNOSIS
Clinical presentation
The diagnosis of CPE remains clinical, though confirmation may be obtained through
diagnostic imaging and laparotomy. There is no defining gold-standard for diagnosis
of CPE and this means the condition may be underdiagnosed. A proposed diagnostic
algorithm is provided in Figure 3, which highlights the key clinical, radiographic and
pathological features of CPE.
Symptoms associated with a presentation of CPE very likely reflect the
development of an acute or sub-acute small bowel obstruction, with abdominal pain,
tenderness, nausea and vomiting being the predominant clinical features. Abdominal
pain is the most common cause for presentation in CPE, with 66% (n = 30) of patients
reporting sudden or chronic. In these patients, 53% (n = 16) reported similar
symptoms in the preceding 12 mo, usually with decreased severity. This implies that
CPE may be a cause for undifferentiated, intermittent chronic abdominal pain, and
diagnosis is generally delayed. Hence, CPE should be suspected in patients presenting
with these symptoms. Many patients also described nausea, vomiting and
constipation associated with the onset of abdominal pain. On abdominal examination,
abdominal tenderness was described in 58% of patients (n = 26), usually in the peri-
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Table 3 Key differences between congenital peritoneal encapsulation and fibrotic peritoneal encapsulation
Congenital peritoneal encapsulation

Fibrotic peritoneal encapsulation

Congenital

Acquired

Aetiology
Cause
Trigger

Primary/Idiopathic (abdominal cocoon) or
secondary (encapsulating peritoneal sclerosis)

Epidemiology
Incidence

45 cases

Idiopathic: 184 cases Secondary: Based on cause

Age (yr, range)

40.8 (11-85)

34.7 (7-87)

Sex (M:F)

5:3

2:1

Geographical Geography

Europe, Sub-continental Asia

Equatorial regions

Morphology

Identical to peritoneum. Thin, semi-transparent,
vascularised, soft.

Similar to scar tissue. Thick, white, firm, fibrotic.

Histopathology

Identical to peritoneum. Mesothelial lining, fibroconnective tissue.

Dense fibro-connective tissue proliferation,
chronic inflammatory cell infiltration and dilated
lymphatics

Treatment

Peritonectomy, adhesiolysis

Corticosteroids, tamoxifen, peritonectomy

Prognosis

Excellent. Near complete resolution of symptoms.

Up to 50% mortality at 1 yr following diagnosis.

Pathology

Manage-ment

umbilical area. Peritoneal irritation (defined as one or more of involuntary guarding,
rigidity or rebound tenderness) was described in 27% (n = 12) of cases. Abdominal
distension was reported in 40% (n = 18) of cases, and seven cases described bowel
sounds as being “high pitched”, “exaggerated: or “hyper-active”. One case described
acute compression of the abdominal aorta due to CPE, resulting in extensive small
bowel necrosis and death[34].
Two unique clinical features of CPE have been described, which may be more
specific and aid a more prompt diagnosis. A fixed, asymmetrical distension of the
abdomen was reported in 16% (n = 7) of cases. The distension was considered fixed if
it was noted not to vary with peristaltic activity, and likely represents the fixed
position of the bowel which is trapped within the accessory membrane. Secondly, a
differential consistency of the abdominal wall to palpation has been described in
several cases of CPE. It is thought that areas of the bowel which are covered by the
membrane tend to be fixed, flat and firm, whilst areas which are outside of the
membrane are distended and soft (as in small bowel obstruction).
In seven cases, CPE was found incidentally during surgery in asymptomatic
patients. These patients were undergoing abdominal surgery for other reasons:
namely, colorectal cancer [5,16] , obstructive jaundice [7] , right adrenal tumour [17] ,
penetrating stab wound injury [26] , tubo-ovarian abscess [33] and intra-abdominal
haemorrhage[37]. Four cases of CPE were diagnosed at autopsy in patients who had no
reported abdominal symptoms or complaints during life[1,20,21,28].

Imaging
Though the diagnosis of CPE remains clinical, a variety of imaging modalities may be
used to aid in diagnosis. Importantly, these modalities may also screen medically
unstable patients for complications of small bowel obstruction, including perforation,
haemorrhage and ischemia. The use of plain X-ray has been reported in 30 cases. The
majority of films showed signs of small bowel obstruction, with 56% (n = 17)
reporting central, dilated loops of small bowel and 33% (n = 7) reporting air fluid
levels. Two cases reported the presence of hydronephrosis[10,18]. It should be noted that
23% (n = 7) of cases reported no abnormality on plain films, and hence this modality
alone cannot be reliably used to diagnose CPE. The use of contrast with X-Ray was
used in 10 studies to better visualise CPE. The majority of fluoroscopic cases
demonstrated non-specific features of small bowel obstruction. However, three cases
demonstrated a concertina or serpentiform pattern of small bowel arrangement[26,33,36].
This sign occurs when the small bowel is packed tightly on to itself in layers within
the accessory sac, such that is resembles a coiled snake or concertina. This sign is more
specific to CPE, and if found it should warrant further imaging.
Fifteen reports documented the use of computed tomography (CT). Only 40% (n =
6) of these cases reported radiological evidence of a membranous capsule
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Figure 3

Figure 3 Diagnostic algorithm for congenital peritoneal encapsulation. XR: X-ray; CT: Computed tomography;
US: Ultrasound scan; CPE: Congenital peritoneal encapsulation.

surrounding the bowel, as seen in Figure 4. Hence, CT scanning may not have the
resolution to visualise the accessory sac in all cases, and should remain only an
adjunct to a clinical diagnosis. Other features commonly reported in CT scans include
dilated loops of bowel in 46% of cases (n = 7), and fluid collection in 12% of cases (n =
2). Mitrousias et al[24] described a novel helical pattern of small bowel within the
membranous sac on 3D volume rendered imaging. Ultrasonography has also been
used in nine cases, of which four reported no significant abnormalities. Other findings
included small bowel dilation, ascites [25] , hydronephrosis [10] and gall bladder
distension[9].
It is clear that imaging is neither sensitive nor specific in identifying cases of CPE. It
should therefore be used only as an adjunct to aid in the diagnosis of CPE. Imaging
does, however, maintain an important role in determining the presence and severity
of complications in medically unwell patients, such as acute bowel obstruction,
perforation, ischaemia and bleeding.

Laboratory investigations
No specific laboratory studies exist for aiding in the diagnosis of CPE. Routine blood
tests were reported in 13 studies. In six of these, leucocytosis or raised inflammatory
markers were noted. In the remaining seven cases, all blood tests were within normal
ranges.

ANATOMICAL PATHOLOGY
A majority of CPE cases are diagnosed at the time of direct visual inspection during
diagnostic laparotomy or laparoscopy, as seen in Figure 5. 69% (n = 31) of cases
described the accessory sac in CPE as morphologically similar to that of peritoneum.
This is consistent with Papez’s theory of CPE as an accessory peritoneal membrane
derived from the umbilical hernia. The membrane is typically semi-transparent,
vascularised and thin. This contrasts markedly with the thick, white, fibrotic capsule
in FPE. The extent of encapsulation of the small bowel in CPE was reported in most
cases. 25 cases reported the sac encasing the entirety of the small bowel. The sac
typically starts at the duodeno-jujenal junction, to a point within approximately 10-40
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Figure 4

Figure 4 Computed tomography scan (coronal view) of patient with congenital peritoneal encapsulation.

cm of the ileo-caecal junction. Four cases described the accessory sac as covering only
a small part of the ileum. In cases of small bowel obstruction, the transition point was
typically found at the proximal opening of the accessory membrane.

HISTOPATHOLOGY
Histopathology was reported in only 14 of the 42 cases. Four of these cases reported
histopathological findings consistent with normal peritoneal tissue. In two of these
reports, there were features suggestive of active inflammation. Fibrosis (n = 2), fibrous
tissue (n = 3), fibro-connective tissue (n = 1) and fibrovascular tissue (n = 1) were
reported in 7 cases. Two of these cases also reported the presence of mesothelial cells.
The remaining histopathological reports included non-specific chronic inflammatory
changes, membranous and elastic bundles and an isolated report of mesothelium.

MANAGEMENT AND PROGNOSIS
Treatment of CPE can be conservative, medical or surgical. Conservative management
has only been described in a single case of CPE, which was asymptomatic and
diagnosed incidentally on routine imaging. The patient remained well and required
no further medical management. Medical management generally involves the
resuscitation, stabilisation and treatment of the unstable patient with CPE. This is
likely due to acute small bowel obstruction and the potential complications associated
with this, including perforation, ischaemia, necrosis and haemorrhage. A majority of
patients that were hospitalised with CPE were fasted and received nasogastric
decompression, intravenous fluid therapy, intravenous anti-biotics and intravenous
proton pump inhibitors.
Surgical management consists of exploratory laparotomy, peritonectomy,
adhesiolysis and enterolysis. Excision of the sac is usually performed from along its
attachments proximally and distally. This has generally been described as a
straightforward procedure, devoid of major intra-operative hazards, likely because
the accessory sac is extra-peritoneal. Most importantly, adhesions at the neck of the
sac must be carefully resected to ensure complete release of the bowel and prevent
bowel obstruction and ischaemia post-operatively. In our experience[23], the most
difficult part of the procedure is at the time of releasing the proximal neck of the sac.
It may lie adjacent to the duodeno-jejunal flexure, and is hence in close proximity to
the superior mesenteric vasculature. Care should be taken in this step to ensure the
vessels remain undamaged, whilst ensuring complete resection o the sac and any
associated adhesions.
Prognosis following prompt surgical management of CPE is excellent. 14 cases
reported excellent post-operative recovery with no complications. Length of hospital
stay was recorded in 8 cases, with an average of 13 d, and a range of 6-33 d. Very few
papers have reported on long term follow up of patients, with the longest being 7
years of symptom free survival [9] . Two patients died during the initial hospital
admission: One patient died due to sepsis secondary to a chest infection[31], and the
other died due to extensive bowel necrosis[34]. This latter patient was noted to have
extensive gangrenous small bowel at the time of initial laparotomy, presumably due
to acute bowel obstruction and compression of the abdominal aorta. On re-look
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Figure 5

Figure 5 Accessory peritoneal membrane, with attachment to posterior body wall (arrow).

laparotomy after 24 h, the patient went into cardiac arrest and died. Other
complications that have been reported with CPE include post-operative ileus[25], bowel
obstruction secondary to adhesions [41] , biliary fistula [37] and duodenal ulceration
requiring resection[37].

CONCLUSION
CPE is a very rare, congenital condition which has been described in less than fifty
cases in the literature. For this reason, it remains poorly understood, underdiagnosed
and mismanaged. It is an important consideration in patients with long-standing,
undifferentiated, intermittent abdominal pain, and these patients should be
investigated appropriately. More rarely, patients can develop acute bowel obstruction
due to CPE, and warrant hospitalisation, medical stabilisation and emergency surgical
procedures. The diagnosis remains clinical, with several unique clinical findings of
CPE including a fixed, asymmetrical abdomen being specific indicators of the disease.
Adjuncts such as plain imaging, fluoroscopy, CT scanning and ultrasound may also
be used in conjunction to aid in diagnosis. Ultimately, most patients undergo
diagnostic laparotomy and excision of the accessory peritoneal layer, which results in
an excellent prognosis. It is yet unclear what causes CPE, and further work is required
to elucidate this as it may provide insights in better identifying patients at risk, and
treating them accordingly.
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Abstract
IgG4-related disease (IgG4-RD) is a chronic-fibroinflammatory disorder affecting
a wide range of organs. Elevation of serum IgG4 concentrations and abundant
infiltration of IgG4-expressing plasma cells are key diagnostic features of this
autoimmune disease. Although common organ involvement of IgG4-RD includes
the salivary glands, pancreas, and bile duct, hepatic involvement is less well
established. Recently, five studies identified a subtype of autoimmune hepatitis
(AIH), called IgG4-associated AIH (IgG4-AIH). IgG4-AIH is diagnosed based on
significant accumulation of IgG4-expressing plasmacytes in the liver in patients
who met the diagnostic criteria for classical AIH. Although four of the five
reports regarded IgG4-AIH based on hepatic accumulation of IgG4-positive cells
alone, one report diagnosed IgG4-AIH based on both hepatic accumulation of
IgG4-positive cells and elevated serum concentrations of IgG4. IgG4-AIH
diagnosed based on the latter criteria may be a hepatic manifestation of IgG4-RD
whereas IgG4-AIH diagnosed based on the former criteria may be a subtype of
AIH. In this review article, we summarize and discuss clinicopathological
features of IgG4-AIH.
Key words: Autoimmune hepatitis; IgG4; IgG4-related disease; IgG4-associated
autoimmune hepatitis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: IgG4-associated autoimmune hepatitis (IgG4-AIH) is a new disease entity
characterized by the accumulation of IgG4-expressing plasma cells in the liver. Recent
studies diagnosed IgG4-AIH based on hepatic accumulation of IgG4+ cells alone or in
combination with elevated serum concentrations of IgG4. Further studies are required to
determine whether IgG4-AIH is a subtype of AIH or a hepatic manifestation of IgG4related disease.

https://www.wjgnet.com

2308

May 21, 2019

Volume 25

Issue 19

Minaga K et al. AIH and IgG4-RD

Citation: Minaga K, Watanabe T, Chung H, Kudo M. Autoimmune hepatitis and IgG4-related
disease. World J Gastroenterol 2019; 25(19): 2308-2314
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2308.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2308

INTRODUCTION
Emergence and establishment of IgG4-related disease (IgG4-RD) has dramatically
changed our view of autoimmune disorders involving the pancreas and biliary
tract[1,2]. Autoimmune pancreatitis (AIP) is classified into type 1 AIP and type 2 AIP,
with the former type being regarded as a pancreatic manifestation of systemic IgG4RD[3]. Moreover, a subtype of IgG4-RD preferentially affecting the biliary tract is now
called as IgG4-related sclerosing cholangitis (IgG4-SC)[4]. IgG4-RD is a new disease
entity characterized by elevated concentrations of serum IgG4 and infiltration of
IgG4-expressing plasma cells in the affected organs. In addition to enhanced IgG4
antibody responses, many patients with IgG4-RD exhibit multiple organ
involvement[5]. Clinicopathological analysis showed that IgG4-RD can occur in almost
all the organs in the body, however, this disorder preferentially affects the pancreas,
salivary glands, biliary tract, kidney, and lung[5].
Although type 1 AIP and IgG4-SC are recognized as pancreatic and biliary tract
manifestations of systemic IgG4-RD[1-4], the hepatic involvement of this autoimmune
disorder remains poorly understood[6]. Five studies including ours, have proposed a
novel disease entity called IgG4-associated autoimmune hepatitis (IgG4-AIH)[7-11]. In
this review article, we try to clarify clinical characteristics of IgG4-AIH by comparison
with the characteristics of classical AIH. Furthermore, we discuss whether IgG4-AIH
should be considered as a subtype of AIH or as hepatic involvement of systemic IgG4RD.

HEPATIC INVOLVEMENT OF IGG4-RELATED DISEASE
Umemura et al[12] were the first to perform clinicopathological analysis of hepatic
manifestations in IgG4-RD. They examined liver biopsy specimens obtained from 17
patients with AIP. Elevation of serum aspartate aminotransaminase (AST) and/or
alanine aminotransaminase (ALT) was noted in 59% of AIP patients, whereas
elevation of serum alkaline phosphatase (ALP) and/or gamma-glutamyl transferase
(γGTP) was noted in 100%. Elevation of serum concentrations of IgG4, IgG, and antinuclear antibody (ANA) were seen in 94%, 65%, and 47%, respectively. Thus, AIP
patients analyzed in this study shared biochemical and immunological abnormalities
with AIH patients in terms of elevations of liver enzymes, IgG, and ANA[13-15]. A wide
variety of histological findings, including portal inflammation (35%), interface
hepatitis (24%), lobular hepatitis (29%), bile duct damage (59%), and canalicular
cholestasis (53%) were observed in the livers of patients with AIP [12] . These
pathological findings strongly indicate that around 20-30% patients with AIP exhibit
pathological findings similar to classical AIH since portal inflammation, interface
hepatitis, and lobular hepatitis are detected in most cases of AIH[13-15].
Infiltration of IgG4-expressing plasma cells in the liver was confirmed in 47% of
patients with AIP, but not in those with classical AIH, primary biliary cholangitis
(PBC), or primary sclerosing cholangitis (PSC) when more than 5 positive cells [/high
powered field, (HPF)] was defined as positive [12] . The numbers of hepatic IgG4expressing plasma cells were positively correlated to serum concentrations of IgG4
and the presence of bile duct thickness, suggesting that, in this study, patients with
IgG4-RD involving both the pancreas (AIP) and the biliary tract (IgG4-SC) exhibit
accumulation of IgG4-expressing plasma cells in the liver. These seminal studies by
Umemura et al[12] provide evidence that a significant proportion of patients with AIP
exhibit laboratory and pathological findings akin to classical AIH. At present, it
remains unknown whether AIH-like liver lesions observed in patients with AIP are
regarded as hepatic manifestation of IgG4-RD.
Another type of hepatic manifestation of IgG4-RD is hepatic inflammatory
pseudotumor. Hepatic pseudotumors are classified into two types; fibrohistiocytic
and lymphoplasmacytic [16] . Massive infiltration of IgG4-expressing plasma cells
accompanied by obliterative phlebitis, one of the characteristic pathological findings
in IgG4-RD[1,2], was seen in the lymphoplasmacytic type of hepatic pseudotumor.
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Based on these pathological findings, Zen et al [ 1 6 ] proposed that the lymphoplasmacytic type of hepatic pseudotumor is a hepatic manifestation of IgG4-RD.
However, detailed examinations of clinical characteristics, including serum IgG4
concentrations are lacking in this study in which 16 cases of hepatic pseudotumors
were enrolled. Taken together, recent studies provide evidence that AIH-like lesions
and hepatic pseudotumors might occur as hepatic involvement of systemic IgG4-RD.

IGG4-AIH AND CLASSICAL AUTOIMMUNE HEPATITIS
The first case of IgG4-AIH was reported by Umemura et al[17] in 2007. Serum levels of
ALT, ALP, γGTP, IgG, and IgG4 were markedly elevated in this case. Interface
hepatitis, lobular hepatitis, and rosette formation were seen in the liver biopsy
specimens. This case met the diagnostic criteria for AIH proposed by the International
Autoimmune Hepatitis Group (IAIHG)[18] and was diagnosed as AIH. On the other
hand, this case was atypical with regard to classical AIH in that abundant infiltration
of IgG4-expressing plasma cells in the portal tract and a marked elevation of serum
IgG4 concentrations were observed. Based on enhanced IgG4 antibody responses, the
authors proposed a new disease entity called IgG4-AIH[17]. Following this case report,
five groups, including ours, tried to identify and characterize IgG4-AIH in patients
who met the diagnostic criteria for AIH (Table 1)[7-11].

CLINICAL CHARACTERISTICS OF IGG4-AIH
We reviewed five reports addressing the incidence, laboratory and pathological
findings, and efficacy of glucocorticoid treatment in IgG4-AIH[7-11] (Table 1).

Diagnostic criteria and proportion of IgG4-AIH
Chung et al[7] were the first to examine the incidence of IgG4-AIH in patients with
classical AIH. They examined 26 AIH patients who met the diagnostic criteria
proposed by the IAIHG. They defined IgG4-AIH when more than 5 IgG4-expressing
plasma cells (/HPF) were detected in the portal tracts. According to this criteria, 9 of
the 26 AIH patients were diagnosed with IgG4-AIH[7]. In another study conducted in
India, 10 of the 40 AIH patients were diagnosed as IgG4-AIH based on the Chung’s
criteria[7,9]. In subsequent three studies, IgG4-AIH was defined when more than 10
IgG4-expressing plasma cells were detected in the liver [8,10,11] . In one study, the
presence of the overlap syndrome with IgG4-AIH in combination with PSC or PBC
was reported[10]. Although the proportion of IgG4-AIH was highly variable (from 3.3
% to 34.6%) probably due to the difference of the diagnostic criteria[7-11], it was clear
that a unique type of AIH characterized by significant infiltration of IgG4-expressing
plasma cells exists in patients with formerly diagnosed AIH. Moreover, Aydemir et
al [11] reported that 6 out of 40 children with AIH were regarded as IgG4-AIH.
Collectively, these five reports successfully identified a subtype of AIH, called IgG4AIH, based on significant infiltration of IgG4-expressing plasma cells in the liver.
Nakanuma et al[19,20] proposed new diagnostic criteria for IgG4-AIH with reference
to systemic IgG4-RD. According to the Nakanuma’s criteria, IgG4-AIH is
characterized by elevated concentrations of serum IgG4 and infiltration of IgG4expressing plasma cells in the liver (> or = 10 cells /HPF). Although Umemura’s
study fully meets this strict criteria [8] , the other four studies do not satisfy this
criteria[7,9-11]. Application of this new criteria for the diagnosis might make IgG4-AIH
an extremely rare disease entity since only three cases have met this criteria[19]. Given
the fact the Nakanuma’s criteria is proposed based on the well-established criteria for
IgG4-RD, application of this criteria might be useful for the diagnosis of IgG4-AIH as
hepatic involvement of systemic IgG4-RD. However, it remains to be determined
whether IgG4-AIH occurs as a subtype of classical AIH or hepatic involvement of
IgG4-RD.

Liver enzyme abnormality
Regarding liver enzyme abnormality, one study described that mean AST level in the
IgG4-AIH group was significantly higher than in the classical AIH group whereas the
differences of mean ALT, ALP and total bilirubin levels were not significant between
the two groups[9]. In the remaining four reports[7,8,10,11], serum levels of hepatobiliary
enzymes such as AST, ALT, ALP, and γGTP were comparable between IgG4-AIH and
classical AIH (IgG4-non-associated AIH). Thus, blood biochemical examinations do
not distinguish IgG4-AIH and IgG4-non-associated AIH in most cases.
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Table 1 Autoimmune hepatitis and IgG4-associated autoimmune hepatitis
Chunget al[7]

Ref.
Country

Umemuraet al[8]

Amarapurkar et al[9]

Canivetet al[10]

Aydemir et al[11]

Japan

Japan

India

France

Turkey

Number of AIH

26 adults

60 adults

40 adults

28 adults

40 children

Number of IgG4-AIH

9 (34.6%)

2 (3.3 %)

10 (25.0%)

7 (25.0%)

6 (15.0%)

> 5 IgG4 cells/HPF

> 10 IgG4 cells/HPF

> 5 IgG4 cells/HPF

> 10 IgG4 cells/HPF

> 10 IgG4+ cells/HPF

ALT

No difference

No difference

No difference

No difference

No difference

ALP

No difference

No difference

No difference

No difference

NA

γGTP

No difference

NA

NA

No difference

No difference

IgG

Higher

No difference

NA

Higher

No difference

IgG4

No difference

Higher

Higher

NA

NA

Presence of ANA

No difference

No difference

NA

No difference

NA

Portal inflammation

No difference

No difference

NA

NA

No difference

Interface hepatitis

No difference

Higher

NA

NA

No difference

Lobular hepatitis

Higher

Higher

NA

NA

NA

Plasma cell infiltration

Higher

Higher

NA

NA

No difference

Eosinophil infiltration

Not detected

No difference

NA

NA

No difference

Rosette formation

Higher

Higher

NA

No difference

No difference

Bile duct damage

No difference

Lower

NA

NA

NA

Degree of Fibrosis vs
cAIH

No difference

NA

No difference

No difference

No difference

IAIHG score vs cAIH

Higher

No difference

No difference

NA

No difference

ALT normalization
time after PSL therapy
vs cAIH

Shorter

NA

NA

NA

Shorter

Diagnostic criteria for
IgG4-AIH

+

+

+

+

Laboratory findings vs
cAIH

Detection rate of
pathological findings
vs cAIH

cAIH: Classical autoimmune hepatitis; HPF: High-powered field; NA: Not available; IAIHG: International autoimmune hepatitis group; PSL: Prednisolone.

Serum immunological findings
HLA DR-3 and DR-4 serotypes are associated with classical AIH[13-15]. Umemura et al.
showed that one of two patients with IgG4-AIH was positive for HLA-DR4[8]. The
HLA status was not examined in the other four studies [7,9-11] . Thus, it remains
unknown whether HLA typing is useful to differentiate between IgG4-AIH and
classical AIH.
Elevated levels of serum IgG and ANA titers are hallmarks of AIH [13-15] . No
difference was seen in serum levels of ANA titers in these two types of AIH[7,8,10]. In
contrast, serum concentrations of IgG were significantly higher in patients with IgG4associated AIH than in those with IgG4-non-associated AIH in two studies[7,10].
Serum concentrations of IgG4 were measured in three studies [ 7 - 9 ] . Serum
concentrations of IgG4 were comparable between the two types of AIH in one study[7]
whereas patients with IgG4-AIH exhibited a marked elevation of this Ig subtype as
compared with those with IgG4-non-associated AIH in the other two studies[8,9]. At
present, the reasons accounting for the discrepancy between Chung’s and Umemura’s
studies remain unknown. One plausible explanation is that IgG4-AIH defined by
Chung et al [7] might be a different disease to that identified by Umemura et al [8]
Considering the fact that Umemura’s cases of IgG4-AIH meet the strict diagnostic
criteria[19], IgG4-AIH defined by Umemura et al[8] might be a hepatic manifestation of
systemic IgG4-RD rather than a subtype of AIH. On the contrary, IgG4-AIH defined
by Chung et al. might be a subtype of AIH characterized by moderately increased
IgG4 responses in the liver, but not in the serum.

Pathological findings
In Umemura’s study [8] , both of the patients with IgG4-AIH exhibited portal
inflammation, interface hepatitis, lobular hepatitis, plasma cell infiltration, and rosette
formation whereas neither presented with bile duct damage. Consistent with this
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report, the incidence of lobular hepatitis, plasma cell infiltration, and rosette
formation was higher in patients with IgG4-AIH than in those with IgG4-nonassociated AIH[7]. Moreover, the degree of portal inflammation was more severe in
patients with IgG4-AIH than in those with IgG4-non-associated AIH[7]. Thus, adult
patients with IgG4-AIH appear to exhibit a more severe pathology than those with
IgG4-non-associated AIH although the degree of fibrosis was comparable between the
two disorders. In contrast to these studies in adult AIH patients, the degree of chronic
inflammation in children did not show a significant difference between IgG4associated AIH and IgG4-non-associated AIH as judged by the grade of portal
inflammation, interface hepatitis, rosette formation, and fibrosis[11].
As for the type of immune cells characterizing IgG4-AIH, a marked infiltration of
CD3+ T cells, CD20+ B cells, IgG+ cells and CD38+ plasma cells was seen in the liver of
patients with IgG4-AIH as compared with that of patients with IgG4-non-associated
AIH[7]. Abundant infiltration of these adaptive immune cells, especially plasma cells,
leads us to speculate that enhanced IgG4 antibody responses can be partially
explained by an increased accumulation of plasma cells in the liver and that
moderately increased IgG4 antibody responses (5-10 cells/HPF) may be an
epiphenomenon associated with increased accumulation of plasma cells[7,19]. However,
infiltration of IgG1-expressing plasma cells was comparable in the liver between
IgG4-AIH and IgG4-non-associated AIH in Chung’s study[7]. Therefore, selective
enhancement of IgG4 antibody responses might be also induced even in cases
exhibiting normal serum IgG4 concentrations and moderately increased accumulation
of IgG4-expressing plasma cells in the liver. In this regard, there is no doubt that
selective enhancement in IgG4 antibody responses are actually induced in IgG4-AIH
patients who met the strict criteria proposed by Nakanuma et al[8,19].

Sensitivity to glucocorticoid and azathioprine
Glucocorticoid treatment is the first line of treatment for both AIH[13-15] and IgG4RD[1-4]. Sensitivity to glucocorticoids was investigated in IgG4-AIH and IgG4-nonassociated AIH through assessment of ALT normalization time. The proportions of
patients showing normalization of ALT were comparable between IgG4-AIH and
IgG4-non-associated AIH at 1 or 2 years after the initiation of glucocorticoid
treatment [9,10] . In contrast, the ALT normalization time after the glucocorticoid
treatment was shorter in patients with IgG4-AIH than in those with IgG4-nonassociated AIH in two studies[7,11]. Thus, accumulation of IgG4-expressing plasma cells
in the liver might be a surrogate marker for the prediction of glucocorticoid treatment.
Patients with IgG4-AIH were treated with glucocorticoid followed by the
maintenance therapy with azathioprine[9-11]. The response rates to azathioprine at the
maintenance phase were comparable between IgG4-AIH and IgG4-non-associated
AIH.

IGG4-AIH AS A SUBTYPE OF AIH OR AS A HEPATIC
MANIFESTATION OF IGG4-RD
One major question arising from the previous studies summarized above [7-11] is
whether IgG4-AIH is a subtype of classical AIH or a hepatic manifestation of systemic
IgG4-RD. Since all of these studies identified and characterized IgG4-AIH among
patients with classical AIH, AIH is likely to be classified into IgG4-AIH and IgG4-nonassociated AIH. Given the fact that IgG4-AIH is diagnosed based on the presence of
IgG4-expressing plasma cells in the liver, it is possible that immune responses
necessary for IgG4 antibody class switch recombination underlie the immunopathogenesis of IgG4-AIH. Extensive immuno-histochemical analysis by Chung et al.
showed that the numbers of CD3+ T cells, CD20+ B cells, and CD38+ plasma cells in the
liver were greater in patients with IgG4-AIH than in those with IgG4-non-associated
AIH[7]. The results of this study strongly suggest that adaptive immune responses
might be involved in the immuno-pathogenesis of IgG4-AIH and that enhanced IgG4
responses in the liver might be secondary and as a result of activation of adaptive
immune cells. However, hepatic immune cell populations or profiles of cytokines
leading to enhanced IgG4 antibody responses have been poorly clarified.
IgG4-RD is characterized by multiple organ involvement and a unique form of
fibrosis called storiform fibrosis[1,2]. Although systemic IgG4-RD preferentially affects
the salivary glands, pancreas, biliary tract, and kidneys [1,2], hepatic involvement is less
well characterized [6] . Neither multiple organ involvement nor the presence of
storiform fibrosis had been examined in patients with IgG4-AIH when these five
studies were published[7-11]. Lack of multiple organ involvement as well as storiform
fibrosis supports the idea that IgG4-AIH is a subtype of classical AIH rather than
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hepatic manifestation of IgG4-RD. However, it is too early to recognize IgG4-AIH as a
subtype of classical AIH as a case with co-occurrence of IgG4-SC and IgG4-AIH has
been reported[21]. Moreover, metachronous development of IgG4-SC and IgG4-related
AIP was observed in two cases that had been formerly diagnosed as IgG4-AIH[19].
These two cases of IgG4-AIH bearing other organ involvement and elevated serum
concentrations of IgG4 are considered to exhibit AIH lesions as hepatic involvement
of systemic IgG4-RD. Thus, IgG4-AIH can occur as hepatic involvement of systemic
IgG4-RD if accumulation of IgG4-expressing plasma cells in the liver is accompanied
by a marked elevation of serum IgG4 concentrations. Therefore, it is strongly
suggested that IgG4-AIH identified in the previous five studies is categorized into
two types [7-11] ; a subtype of AIH characterized by moderately enhanced IgG4
responses in the liver alone [7] and a hepatic manifestation of IgG4-RD sharing
pathological finding with AIH and exhibiting systemic enhanced IgG4 responses[8,19].
Another important question that needs to be addressed is the clinicopathological
difference between IgG4-AIH and IgG4-hepatopathy, both of which can arise from
systemic IgG4-RD [8,12,19] . Although IgG4-hepatopathy and IgG4-AIH share key
pathological findings such as portal inflammation, interface hepatitis, and lobular
hepatitis, the former disease frequently presents with bile duct damage and
eosinophilic infiltration, compared to the latter [8,12,19] . Thus, careful pathological
examinations might be useful in discriminating between these two disorders.
Much progress has been made in the immuno-pathogenesis of IgG4-RD in terms of
autoantigens and pathogenic cell types. Laminin 511, Annexin A11, and galectin 3 are
identified as target autoantigens in IgG4-RD[22-24]. Plasmacytoid dendritic cells (pDCs)
producing both IFN-α and IL-33 play crucial roles in murine experimental AIP and
human IgG4-related AIP [2,25,26] . Examination of serum antibody titers against the
autoantigens listed above and analysis of pDC activation in the liver may be useful in
determining whether IgG4-AIH occurs as a hepatic manifestation of IgG4-RD.

CONCLUSION
Recent clinicopathological analysis identified IgG4-AIH as a subtype of AIH.
Confirmation of hepatic accumulation of IgG4-expressing plasma cells is absolutely
required for the diagnosis of IgG4-AIH on the condition that the patient meets the
diagnostic criteria for AIH. IgG4-AIH can occur not only in adults but also in children.
Previous studies with a limited number of patients have indicated that IgG4-AIH and
IgG4-non-associated AIH share laboratory findings, pathological findings, and
sensitivity to glucocorticoids. However, accumulation of IgG4-expressing plasma cells
was only detected in IgG4-AIH. It should be noted, however, that ALT normalization
time after the glucocorticoid treatment might be shorter in IgG4-AIH than in IgG4non-associated AIH[7,11]. Thus, significant infiltration of IgG4-expressing plasma cells
in the liver may be useful as a biomarker for the prediction of the efficacy of
glucocorticoid in AIH. One important issue that needs to be addressed in future
studies is whether IgG4-AIH is a subtype of AIH or a hepatic manifestation of IgG4RD. Establishment of IgG4-AIH as a new disease entity awaits characterization of
clinicopathological findings and immune responses in accumulated cases with IgG4AIH.

REFERENCES
1
2

3

4

5
6
7

8

WJG

https://www.wjgnet.com

Stone JH, Zen Y, Deshpande V. IgG4-related disease. N Engl J Med 2012; 366: 539-551 [PMID:
22316447 DOI: 10.1056/NEJMra1104650]
Watanabe T, Minaga K, Kamata K, Kudo M, Strober W. Mechanistic Insights into Autoimmune
Pancreatitis and IgG4-Related Disease. Trends Immunol 2018; 39: 874-889 [PMID: 30401468 DOI:
10.1016/j.it.2018.09.005]
Kamisawa T, Chari ST, Lerch MM, Kim MH, Gress TM, Shimosegawa T. Recent advances in
autoimmune pancreatitis: type 1 and type 2. Gut 2013; 62: 1373-1380 [PMID: 23749606 DOI:
10.1136/gutjnl-2012-304224]
Nakazawa T, Naitoh I, Hayashi K, Miyabe K, Simizu S, Joh T. Diagnosis of IgG4-related sclerosing
cholangitis. World J Gastroenterol 2013; 19: 7661-7670 [PMID: 24282356 DOI:
10.3748/wjg.v19.i43.7661]
Brito-Zerón P, Ramos-Casals M, Bosch X, Stone JH. The clinical spectrum of IgG4-related disease.
Autoimmun Rev 2014; 13: 1203-1210 [PMID: 25151972 DOI: 10.1016/j.autrev.2014.08.013]
Joshi D, Webster GJ. Biliary and hepatic involvement in IgG4-related disease. Aliment Pharmacol Ther
2014; 40: 1251-1261 [PMID: 25312536 DOI: 10.1111/apt.12988]
Chung H, Watanabe T, Kudo M, Maenishi O, Wakatsuki Y, Chiba T. Identification and characterization
of IgG4-associated autoimmune hepatitis. Liver Int 2010; 30: 222-231 [PMID: 19650840 DOI:
10.1111/j.1478-3231.2009.02092.x]
Umemura T, Zen Y, Hamano H, Joshita S, Ichijo T, Yoshizawa K, Kiyosawa K, Ota M, Kawa S,

2313

May 21, 2019

Volume 25

Issue 19

Minaga K et al. AIH and IgG4-RD

9
10

11

12

13
14
15
16

17

18

19

20
21

22

23

24

25

26

WJG

https://www.wjgnet.com

Nakanuma Y, Tanaka E. Clinical significance of immunoglobulin G4-associated autoimmune hepatitis. J
Gastroenterol 2011; 46 Suppl 1: 48-55 [PMID: 20862498 DOI: 10.1007/s00535-010-0323-4]
Amarapurkar AD, Amarapurkar DN. Immunoglobulin IgG4 and autoimmune hepatitis. Trop
Gastroenterol 2015; 36: 112-117 [PMID: 26710480]
Canivet CM, Anty R, Patouraux S, Saint-Paul MC, Lebeaupin C, Gual P, Duclos-Vallee JC, Tran A.
Immunoglobulin G4-associated autoimmune hepatitis may be found in Western countries. Dig Liver Dis
2016; 48: 302-308 [PMID: 26553036 DOI: 10.1016/j.dld.2015.10.005]
Aydemir Y, Akcoren Z, Demir H, Saltik Temizel IN, Ozen H, Yuce A. Clinical and histopathological
features of immunoglobulin G4-associated autoimmune hepatitis in children. J Gastroenterol Hepatol
2019; 34: 742-746 [PMID: 30378176 DOI: 10.1111/jgh.14525]
Umemura T, Zen Y, Hamano H, Kawa S, Nakanuma Y, Kiyosawa K. Immunoglobin G4-hepatopathy:
association of immunoglobin G4-bearing plasma cells in liver with autoimmune pancreatitis. Hepatology
2007; 46: 463-471 [PMID: 17634963 DOI: 10.1002/hep.21700]
Heneghan MA, Yeoman AD, Verma S, Smith AD, Longhi MS. Autoimmune hepatitis. Lancet 2013; 382:
1433-1444 [PMID: 23768844 DOI: 10.1016/S0140-6736(12)62163-1]
Czaja AJ, Manns MP. Advances in the diagnosis, pathogenesis, and management of autoimmune
hepatitis. Gastroenterology 2010; 139: 58-72.e4 [PMID: 20451521 DOI: 10.1053/j.gastro.2010.04.053]
Krawitt EL. Autoimmune hepatitis. N Engl J Med 2006; 354: 54-66 [PMID: 16394302 DOI:
10.1056/NEJMra050408]
Zen Y, Fujii T, Sato Y, Masuda S, Nakanuma Y. Pathological classification of hepatic inflammatory
pseudotumor with respect to IgG4-related disease. Mod Pathol 2007; 20: 884-894 [PMID: 17571078 DOI:
10.1038/modpathol.3800836]
Umemura T, Zen Y, Hamano H, Ichijo T, Kawa S, Nakanuma Y, Kiyosawa K. IgG4 associated
autoimmune hepatitis: a differential diagnosis for classical autoimmune hepatitis. Gut 2007; 56: 1471-1472
[PMID: 17504944 DOI: 10.1136/gut.2007.122283]
Alvarez F, Berg PA, Bianchi FB, Bianchi L, Burroughs AK, Cancado EL, Chapman RW, Cooksley WG,
Czaja AJ, Desmet VJ, Donaldson PT, Eddleston AL, Fainboim L, Heathcote J, Homberg JC, Hoofnagle
JH, Kakumu S, Krawitt EL, Mackay IR, MacSween RN, Maddrey WC, Manns MP, McFarlane IG, Meyer
zum Büschenfelde KH, Zeniya M. International Autoimmune Hepatitis Group Report: review of criteria
for diagnosis of autoimmune hepatitis. J Hepatol 1999; 31: 929-938 [PMID: 10580593]
Nakanuma Y, Ishizu Y, Zen Y, Harada K, Umemura T. Histopathology of IgG4-Related Autoimmune
Hepatitis and IgG4-Related Hepatopathy in IgG4-Related Disease. Semin Liver Dis 2016; 36: 229-241
[PMID: 27466793 DOI: 10.1055/s-0036-1584320]
Kamisawa T, Okazaki K. Diagnosis and Treatment of IgG4-Related Disease. Curr Top Microbiol
Immunol 2017; 401: 19-33 [PMID: 28197739 DOI: 10.1007/82_2016_36]
Li H, Sun L, Brigstock DR, Qi L, Gao R. IgG4-related sclerosing cholangitis overlapping with
autoimmune hepatitis: Report of a case. Pathol Res Pract 2017; 213: 565-569 [PMID: 28238541 DOI:
10.1016/j.prp.2017.01.024]
Shiokawa M, Kodama Y, Sekiguchi K, Kuwada T, Tomono T, Kuriyama K, Yamazaki H, Morita T,
Marui S, Sogabe Y, Kakiuchi N, Matsumori T, Mima A, Nishikawa Y, Ueda T, Tsuda M, Yamauchi Y,
Sakuma Y, Maruno T, Uza N, Tsuruyama T, Mimori T, Seno H, Chiba T. Laminin 511 is a target antigen
in autoimmune pancreatitis. Sci Transl Med 2018; 10 [PMID: 30089633 DOI:
10.1126/scitranslmed.aaq0997]
Hubers LM, Vos H, Schuurman AR, Erken R, Oude Elferink RP, Burgering B, van de Graaf SFJ, Beuers
U. Annexin A11 is targeted by IgG4 and IgG1 autoantibodies in IgG4-related disease. Gut 2018; 67: 728735 [PMID: 28765476 DOI: 10.1136/gutjnl-2017-314548]
Perugino CA, AlSalem SB, Mattoo H, Della-Torre E, Mahajan V, Ganesh G, Allard-Chamard H, Wallace
Z, Montesi SB, Kreuzer J, Haas W, Stone JH, Pillai S. Identification of galectin-3 as an autoantigen in
patients with IgG4-related disease. J Allergy Clin Immunol 2019; 143: 736-745.e6 [PMID: 29852256 DOI:
10.1016/j.jaci.2018.05.011]
Watanabe T, Yamashita K, Arai Y, Minaga K, Kamata K, Nagai T, Komeda Y, Takenaka M, Hagiwara
S, Ida H, Sakurai T, Nishida N, Strober W, Kudo M. Chronic Fibro-Inflammatory Responses in
Autoimmune Pancreatitis Depend on IFN-α and IL-33 Produced by Plasmacytoid Dendritic Cells. J
Immunol 2017; 198: 3886-3896 [PMID: 28373582 DOI: 10.4049/jimmunol.1700060]
Arai Y, Yamashita K, Kuriyama K, Shiokawa M, Kodama Y, Sakurai T, Mizugishi K, Uchida K,
Kadowaki N, Takaori-Kondo A, Kudo M, Okazaki K, Strober W, Chiba T, Watanabe T. Plasmacytoid
Dendritic Cell Activation and IFN-α Production Are Prominent Features of Murine Autoimmune
Pancreatitis and Human IgG4-Related Autoimmune Pancreatitis. J Immunol 2015; 195: 3033-3044 [PMID:
26297761 DOI: 10.4049/jimmunol.1500971]

2314

May 21, 2019

Volume 25

Issue 19

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 May 21; 25(19): 2315-2326

DOI: 10.3748/wjg.v25.i19.2315

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

ORIGINAL ARTICLE
Basic Study

Electroacupuncture at ST36 modulates gastric motility via vagovagal
and sympathetic reflexes in rats
Meng-Jiang Lu, Zhi Yu, Yan He, Yin Yin, Bin Xu
ORCID number: Meng-Jiang Lu
(0000000186354659); Zhi Yu
(0000000291792618); Yan He
(0000-0002-9718-6483); Bin Xu
(0000000340063009); Yin Yin
(0000-0003-0516-7494).

Author contributions: Yu Z and Lu
MJ contributed equally to this
work; Yu Z and Xu B conceived
and designed the experiments; Lu
MJ performed the experiments and
wrote the paper; Yan H and Yin Y
performed the experiments; Lu MJ
and Yu Z analyzed the data; all
authors read and approved the
final version of the article to be
published.

Meng-Jiang Lu, Zhi Yu, Yan He, Yin Yin, Bin Xu, Key Laboratory of Acupuncture and Medicine
Research of Ministry of Education, Nanjing University of Chinese Medicine, Nanjing 210023,
Jiangsu Province, China
Corresponding author: Bin Xu, PhD, Professor, Key Laboratory of Integrated Acupuncture and
Drugs, Nanjing University of Chinese Medicine, No. 138, Xianlin Road, Nanjing 210023,
Jiangsu Province, China. xubin@njucm.edu.cn
Telephone: +86-132-5529-1963

Abstract
BACKGROUND
Electroacupuncture (EA) at ST36 can significantly improve gastrointestinal
symptoms, especially in promoting gastrointestinal motility. The automatic
nervous system plays a main role in EA, but few studies exist on how vagovagal
and sympathetic reflexes affect EA to regulate gastrointestinal motility.
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AIM
To study the role of vagovagal and sympathetic reflexes in EA at ST36, as well as
the associated receptor subtypes that are involved.

Institutional review board
statement: The study was

METHODS
Gastric motility was measured with a manometric balloon placed in the gastric
antrum area in anesthetized animals. The peripheral nervous discharge was
measured using a platinum electrode hooking the vagus or greater splanchnic
nerve, and the central nervous discharge was measured with a glass
microelectrode in the dorsal motor nucleus of the vagus (DMV). The effects and
mechanisms of EA at ST36 were explored in male Sprague-Dawley rats which
were divided in to a control group, vagotomy group, sympathectomy group, and
microinjection group [including an artificial cerebrospinal fluid group, glutamate
(L-Glu) group, and γ-aminobutyric acid (GABA) group] and in genetically
modified male mice [β1β2 receptor-knockout (β1β2-/-) mice, M2M3 receptorknockout (M2M3-/-) mice, and wild-type control mice].
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RESULTS
EA at ST36 promoted gastric motility during 30-120 s. During EA, both vagus and
sympathetic nerve discharges increased, with a much higher frequency of vagus
nerve discharge than sympathetic discharge. The gastric motility mediated by EA
at ST36 was interdicted by vagotomy. However, gastric motility mediated by EA
at ST36 was increased during 0-120 s by sympathectomy, which eliminated the
delay effect of EA during 0-30 s, but it was lower than the control group during
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30-120 s. Using gene knockout mice and their wild-type controls to explore the
receptor mechanisms, we found that EA at ST36 decreased gastric motility in
M2/3-/- mice, and promoted gastric motility in β1/2-/- mice. Extracellular
recordings showed that EA at ST36 increased spikes of the DMV. Microinjection
of L-Glu into the DMV increased gastric motility, while EA at ST36 decreased
gastric motility during 0-60 s, and promoted gastric motility during 60-120 s.
Injection of GABA reduced or increased gastric motility, and reduced the
promoting gastric motility effect of EA at ST36.
CONCLUSION
These data suggest that EA at ST36 modulates gastric motility via vagovagal and
sympathetic reflexes mediated through M2/3 and β1/2 receptors, respectively.
Sympathetic nerve activity mediated through β1/2 receptors is associated with
an early delay in modulation of gastric motility by EA at ST36.
Key words: Gastric motility; Electroacupuncture; Vagovagal reflex; Sympathetic nerve;
Rats
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In this study, we measured intragastric pressure to observe the effect of
electroacupuncture (EA) at ST36 on gastric motility at different time intervals. The role
of the peripheral autonomic nervous system in EA was determined using the vagus nerve
and splanchnic nerve severance model, as well as by detecting peripheral autonomic
nerve discharge. M2/3 and β1/2 receptor knockout mouse models were further used to
identify autonomic receptor subtypes specifically involved in the regulation of gastric
motility. Finally, we studied the role of brainstem neurocircuits during EA at ST36 by
detecting the dorsal motor nucleus of the vagus (DMV) neuron discharge and the effect
of microinjection of γ-aminobutyric acid and glutamate to the DMV. Using these
approaches, the role of vagovagal and sympathetic reflexes in regulating gastric motility
by EA at ST36 was determined.

Citation: Lu MJ, Yu Z, He Y, Yin Y, Xu B. Electroacupuncture at ST36 modulates gastric
motility via vagovagal and sympathetic reflexes in rats. World J Gastroenterol 2019; 25(19):
2315-2326
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2315.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2315

INTRODUCTION
Extrinsic neural inputs originating in the central nervous system (CNS) provide
modulation of gastric motility, especially in the upper gastrointestinal tract. In
particular, brainstem vagovagal parasympathetic neurocircuits have the most
prominent role in the CNS-mediated control of upper gastrointestinal tract motility[1].
Vagovagal neurocircuits comprise the nucleus tractus solitarius (NTS), the dorsal
motor nucleus of the vagus (DMV), and the nucleus ambiguous. The DMV is the
nuclei of origin of vagal motor fibers. The efferent fibers from the DMV form synaptic
contacts with postganglionic neurons located in the target organ which modulate
gastric motility.
Gastric dysmotility is a common symptom of gastrointestinal diseases such as
functional dyspepsia and diabetic gastroparesis. Although cisapride and
domperidone can promote gastric motility in patients with insufficient gastric
motility, adverse cardiac reactions are often reported in the clinic [2-5] . Electroacupuncture (EA) is widely used in clinical practice due to its safety, high efficacy,
and low toxicity. Studies have shown that EA at ST36 can significantly improve
gastrointestinal symptoms, especially in promoting gastrointestinal motility [6-9] .
However, the mechanism underlying its efficacy remain exploring. Most studies have
shown that EA at ST36 is closely related to vagus nerve activity, especially the dorsal
vagal complex of the neural pathway[10-13].
In this study, we measured intragastric pressure to observe the effect of EA at ST36
on gastric motility at different time intervals. The role of the peripheral autonomic
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nervous system in EA was determined using the vagus nerve and splanchnic nerve
severance model, as well as by detecting peripheral autonomic nerve discharge. M2/3
and β1/2 receptor knockout mouse models were further used to identify autonomic
receptor subtypes specifically involved in the regulation of gastric motility. Finally,
we studied the role of brainstem neurocircuits during EA at ST36 by detecting DMV
neuron discharge and the effect of microinjection of γ-aminobutyric acid (GABA) and
glutamate (L-Glu) to the DMV. Using these approaches, the role of vagovagal and
sympathetic reflexes in regulating gastric motility by EA at ST36 was determined.

MATERIALS AND METHODS
Animals
Male Sprague-Dawley rats weighing 250-300 g (Model Animal Research Center of
Nanjing Medical University, China) were divided into a control group, sham surgery
group, vagotomy group, sympathectomy group, and microinjection group (including
an artificial cerebrospinal fluid group, GABA group, and L-Glu group). M2/3-/- mice
(M2/3 - / - , D2; 129-Chrm2 t m l Chrm3 t m l , D0407, Kumamoto University, Japan),
β1/2 -/- mice (β1/2 -/- ; Adrb1 tmlBkk Adrb2 tmlBkk /J, J003810, donated by the Jackson
Laboratory, United States), and their wild-type mice (male, 20-25 g; Model Animal
Research Center of Nanjing Medical University, China) were applied. Gene knockout
in mice was verified by PCR.
All animals were housed under controlled environmental conditions (22 °C, 40%60% relative humidity, 12/12 h light/dark cycle) and were given free access to water
and food. All animals were allowed 1 week of feeding adaptation. All experimental
manipulations were undertaken in accordance with the Principles of Laboratory
Animal Care and the Guide for the Care and Use of Laboratory Animals, published
by the National Science Council, China.

Drugs
Animals were anaesthetized with urethane (U2500; Sigma, St. Louis, MO, United
States). L-Glu (G1251-100G; Sigma), GABA (A2129-10G; Sigma), artificial
cerebrospinal fluid (R22153; Yuan Ye Biological Co., Ltd., Shanghai, China), and
Pontamine sky blue (24410; Sigma) were administered via microinjection prior to
surgery. Penicillin (2011; Shandong Shengwang Pharmaceutical Co., Ltd., Shandong,
China) was administered after surgery. The concentrations and doses of the drugs
were as follows: urethane (20%; 0.8 g/kg for rats and 5 mL/kg for mice), L-Glu (0.1
mol/L, 0.2 μL), GABA (0.1 mol/L, 0.2 μL), artificial cerebrospinal fluid (0.2 μL),
penicillin (0.2 mL/d of 800 IU penicillin in 5 mL saline per rat, intramuscular), and
Pontamine sky blue (1% dissolved in 0.5 mol/L sodium acetate).

Assessment of gastric motility
Experimental animals were fasted for 12 h and were free to drink. A small skin
incision (length: 5-8 mm in rats, 2-3 mm in mice) was made below the xiphoid
process, then a small balloon made of flexible rubber (about 2 mm in diameter for rats
and 1 mm in diameter for mice) was inserted into the duodenum and placed in the
antrum of the stomach. The small balloon was connected to a polyethylene tube filled
with 0.05-0.1 mL of warm water. The pressure in the balloon was further analyzed
using a transducer (YP201; Chengdu Instrument Factory) and a physiological signal
collection system (RM6240; Chengdu Instrument Factory). Baseline intragastric
pressure was maintained at 0.1 Kpa, and the experimental animals were maintained
at a temperature of 37 ± 0.5 °C with an electric heating pad.

Surgery
For vagotomy, rats were fasted for 24 h before surgery and anesthetized with
urethane. The skin was prepared with iodophor disinfection. A small skin incision
was introduced along the midline of the abdomen, and the stomach and subphrenic
surface of the animal were exposed. The distal and proximal ventral gastric vagus
branches were separated and cut. After surgery, penicillin was injected for 3 d to
prevent infection. The rats were fed liquid food within 3 d after surgery. After 5 d, the
rats were used in the experiment. For sympathectomy, preoperative preparation was
the same as for vagotomy. Between the left iliac horn and the lumbar muscle, the left
greater splanchnic nerve was separated and cut. Postoperative treatment was the
same as that for vagotomy.

Parasympathetic and sympathetic nerve discharge
Vagus nerve discharge: Rats were anesthetized with urethane, a small skin incision
was made in the midline of the abdomen, and the left vagus nerve was separated as
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for vagotomy. The nerve was hooked with the positive electrode, and the surrounding
tissue was hooked with the reference electrode.
Sympathetic nerve discharge: Rats were anesthetized with urethane, a small skin
incision was made in the midline of the abdomen, and the left greater splanchnic
nerve was separated as for sympathectomy. The nerve was hooked with the positive
electrode, and the surrounding tissue was hooked with the reference electrode. Nerve
discharge was recorded using a preamplifier (NL100, CED, United Kindom) and a
Micro1401-3 bioelectric module (NL125NL126, CED, United Kindom) connected to a
biosignal acquisition and analysis system (Microl 1401-3, CED, United Kindom). The
signal filtering was 10-1000 Hz, sampling frequency was 20000Hz, and amplification
was 1000 times. The data were recorded with Spike2 software.

Localization, microinjection, and nerve discharge of the dorsal motor nucleus of the
vagus nerve
Rats were anesthetized with 20% urethane (8 mL/kg) and placed in a prone position
on a brain stereotaxic instrument maintained at a temperature of 37 °C using an
electric heating pad. The head was fixed with an ear rod and rat head clip. After
removing the cranial fur, a longitudinal incision was made in the middle of the head,
the subcutaneous tissue was separated and the skull was clearly exposed, and the
anterior fontanelle and posterior fontanelle were adjusted to the same horizontal line.
The vagus dorsal motor nucleus was determined according to the brain localization
map of Paxinos and Watson for rats (coordinate: AP 13.2 mm, RL 0.5 mm, H 8 mm)[14].
For microinjection of the rostral part DMV, a small hole (about 2 mm diameter) was
drilled into the skull using an electric bone drill. A customized injection cannula (a
stainless steel catheter with an outer diameter of 0.7 mm, inner diameter of 0.4 mm,
and length of 10 mm) was inserted through the hole, and zinc phosphate cement was
used to seal the hole. After surgery, penicillin was injected for 3 d to prevent infection.
The rats were fed liquid food within 3 d after surgery. After 5 d, the rats were used in
the experiment. Thereafter, the rats received artificial cerebrospinal fluid (0.1 mol/L,
0.2 μL), L-Glu (0.1 mol/L, 0.2 μL), and GABA (0.1 mol/L, 0.2 μL) via the microinjection catheter. The rats were divided into three groups depending on the drug
they received.
To measure nerve discharge of the DMV, a glass microelectrode (0.5 mol/L sodium
acetate electrolyte filled with 1% Pontamine sky blue) was passed through a
microinjection thruster to reach the DMV nerve (coordinate: AP 13.2 mm, RL 0.5 mm,
H 8 mm), and its extracellular nerve discharge was recorded. When spontaneous
neuronal discharge appeared, neuronal discharge before EA (1 min), during EA (2
min), and after EA (1 min) was recorded. After completion of the recording, the next
intervention was performed after the baseline returned to the pre-EA level.
The tissue recording site was localized after each recording of nerve discharge. A
digital DC stabilized power stimulator was used to pass reverse direct current (10 μA,
20 min) to the microelectrode, and Pontamine sky blue was passed through the
microelectrophoresis mode to the tip of the electrode.
Dissected brains were soaked in 4% paraformaldehyde solution. Thick sections (4060 μm) of brain tissue were used to observe the location of the Pontamine sky blue
marker under a light microscope. The location of the dye marker was compared with
the position of the vagus nerve dorsal motor nucleus based on Paxinos and Watson
rat brain location to determine the accuracy of vagus dorsal motor nucleus recording
localization.

EA stimulation
ST36 (Zusanli) is located in the posterolateral aspect of the knee joint, about 5 mm
below the capitulum fibulae; the stimulation method was EA stimulation, and the
needle was connected to Han’s EA instrument (LH402A; Beijing Huawei Technologies
Co., Ltd.). The stimulating intensity was 2 mA, frequency was 2/15 Hz, and
stimulation time was 2 min.

Statistical analysis
Discharge data were collected using the amplifier and biosignal acquisition device,
and recorded and analyzed using the Spike2 software. The recorded intragastric
pressure data were analyzed with a physiological signal collection system. The
change in discharge frequency or percentage change in gastric motility was compared
between during and before EA. An absolute value of change in discharge frequency ≥
20% was regarded as an effective excitation or inhibition effect, and an absolute value
of gastric motility change ≥ 5% was regarded as effective excitation or inhibition. The
following effect formula (1) was used to indicate the change in percentage:
Percentage change = [ (DreEA-PreEA)/PreEA] × 100% (1)
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Data were analyzed with SPSS 23.0 software and GraphPad Prism 6.0. All data are
expressed as the mean ± standard deviation. Any two groups were compared using
independent sample t-tests, and one-way analysis of variance was used for more than
two groups. P < 0.05 indicated statistical significance.

RESULTS
Effect of EA at ST36 on gastric movement and peripheral autonomic discharge
In order to understand the effect of EA at ST36 on gastric motility, we monitored
changes in intragastric pressure during EA for 120 s. We observed that there was no
significant change in intragastric pressure at 0-30 s during EA (P > 0.05), and the
intragastric pressure was significantly increased from 30-60 s (P < 0.05, Figure 1A).
Simultaneously, we examined discharge of the vagus nerve and the greater visceral
nerve during EA. The discharge frequency during EA was significantly increased
compared to the pre-EA frequency, and the vagus nerve discharge frequency was
significantly higher than that of the greater visceral nerve (P < 0.05, Figure 1C). These
findings suggest that the vagus nerve and the greater visceral nerve are both affected
by EA at ST36, with the vagus nerve affected to a greater degree.

Effect of EA at ST36 on gastric motility in different nerve transection groups
In order to further understand the role of the vagus nerve and the greater visceral
nerve in gastric movement related to EA at ST36, we observed changes in intragastric
pressure in different neurotomy groups. Compared with the normal control group,
the intragastric pressure during EA in the vagus nerve transection group was
significantly reduced. During EA at 0-30 s, the intragastric pressure of the greater
visceral nerve transection group was significantly increased (P < 0.05, Figure 2). These
results suggest that the promotion of gastric motility caused by EA at ST36 is related
to vagus nerve activation, and the delayed aspect of this effect (no significant change
in intragastric pressure at 0-30 s) depends mainly on activation of the greater visceral
nerve.

Effect of EA at ST36 on gastric motility in M2/3-/- and β1/2-/- mice
To further study the effects of different receptor subtypes of the vagus nerve and the
greater visceral nerve on gastric movement induced by EA at ST36, we measured
associated changes in intragastric pressure in different receptor knockout mouse
models. Compared with wild-type B6 mice, EA at ST36 inhibited gastric movement in
M2/3-/- mice. At 0-30 s, the intragastric pressure of β1/2-/- mice was significantly
increased by EA at ST36 (P < 0.05, Figure 3). These results suggest that the effect of EA
at ST36 on gastric motility depends on the vagus nerve M2/3 receptor. The delayed
function of this effect is mainly dependent on activation of the greater visceral nerve
β1/2 receptor.

Effect of EA at ST36 on the discharge of neurons in the dorsal motor nucleus of the
vagus nerve
In order to further understand the mechanism of the vagus nerve circuit in EA at
ST36, we measured neuronal discharge in the DMV nerve during EA at ST36. Seventy
percent of the 47 neurons recorded showed excitatory responses to EA at ST36, and
the frequency of neuronal discharge during EA was significantly higher than that
before EA (P < 0.05, Figure 4).

Effect of microinjection of L-Glu and GABA into the DMV on gastric motility
Studies have shown that L-Glu and GABA play an important role in the brainstem
vagus nerve circuit. In order to clarify the effect of L-Glu and GABA on gastric
motility regulation in the DMV, we microinjected L-Glu and GABA into the DMV to
detect changes in intragastric pressure between 60 s before injection and 60 s after
injection. Microinjection of L-Glu significantly increased intragastric pressure in the
DMV compared with the artificial cerebrospinal fluid control group, while
microinjection of GABA produced both excitatory and inhibitory effects (P < 0.05,
Figure 5).

Effect of EA at ST36 on gastric movement after microinjection of L-Glu and GABA
in the DMV
In order to clarify transmitter regulation during EA at ST36 in the brainstem vagus
nerve circuit, we measured the effect of EA at ST36 on gastric motility after
microinjection of L-Glu and GABA into the DMV. Compared with the control group,
the effect of EA at ST36 was significantly reduced after injection of GABA. During EA
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Figure 1

Figure 1 Effect of electroacupuncture at ST36 on gastric motility and vagus and sympathetic discharge. A: Effect of electroacupuncture (EA) at ST36 on
intragastric pressure; aP < 0.05 compared with pre-EA intragastric pressure; B: Waveform of gastric motility by EA at ST36; C: Percent change in discharge of the
vagus nerve and greater splanchnic nerve induced by EA at ST36; aP < 0.05 compared with sympathetic nerve discharge during the same time interval; D: Waveform
of vagus nerve discharge (upper panel) and greater splanchnic nerve discharge (lower panel). EA: Electroacupuncture.

0-60 s, the gastric motility was inhibited after injection of L-Glu (P < 0.05, Figure 6).
These results suggest that both GABA and L-Glu are involved in the brainstem vagus
nerve circuit of EA at ST36.

DISCUSSION
Along with the rapid pace of life and changes in dietary habits, the incidence of
gastrointestinal dysfunction is increasing, with abdominal distension, abdominal
pain, nausea, and vomiting being the main symptoms. Many patients also experience
these symptoms due to gastric dysmotility. Acupuncture therapy is widely used to
treat gastrointestinal diseases because of its low side effect profile and good curative
effect, and ST36 is the most frequently used acupoint for the treatment of
gastrointestinal dysfunction. Previous studies have shown that acupuncture at ST36
regulates gastrointestinal motility mainly via the autonomic nervous system[15-17].
However, there is no clear study on how the vagus nerve and sympathetic nerves
participate in regulation, and what role the brainstem neural circuit plays.
Current research has found that acupuncture of the lower limbs can cause
excitability of the vagus nerve, thereby increasing gastric motility[18,19]. However, the
vagus nerve is not exclusively involved in regulation of gastric motility during
acupuncture at ST36. Our study found that the time period during which EA at ST36
started to take effect was 30 s after stimulation onset, and that gastric movement did
not change significantly during the first 0-30 s (Figure 1). We also examined vagus
nerve and greater splanchnic nerve activity during EA. Neuronal discharge of the
vagus nerve and the splanchnic nerve was significantly increased compared with the
time period before EA (Figure 2), while the frequency of vagus nerve discharge was
significantly higher than that of the greater splanchnic nerve (Figure 3). These data
suggest that the vagus nerve and sympathetic nerve are involved in EA regulation,
and that the vagus nerve may play a major role in increasing gastric motility.
To further clarify the autonomic nervous system mechanisms involved in gastric
motility regulation, we observed changes in gastric motility after transecting the
vagus nerve and greater splanchnic nerve. We found that after the vagus nerve was
transected, the gastric motility-promoting effect of EA at ST36 was essentially
abolished. When the greater splanchnic nerve was transected, the delayed effect of EA
at ST36 disappeared (Figure 2). Therefore, EA at ST36 can increase gastric movement
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Figure 2

Figure 2 Effect of electroacupuncture at ST36 on gastric motility in different surgical model groups. A: Percentage change of gastric motility in the control
group, vagus nerve transection group, and splanchnic nerve transection group; aP < 0.05 compared with the control group during the same time period, bP < 0.05
compared with the vagus nerve transection group during the same time period; B: Waveforms of gastric motility in the control group, vagus nerve transection group,
and splanchnic nerve transection group. EA: Electroacupuncture.

via the vagus nerve, and this effect is delayed due to involvement of sympathetic
nerves.
The vagus nerve and sympathetic nervous system regulate gastric motility
together[20]. The vagus nerve neural circuit involves the brainstem vagus nerve neural
circuit and the vagus nerve efferent fibers, which are transmitted via posterior
membrane receptors of the gastric wall, with different receptors having different
regulatory roles [21] . Studies have shown that when the vagus nerve releases the
excitatory neurotransmitter acetylcholine, it mainly acts through two major receptor
systems of the postsynaptic membrane, the nicotinic receptor (N) and muscarinic
receptor (M), to promote gastric motility[22]. When the vagus nerve releases inhibitory
neuronal NANC transmitter, it inhibits gastric motility. Five subtypes of M receptors
exist[23], with M2M3 being the primary receptors distributed in the gastrointestinal
smooth muscle[24]. Sympathetic nerves release norepinephrine and adrenaline through
the branch of the spinal cord that innervates the gastric segment via the communicating branch, anterior ganglia, and the posterior ganglia. These transmitters act
on postsynaptic β and α2 receptors, thereby inhibiting smooth muscle contraction and
decreasing gastric motility.
As stated, EA regulates gastrointestinal motility via the vagus and sympathetic
nerves. Studies have shown that injection of the M receptor blocker atropine can
inhibit the gastric motility-promoting effect of EA at LI11 (Quchi)[25], and the injection
of the beta blocker propranolol can abrogate the inhibition of jejunal motility[26].
However, due to a poor specificity of the blockers, the specific receptor subtype(s)
through which these effects are mediated is not clearly known. Our study found that
compared with wild-type mice, the delayed effect of EA at ST36 disappeared in
β1/2-/- mice, and gastric motility increased significantly during the 0-30 s period. EA
at ST36 in M2/3-/- mice decreased gastric motility. These observations demonstrate
that EA at ST36 acts through efferent vagus nerve activation of postsynaptic M2M3
receptors to promote gastric motility, while sympathetic activation of β1β2 receptors
underlies the early delayed gastric motility response. Interestingly, EA at ST36
inhibited gastric motility in M2M3 receptor knockout mice.
Since the vagus nerve plays an important role in promoting gastric motility by EA
at ST36, we focused on the effect of EA at ST36 on the vagus nerve neural circuit. We
found that the brainstem vagus nerve neural circuit plays an important role in
regulating gastric motility, including the solitary tract nucleus, the vagus nerve dorsal
motor nucleus, and the nucleus ambiguus. The sensory afferent transmits the
mechanical and chemical signals of the stomach to the solitary tract nucleus[27] through
L-Glu; these signals are then transmitted to the DMV or the high-grade center via LGlu, GABA, and catecholamines, and the DMV transmits the signal through the
efferent vagus nerve. The main neurotransmitters involved are L-Glu and GABA[28]. LGlu is a common excitatory neurotransmitter in the brain and its receptors include
both ionotropic L-Glu receptors and metabotropic L-Glu receptors. Studies have
found that microinjection of L-Glu into the DMV produces different effects. Sun et al[29]
injected L-Glu into the right DMV and NTS to induce inhibition of gastric motility;
Cruz et al[30] found that injecting L-Glu into the rostrum of the DMV promoted gastric
motility, while injecting L-Glu into the tail of the DMV induced inhibition of gastric
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Figure 3

Figure 3 Effect of electroacupuncture at ST36 on gastric motility in mouse receptor knockout models. A: Effect of electroacupuncture (EA) at ST36 on gastric
motility in wild-type mice, β1/β2 knockout mice, and M2/M3 knockout mice; aP < 0.05 compared with the control group during the same time period, bP < 0.05
compared with the β1/2-/- group during the same time period; B: Waveform of gastric movement induced by EA at ST36 in wild-type mice, β1/2 knockout mice, and
M2/3 knockout mice. EA: Electroacupuncture.

motility. These effects can be blocked by transecting the vagus nerve.
GABA is the major inhibitory amino acid in the brain, with three major receptor
types and multiple receptor subtypes. Browning et al[31] believe that glutamatergic
neurons between the NTS and DMV do not affect the regulation of gastric motility.
On the contrary, GABAergic neurons are important for the regulation of gastric
motility; Pearson et al[32] found that the brainstem neural circuit that regulates the
gastric antrum involves GABAergic transmission. Multiple studies have shown that
GABAergic synaptic input in the solitary tract nucleus inhibits the efferent vagus
nerve which regulates the upper digestive tract, thereby affecting gastric function[33].
Studies have shown that EA can affect the brainstem, as supported by imaging and
c-fos immunopositive expression[34,35], and have also shown that the solitary nucleus is
involved in acupuncture regulation of the gastrointestinal tract[36,37]. Our study found
that injecting L-Glu into the rostrum of the DMV promotes gastric motility, while
injecting GABA produces both inhibitory and stimulatory effects. To examine
whether EA at ST36 involves the brainstem vagus nerve neuronal circuit, we
examined the neuronal discharge of the DMV. Compared to baseline spontaneous
discharge, EA at ST36 can significantly excite DMV neurons. To study the
involvement of L-Glu and GABA in the EA process, we performed EA at ST36 along
with the injection of L-Glu and GABA, respectively, into the DMV. Gastric motility
decreased during the first 0-60 s after injecting L-Glu followed by EA; the motilitypromoting effect of EA showed a significant decline after the injection of GABA.
These observations suggest that both L-Glu and GABA are involved in the brainstem
nerve circuit of EA at ST36 that regulates gastric motility. GABA in the DMV
antagonized the effect of EA at ST36.
In conclusion, our findings show that EA at ST36 mainly regulates gastric
movement through the DMV vagovagal reflex circuit by L-Glu and GABA. While
M2M3 receptors play a major role in mediating the vagus nerve efferent effect on
gastric motility, the involvement of the sympathetic nervous system and β1β2
receptors may be the cause of delayed initiation of gastric motility. The vagussympathetic circuit is involved in the neural circuit that regulates gastric movement
by EA at ST36.
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Figure 4

Figure 4 Effect of electroacupuncture at ST36 on neurons in the dorsal motor nucleus of the vagus nerve. A: Number of dorsal motor nucleus of the vagus
nerve (DMV) neuron responses during electroacupuncture (EA) at ST36; B: Discharge frequency of DMV neurons; aP < 0.05 compared with pre-EA; C: Waveform of
DMV neuron discharge by EA at ST36; D: Location of the DMV (D1-D2, location of the DMV; D2, location of injected Pontamine sky blue in the DMV). EA:
Electroacupuncture; DMV: Dorsal motor nucleus of the vagus nerve.
Figure 5

Figure 5 Gastric motility changes after dorsal motor nucleus of the vagus nerve microinjection of different amino acids. A: Percentage change of gastric
motility after microinjection of artificial cerebrospinal fluid, glutamic acid, or γ-aminobutyric acid (GABA) into dorsal motor nucleus of the vagus nerve (DMV) (GABA-I is
the inhibitory effect group, and GABA-E is the excitatory effect group); aP < 0.05 compared with the control group; B: Waveform of gastric movement changes after
microinjection of artificial cerebrospinal fluid, glutamic acid, and GABA into the DMV. GABA: γ-aminobutyric acid; DMV: Dorsal motor nucleus of the vagus nerve; LGlu: Glutamate.
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Figure 6

Figure 6 Effect of electroacupuncture at ST36 on gastric motility after microinjection of different amino acids. A: Percentage change of gastric movement by
electroacupuncture (EA) at ST36 after microinjection of artificial cerebrospinal fluid, GABA, or glutamic acid to the dorsal motor nucleus of the vagus nerve; aP < 0.05
compared with the control group; B: Waveform of gastric motility induced by EA at ST36 after microinjection of artificial cerebrospinal fluid, γ-aminobutyric acid, or
glutamic acid into the DMV. EA: Electroacupuncture; GABA: γ-aminobutyric acid; DMV: Dorsal motor nucleus of the vagus nerve; L-Glu: Glutamate.

ARTICLE HIGHLIGHTS
Research background
Electroacupuncture (EA) at ST36 can significantly improve gastrointestinal symptoms, especially
in promoting gastrointestinal motility. The automatic nervous system plays a main role in EA at
ST36, but few studies exist on how vagovagal and sympathetic reflexes affect EA in regulating
gastrointestinal motility.

Research motivation
This study aimed to investigate the mechanism of the automatic nervous system in promoting
gastrointestinal motility by EA at ST36. The results obtained may be used to explain the
mechanism of EA in regulating gastrointestinal motility. Furthermore, it may provide a reference
to neurostimulation therapy.

Research objectives
The objective of this study was to determine the role of vagovagal and sympathetic reflexes in
EA at ST36, as well as the associated receptor subtypes that are involved. The results obtained
may be used to explain the mechanism of EA in regulating gastrointestinal motility.
Furthermore, it may provide a reference to neurostimulation therapy.

Research methods
Gastric motility was measured with a manometric balloon in anesthetized animals. The
peripheral nervous activity was measured with a platinum electrode hooking the vagus or
greater splanchnic nerve, and the central nervous activity was measured with a glass
microelectrode in the DMV. The effects and mechanisms of EA at ST36 were explored in male
Sprague-Dawley rats which were divided into a control group, vagotomy group,
sympathectomy group, and microinjection group [including an artificial cerebrospinal fluid
group, glutamate (L-Glu) group, and γ-aminobutyric acid (GABA) group] and in genetically
modified male mice [β1β2 receptor-knockout (β1β2-/-) mice, M2M3 receptor-knockout (M2M3-/-)
mice, and wild-type control mice].

Research results
EA at ST36 promoted gastric motility during 30-120 s. During EA, the vagus nerve activity was
much higher than sympathetic activity. The gastric motility mediated by EA at ST36 was
interdicted by vagotomy. However, the delay effect of EA during 0-30 s was eliminated by
sympathectomy. EA at ST36 decreased gastric motility in M2/3-/- mice and promoted gastric
motility in β1/2-/- mice. Extracellular recordings showed that EA at ST36 increased spikes of the
dorsal motor nucleus of the vagus (DMV). Microinjection of L-Glu into the DMV increased
gastric motility, while EA at ST36 decreased gastric motility during 0-60s, and promoted gastric
motility during 60-120 s. Injection of GABA reduced or increased gastric motility, and reduced
the gastric motility-promoting effect of EA at ST36.

Research conclusions
EA at ST36 modulates gastric motility via vagovagal and sympathetic reflexes mediated through
M2/3 and β1/2 receptors, respectively. Sympathetic nerve activity mediated through β1/2
receptors is associated with an early delay in the modulation of gastric motility by EA at ST36.
GABA and L-Glu in the DMV are involved in regulating gastric motility by EA at ST36.

Research perspectives
The results prove that both vagal and sympathetic reflexes are involved in regulating gastric

WJG

https://www.wjgnet.com

2324

May 21, 2019

Volume 25

Issue 19

Lu MJ et al. The neurocircuits of EA at ST36
motility by EA at ST36. Future studies should investigate specific transcutaneous stimulation
which can regulate gastric motility accurately.
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Abstract
BACKGROUND
Acute exacerbation in patients with chronic hepatitis B virus (HBV) infection
results in different severities of liver injury. The risk factors related to progression
to hepatic decompensation (HD) and acute-on-chronic liver failure (ACLF) in
patients with severe acute exacerbation (SAE) of chronic HBV infection remain
unknown.
AIM
To identify risk factors related to progression to HD and ACLF in compensated
patients with SAE of chronic HBV infection.
METHODS
The baseline characteristics of 164 patients with SAE of chronic HBV infection
were retrospectively reviewed. Independent risk factors associated with
progression to HD and ACLF were identified. The predictive values of our
previously established prediction model in patients with acute exacerbation (AE
model) and the model for end-stage liver disease (MELD) score in predicting the
development of ACLF were evaluated.
RESULTS
Among 164 patients with SAE, 83 (50.6%) had compensated liver cirrhosis (LC),
43 had progression to HD without ACLF, and 29 had progression to ACLF within
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28 d after admission. Independent risk factors associated with progression to HD
were LC and low alanine aminotransferase. Independent risk factors for
progression to ACLF were LC, high MELD score, high aspartate
aminotransferase (AST) levels, and low prothrombin activity (PTA). The area
under the receiver operating characteristic of the AE model [0.844, 95%
confidence interval (CI): 0.779-0.896] was significantly higher than that of MELD
score (0.690, 95%CI: 0.613-0.760, P < 0.05) in predicting the development of ACLF.
CONCLUSION
In patients with SAE of chronic HBV infection, LC is an independent risk factor
for progression to both HD and ACLF. High MELD score, high AST, and low
PTA are associated with progression to ACLF. The AE model is a better predictor
of ACLF development in patients with SAE than MELD score.
Key words: Acute-on-chronic liver failure; Chronic hepatitis B; Hepatic decompensation;
Liver cirrhosis; Risk factors; Severe acute exacerbation
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Core tip: The risk factors related to progression in patients with severe acute exacerbation
(SAE) of chronic hepatitis B virus (HBV) infection remain unknown. This is the largest
study to identify the risk factors related to progression to hepatic decompensation (HD)
and acute-on-chronic liver failure (ACLF) in compensated patients with SAE of chronic
HBV infection. We found that liver cirrhosis is an independent risk factor for
progression to both HD and ACLF. High model for end-stage liver disease score, high
aspartate aminotransferase, and low prothrombin activity are associated with progression
to ACLF.

Citation: Yuan L, Zeng BM, Liu LL, Ren Y, Yang YQ, Chu J, Li Y, Yang FW, He YH, Lin
SD. Risk factors for progression to acute-on-chronic liver failure during severe acute
exacerbation of chronic hepatitis B virus infection. World J Gastroenterol 2019; 25(19):
2327-2337
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2327.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2327

INTRODUCTION
In China, the majority of patients with end-stage liver diseases and liver diseaserelated death are caused by chronic hepatitis B virus (HBV) infection[1]. There are five
phases in the natural history of chronic HBV infection, including hepatitis B e-antigen
(HBeAg)-positive chronic HBV infection, HBeAg-positive chronic hepatitis B (CHB),
HBeAg-negative chronic HBV infection, HBeAg-negative CHB, and hepatitis B
surface antigen (HBsAg)-negative phase[2]. Hepatitis flares with different degrees of
liver injury mostly occur in the HBeAg-positive CHB and HBeAg-negative CHB
phases[3-5]. Acute exacerbation (AE) and severe AE (SAE) refer to the severe liver
injury occurring in patients with chronic HBV infection during hepatitis flare[6,7]. AE of
chronic HBV infection occurs in 40%-50% of HBeAg–positive patients and in 15%-30%
of HBeAg-negative CHB patients[8-10]. Patients with AE or SAE eventually progress to
hepatic decompensation (HD) and acute-on-chronic liver failure (ACLF) if their liver
injury deteriorates further.
In patients with chronic HBV infection, HD manifesting as ascites, esophagogastric
variceal bleeding (EVB), or hepatic encephalopathy is a significant stage during
progression from AE to liver failure[11,12]. Once progressed to HD, the liver function of
patients with AE or SAE becomes more unstable and undergoes more rapid
deterioration to ACLF following intrahepatic or extrahepatic insults[13,14]. Despite
improved clinical management, the mortality of patients with ACLF ranges from 50%80% without liver transplantation[15]. It has been recognized that early diagnosis and
treatment play an important role in survival of patients with ACLF; in earlier stages,
intensive treatment may be effective in impeding disease progression[15,16]. Therefore, it
is imperative to find the risk factors related to deterioration of HD and ACLF in
patients with AE and SAE.
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Several studies have been conducted to determine these risk factors. However,
most of these studies have included patients with diverse etiologies and degrees of
liver injury, with understandably inconsistent results[8,17-18]. It is therefore challenging
to identify common factors related to disease progression in patients with high
heterogeneity in terms of severity and cause. In a previous study, we assessed risk
factors in patients with AE of chronic HBV infection, wherein AE was defined as
alanine transaminase (ALT) > 5 × upper limits of normal (ULN), total bilirubin (TBil)
≥ 5 × ULN, and prothrombin time activity (PTA) of 40%-60%. We found that baseline
age, HBV DNA, and international normalized ratio (INR) levels were independent
factors related to the development of ACLF[19]. Based on this study, we established an
AE model to predict the progression to ACLF in patients with AE. Although patients
with AE or SAE of chronic HBV infection show different degrees of liver injury, it
remains to be elucidated whether the risk factors in progression to ACLF are similar
among these patients. Therefore, in this study, we included patients with SAE as ALT
> 10 × ULN, TBil ≥ 3 × ULN, and PTA of 40%-60% and aimed to identify the baseline
risk factors associated with post-admission progression to HD or ACLF.

MATERIALS AND METHODS
Study cohort
The study subjects were patients with SAE admitted to the Department of Infectious
Diseases, Affiliated Hospital of Zunyi Medical University between January 2011 and
August 2018. Figure 1 shows the flow chart for the patient selection process. In all, 164
patients with SAE of chronic HBV infection were included. The remaining 42 patients
were excluded from the study by the exclusion criteria, which included coexistence
with drug-induced hepatitis, alcoholic liver disease, hyperthyroidism, pregnancy,
hepatocellular carcinoma, or acute hepatitis A, C, or E. Patients who had decompensated liver cirrhosis (LC) or were previously diagnosed with decompensated
LC were also excluded.

Diagnostic criteria for SAE and ACLF
SAE of chronic HBV infection was diagnosed on the basis of the criteria proposed by
Tsubota et al[20] and Wong et al[21]. The criteria for SAE of chronic HBV infection were
as follows: (1) Presence of HBsAg and HBV DNA for > 6 mo before hospitalization; (2)
ALT > 10 × ULN (400 IU/L) and TBil ≥ 3 × ULN (51 μmol/L); and (3) PTA of 40%60%. Further, ACLF was diagnosed as the recent development of jaundice (TBil ≥ 5 ×
ULN) and coagulopathy (PTA < 40% or INR ≥ 1.5), complicated within four weeks by
ascites and/or encephalopathy in a patient with previously diagnosed or
undiagnosed chronic liver disease[12]. Cirrhosis was diagnosed based on previous liver
biopsy findings or a composite of clinical signs and laboratory test, endoscopy,
radiology, and FibroScan (Echosens, Paris, France) results. HD was defined as the
presence of one of the following: new onset of hepatic encephalopathy, EVB, or
ascites[22].

Treatment schedule
After admission, all patients received standard conservative therapy. None of them
received liver transplantation. The standard conservative therapy included bed rest,
liver-protective treatment (glutathione, adenosylmethionine, and branched-chain
amino acids), nutritional and energy supplements, intravenous plasma and albumin
(ALB) infusions, water-electrolyte and acid-base equilibrium maintenance, and
prevention and treatment of complications. All patients received antiviral therapy
including lamivudine, entecavir, or telbivudine within 3 days of admission according
to their HBV replication levels and patient willingness. Plasma exchange was
administered to patients who had progression to ACLF.

Candidate predictor variables
Patient demographics, clinical and laboratory parameters, and imaging findings were
retrospectively collected from computerized and paper medical records. Laboratory
variables including aspartate transaminase (AST), ALT, TBil, ALB, prealbumin,
cholinesterase (CHE), gamma-glutamyl transpeptidase, PTA, INR, white blood cell
count, platelet (PLT), serum sodium (Na+), blood urea nitrogen (BUN), creatinine
(Cr), and HBV DNA levels were obtained within 24 h of the first diagnosis. In
addition, the model for end-stage liver disease (MELD) score was calculated
according to the following formula: MELD score = 3.78 × ln[TBil (mg/dL)] + 11.2 ×
ln(INR) + 9.57 × ln[Cr (mg/dL)] + 6.43 × (constant for liver disease etiology = 0, if
cholestatic or alcoholic, otherwise = 1). The AE model was calculated as R = -13.323 +
0.553 × log HBV DNA (copies/mL) + 3.631 × INR + 0.053 × age (years)[19].
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Figure 1

Figure 1 Outline of the screening and case selection protocol. ACLF: Acute-on-chronic liver failure; ALT: Alanine
aminotransferase; CHB: Chronic hepatitis B; HAV: Hepatitis A virus; HBsAg: Hepatitis B surface antigen; HCV:
Hepatitis C virus; HD: Hepatic decompensation; HEV: Hepatitis E virus; LC: Liver cirrhosis; PTA: Prothrombin activity;
SAE: Severe acute exacerbation; TBil: Total bilirubin; ULN: Upper limit of normal.

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. All patients were informed of the use of their data in writing for
clinical research purposes and accepted.

Statistical analysis
Statistical analyses were performed using SPSS version 19.0 (IBM Corp., Armonk, NY,
United States) and MedCalc ® 15.8 (MedCalc Software BVBA, Ostend, Belgium).
Patient characteristics were compared between patients with and without HD or
ACLF. χ2 tests, t-tests, and Mann–Whitney U tests were used for categorical variables,
variables with normal distribution, and variables with a non-normal distribution,
respectively. Univariate and multivariate analyses were performed using logistic
regression analysis. The predictive values of our previously established AE model in
patients with SAE and the MELD score were evaluated by the receiver operating
characteristic (ROC) curve and the area under the ROC curve (AUROC). To identify
the optimal cut-off point for each model, the Youden index was used. The cut-off
sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) were calculated. P < 0.05 was considered statistically significant.

RESULTS
Patient characteristics
A total of 164 patients (mean age: 39.8 ± 11.1 years, 143 men and 21 women) were
enrolled in the study. In all, 101 (61.6%) patients were HBeAg-positive and 83 (50.6%)
had LC. Further, 43 (26.2%) patients had progression to HD without developing
ACLF, and 29 (17.7%) patients had progression to ACLF within 28 d of admission.
After admission of patients with SAE, the mean duration for development of HD and
ACLF was 9.6 d (1-18 d) and 10.5 d (2-21 d), respectively. Thirteen (44.8%) patients
with ACLF died during the 3 mo of follow-up. The other 92 patients (mean age: 36.6 ±
9.4 years, 82 men and 10 women) did not progress to HD or ACLF.

Difference in baseline characteristics between patients with and without postadmission progression to HD or ACLF
By comparing the baseline clinical characteristics and laboratory findings in patients
with and without post-admission progression to HD, we found that among 43
patients who had progression to HD, 42 (97.7%) had LC on admission. However,
among the 92 patients without progression to HD, only 20 (21.7%) had LC on
admission. Further details on comparisons between baseline characteristics of patients
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with and without post-admission progression to HD and ACLF can be found in
Tables 1 and 2, respectively.

Risk factors related to the progression of HD in patients with SAE
Among 135 patients without progression to ACLF, 43 had progression to HD. Fortytwo patients developed ascites and one patient developed EVB. As shown in Table 3,
older age of patients; LC; lower serum levels of ALB, ALT, AST, CHE, PLT; and a
higher serum level of BUN were found as the risk factors associated with postadmission HD in univariate logistic regression analysis. The independent risk factors
associated with progressing to HD were LC and lower ALT level.

Risk factors related to the development of ACLF in patients with SAE
In the 29 patients who had progression to ACLF within 28 d after admission, 21 had
LC on admission. As shown in Table 4, the risk factors associated with post-admission
progression to ACLF were being complicated with LC, higher MELD score, higher
serum levels of HBV DNA and AST, and lower serum level of PTA. The independent
risk factors associated with progression to ACLF included higher MELD score, higher
AST level, and lower PTA level.

Prediction of progression to ACLF in patients with SAE
To test the predictive value of the AE model in patients with SAE, we compared the
ROC curve and AUROC of the AE model with those of the MELD score. As shown in
Figure 2, the performance of the AE model [AUROC = 0.844, 95% confidence interval
(CI): 0.779-0.896] was significantly better than that of the MELD score (AUROC =
0.690, 95%CI: 0.613-0.760, P < 0.05) in predicting the post-admission progression to
ACLF. With a cut-off of -2.085, the AE model had a higher sensitivity (89.6%) and
NPV (99.6%) than the MELD score at the cut-off value of 19.92 (55.2% and 89.3%,
respectively). However, the specificity (62.2%) and PPV (33.8%) of the AE model were
lower than those of the MELD score (80.2% and 38.1%, respectively).

DISCUSSION
The precipitating factors and pathogenesis of AE or SAE are different in patients with
compensated liver diseases and decompensated LC[23,24]. Worsening of underlying
chronic liver disease is the most common precipitating factor for AE or SAE in
patients with compensated liver diseases[13]. However, in decompensated LC, the
occurrence of AE or SAE and progression to liver failure are mostly triggered by
complications including bacterial infection, renal function impairment, and
gastrointestinal bleeding[25,26]. In this study, we excluded patients with SAE induced by
other hepadnavirus infection and bacterial infection. We also excluded patients with
decompensated LC; therefore, SAE in patients of this study mostly resulted from HBV
reactivation. This group of patients exhibited similar clinical characteristics and
pathogenesis of SAE [3] , thus enabling the identification of common risk factors
associated with progression to HD and ACLF. As far as we know, this is the largest
study cohort in an investigation of this condition.
We included patients with SAE of chronic HBV infection with ALT > 10 × ULN,
TBil ≥ 3 × ULN, and PTA of 40%-60%%. Forty-three (26.2%) patients had progression
to HD and 29 (17.7%) patients had progression to ACLF within 28 d of admission.
Therefore, the patients in this study had more serious liver injury than patients with
AE as previously reported (only 7.59% of patients had progression to ACLF)[19]. We
found that LC was an independent risk factor associated with progression to both HD
and ACLF, while high MELD score, high AST, and low PTA were independent risk
factors associated with progression to ACLF.
Several risk factors for post-admission development of ACLF in patients with SAE
were different from those in patients with AE. In our previous study, LC was not an
independent factor associated with the development of ACLF in patients with AE[19].
In this study, however, LC was an independent risk factor for post-admission
progression of both HD and ACLF in patients with SAE. It is generally considered
that in patients with chronic HBV infection, total liver injury consists of acute and
chronic liver injury during AE or SAE[6,15]. Therefore, when the degree of acute liver
injury reaches a certain limit, LC may be the determining factor for the outcomes
during hepatitis flare. However, it is still unclear at what degree of acute liver injury
the compensated LC may have a significant effect on the outcome of patients with
chronic HBV infection. Contradictory results have been reported in previous studies,
likely attributable to high heterogeneity in the degrees of liver injury and etiologies of
study subjects[20,27-29]. Our results are the first to demonstrate that in patients with SAE
of chronic HBV infection, compensated LC plays a determining role in the
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Table 1 Baseline characteristics of patients with and without post-admission progression to hepatic decompensation
Patients
Variable

Total (n = 135)
Without progression to HD (n = 92)

With progression
to HD (n = 43)

P-value

Males

120 (88.9)

82 (88.2)

38 (90.5)

0.7771

Age (yr)

39.1 ± 10.6

36.6 ± 9.4

44.6 ± 11.2

0.0002

LC

62 (45.9)

20 (21.7)

42 (97.7)

0.0001

HBeAg–positive

53 (39.3)

38 (40.9)

15 (35.7)

0.3551

6.7 (5.6, 7.5)

6.9 (5.9, 7.5)

6.3 (4.2, 7.2)

0.0443

137.0 ± 2.9

136.9 ± 3.0

136.9 ± 2.8

0.9272

ALT (IU/L)

680.0 (421.0, 1191.0)

838.0 (495.5, 1333.5)

469.0 (265.5, 725.5)

0.0003

AST (IU/L)

592.0 (313.0, 980.0)

636.0 (369.0, 1212.5)

502.5 (268.5, 760.0)

0.0223

GGT (IU/L)

145.0 (108.0, 223.0)

145.0 (110.5, 221.5)

145.5 (94.5, 225.0)

0.8453

CHE (IU/L)

3.9 ± 1.5

4.3 ± 1.4

3.2 ± 1.4

0.0002

174.1 (96.1, 288.7)

153.7 (93.9, 283.5)

160.7 (88.8, 250.5)

0.9323

ALB (g/L)

33.6 ± 4.9

34.4 ± 4.2

31.6 ± 5.2

0.0012

PA (mg/L)

48.0 (35.0, 69.0)

54.4 ± 25.4

49.4 ± 30.5

0.3293

3.9 (3.0, 4.6)

3.8 (2.9, 4.4)

4.5(3.3, 4.4)

0.0103

74.0 (67.0, 83.0)

74.0 (67.0, 84.0)

73.0 (66.3, 82.0)

0.5573

INR

1.46 ± 0.18

1.45 ± 0.18

1.47 ± 0.16

0.5102

PTA (%)

51.9 ± 5.5

51.6 ± 5.5

52.9 ± 5.5

0.2082

5.2 (3.18, 6.7)

5.4 (3.9, 6.5)

4.7 (3.8, 7.5)

0.6133

120.2 ± 49.1

128.9 ± 49.5

100.9 ± 42.8

0.0022

17.5 ± 3.8

17.5 ± 3.9

17.3 ± 3.7

0.8302

log HBV DNA (copies/mL)
Na+ (mmol/L)

TBil (μmol/L)

BUN (mmol/L)
Cr (μmol/L)

WBC (109/L)
9

PLT (10 /L)
MELD

Data are presented as the mean ± SD, n (%), or median (interquartile range).
1
Chi-square test results;
2
t-test results;
3
U test results. P-value: Patients with post-admission progression to hepatic decompensation vs patients without post-admission progression. ALT: Alanine
aminotransferase; AST: Aspartate aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; Cr: Creatinine; GGT: Glutamine transpeptidase; HBeAg:
Hepatitis B e-antigen; HD: Hepatic decompensation; INR: International standardization ratio; LC: Liver cirrhosis; MELD: Model for end-stage liver disease;
Na+: Sodium; PA: Prealbumin; PLT: Platelet; PTA: Prothrombin activity; TBil: Total bilirubin; WBC: White blood cell.

development of both HD and ACLF.
Another differing result from our previous study in patients with AE was that HBV
DNA was not an independent risk factor for progression to ACLF in patients with
SAE of chronic HBV infection, although high HBV DNA level was one of the risk
factors for progression to ACLF in the univariate analysis. Numerous studies have
found that the occurrence of HCC and LC is closely correlated with high HBV DNA
levels in patients with chronic HBV infection[30]. However, whether the short-term
outcomes in patients with AE of chronic HBV infection are also influenced by HBV
DNA levels remains unclear[20,21,31]. In patients with AE, it has been suggested that high
HBV DNA levels might indicate an active immune attack of hepatocytes and
ineffective inhibition of HBV DNA replication, resulting in prolonged liver injury, and
patients may eventually progress to ACLF[3,32,33]. In a previous study, we found that
HBV DNA was an independent risk factor for post-admission progression to ACLF in
patients with AE[19]. Jeng et al[34] also found that in patients with AE, while TBil, PTA,
and HBV DNA levels were risk factors, HBV DNA level was the only independent
risk factor for HD. A high HBV DNA level of 1.55 × 109 copies/mL was predictive of
HD. However, other studies found no relationship between baseline HBV DNA and
AE severity or mortality of patients with AE[20,32,35,36]. Our results showing that HBV
DNA played differing roles in the outcomes of patients with AE and SAE suggest that
the influence of HBV DNA is dependent on the degree or stage of hepatitis flare.
Patients with more severe liver injury are usually at a later stage during AE or SAE, as
at this stage the deleterious role of HBV DNA may be masked by other risk factors.
Hsu et al also found that in patients with SAE (defined as TBil level > 2 mg/dL and PT
prolongation by more than 3 s, or with ascites/hepatic encephalopathy) of chronic
HBV infection, the mortality of patients was mainly determined by the pronounced
coagulopathy; only in patients with INR ≤ 1.7, HBV DNA level was the risk factor for
mortality[17].
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Table 2 Baseline characteristics of patients with and without post-admission progression to acute-on-chronic liver failure
Patients
Variable

Total (n = 164)

Without progression to ACLF
(n = 135)

With progression
to ACLF (n = 29)

P-value

Males

143 (87.2)

120 (88.9)

23 (79.3)

0.2161

Age (yr)

39.8 ± 10.1

39.1 ± 10.6

43.1 ± 11.1

0.0662

LC

83 (50.6)

62 (45.9)

21 (72.4)

0.0131

HBeAg–positive

101 (61.6)

82 (60.7)

19 (65.5)

0.6791

log HBV DNA
(copies/mL)

6.7 (5.6, 7.5)

6.7 (5.5, 7.5)

7.1 (6.4, 7.7)

0.0383

Na+ (mmol/L)

137.0 ± 2.9

137.1 ± 2.7

137.7 ± 2.9

0.8282

ALT (IU/L)

724.5 (441.5, 1227.6)

680.0 (421.0, 1191.0)

833.0 (532.0, 1770.0)

0.0563

AST (IU/L)

628.0 (330.3, 1101.0)

592.0 (313.0, 980.0)

779.0 (426.5, 1411.0)

0.0413

GGT (IU/L)

139.5 (99.0, 210.8)

145.0 (108.0, 223.0)

111.0 (84.5, 162.5)

0.0493

CHE (IU/L)

4.0 ± 1.5

3.9 ± 1.5

4.1 ± 1.5

0.5332

174.1 (96.1, 288.7)

155.1 (93.6, 272.9)

211.7 (147.3, 340.9)

0.0383

ALB (g/L)

33.5 ± 4.8

33.6 ± 4.8

33.3 ± 5.5

0.7852

PA (mg/L)

46.0 (31.3, 67.0)

48.0 (35.0, 69.0)

42.0 (26.5, 51.5)

0.0413

3.9 (3.0, 4.6)

3.9 (3.0, 4.6)

3.8 (3.2, 4.4)

0.9233

73.0 (66.0, 82.0)

74.0 (67.0, 83.0)

71.0 (63.0, 77.5)

0.0773

1.50 ± 0.21

1.46 ± 0.18

1.72 ± 0.24

0.0002

51.1 (45.8, 55.8)

52.5 (48.1, 57.0)

44.0 (41.0, 47.8)

0.0003

5.4 (3.9, 6.8)

5.2 (3.18, 6.7)

5.7 (4.4, 6.8)

0.2073

118.9 ± 47.8

120.2 ± 49.1

112.5 ± 41.5

0.4332

17.9 ± 3.8

17.5 ± 3.8

19.8 ± 3.1

0.0032

TBil (μmol/L)

BUN (mmol/)
Cr (μmol/L)
INR
PTA (%)
9

WBC (10 /L)
9

PLT (10 /L)
MELD

Data are presented as the mean ± SD, n (%), or median (interquartile range).
1
Chi-square test results;
2
t-test results;
3
U test results. P-value: Patients with post-admission progression to acute-on-chronic liver failure vs patients without post-admission progression. ACLF:
Acute-on-chronic liver failure; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; Cr: Creatinine;
GGT: Glutamine transpeptidase; INR: International standardization ratio; LC: Liver cirrhosis; MELD: Model for end-stage liver disease; Na+: Sodium; PA:
Prealbumin; PLT: Platelet; PTA: Prothrombin activity; TBil: Total bilirubin; WBC: White blood cell.

Contrary to a higher HBV DNA level in patients who showed progression to ACLF,
patients with progression of HD had a lower baseline HBV DNA level than those
without progression to HD. Given that almost all patients with progression to HD had
LC at baseline and previous studies have found that patients with LC had a lower
HBV DNA level than those without[22], we considered that the high proportion of LC
in patients with progression to HD resulted in a lower HBV DNA level than in those
without progression to HD. Another interesting finding was that low ALT level was
an independent risk factor for progression to HD. It is difficult to explain this result.
ALT level reflects the degree of hepatocyte necrosis resulting from acute injury;
further, we defined patients with SAE as having PTA between 40% and 60%, which
reflects the total degree of liver injury. Therefore, low ALT levels in a patient may
indicate a high degree of liver fibrosis. Our results suggest that the degree of liver
fibrosis determines the development of HD in patients with compensated LC.
There is currently no predictive model for predicting the post-admission
progression of ACLF in patients with SAE of chronic HBV infection. The MELD score
is commonly used to assess liver disease severity[37]. It remains unknown whether the
MELD score and AE model can predict the post-admission progression of ACLF in
patients with SAE. In our study, although MELD score was a risk factor for
progression to ACLF, the AUROC of MELD was < 0.7, indicating that the predictive
value of MELD was low in patients with SAE. On the other hand, the AE model
which did not include MELD score performed satisfactorily in predicting the
occurrence of ACLF in patients with SAE of CHB. This result is difficult to explain.
Because the AE model was established from patients with AE of chronic HBV
infection, our result suggested that patients with AE and SAE had similar
pathogenesis of progression to ACLF.
Our study was a retrospective, single-center study and has several limitations. First,
we only studied patients’ baseline clinical characteristics. We were not able to
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Table 3 Univariate and multivariate analyses of risk factors associated with post-admission
progression to hepatic decompensation
Univariate analysis

Multivariate analysis

Variable
Age

Β

OR

95%CI

P-value

0.077

1.080

1.038-1.123

0.000

HBV DNA

-0.276

0.759

0.587-0.981

0.035

ALT

-0.002

0.998

0.997-0.999

0.000

AST

-0.001

0.999

0.998-1.000

0.015

CHE

-0.599

0.549

0.405-0.744

0.000

ALB

-0.140

0.869

0.796-0.948

0.002

BUN

0.238

1.268

1.029-1.563

0.026

PLT

-0.014

0.986

0.977-0.995

0.003

LC

5.019

151.2

19.6-1167.6

0.000

β

OR

95%CI

P-value

-0.003

0.997

0.995-1.000

0.038

5.040

154.5

16.2-1469.0

0.000

CI: Confidence interval; OR: Odds ratio; ALB: Albumin; ALT: Alanine aminotransferase; AST: Aspartate
aminotransferase; BUN: Urea nitrogen; CHE: Cholinesterase; HD: Hepatic decompensation; MELD: Model
for end-stage liver disease; PLT: Platelet.

evaluate the predictive role of dynamic changes in HBV DNA as the short term
changes in HBV DNA were not routinely measured in clinical practice. Although a
few studies found that viral kinetics can predict the severity of AE in patients with
CHB[32], a recent study showed that in patients with spontaneous SAE of CHB, either
lamivudine or entecavir could induce a rapid decline of HBV viral load[38]. Second, the
patients in this study were admitted from January 2011 to August 2018; although all
patients received standard conservative therapy upon admission, the treatment
methods may be different among the patients with SAE before admission. In addition,
we did not detect HBV genotypes and HBV DNA mutation in most patients;
therefore, we did not include these indicators in our study. To further elucidate the
risk factors related to the development of ACLF in patients with SAE of chronic HBV
infection, a prospective study involving more patients is needed.
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Table 4 Univariate and multivariate analyses of risk factors associated with post-admission progression to acute-on-chronic liver failure
Univariate analysis

Multivariate analysis

Variable
Β

OR

95%CI

P-value

β

OR

95%CI

P-value

MELD

0.161

1.175

1.049-1.315

0.005

0.184

1.202

1.033-1.398

0.017

HBV DNA

0.380

1.463

1.018-2.101

0.040

AST

0.001

1.001

1.000-1.002

0.013

0.001

1.001

1.000-1.002

0.021

PTA

-0.252

0.777

0.704-0.858

0.000

-0.257

0.758

0.672-855

0.000

LC

1.128

3.091

1.280-7.465

0.012

2.125

8.369

2.389-29.322

0.001

ACLF: Acute-on-chronic liver failure; CI: Confidence interval; OR: Odds ratio; AST: Aspartate aminotransferase; LC: Liver cirrhosis; MELD: Model for endstage liver disease; PTA: Prothrombin activity.

Figure 2

Figure 2 The area under the receiver operating characteristic curves of the AE model and model for end-stage liver disease for patients with severe acute
exacerbation. AE model: The predictive model in the patients with acute exacerbation; MELD: Model for end-stage liver disease.

ARTICLE HIGHLIGHTS
Research background
The prognosis of patients with acute-on-chronic liver failure (ACLF) largely depends on early
diagnosis and treatment. Patients with acute exacerbation (AE) or severe AE (SAE) of chronic
hepatitis B virus (HBV) infection have a high tendency to further progress to hepatic
decompensation (HD) and ACLF. Therefore, it is important to identify the risk factors for
progression to HD and ACLF in patients with SAE of chronic HBV infection.

Research motivation
In a previous study, we have found that baseline age, HBV DNA, and international normalized
ratio levels were independent factors associated with the development of ACLF in patients with
AE of chronic HBV infection. Patients with AE or SAE have different degrees of liver injury, and
it remains to be elucidated whether the risk factors for progression to ACLF are similar among
these patients.

Research objectives
To identify risk factors related to progression to HD and ACLF in compensated patients with
SAE of chronic HBV infection.

Research methods
The baseline characteristics of 164 patients with SAE of chronic HBV infection were
retrospectively reviewed. Independent risk factors associated with progression to HD and ACLF
were identified.

Research results
Independent risk factors associated with progression to HD were liver cirrhosis (LC) and low
alanine aminotransferase (ALT). Independent risk factors for progression to ACLF were LC, high
MELD score, high aspartate aminotransferase (AST) levels, and low prothrombin activity (PTA).
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Research conclusions
Our results are the first to demonstrate that in patients with SAE of chronic HBV infection,
compensated LC plays a determining role in the development of both HD and ACLF. High
MELD score, high AST, and low PTA are associated with progression to ACLF.

Research perspectives
We found that liver cirrhosis is an independent risk factor for progression to both HD and ACLF.
High model for end-stage liver disease score, high aspartate aminotransferase, and low
prothrombin activity are associated with progression to ACLF.
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BACKGROUND
Owing to the technical difficulty of pathological diagnosis, imaging is still the
most commonly used method for clinical diagnosis of para-aortic lymph node
metastasis (PALM) and evaluation of therapeutic effects in gastric cancer, which
leads to inevitable false-positive findings in imaging. Patients with clinical PALM
may have entirely different pathological stages (stage IV or not), which require
completely different treatment strategies. There is no consensus on whether
surgical intervention should be implemented for this group of patients. In
particular, the value of D2 gastrectomy in a multidisciplinary treatment (MDT)
approach for advanced gastric cancer with clinical PALM remains unknown.
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AIM
To investigate the value of D2 gastrectomy in a MDT approach for gastric cancer
patients with clinical PALM.
METHODS
In this real-world study, clinico-pathological data of all gastric cancer patients
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treated at the Cancer Hospital, Chinese Academy of Medical Sciences between
2011 and 2016 were reviewed to identify those with clinically enlarged PALM. All
the clinico-pathological data were prospectively documented in the patient
medical record. For all the gastric cancer patients with advanced stage disease,
especially those with suspicious distant metastasis, the treatment methods were
determined by a multidisciplinary team.
RESULTS
In total, 48 of 7077 primary gastric cancer patients were diagnosed as having
clinical PALM without other distant metastases. All 48 patients received
chemotherapy as the initial treatment. Complete or partial response was
observed in 39.6% (19/48) of patients in overall and 52.1% (25/48) of patients in
the primary tumor. Complete response of PALM was observed in 50.0% (24/48)
of patients. After chemotherapy, 45.8% (22/48) of patients received D2
gastrectomy, and 12.5% (6/48) of patients received additional radiotherapy. The
postoperative major complication rate and mortality were 27.3% (6/22) and 4.5%
(1/22), respectively. The median overall survival and progression-free survival of
all the patients were 18.9 and 12.1 mo, respectively. The median overall survival
of patients who underwent surgical resection or not was 50.7 and 12.8 mo,
respectively. The 3-year and 5-year survival rates were 56.8% and 47.3%,
respectively, for patients who underwent D2 resection. Limited PALM and
complete response of PALM after chemotherapy were identified as favorable
factors for D2 gastrectomy.
CONCLUSION
For gastric cancer patients with radiologically suspicious PALM that responds
well to chemotherapy, D2 gastrectomy could be a safe and effective treatment
and should be adopted in a MDT approach for gastric cancer with clinical PALM.
Key words: Gastric cancer; Para-aortic lymph node; Multidisciplinary; Gastrectomy;
Conversion; Neoadjuvant
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The value of surgical resection in gastric cancer with radiologically overt paraaortic lymph node metastasis (PALM) is still not clear. Current controversial issues
include the extent of resection (D1, D2, D2 + para-aortic lymph node metastasis
dissection, or D3), surgical timing, and identification of optimal surgical candidates. This
study confirmed the benefit of D2 gastrectomy after chemotherapy in select patients.
Limited PALM at baseline and complete response of PALM after chemotherapy were
proposed as criteria for selecting patients who will potentially benefit from D2
gastrectomy, which should be useful for future clinical trials.

Citation: Zheng XH, Zhang W, Yang L, Du CX, Li N, Xing GS, Tian YT, Xie YB. Role of
D2 gastrectomy in gastric cancer with clinical para-aortic lymph node metastasis. World J
Gastroenterol 2019; 25(19): 2338-2353
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2338.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2338

INTRODUCTION
Gastric cancer is the fifth most common cancer and the third leading cause of
mortality among all cancers worldwide. Gastric cancer with para-aortic lymph node
metastasis (PALM) is considered a metastatic disease, and its prognosis remains poor
after isolated surgical treatment. However, pathological diagnosis of enlarged paraaortic lymph nodes (PAN) is difficult. Certain methods, such as endoscopic
ultrasound, B-ultrasound, or computed tomography (CT) guided fine needle
aspiration, are theoretically feasible for pathological diagnosis of suspicious PALM.
PAN biopsy is an invasive and technically difficult manipulation and thus is not
typically used for clinical diagnosis of PALM in most institutes. In addition, positive

WJG

https://www.wjgnet.com

2339

May 21, 2019

Volume 25

Issue 19

Zheng XH et al. D2 gastrectomy in GC with PALM

lymph nodes will disappear or shrink after preoperative treatment, which makes it
difficult to re-biopsy the original nodes during follow-up. Despite the inevitable falsepositive findings, imaging is still the most commonly used noninvasive method for
clinical diagnosis of PALM and preoperative evaluation of therapeutic effects.
However, due to the fact that suspicious lymph node enlargement can be the result
of inﬂammatory lymphadenopathy or malignancy, patients with radiologically overt
PALM may have entirely different pathological stages (stage IV or not), which will
require completely different treatment strategies. And the best clinical practice for
patients with clinical PALM remains controversial for over ten years. Early this
century, Sasako et al[1] conducted prophylactic D3 resection in advanced stage gastric
cancer patients without radiologically overt PALM, and according to their results
published in 2008, extended resection is not necessary. At the same time, through
retrospective studies, other researchers have shown that D2 gastrectomy plus paraaortic lymph node dissection (PAND) might result in satisfactory outcomes in a
highly select group of patients with PAN enlargement. Results reported by Tokunaga
et al[2] and Roviello et al[3] in 2010 further complicate this issue. Both studies showed
that even after extended D3 resection, the 5-year survival rates of patients with
pathologically positive PAN were as low as 13.0% and 17.0%, respectively, not to
mention the extremely high complication rate. Moreover, the phase III clinical trial
REGATTA, in which patients with clinical PALM were enrolled, showed that
chemotherapy alone was better than D1 gastrectomy followed by chemotherapy[4].
The above studies indicate that D1, D2 plus PAND, or D3 with adjuvant chemotherapy all failed to prolong the survival of patients with pathological PALM.
Recently, as preoperative chemotherapy was adopted into studies, Japanese
oncologists reported an encouraging 5-year survival rate of 53% in gastric cancer with
PALM treated by D2 gastrectomy with PAND after neoadjuvant chemotherapy.
However, developing a safe and standard D2 plus PAND protocol after chemotherapy was challenging, and to date, only a few surgeons worldwide can perform
it expertly. In addition, only 10% of patients who underwent D2 plus PAND had a
pathologically positive PAN. Therefore, whether their method is the best solution for
radiologically evident PALM is up for debate. Wang et al[5] considered patients with a
good response to chemotherapy and PAN shrinkage to < 1.0 cm for D2 gastrectomy
without PAND, and the surgery group had a non-inferior outcome compared with
the Japanese results. More recently, several small studies have also reported improved
survival through resection without metastasectomy after conversional chemotherapy.
These results indicate that extensive resection might not be the only way to improve
prognosis and D2 gastrectomy can provide a choice for select patients[6,7].
In our center, management of suspicious stage IV gastric cancer is determined by a
multidisciplinary team. After conversional chemotherapy, the subsequent treatment
method for patients with enlarged PAN prior to treatment is decided according to the
response to chemotherapy. However, D3 or D2 resection plus PAND is not routinely
recommended due to high morbidity and mortality. For those with enlarged PALM
that cannot be controlled by chemotherapy, additional radiotherapy is recommended.
In this study, we sought to determine the value of D2 gastrectomy in a multidisciplinary treatment approach for patients with clinical PALM based on data from
this single center.

MATERIALS AND METHODS
Patients
In total, 7077 patients were diagnosed with gastric adenocarcinoma at the Cancer
Hospital, Chinese Academy of Medical Sciences, from January 2011 to December
2016. We searched the clinico-pathological database for primary gastric adenocarcinoma patients with suspiciously enlarged lymph nodes in the para-aortic
region documented in medical records prospectively. The inclusion criteria for this
study were as follows: pathologically confirmed gastric adenocarcinoma with PAN
enlargement; clinical T3-4 disease; no evidence of concurrent metastasis other than
that in PAN, including distant hematogenous metastasis, distant lymph node
metastasis, peritoneal metastasis and so on; esophageal invasion less than 3 cm;
ECOG performance status of 0 or 1; sufficient oral intake and adequate organ function
according to records at first visit; no previous malignancies; and pathologically
confirmed HER2-negative gastric adenocarcinoma. In addition, patients who
underwent reduction surgery or had positive lavage cytology were excluded, while
palliative surgery to address severe uncontrollable complications during
chemotherapy was allowed. This retrospective study was approved by the Ethics
Committee of Cancer Institute and Hospital, Chinese Academy of Medical Sciences,
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and the need for informed consent was waived.

Baseline evaluation
Contrast-enhanced thoracic/abdominal/pelvic CT, upper gastrointestinal tract
endoscopy, and endoscopic ultrasonography (EUS) with or without positron emission
tomography and CT (PET-CT) were conducted as the pretreatment workup. Both the
clinical tumor stage (cT) and the clinical nodal stage (cN) were diagnosed via EUS and
enhanced CT. Classification of TNM stage was defined according to the 8th edition of
the American Joint Committee on Cancer Staging Manual. The clinical stage was
evaluated by a multidisciplinary team based on all the radiological results.
The major criterion for clinical positive nodes on CT and EUS was solitary nodes ≥
8 mm in minor diameter. The supplementary criteria for clinical PALM on EUS were
as follows: echo-poor, roundish, or well-demarcated nodes. The supplementary
criteria for clinical PALM on CT were as follows: Marked enhancement in the portal
venous phase; cluster nodes regardless of the enhancement pattern; certain
metastasis-associated enhancement patterns, such as central necrosis and
heterogeneous enhancement; and highly clinically suspicious lymph nodes that did
not satisfy the above criteria. The nodal size and anatomic location (station numbers)
of all the suspicious lymph nodes were recorded. The lymph node station was
classified using the fifteenth edition of the Japanese Classification of Gastric
Carcinoma.

Chemotherapy and radiotherapy schedule
The chemotherapy regimens for this cohort of patients included S-1 plus oxaliplatin
(SOX), docetaxel/oxaliplatin/S-1 (DOS), docetaxel/capecitabine/oxaliplatin (DOX),
docetaxel/cisplatin/S-1 (DCS), capecitabine and oxaliplatin (XELOX), S-1
monotherapy, paclitaxel monotherapy, 5-fluorouracil (5-FU)/leucovorin
(LV)/oxaliplatin (FOLFOX), irinotecan/5-FU/LV/oxaliplatin (FOLFOXIRI), and
taxane/oxaliplatin.
Patients began receiving four cycles of adjuvant chemotherapy within 45 d after D2
gastrectomy, under the same regimen used preoperatively. For patients who were not
suitable or unwilling to receive surgical resection, chemotherapy was continued.
Second-line chemotherapy was administered when disease progression or recurrence
was observed. Radiotherapy was not routinely recommended by the multidisciplinary team unless the presence of acute symptoms indicated a need for
radiotherapy during chemotherapy or patients had an incomplete response (CR) of
PALM after perioperative chemotherapy.

Tumor response and toxicity criteria
All the enrolled patients were treated with chemotherapy initially and then subjected
to CT after every two cycles of chemotherapy for the first six cycles and every 2 mo
thereafter. Patients were reevaluated by the multidisciplinary team, and after
evaluation, D2 gastrectomy was recommended to patients who had responded well to
treatment. Clinical response was evaluated using the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.1, and the response of the primary tumor was
assessed according to the fifteenth edition of the Japanese Classification of Gastric
Carcinoma[8,9]. After chemotherapy, PAN disappearance or shrinkage to < 8 mm on
CT was regarded as CR of PALM. Unless otherwise specified, all the diameters in this
study refer to the short-axis diameter. The largest PAN was recorded as the index
node, and the index nodes in the short axis is recorded as the index diameter. If all the
enlarged lymph nodes disappeared in imaging, the index diameter was documented
as a default value (5 mm) according to the RECIST 1.1. Two experienced radiologists
were asked to evaluate the CT scans to document the overall response, response of the
primary tumor, and the metastatic sites. Adverse events were assessed according to
the National Cancer Institute's Common Terminology Criteria for Adverse Events v
4.0.

Follow-up
All the patients were followed via contrast-enhanced thoracic/abdominal/pelvic CT
and blood testing every 3 mo for the first 3 years and every 6 mo thereafter.

Surgical procedure
Exploration and lavage cytology examination were carried out to exclude patients
with other non-curable factors before gastrectomy. Distal, proximal, or total
gastrectomy with D2 dissection was performed based on the tumor location. The PAN
were not removed intentionally. The pathological response grading was based on the
Mandard tumor grading system (TRG). Tumor staging and dissection range were in
accordance with the eighth edition of the AJCC Cancer Staging Manual [ 1 0 ] .
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Postoperative complications were recorded according to the Clavien-Dindo
classification.

Statistical analysis
The primary outcome was overall survival (OS, survival time from diagnosis to death
from any cause), and the secondary outcome was progression-free survival (PFS, time
from diagnosis to disease progression). Categorical data are presented as absolute and
relative frequencies calculated using a chi-square test. Differences were determined
by a Wilcoxon rank-sum test for non-normally distributed continuous variable (the
short axis diameter of lymph nodes). We constructed violin plots of index diameter to
analyze the index diameter distribution according to clinical factors. The KaplanMeier method was used to generate survival curves. All statistical tests were twosided, and a P-value less than 0.05 was considered statistically significant. Analyses
were performed using SAS software, version 9.4 (SAS Institute, Cary, NC, United
States).

RESULTS
Patient characteristics
Between January 2011 and December 2016, 301 of 7077 gastric cancer patients were
identified with PALM based on their medical history and were reevaluated by
radiologists (Figure 1). A total of 209 patients were excluded because of a lack of
concurrent PALM as the single non-curable factor. In addition, 19 patients with
incomplete baseline information and 25 patients incompatible with the clinical
inclusion criteria were also excluded. Finally, 48 patients with PALM as the single
non-curable factor were included in this real-world study (Figure 1). Baseline
information is shown in Table 1. The mean age at diagnosis was 57.2 years (range, 2776 years), and male patients comprised the majority (81.3%). The common
characteristics of the patients with radiological PAN enlargement were poor tumor
differentiation and late tumor and nodal stage. In addition, major clinico-pathological
characteristics were not significantly different between patients receiving or not
receiving D2 gastrectomy.

Chemotherapy and adverse events
Of the 48 patients included, 17 were treated with SOX, 8 with DOS, 6 with DOX, 6
with DCS, 4 with XELOX, 2 with FOLFOX, 2 with taxane/oxaliplatin, and 3 with
other regimens (S-1, paclitaxel monotherapy, or FOLFOXIRI). Among the 22 patients
who underwent D2 gastrectomy after perioperative chemotherapy, 5 received DOS, 4
received SOX, 4 received DCS, 3 received XELOX, 2 received DOX, 2 received
taxane/oxaliplatin, 1 received FOLFOX, and 1 received S-1 monotherapy. Following
resection, 18 patients received adjuvant chemotherapy using the same regimen that
was used preoperatively, and the other 4 patients did not receive adjuvant
chemotherapy. Respectively, 6 and 8 patients among the patients who underwent D2
gastrectomy or not received less than six cycles of chemotherapy in total (Figure 1).
Adverse events associated with chemotherapy are listed in Table 2. The most
frequent adverse events were anorexia (68.8%) and nausea (68.8%), most of which
occurred at grade 1 or 2. Neutropenia was observed, with the most frequent adverse
events being grade 3 or higher. One treatment-related death was reported in a patient
who died of acute pulmonary embolism during the first cycle of initial chemotherapy.

Lymph node information and response assessment
Details related to lymph nodes at the first visit and at the time of best response during
chemotherapy are listed in Table 3. The most common PAN station was No. 16b1 in
34 of 48 patients, followed by No. 16a2 (24/48). Overall, 27.1% (13/48) of patients had
more than two para-aortic node stations involved. According to the RECIST 1.1
criteria, 26 patients had target lesions at baseline, while the other 22 patients had nontarget lesions. The objective overall response rate in this group was 39.6% (19 of 48,
Table 3). Response of the primary tumor was observed in 25 (52.1%) patients, and CR
of metastatic sites was observed in 24 (50.0%) patients.

Surgical decision making
Violin plots of the distribution of the short axis diameter of the largest PAN
distributed by whether the patient underwent D2 resection or not are shown in Figure
2A (baseline) and Figure 2C (after initial chemotherapy). Violin plots of the
distribution of the short axis diameter of the largest PAN distributed by whether more
than 2 PAN stations were involved or not are shown in Figure 2B (baseline) and
Figure 2D (after initial chemotherapy). The distributions in both treatment groups and
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Table 1 Characteristics of the patients at baseline
Variable

≥ 60 yr old

< 60 yr old

21 (91.3)

18 (72.0)

2 (8.7)

7 (28.0)

Gender
Male
Female
Tumor location
Lower

2 (8.7)

4 (16.0)

Middle

9 (39.1)

12 (48.0)

Upper

12 (52.2)

9 (36.0)

T4

22 (95.7)

23 (92.0)

T3

1 (4.3)

2 (8.0)

N2-3

18 (78.3)

21 (84.0)

N0-1

5 (21.7)

4 (16.0)

Clinical tumor stage

Clinical nodal stage

Macroscopic type
4

4 (17.4)

3 (12.0)

1-3 or 5

19 (82.6)

22 (88.0)

Poorly differentiated

18 (78.3)

23 (92.0)

Well differentiated

5 (21.7)

2 (8.0)

0

6 (26.1)

11 (44.0)

1

17 (73.9)

14 (56.0)

Differentiation

Performance status

PAN stations significantly varied at baseline (chemotherapy vs chemotherapy plus D2
gastrectomy, P = 0.01, Figure 2A; PAN stations 1-2 vs 3-4, P = 0.001, Figure 2B) but
were not significantly different after chemotherapy (chemotherapy vs chemotherapy
plus D2 gastrectomy, P = 0.29, Figure 2C; PAN stations 1-2 vs 3-4, P = 0.06, Figure 2D).
The correlation between CR of all clinical PALM and clinical characteristics is
displayed in Table 4. The largest PAN in the short axis at baseline (≥15 mm vs < 15
mm), overall response (RECIST), and response of the primary lesion (JGCA) were
correlated with CR of PALM. Considering the diameter of the index nodes, a CR was
observed in 3 of 12 patients with PAN ≥ 15 mm (25%) and in 10 of 26 patients with
PAN ≥ 10 mm (38.5%).
Of the 24 patients with CR of PALM, only 66.7% (16/24) achieved CR or partial
response (PR) in the primary tumor. All 24 patients were recommended to receive
surgical resection, and 14 patients with CR of PALM underwent D2 gastrectomy,
while 8 patients with well-responded PALM also received D2 gastrectomy at the
request of the patient. Among the 22 patients who received D2 gastrectomy, 2
exhibited CR, 5 exhibited PR, 2 exhibited stable disease (SD), 1 exhibited progressive
disease (PD), and 12 were not evaluable considering the overall response; 2 exhibited
CR, 12 exhibited PR, 7 exhibited SD, and 1 exhibited PD considering the response of
the primary tumor. Among patients with an index node larger than 15 mm at the first
visit, only 1 of 12 underwent D2 gastrectomy, and among patients with more than two
PAN stations involved at baseline, only 1 of 13 underwent D2 gastrectomy.
In addition, six patients received radiotherapy as recommended by the
multidisciplinary team in total. Among them, two patients received preoperative
radiotherapy, three received adjuvant radiotherapy, and one received palliative
radiotherapy.

Surgical outcomes
Lavage cytology was routinely performed, and positive lavage cytology was
considered an incurable factor. Therefore, patients with positive cytology were
excluded. For the 22 patients who ultimately underwent D2 gastrectomy, the median
number of preoperative chemotherapy cycles was 4 [interquartile range (IQR), 3-5].
The median blood loss was 150 mL (IQR, 100-200 mL), and the median surgery time
was 195 min (IQR, 170-214 min). Surgical and pathological data are listed in Table 5.
Postoperative complications occurred in 27.3% (6/22) of patients, including
abdominal infection (2/22), lymphatic fistula (1/22), pneumonia (1/22), anastomotic
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Figure 1

Figure 1 Flow chart. CT: Computed tomography; SOX: S-1 plus oxaliplatin; DOS: Docetaxel/oxaliplatin/S-1; DOX: Docetaxel/capecitabine/oxaliplatin; DCS:
Docetaxel/cisplatin/S-1; XELOX: Capecitabine/oxaliplatin; FOLFOX: 5-fluorouracil/leucovorin/oxaliplatin; FOLFOXIRI: Irinotecan/5-fluorouracil/leucovorin/oxaliplatin.

leakage (1/22), and sudden cardiac death (1/22). One patient with a history of heart
disease died of sudden cardiac death on postoperative day 28. Patients without CR of
PALM were regarded as having an R1/R2 resection, and thus, R0 resection was
achieved in 63.6% of patients. Three patients presented a pathological CR, and the
pathological response rate was 68.2%.

Survival
Overall, 9 patients experienced recurrence after surgery during the follow-up period,
with 7 patients experiencing recurrence within 1 year. The progressive sites included
four cases of PAN recurrence, one case of hepatic metastasis, one case of peritoneal
metastasis, and one case of malignant ascites. Two patients relapsed after 1 year,
including one with lung recurrence and one with mediastinal lymph node metastasis.
Distant lymph node metastasis was the most common site of recurrence and occurred
in 55.6% (5/9) of cases.
Survival plots are presented in Figure 3. The median follow-up period was 16.2
months (range, 2.8-72.4 mo). The 3-year OS rate for all patients was 36.9% [95%
confidence interval (CI): 21.2-52.6], the 3-year PFS rate of all patients was 27.6%
(95%CI: 13.5-41.6), and the median OS and PFS were 18.9 and 12.1 mo, respectively
(Figure 3A). The survival time of those who received D2 gastrectomy was much
longer than that of patients who did not undergo gastrectomy (median OS: 50.7 mo vs
12.8 mo, P = 0.0003, Figure 3B; median PFS: 27.4 mo vs 7.8 mo, P = 0.0002, Figure 3C;
3-year survival rate: 56.8% (95%CI: 33.2-80.4) vs 19.0% (95%CI: 0.02-35.9)). The 5-year
survival rate for the D2 gastrectomy patients reached 47.3% (95%CI: 21.4-73.3). The
survival difference according to overall response was not significant (Figure 4D).
However, according to the response of the primary tumor, the median OS of patients
who responded well was significantly better than that of those who responded poorly
(50.7 mo vs 11.5 mo, P < 0.0001, Figure 3E), and according to the response of PALM,
the median OS of patients with CR of PALM was much better than that of patients
without CR of PALM (50.7 mo vs 14.0 mo, P = 0.0051, Figure 3F). Differences in
survival according to the index diameter (≥ 15 mm vs < 15 mm) and the stations
involved (total PAN stations involved: > 2 vs 1-2) at baseline and the pathological
response (Mandard TRG: 1-3 vs 4-5) were not significant in univariate analyses (data
not shown).
Data of patients who survived more than 3 years are listed in Table 6. Among them,
two underwent chemotherapy alone, while the other six received interventions via D2
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Table 2 Adverse events of preoperative chemotherapy
Grade
Total

Grade
≥3
(%)

Toxicity

1

2

3

4

5

Diarrhea

4

2

2

0

0

8

4.2

Malaise

9

1

0

0

0

10

0.0

Anorexia

22

10

1

0

0

33

2.1

Nausea

20

11

2

0

0

33

4.2

Vomiting

6

4

0

0

0

10

0.0

Peripheral sensory neuropathy

13

4

0

0

0

17

0.0

Rash

1

0

1

0

0

2

2.1

Thromboembolic event

0

0

0

0

1

1

2.1

Anemia

11

2

3

0

0

16

6.3

Thrombocytopenia

7

6

4

1

0

18

10.4

Leukopenia

11

14

3

1

0

29

8.3

Neutropenia

7

5

9

4

0

25

27.1

Febrile neutropenia

4

0

0

0

0

4

0.0

gastrectomy. The surgical groups were characterized as having non-target PAN (short
diameter < 15 mm), no more than two PAN stations involved at baseline, and CR of
PALM after chemotherapy (range, 2-11 cycles) with or without the aid of radiotherapy
(Table 6). One patient underwent D2 gastrectomy with an 11 mm left PAN (R1
resection) and received adjuvant radiotherapy to control the enlarged PAN. As a
result, the suspicious PAN diminished dramatically, and the patient has been alive for
68 months after surgery without recurrence (Figure 4).

DISCUSSION
Chemotherapy is considered the primary choice for treatment of stage IV gastric
cancer, but the prognosis remains poor. Surgery is not routinely recommended,
except for palliative reasons. Under some conditions, treatment of clinical stage IV
gastric cancer with a single incurable factor, such as PALM, positive lavage cytology,
and sole liver metastasis, can be controversial. Unlike other incurable factors, PAN
lesions are difficult for a biopsy, and the diagnosis and follow-up primarily depend
on CT or PET-CT scanning. Thus, there is confusion concerning clinico-pathological
issues in gastric cancer with suspicious PALM.
Currently, except PET-CT, clinical PALM is primarily diagnosed based on the
enlarged diameter in the short axis of PAN [8,9] . In previously published studies,
different enrollment criteria and distribution bias have compromised the comparability of results[11-15]. Although the current criteria for clinically positive lymph
nodes on imaging examination, such as CT or EUS, are mainly based on lymph node
measurement in the short axis [16-20] , the cut-off value varies dramatically across
different studies[12,21]. In this study, we selected a minimal axial diameter of 8 mm or
greater as the main criterion for diagnosis of clinical lymph node metastasis, which is
widely accepted in several studies and has shown a sensitivity and specificity of up to
85% and 95%, respectively[13-15,22]. In addition, the diameter of index nodes (equal to the
largest clinically positive lymph nodes) was used to help us determine clinically
positive PALM during treatment, because a change in the short diameter has been
shown to be significantly correlated with pathological outcomes[23].
The incidence of metastases in the PAN was found to be only 8.5% in the JCOG
9501 trial, and thus, for the majority of gastric cancer patients without radiologically
positive PALM, curative D2 surgery is adequate[1]. However, whether this method is
suitable for patients with CR of PALM after chemotherapy remains unknown. In the
present study, we defined PALM disappearance or shrinkage to < 8 mm in the short
axis as clinical CR. Moreover, the survival of patients with clinical CR of PALM
exhibited better survival than patients with positive PALM after chemotherapy. These
results confirmed that CR of PALM was associated with a good prognosis and was a
favorable factor for D2 resection. In addition, according to our results, a short axis < 8
mm can be chosen as the cut-off value for clinically negative PAN after chemotherapy, which is a stricter criterion than that in previous studies[5,8].
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Table 3 Lymph node information at baseline and after chemotherapy
Variable

No. of patients (%)

At baselinePAN station involved number
1-2

35 (72.9)

3-4

13 (27.1)

PAN station involved
n16a1

8 (16.7)

n16a2

24 (50.0)

n16b1

34 (70.8)

n16b2

9 (18.8)

Clinical response after chemotherapy
Overall (RECIST)
Target lesions
CR

2 (4.2)

PR

16 (33.3)

SD

6 (12.5)

PD

2 (4.2)

Non-target lesions only
CR

1 (2.1)

Non-CR/Non-PD

19 (39.6)

PD

2 (4.2)

Primary lesions (JGCA)
CR

3 (6.3)

PR

22 (45.8)

SD

19 (39.6)

PD

4 (8.3)

Metastatic lesions
CR

24 (50.0)

Non-CR

24 (50.0)

PAN: Para-aortic node; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive
disease; NE: Not evaluable; RECIST: Response Evaluation Criteria in Solid Tumors (version 1.1); JGCA:
Japanese Gastric Cancer Association.

Current response evaluation criteria also lead to difficulties in response evaluation
of gastric cancer patients with isolated PALM. In this study, 26 advanced gastric
cancer patients with isolated PALM were absent from the classification of target
lesions in RECIST 1.1, which regards primary tumors and lymph nodes < 15 mm as
non-measurable[8]. After chemotherapy, 19 patients were considered inevaluable
leading to a response rate of only 39.6%. We further analyzed the response by
stratifying the primary tumor and PALM separately. The response of primary tumor
was evaluated based on the 15th edition of the Japanese Classification of Gastric
Carcinoma. While for PALM, we considered lymph node disappearance or shrinkage
to < 8 mm as clinical CR after chemotherapy. Under the adjusted response evaluation
system, we found that a good response of the primary tumor or CR of PALM was
significantly correlated with better survival (Figure 3E and F).
Whether surgical resection is needed for stage IV gastric cancer remains
controversial. PALM is classified as a relatively early type in stage IV gastric cancer, is
associated with a lower tumor burden than other organ and peritoneal metastases[24],
and could be considered as the most suitable type for surgery among all the types of
stage IV gastric cancer[25,26]. In this group, the long-term OS of those who underwent
D2 resection was much better than that of those who did not. The main reason was
attributed to R0 resection and the difference in response to chemotherapy. Patients
with a lower tumor burden or incurability de novo, which was characterized as a
smaller tumor size, fewer metastatic lymph nodes, or fewer metastatic lymph node
stations in gastric cancer with clinical PALM, are more prone to achieve CR of
metastasis (Table 4); therefore, D2 gastrectomy was performed, resulting in a better
prognosis. Kaito et al[27] found that involvement of a greater number of PAN stations
was associated with a poorer prognosis. To date, most studies on surgical in-
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Figure 2 Violin plots of index diameter distribution of all patients. A: Violin plots of index diameter distribution at
baseline of patients who underwent D2 resection or not; B: Violin plots of index diameter distribution at baseline of
patients with involvement of more than two para-aortic lymph node stations or not; C: Violin plots of index diameter
distribution of patients who underwent D2 resection or not after initial chemotherapy; D: Violin plots of index diameter
distribution after initial chemotherapy of patients with involvement of more than two para-aortic lymph node stations or
not. CA: Chemotherapy alone; C+D2G: Chemotherapy plus D2 gastrectomy; PAN: Para-aortic lymph node.

terventions in gastric cancer with clinical PALM have been limited to no more than
two PAN stations (No. 16a2/16b1)[2,5,24,27-33]. Lymph node size was also found to be an
independent prognostic factor for gastric cancer[21]. In the present study, we found
that 58.3% (21/36) of patients with an index diameter less than 15 mm achieved CR
after chemotherapy and then received surgical resection. We found confounding
factors in both the station number and baseline lymph node size. Although patients
with a higher metastatic burden, characterized as having a greater number of PAN
stations involved and larger PAN size, did not show a significant impact on OS, they
showed fewer chances of CR of PALM and fewer surgical decision made by the
multidisciplinary team.
The extent of lymph node resection has long been a debated question. Japanese
researchers tend to perform D2 resection plus PAND for advanced stage gastric
cancer with overt PALM after chemotherapy; however, their results were not
significantly better than those of the study that chose D2 gastrectomy. Many
retrospective studies have reported a clinical benefit of curative D2 gastrectomy for
patients with stage IV gastric cancer, who exhibited a CR of distant metastasis after
chemotherapy without extensive resection[28,34,35].
We chose D2 resection as the surgical method for three reasons. First, no more than
10% of patients have radiologically occult metastasis in the para-aortic region, which
indicates that D2 resection is adequate for most patients. Meanwhile, the most
common recurrence site is para-aortic region even after PAND [27,30]. In this study,
patients who underwent D2 surgery had a 22.7% lymph node recurrence rate, which
is comparable to the 24.6%-30.0% lymph node recurrence rate of patients who
underwent D2 gastrectomy plus PAND in previous studies. More importantly, the
prognosis of pathologically positive patients was poor, therefore we did not think that
PAND was necessary. Second, D3 or D2 plus PAND after chemotherapy has not been
fully demonstrated in clinical studies, and is accompanied by a higher rate of
morbidity and mortality even in the Japanese studies. Only a few gastrointestinal
surgeons worldwide are experts at this complicated procedure[36-39]. Finally, with the
development of radiotherapy, new techniques can provide excellent local control rates
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Table 4 Demographic characteristics and response of para-aortic nodes
Response of PAN
Variable

n

Treatment

Complete response

Residual
tumor

P-value

With D2
Without D2 resection
resection

0.5647

Tumor location

0.0931

Upper

21

10 (41.7)

11 (45.8)

7 (31.8)

14 (53.8)

Middle

21

12 (50.0)

9 (37.5)

10 (45.5)

11 (42.3)

Lower

6

2 (8.3)

4 (16.7)

5 (22.7)

1 (3.8)

0.5510

Clinical tumor stage

0.4545

T3

3

2 (8.3)

1 (4.2)

2 (9.1)

1 (3.8)

T4

45

22 (91.7)

23 (95.8)

20 (90.9)

25 (96.2)

6 (27.3)

3 (11.5)

16 (72.7)

23 (88.5)

0.2673

Clinical nodal stage
N0-1

9

6 (25.0)

3 (12.5)

N2-3

39

18 (75.0)

21 (87.5)

0.1640

0.2199

Macroscopic type

0.5158

1-3 or 5

41

22 (91.7)

19 (79.2)

18 (81.8)

23 (88.5)

4

7

2 (8.3)

5 (20.8)

4 (18.2)

3 (11.5)

0.1044

No. of PAN stations involved

0.0012

1-2

35

20 (83.3)

15 (62.5)

21 (95.5)

14 (53.8)

3-4

13

4 (16.7)

9 (37.5)

1 (4.5)

12 (46.2)

13 (59.1)

9 (34.6)

9 (40.9)

17 (65.4)

0.0822

Largest PAN in short-axis
< 10 mm

22

14 (58.3)

8 (33.3)

≥ 10 mm

26

10 (41.7)

16 (66.7)

0.0899

0.0455

Largest PAN in short-axis

0.0026

< 15 mm

36

21 (87.5)

15 (62.5)

21 (95.5)

15 (57.7)

≥ 15 mm

12

3 (12.5)

9 (37.5)

1 (4.5)

11 (42.3)

0.0109

Overall (RECIST)

0.1405

CR + PR

19

10 (41.7)

9 (37.5)

7 (31.8)

12 (46.2)

SD + PD

10

1 (4.2)

9 (37.5)

3 (13.6)

7 (26.9)

NE

19

13 (54.2)

6 (25.0)

12 (54.5)

7 (26.9)

0.0431

Primary lesions (JGCA)

P-value

0.1405

CR + PR

25

16 (66.7)

9 (37.5)

14 (63.6)

11 (42.3)

SD + PD

23

8 (33.3)

15 (62.5)

8 (36.4)

15 (57.7)

PAN: Para-aortic node; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; NE: Not evaluable; RECIST: Response
Evaluation Criteria in Solid Tumors (version 1.1); JGCA: Japanese Gastric Cancer Association.

to limit lymph node metastasis.
A similar phase II study conducted by Wang et al[5] also chose D2 resection as the
surgical method and achieved an encouraging 1-year PFS rate of 47.8%, indicating
non-inferior survival compared with neoadjuvant therapy plus extended dissection[31].
However, in our real-world study, the survival outcome was much more aggressive.
The 3- and 5-year survival rates for patients who underwent D2 resection were 56.8%
and 47.3%, respectively. In this study, the chemotherapy regimens and the compliance
of perioperative chemotherapy varied. We think that the individualized chemotherapy regimens and the necessary radiotherapy targeted to each individual also
contributed to the remarkable survival outcomes. In contrast, in some clinical trials, it
is compulsory for patients to receive two or four cycles of chemotherapy regardless of
whether it is the best timing[31,33,40,41].
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Table 5 Surgical and pathological findings
Variable

Chemotherapy plus surgery

Residual tumor
R0

14 (63.6)

R1-R2

8 (36.4)

Surgery approach
Laparoscopy

8 (36.4)

Open

14 (63.6)

Extent of gastric resection
Distal

11 (50.0)

Proximal

3 (13.6)

Total

7 (31.8)

Multiple organ resection

1 (4.5)

Macroscopic type
1-3 or 5

18 (81.8)

4

4 (18.2)

Histological type
Intestinal or mixed

11 (50.0)

Diffuse

11 (50.0)

Mandard grade
1-2

2 (9.1)

3

13 (59.1)

4-5

7 (31.8)

Tumor depth
ypT0

2 (9.1)

ypT1a

1 (4.5)

ypT1b

1 (4.5)

ypT2

1 (4.5)

ypT3

6 (27.3)

ypT4a

10 (45.5)

ypT4b

1 (4.5)

Lymph node metastases
ypN0

7 (31.8)

ypN1

5 (22.7)

ypN2

2 (9.1)

ypN3a

5 (22.7)

ypN3b

3 (13.6)

Table 6 Long-term survivors (more than 3 years)
Therapy

PAN
Target

Response

Survival

SN

Overall

Primary

PAN

SR

OS

PFS

Status

C+S+C

NT

1

NE

PR

CR

65.1

65.1

Alive

C+S+C

NT

1

PR

PR

CR

72.4

72.4

Alive

C+S+C

NT

1

NE

PR

CR

C+S+C

NT

2

CR

CR

CR

C+S+CRT

NT

2

NE

SD

NN

C+S+CRT

NT

2

PR

PR

C

T

3

CR

C

T

3

PR

62.1

62.1

Alive

L

52.8

16.8

Alive

70.1

70.1

Alive

CR

PAN

50.7

16.2

Dead

CR

CR

NA

37.8

20.9

Alive

PR

NN

NA

36.3

36.3

Alive

C: Chemotherapy; S: D2 gastrectomy; CRT: Chemoradiotherapy; PAN: Para-aortic node; NT: Non-target lesions; SN: Para-aortic node station involved
number; CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; NE: Not evaluable; NC: Non-complete response; SR:
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Sites of recurrence; L: Lung; OS: Overall survival; PFS: Progression-free survival.

Figure 3

Figure 3 Kaplan-Meier curves for survival of the gastric cancer patients with clinically positive para-aortic node metastasis. A: Overall survival and
progression-free survival of all patients; B: Overall survival of patients who underwent chemotherapy with or without D2 resection; C: Progression-free survival of
patients who underwent chemotherapy with or without D2 resection; D: Overall survival of all patients assessed by overall response; E: Overall survival of all patients
assessed by chemotherapy response of the primary tumor; F: Overall survival of all patients assessed by chemotherapy response of the metastatic para-aortic lymph
node. CR: Complete response; PR: Partial response; SD: Stable disease; PD: Progressive disease; NE: Not evaluable.
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Figure 4

Figure 4 Computed tomography images of a gastric cancer patient with clinically positive para-aortic node metastasis who has survived for more than
70.1 mo. A: At baseline; B: Incomplete response of para-aortic lymph nodes after two cycles of preoperative chemotherapy (1.5 mo after initial treatment); C: After D2
gastrectomy (2.2 mo after initial treatment); D: Follow-up after adjuvant chemoradiotherapy (70.1 months after initial treatment).

ARTICLE HIGHLIGHTS
Research background
Para-aortic lymph node metastasis (PALM) is classified as stage IV gastric cancer with a dismal
outcome after isolated surgical treatment. However, the treatment issues for patients with
clinical para-aortic lymph node (PAN) enlargement are complex, as PAN enlargement can
represent either inflammatory lymphadenopathy or malignant metastasis. In recent years, the
role of surgery in multidisciplinary treatment (MDT) of gastric cancer with clinical PALM has
been recognized. Nevertheless, the effect of D2 gastrectomy treatment has not yet been fully
studied.

Research motivation
The benefit of addition of D2 gastrectomy to MDT and the unsettled clinico-pathological issues
in gastric cancer with clinical PALM need to be discussed.

Research objectives
The present study aimed to determine whether D2 resection can be adopted for gastric cancer
with radiologically overt PALM and to identify criteria of enrollment and response evaluation
and find a best treatment strategy for this group of patients.

Research methods
We collected clinical and pathological data of gastric cancer patients with clinically positive
PALM, including detailed information on PAN and clinical response. The short axis diameter of
the largest PAN in every individual patient was recorded, and clinical response in the primary
tumor and the metastatic sites was evaluated separately. Surgical decision making in accordance
with the status of PALM after chemotherapy and survival data were documented.

Research results
D2 gastrectomy improved the prognosis of select patients, especially those with complete
response (CR) of PALM. Patients with long-term survival were characterized as having limited
PALM at baseline and CR of PALM after chemotherapy. For patients without CR of clinical
PALM, radiotherapy may be considered as an option to complement D2 resection.

Research conclusions
Chemotherapy followed by D2 gastrectomy may be a promising strategy for treating select
gastric cancer patients with radiologically suspicious PALM. Patients with limited PALM at
baseline and CR of PALM after chemotherapy may be good candidates for D2 gastrectomy.
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Large-scale, multicenter, randomized studies are needed to confirm the feasibility of addition of
D2 gastrectomy to a practical MDT plan for patients with clinical PALM.

Research perspectives
Although we confirmed the benefit of D2 gastrectomy in gastric cancer patients with enlarged
PALM, the problem of whether dissection of the para-aortic region is necessary remains
unresolved. D2 gastrectomy has limitations as it greatly depends on good response of the
metastatic lesions. Currently, a surgical strategy seems promising for gastric cancer with clinical
PALM, but the best clinical practice should be identified in future research.
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Abstract
BACKGROUND
The individual performances and the complementarity of Crohn’s disease (CD)
activity index (CDAI), C-reactive protein (CRP) and faecal calprotectin (Fcal) to
monitor patients with CD remain poorly inves-tigated in the era of “tight control”
and “treat to target” strategies.
AIM
To assess CDAI, CRP and Fcal variation, alone or combined, after 12 wk (W12) of
anti-tumor necrosis factor (TNF) therapy to predict corticosteroids-free remission
(CFREM = CDAI < 150, CRP < 2.9 mg/L and Fcal < 250 μg/g with no therapeutic
intensification and no surgery) at W52.
METHODS
CD adult patients needing anti-TNF therapy with CDAI > 150 and either CRP >
2.9 mg/L or Fcal > 250 μg/g were prospectively enrolled.
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RESULTS
Among the 40 included patients, 13 patients (32.5%) achieved CFREM at W52. In
univariable analysis, CDAI < 150 at W12 (P = 0.012), CRP level < 2.9 mg/L at
W12 (P = 0.001) and Fcal improvement at W12 (Fcal < 300 μg/g; or, for patients
with initial Fcal < 300 μg/g, at least 50% decrease of Fcal or normalization of Fcal
(< 100 μg/g) (P = 0.001) were predictive of CFREM at W52. Combined endpoint
(CDAI < 150 and CRP ≤ 2.9 mg/L and FCal improvement) at W12 was the best
predictor of CFREM at W52 with positive predictive value = 100.0% (100.0-100.0)
and negative predictive value = 87.1% (75.3-98.9). In multivariable analysis, Fcal
improvement at W12 [odd ratio (OR) = 45.1 (2.96-687.9); P = 0.03] was a better
predictor of CFREM at W52 than CDAI < 150 [OR = 9.3 (0.36-237.1); P = 0.145]
and CRP < 2.9 mg/L (0.77-278.0; P = 0.073).
CONCLUSION
The combined monitoring of CDAI, CRP and Fcal after anti-TNF induction
therapy is able to predict favorable outcome within one year in patients with CD.
Key words: Biomarkers; Crohn’s disease; Faecal calprotectin; Crohn’s disease activity
index; C-reactive protein; Tight control; Anti-tumor necrosis factor
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Core tip: The CALM trial reported that a tight control of inflammation achieved better
outcomes than conventional monitoring, but did not explore specifically the value of
each biomarker. In this multicentre study, we investigated the performances of Crohn’s
disease (CD) activity index (CDAI), C-reactive protein (CRP) and faecal calprotectin
(Fcal) variation, alone or combined, after 12 wk of anti-tumor necrosis factor (TNF)
therapy to predict corticosteroids-free remission (CFREM) at one year, in CD patients
treated with anti-TNF. We showed the complementarity of the variation of CDAI, CRP
and Fcal after anti-TNF induction therapy, to predict CFREM at one year, and confirmed
that Fcal was the most effective predictor among these three markers.
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INTRODUCTION
Crohn’s disease (CD) is a chronic and disabling disorder that can highly affect quality
of life[1]. The natural history of CD can lead to cumulative bowel damage such as
stricture, fistula or intestinal resection [2,3] . In this context, mucosal healing is
recognized hitherto as the best therapeutic endpoint in patients with CD, as it is
associated with sustained clinical remission, reduced rates of subsequent
hospitalization and surgery [4] . In daily practice, this endpoint is limited by the
potential risks[5] and the need of repeated endoscopic procedures, which is felt as a
burden by patients with CD[6].
Faecal calprotectin (Fcal) is a well-accepted monitoring tool and a surrogate marker
of mucosal healing [6-8] and could then be an alternative. However, the STRIDE
guidelines considered that Fcal was not a target because of insufficient evidence to
recommend treatment optimization using biomarkers alone[4]. Recently, the CALM
trial compared two ways of monitoring patients with inflammatory bowel disease
(IBD) treated with adalimumab[9]. In the first arm (conventional care), the patients had
a therapeutic intensification if the CD activity index (CDAI) did not decrease of at
least 70 points. In the second group so-called “tight control group”, the therapies were
upgraded in cases of CDAI > 150 or C-reactive protein (CRP) > 5 mg/L or Fcal > 250
µg/g [9] . The authors reported that the group monitored using a tight control of
inflammation with objective markers of disease activity and clinical symptoms to
drive treatment decisions (second group), achieved better endoscopic and clinical
outcomes than conventional monitoring[9]. In a post-hoc analysis of this study, the
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authors reported that most of the therapeutic intensification were related to increased
level of Fcal in the tight control group. However, even though the conclusion of this
landmark trial encourages IBD physicians to use Fcal testing in daily practice, the
authors did not explore specifically the value of each marker, i.e., CDAI, CRP and
Fcal.
In this study, we aimed to investigate the performances of CDAI, CRP and Fcal
variation, alone or combined, after 12 wk of anti-tumor necrosis factor (TNF) therapy
to predict corticosteroids-free remission (CFREM) at one year, in CD patients treated
with anti-TNF.

MATERIALS AND METHODS
Ethical considerations
The study was performed in accordance with the Declaration of Helsinki, Good
Clinical Practice and applicable regulatory requirements. The study was approved by
local Ethics Committee (#2014/CE 72).

Design of the study
We conducted an observational multicenter study in three French IBD centers. All the
patients with CD older than 18 years-old requiring anti-TNF therapy according to the
physician’s judgement with CDAI > 150, and CRP > 5 mg/L or Fcal > 250 µg/g were
consecutively and prospectively enrolled. Patients who presented with usual contraindications to anti-TNF or who received anti-TNF therapy to prevent endoscopic
postoperative recurrence or to treat isolated perianal lesions were excluded. The
patients were treated with infusion of infliximab (5 mg/kg at W0, W2 and W6 and
then every 8 wk) or subcutaneous injection of adalimumab (160 mg at W0, 80 mg at
W2 and 40 mg every other week) according to the usual guidelines. The choice of the
type of anti-TNF agent and the use of concomitant immunosuppressive therapy
(azathioprine from 2 to 2.5 mg/kg or methotrexate from 15 mg to 25 mg SC) were free
and based on the physician’s judgment. No systematic drug level monitoring was
performed during the study as routinely in our centers.
Clinical parameters including the CDAI are detailed in Table 1 and were collected
before starting anti-TNF therapy (W0), at W12 and W52. Blood samples were taken
and used to measure high- sensitive serum CRP level by immunonephelemetric
method (Vista; Siemens, Berlin, Germany) at W0, W12 and W52.

Fcal measurement
Stools samples were collected at W0, W12 and W52, in the morning to reduce intraindividual variation, and immediately stored at 4 °C. Patients were instructed to
transport the stool samples in a dedicated container at 4 °C. Faecal samples were
immediately transferred, upon patient arrival, to the Clermont-Ferrand hospital
Biochemistry Laboratory. Stool cultures were performed on all samples to exclude
gastrointestinal infection. Calprotectin was measured, as routinely performed in our
IBD centre, using quantitative immunochromatographic test Quantum Blue High
Range (Bühlmann Laboratories AG, Schönenbuch, Switzerland), according to the
manufacturer’s instructions. Laboratory personnel, who were blinded from the
current clinical disease activity of the patients, performed the analyses. The lower and
the upper limits of detection for calprotectin were 100 and 1800 μg/g, respectively.
Consequently, all calprotectin levels < 100 and > 1800 μg/g were considered as equal
to 100 and 1800 μg/g, respectively. Results were given in μg/g.

Definitions and endpoints
CFREM at W52 was defined as: CDAI < 150 and CRP < 2.9 mg/L (normal value
according to the manufacturer’s instruction) and faecal calprotectin < 250 μg/g, with
no switch or swap of biologics and no bowel resection, and with no therapeutic
intensification between W12 and W52. Therapeutic intensification was defined as an
increase of anti-TNF dose or a decrease of interval between two infusions/injections
or as an addition of another CD-specific medication (steroids or immunosuppressant
therapy). Therapeutic intensification was based on clinical activity (CDAI > 150) and
not on CRP or Fcal level.

Sample size calculation
Sample size estimation has been performed in order to assess our primary endpoint.
Overall, 40 patients were necessary for a type I error at 5% and a statistical power
greater than 80% to detect a true absolute difference higher than 50% to predict
CFREM at week 52 using CDAI, CRP, or Fcal, alone or in combination. Consequently,
we planned to include 40 patients.
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Table 1 Baseline characteristics of the 40 patients with Crohn’s disease included in this study
n = 40 patients
Age at the time of inclusion, mean ± SD (yr)

34 .0 ± 13.6

Disease duration, median (IQR) (yr)

4 (0.8-11.3)

Female gender, n (%)

21 (52.5)

Current smokers, n (%)

15 (37.5)

Prior bowel resection, n (%)

7 (17.5)

Montreal classification
Location
L1, n (%)

18 (45.0)

L2, n (%)

3 (7.5)

L3, n (%)

19 (47.5)

Behaviour
B1, n (%)

13 (32.5)

B2, n (%)

16 (40.0)

B3, n (%)

11 (27.5)

Perianal lesions, n (%)

7 (17.5)

Anti-TNF-naïve patients, n (%)

24 (60.0)

Type of anti-TNF
Infliximab, n (%)

16 (40.0)

Adalimumab, n (%)

24 (60.0)

Concomitant medications
Immunosuppressive therapies, n (%)

21 (52.5)

Steroids, n (%)

7 (17.5)

Faecal calprotectin level at baseline, median (IQR) (µg/g)

1010.5 (357.8-1800.0)

CRP level at baseline, median (IQR) (mg/L)

13.2 (5.2-25.9)

SD: Standard deviation; IQR: Interquartile range; TNF: Tumor necrosis factor.

Statistical analysis
Study data were collected and managed using Research Electronic Data Capture
(REDCap) electronic data capture tools hosted at Clermont-Ferrand University
Hospital[10]. REDCap is a secure, web-based application designed to support data
capture for research studies, providing (1) an intuitive interface for validated data
entry; (2) audit trails for tracking data manipulation and export procedures; (3)
automated export procedures for seamless data downloads to common statistical
packages; and (4) procedures for importing data from external sources.
Statistical analysis was performed using Stata software (version 13, StataCorp LP,
College Station, TX, United States). The tests were two-sided, with a type I error set at
α = 0.05. Continuous data were presented as mean ± standard-deviation or median
(interquartile range) according to statistical distribution (assumption of normality
assessed using the Shapiro-Wilk test). Categorical parameters were presented as
frequencies and associated percentages. To assess the factors associated with CFREM
at W52, univariable analyses were realized using usual statistical tests: for continuous
outcomes Student t-test or Mann-Whitney test when assumptions of t-test were not
met (normality, homoscedasticity assessed by the Fisher-Snedecor test) and for
categorical data chi-squared or Fisher’s exact tests. Regarding Fcal, ROC curve
analyses were performed to determine the best thresholds to predict CFREM. The
optimal threshold was determined according to clinical relevance and usual indexes
reported in medical literature (Youden, Liu and efficiency). According to univariable
results, a multivariable analysis (logistic regression) was carried out considering an
adjustment on relevant clinical parameters. The results were expressed as odds-ratios
and 95% confidence intervals.

RESULTS
Baseline characteristics of the patients
Overall, 40 patients with CD were enrolled in this study. Their baseline characteristics
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are detailed in Table 1.
Among them, 16 patients (40%) and 24 patients (60%) were treated with IFX and
ADA, respectively. Twenty-one patients received concomitant thiopurines therapy
(52.5%). At baseline the median CDAI was 215 (166-282) and the median levels of Fcal
and CRP were 1010.5 (357.8-1800.0) µg/g and 13.2 (5.2-25.9) mg/L, respectively.
Among the 40 patients treated with anti-TNF, the levels of CDAI [111 (55-198) vs 215
(166-282); P < 0.0001], CRP [3.0 (1.0-17.0) mg/L vs 13.2 (5.2-25.9) mg/L; p=0.011] and
Fcal [374.0 (103.0-969.0) vs 1010.5 (357.8-1800.0) µg/g; p = 0.001] were significantly
diminished after 12 wk of anti-TNF agents.

Early variation of CDAI, CRP and Fcal after anti-TNF induction therapy (W12) as
predictor of CFREM at W52 in patients with CD
Overall, 13 patients (32.5%) achieved CFREM at W52. The proportion of patients
achieving the different therapeutic endpoints at W12 is reported in Figure 1.
The median CDAI at W12 was significantly lower in patients presenting with
CFREM at one year[46 (14-64)] compared to those who did not [165 (83-265)] (P <
0.001). In univariable analysis, CDAI < 150 at W12 was associated with higher
likelihood of CFREM at W52 (47.9% vs 11.8%, P = 0.012). Clinical remission at W12
(CDAI < 150) predicted CFREM at W52 with the following performances: sensitivity =
84.6% (56.3-96.6), specificity = 55.6% (37.3-72.4), positive predictive value (PPV) =
47.8% (27.4-68.2), negative positive value (NPV) = 88.2% (72.9-100.0), positive
likelihood ratio (LR+) = 1.904 (1.177-3.081) and negative likelihood ratio (LR-) = 0.277
(0.074-1.035) (Table 2).
The level of CRP dropped at W12 in patients with CFREM at one year [1.0 mg/L
(1.0-2.9) vs 8.4 mg/L (2.9-29.5); P = 0.001]. In univariable analysis, a CRP level < 2.9
mg/L (normalized CRP) at W12 was associated with higher rate of CFREM at W52
(61.2% vs 4.8%, P < 0.001). CRP level below 2.9 mg/L at W12 predicted CFREM at
W52 with the following performances: sensitivity = 92.3% (64.2-100.0), specificity =
74.1% (55.0-86.9), PPV = 63.2% (41.5-84.8), NPV = 95.2% (86.1-100.0), LR+ = 3.560
(1.846-6.865), LR- = 0.104 (0.016-0.692) (Table 2).
The combined performances of both CDAI < 150 and CRP ≤ 2.9 mg/L at W12 to
predict CFREM at W52 were sensitivity = 76.9% (48.9-92.2), specificity = 85.2% (66.794.6), PPV = 71.4% (47.8-95.1), NPV = 88.5% (76.2-100.0), LR+ = 5.192 (2.004-13.456),
LR- = 0.271 (0.099-0.740) (Table 2).
In patient with CFREM at one year, the median Fcal level at W12 was significantly
lower [100.0 μg/g (100.0-193.0)] vs compared to those who were not [646.0 μg/g
(315.0-1567.0)] (P < 0.001) (Figure 2).
We also observed that the relative decrease of Fcal between W0 and W12 was
higher [83.3% (33.6%-83.3%) vs 0.0% (0.0%-33.2%), P = 0.001] in the patients achieving
CFREM at W52 compared to the patients who failed to obtain CFREM at W52. Based
on ROC curve analyses, we determined that the best threshold of Fcal after anti-TNF
induction therapy (W12) to predict CFREM at one year was 300 μg/g [area under the
curve (AUC) = 0.848]. The performances of this cut-off value were: sensitivity = 84.6%
(56.3-96.6), specificity = 77.8% (58.8-89.6), PPV = 64.7% (42.0-87.4), NPV = 91.3% (79.8100%), LR+ = 3.808 (1.812-8.003), LR- = 0.198 (0.054-0.719) (Table 2).
Using a ROC curve (AUC = 0.82), a decreased > 50% of Fcal was also predictive of
CFREM at one year with sensitivity = 61.5% (35.4-82.2), specificity = 85.2% (66.7-94.6),
PPV = 66.7% (40.0-93.3), NPV = 82.1% (68.0-96.3), LR+ = 4.154 (1.526-11.307), LR- =
0.452 (0.223-0.914).
We also studied the complementary of these two thresholds by creating a
composite criterion so-called Fcal improvement [Fcal < 300 μg/g at W12; or, for
patients with initial Fcal < 300 μg/g, at least 50% decrease of Fcal or normalization of
Fcal (< 100 μg/g)]. Fcal improvement predicted CFREM at 1 year with the following
performances: sensitivity = 76.9% (48.9-92.2), specificity = 92.6% (75.3-98.9), PPV =
83.3% (62.2-100.0), NPV = 89.3% (77.8-100.0), LR+ = 10.385 (2.648-40.721), LR- = 0.249
(0.092-0.676) (Table 2).
Concomitant CDAI < 150 and FCal improvement at W12 was predictive of CFREM
at W52 with the following performances: sensitivity = 69.2% (42.0-87.4), specificity =
96.3% (79.9-100.0), PPV = 90.0% (71.4-100.0), NPV = 86.7% (74.5-98.8), LR+ = 18.692
(2.640-132.328), LR- = 0.320 (0.141-0.725) (Table 2).
Combined endpoints such as CDAI < 150 and CRP ≤ 2.9 mg/L and FCal
improvement at W12 predicted CFREM at W52 with the following performances
sensitivity = 69.2% (42.0-87.4), specificity = 100.0% (84.9-100.0), PPV = 100.0% (100.0100.0), NPV = 87.1% (75.3-98.9), LR+ = not applicable, LR- = 0.308 (0.136-0.695) (Table
2).
In univariable analysis, we did not observe any additional factors associated with
CFREM. In multivariable analysis including disease duration, smoking status, CDAI
and CRP values, Fcal improvement at W12 was independently associated with
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Figure 1

Figure 1 Rate of patients achieving the different therapeutic endpoints after 12 wk of anti-tumor necrosis
factor therapy in 40 patients with Crohn’s disease. CDAI: Crohn’s disease activity index; CRP: C-reactive protein;
Fcal: Faecal calprotectin; TNF: Tumor necrosis factor.

CFREM at W52 [odd ratio (OR) = 45.1 (2.96-687.9); P = 0.03] and was a better predictor
than CDAI < 150 [9.3 (0.36-237.1); P = 0.145] and CRP < 2.9 mg/L (0.77-278.0; P =
0.073) (Figure 3).

DISCUSSION
In this prospective study, we showed the complementarity of the variation of CDAI,
CRP and Fcal after anti-TNF induction therapy, to predict CFREM at one year, and
confirmed that Fcal was the most effective predictor among these three markers.
According to the results of the CALM trial, we decided to use the same composite
endpoint at W52 i.e., CDAI < 150 and CRP normalization (< 2.9 mg/L using our
assay) and Fcal < 250 µg/g, so-called CFREM, which has been shown to be associated
with clinical and endoscopic remission [9] . We added the absence of therapeutic
intensification including the absence of CD-related surgery to assess the impact of
these biomarkers on CD outcomes and also to avoid a complete overlap between the
criteria assessed at W12 and the composite primary endpoint at W52. We aimed to
investigate what was the best predictor among CDAI, CRP, FCal, or combination of
these biomarkers assessed at W12 to predict CFREM at W52.
In this study, we confirmed that CDAI alone is not suitable to monitor CD patients
as we found a low PPV (47.3%) of clinical remission (CDAI < 150) at W12 to predict
CFREM at W52. The lack of correlation between clinical symptoms and objective
markers of activity is now well admitted. A post-hoc analysis from the SONIC trial
showed that almost one half of the patients with CDAI < 150 presented with
significant endoscopic lesions[11]. The STRIDE guidelines considered that resolution of
symptoms alone is not a sufficient target and that objective evidence of bowel
inflammation is necessary when making clinical decisions[4]. As expected, we also
found that the patients, who did not achieve clinical remission (CDAI < 150) at W12,
had a very high likelihood of treatment failure (with NPV of 88.2%) reminding that
clinical remission is a necessary but not sufficient therapeutic goal in patients with
CD.
We also investigated the measurement of CRP value at W12 in patients receiving
anti-TNF agents as predictor of mid-term CFREM (W52). While CRP normalization
after 12 wk demonstrated moderate performances (PPV = 63.2%) to predict CFREM at
W52, the absence of CRP normalization at W12 was highly predictive of treatment
failure (NPV = 95.2%). Our data seems slightly different from two studies dedicated
to CRP normalization as predictor of remission. Reinisch et al[12] reported in a post-hoc
analysis of the landmark ACCENT 1 trial that normalisation of CRP at week 14 led to
a higher probability of maintained response or remission during one-year of
infliximab maintenance therapy (P < 0.001) with PPV of 51.8% and NPV of 68.0%. Kiss
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Table 2 Performances of Crohn’s disease activity index, C-reactive protein, and faecal calprotectin after 12 wk of anti-tumor necrosis
factor to predict steroids-free remission at week 52
Endpoints

Sensitivity

Specificity

PPV

NPV

LR+

LR-

Accuracy

CDAI < 150

84.6% (56.3-96.6)

55.6% (37.3-72.4)

47.8% (27.4-68.2)

88.2% (72.9-100.0) 1.904 (1.177-3.081) 0.277 (0.074-1.035) 60.5% (50.2-79.8)

CRP ≤ 2.9 mg/L

92.3% (64.2-100.0)

74.1% (55.0-86.9)

63.2% (41.5-84.8)

95.2% (86.1-100.0) 3.560 (1.846-6.865) 0.104 (0.016-0.692) 80.0% (67.6-92.4)

CDAI < 150 and
CRP ≤ 2.9 mg/L

76.9% (48.9-92.2)

85.2% (66.7-94.6)

71.4% (47.8-95.1)

88.5% (76.2-100.0)

Fcal < 300 µg/g

84.6% (56.3-96.6)

77.8% (58.8-89.6)

64.7% (42.0-87.4)

91.3% (79.8-100%) 3.808 (1.812-8.003) 0.198 (0.054-0.719) 80.0% (67.6-92.4)

Fcal
improvement

76.9% (48.9-92.2)

92.6% (75.3-98.9)

83.3% (62.2-100.0) 89.3% (77.8-100.0)

CDAI < 150 and
Fcal
improvement

69.2% (42.0-87.4)

96.3% (79.9-100.0) 90.0% (71.4-100.0)

CDAI < 150 and
CRP ≤ 2.9 mg/L
and Fcal
improvement

69.2% (42.0-87.4)

100.0% (84.9100.0)

100.0% (100.0100.0)

5.192 (2.00413.456)

0.271 (0.099-0.740) 82.5% (70.7-94.3)

10.385 (2.64840.721)

0.249 (0.092-0.676) 87.5% (77.3-97.7)

86.7% (74.5-98.8)

18.692 (2.640132.328)

0.320 (0.141-0.725) 87.5% (77.3-97.7)

87.1% (75.3-98.9)

NA

0.308 (0.136-0.695) 90.0% (80.7-99.3)

CDAI: Crohn’s disease activity index; CRP: C-reactive protein; Fcal: Faecal calprotectin; PPV: Positive predictive valu; NPV: Negative positive value; LR+:
Positive likelihood ratio; LR-: Negative likelihood ratio.

et al[13] showed that CD patients who had normalised CRP at week 12 were associated
with clinical efficacy at 12 mo with PPV ranging from 67% to 79% and NPV from 73%
to 80%. This discrepancy could be partly explained by our sample size but also by the
choice of our combined endpoint, which is probably more stringent than the two
former studies and could have improve the NPV.
As the capability of Fcal to change under treatment remains poorly investigated[14-16], the STRIDE guidelines did not consider Fcal as a therapeutic target[4].
Our results highlighted the performances of Fcal improvement [defined as Fcal < 300
μg/g at W12 or, for patients with baseline Fcal < 300 μg/g, at least 50% decrease or
normalization of Fcal (< 100 μg/g)] to predict CFREM at 1 year: PPV = 83.3% and
NPV = 89.3%. We chose to also enroll patients with moderate elevation of Fcal (100300 µg/g) as it reflects some real-life clinical situations in daily practice. Our data are
in line with the three studies available to date on this topic. In a French prospective
study including 32 patients with CD receiving anti-TNF therapy, Fcal level above 82
µg/g at W14 demonstrated PPV = 85% and NPV = 87% to predict clinical remission
within one year using quantitative monoclonal antibody-based enzyme-linked
immunosorbent assay (Bühlmann, Schönenbuch, Switzerland). Guidi and colleagues
(n = 44 patients with CD), post-induction level of Fcal ≤ 168 µg/g using enzymelinked immunosorbent assay (ELISA, Calprest, Eurospitals.p.a., Trieste, Italy) was
predictive of sustained clinical response with PPV = 81% and NPV = 77% [15] .
Eventually, Molander et al[16] found that a post-induction level of Fcal < 139 µg/g
[measured by a quantitative enzyme immunoassay (PhiCal Test, Calpro, Oslo,
Norway)] predicted the risk of relapse in 34 patients with CD treated with anti-TNF
agents. The heterogeneity of these thresholds is explained by the difference of assays
used across the studies. IBD physicians have to be aware of these variations between
the different assays to measure FCal when they make a decision based on Fcal cut-off
values. We strongly encourage IBD physicians to use the same assays when assessing
the variation of Fcal under treatment in a same patient. A study comparing six
commercially available assays underlined that Fcal level may vary with up to 5-fold
quantitative differences between assays[17].
The CALM trial was designed considering that the use of biomarkers could
improve patients’ outcomes without real evidence of it. Since the publication of this
study, the authors insisted on the role of FCal to monitor patients with CD. However,
what is the part of Fcal, CRP and CDAI remains questionable. It is why we decided to
investigate the specific role and the potential complementarity of these three
biomarkers. In our study, we observed that achieving CDAI < 150, CRP normalization
and Fcal improvement was the best combination and led to a PPV of 100% with
substantial NPV (87.1%) for the prediction of CFREM at W52. This result could mean
that the surveillance scheduled every three months in the CALM trial could be
slightly lightened in patients achieving this endpoint after induction therapy and
extended to every 6 mo.
The main limitations of our study are the lack of endoscopic evaluation at W52 and
the relative small number of patients even though our sample size calculation showed
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Figure 2

Figure 2 Level of faecal calprotectin at baseline and after 12 wk of anti-tumor necrosis factor therapy in
patients with Crohn’s disease achieving steroids-free remission (Crohn’s disease activity index < 150 and Creactive protein < 2.9 mg/L and faecal calprotectin < 250 µg/g with no therapeutic intensification and no
surgery) or not at week 52. CFREM: Corticosteroids-free remission.

that it was appropriate. However, we investigated prospectively with a suitable
power the performances of each item of the CALM criteria and their combinations to
predict favorable outcomes in patients with CD.
In conclusion, the combined monitoring of CDAI, CRP and FCal after anti-TNF
induction therapy is able to predict favorable outcome within one year in patients
with CD. The most impactful biomarker was Fcal among these three biomarkers. Our
results should lead IBD physicians to monitor patients with CD using a tight control
strategy based on CDAI, CRP and Fcal in daily practice.
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Figure 3

Figure 3 Positive and negative predictive values of Crohn’s disease activity index, C-reactive protein and faecal calprotectin, alone or combined, after 12
wk of anti-tumor necrosis factor to predict corticosteroids-free remission at week 52. Faecal calprotectin (Fcal) improvement (Fcal < 300 μg/g at W12; or, for
patients with initial Fcal < 300 μg/g, at least 50% decrease of Fcal or normalization of Fcal (< 100 μg/g). CDAI: Crohn’s disease activity index; CRP: C-reactive protein;
Fcal: Faecal calprotectin.

ARTICLE HIGHLIGHTS
Research background
Crohn’s disease (CD) is a chronic and disabling disorder that can highly affect quality of life.
Faecal calprotectin (Fcal) is a well-accepted monitoring tool and a surrogate marker of mucosal
healing and could then be an alternative to endoscopy. Recently, the CALM trial compared two
ways of monitoring patients with inflammatory bowel disease (IBD) treated with adalimumab.
The authors reported that the group monitored using a tight control of inflammation with
objective markers of disease activity and clinical symptoms to drive treatment decisions,
achieved better endoscopic and clinical outcomes than conventional monitoring. In a post-hoc
analysis of this study, the authors reported that most of the therapeutic intensification were
related to increased level of Fcal in the tight control group. However, even though the conclusion
of this landmark trial encourages IBD physicians to use Fcal testing in daily practice, the authors
did not explore specifically the value of each marker, i.e., CD activity index (CDAI), C-reactive
protein (CRP) and Fcal.

Research motivation
Understanding the value of each monitoring biomarker to guide physicians to manage patients
with inflammatory bowel disease is a key point.

Research objectives
In this study, we aimed to investigate the performances of CDAI, CRP and Fcal variation, alone
or combined, after 12 wk of anti-tumor necrosis factor (TNF) therapy to predict corticosteroidsfree remission (CFREM) at one year, in CD patients treated with anti-TNF.

Research methods
It was a multicentre prospective observational study.

Research results
Among the 40 included patients, 13 patients (32.5%) achieved CFREM at W52. In univariable
analysis, CDAI < 150 at W12 (P = 0.012), CRP level < 2.9 mg/L at W12 (P = 0.001) and Fcal
improvement at W12 [Fcal < 300 μg/g; or, for patients with initial Fcal < 300 μg/g, at least 50%
decrease of Fcal or normalization of Fcal (<100 μg/g)] (P = 0.001) were predictive of CFREM at
W52. Combined endpoint (CDAI < 150 and CRP ≤ 2.9 mg/L and FCal improvement) at W12 was
the best predictor of CFREM at W52 with PPV = 100.0% (100.0-100.0) and NPV = 87.1% (75.398.9). In multivariable analysis, Fcal improvement at W12 [odd ratio (OR) = 45.1 (2.96-687.9); P =
0.03] was a better predictor of CFREM at W52 than CDAI < 150 [OR = 9.3 (0.36-237.1); P = 0.145]
and CRP < 2.9 mg/L (0.77-278.0; P = 0.073).

Research conclusions
The combined monitoring of CDAI, CRP and FCal after anti-TNF induction therapy is able to
predict favorable outcome within one year in patients with CD. The most impactful biomarker
was Fcal among these three biomarkers. Our results should lead IBD physicians to monitor
patients with CD using a tight control strategy based on CDAI, CRP and Fcal in daily practice.
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Research perspectives
Additional studies from independent cohorts should be conducted to confirm these data.
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Abstract
BACKGROUND
Lenvatinib is one of the ﬁrst-line tyrosine kinase inhibitors used for unresectable
hepatocellular carcinoma (HCC). In the present study, we evaluated the potential
of early changes in the time-intensity curve (TIC) of arterial phase on contrastenhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy.
AIM
To evaluate the potential of the early changes in the TIC of CEUS as early
imaging biomarkers of lenvatinib efficacy in patients with unresectable HCC.
METHODS
We analyzed 20 consecutive patients with unresectable HCC treated with
lenvatinib from March to November 2018. Tumor response at 8 wk was assessed
by computed tomography using the modiﬁed Response Evaluation Criteria in
Solid Tumors (mRECIST). CEUS was performed at baseline before treatment
(Day 0) and on day 7 (Day 7), and the images were analyzed in the arterial phase
for 20 seconds after the contrast agent arrived at the target tumor. Three
perfusion parameters were extracted from the TICs: the slope of wash-in (Slope),
time to peak (TTP) intensity, and the total area under the curve (AUC) during
wash-in. The rate of change in the TIC parameters between Day 0 and Day 7 was
compared between treatment responders and non-responders based on
mRECIST.
RESULTS
The rate of change for all TIC parameters showed significant differences between
the responders (n = 9) and non-responders (n = 11) (Slope, P = 0.025; TTP, P =
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0.004; and AUC, P = 0.0003). The area under the receiver operating curve values
for slope, TTP, and AUC for the prediction of responders were 0.805, 0.869, and
0.939, respectively.
CONCLUSION
CEUS may be useful for the early prediction of tumor response to lenvatinib
therapy in patients with unresectable HCC.
Key words: Hepatocellular carcinoma; Lenvatinib; Contrast-enhanced ultrasound; Timeintensity curve
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Lenvatinib is one of the ﬁrst-line tyrosine kinase inhibitors used for
unresectable hepatocellular carcinoma (HCC). In the present study, we evaluated the
potential of early changes in the time-intensity curve (TIC) of arterial phase on contrastenhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy. The
rate of change for TIC parameters showed precisely reflect the therapeutic effects. CEUS
may be useful for the early prediction of tumor response to lenvatinib therapy in patients
with unresectable HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary malignant tumor of the
liver [1]. Unfortunately, the overall prognosis for patients with HCC is poor, and more
than half of the patients are diagnosed at a stage when the tumor is unresectable. The
treatment options for unresectable HCC are limited, and oral administration of
sorafenib, a receptor tyrosine kinase inhibitor, has been the only treatment that
substantially prolongs survival[2,3]. In the SHARP study, compared to the placebo
group, the sorafenib group had an improved overall survival (OS) (median OS, 7.9 mo
vs 10.7 mo)[4]. However, the clinical benefits of sorafenib are modest, and the survival
rates in patients with unresectable HCC remain low. Lenvatinib is an oral multikinase
inhibitor targeting the vascular endothelial growth factor receptor (VEGFR), fibroblast
growth factor receptor (FGFR), platelet-derived growth factor (PDGF) receptor α,
RET, and KIT[5]. The phase III REFLECT trial including 954 patients with previously
untreated unresectable HCC demonstrated that lenvatinib had a treatment effect on
OS by statistical confirmation of non-inferiority when compared to sorafenib, the
standard of care[6]. Furthermore, lenvatinib also demonstrated a significantly higher
overall response rate (ORR) compared to sorafenib [24.1% vs 9.2%; odds ratio, 3.13;
95% confidence interval (CI): 2.15-4.56; P < 0.0001]. In recent years, lenvatinib has
become available as a single agent for the first-line treatment of patients with
advanced or unresectable HCC[7].
There is a critical need for effective early methods for evaluating targeted therapies
to enable individualized medicine in a clinical setting. Contrast-enhanced ultrasound
(CEUS) is considered to be a useful technique for evaluating microvascularization,
which is essential for tumorigenesis since angiogenesis is the basis for neoplastic
growth. Lassau et al. have reported that the time-intensity curve (TIC) parameters
obtained from CEUS of tumors correlated well with prognosis [8] . Furthermore,
Frampas et al. showed that CEUS may be a potential surrogate marker of tumor
response during targeted therapy, and the area under the curve (AUC), one of the TIC
parameters, was useful for assessing blood flow[9]. However, there have been no
reports designed to assess the usefulness of CEUS for early prediction of the efficacy
of lenvatinib therapy.
This study investigated whether early changes in the TIC parameters of CEUS are
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useful indicators of the therapeutic effects of lenvatinib therapy.

MATERIALS AND METHODS
Patients
HCC was diagnosed on the basis of an increasing course of α-fetoprotein, dynamic
computed tomography (CT), contrast-enhanced magnetic resonance imaging (MRI),
and pathological ﬁndings. Between March and November 2018, 22 consecutive HCC
patients with (1) an Eastern Cooperative Oncology Group (ECOG) performance status
score of 2 or less, (2) Child-Pugh liver function class A, and (3) Barcelona Clinic Liver
Cancer stage B or C were enrolled in this prospective study to assess the potential of
CEUS findings as early imaging biomarkers of lenvatinib efficacy. Two patients were
excluded from the analysis owing to data corruption, and so a total of 20 patients
were finally included in this study. One target tumor per patient was studied. The
baseline characteristics of the patients are summarized in Table 1.
The study was approved by the local Ethics Committee of the Iwate Medical
University (MH2018-533). The patients provided written informed consent prior to
the study, in accordance with the principles of the Declaration of Helsinki (revision of
Fortaleza, 2013).

Lenvatinib treatment protocol and evaluation of therapeutic response
Lenvatinib (Eisai, Tokyo, Japan) was administered at an initial dose of 8 or 12 mg/d
based on the patient's body weight. If grade 3 or 4 adverse events judged to be
clinically significant were observed, either the dose was adjusted, or treatment was
interrupted according to the guidelines for the administration of lenvatinib. Baseline
dynamic CT or MRI was performed within a week before treatment initiation. The
target tumor was evaluated using dynamic CT at 8 wk after administering lenvatinib,
based on the modiﬁed Response Evaluation Criteria in Solid Tumors (mRECIST)[10].
Treatment responders were defined as patients who showed a complete response
(CR) or partial response (PR). Non-responders were defined as patients who had
stable disease (SD) or progressive disease (PD).

CEUS imaging
CEUS was performed at baseline before the initiation of treatment, and then on Day 7,
for evaluation. We selected Day 7 for reference in previous studies on sorafenib
therapy [11-15] . Ultrasonography was performed using a LOGIQ E9 XDclear 2.0
ultrasound scanner (GE Healthcare, Wauwatosa, WI, United States) and C1-6-D
convex array probe (frequency, 4 MHz). Prior to CEUS, B-mode ultrasonography was
performed to examine the slices of target images, and the slice with the largest
diameter was selected. All ultrasound images were analyzed by one radiologist who
was blinded from the treatment information. CEUS imaging was recorded for 2 min
immediately after injection of a bolus (0.0075 mL/kg) of Sonazoid (Daiichi Sankyo,
Tokyo, Japan) using the amplitude modulation mode. The acoustic power of the
contrast harmonic sonography was set at the default setting with a mechanical index
of 0.2-0.3, a rate of 17 frames per second, and a dynamic range of 66 dB. The gain,
image depth and transmit focus were optimized for each patient at baseline
examination, and the same settings were used at follow up. The cine sequences were
saved in the DICOM file format for subsequent analyses.

TIC analysis
A specific calibration file provided by the vendor for the GE Logiq E9 was used in the
analysis software to convert ultrasound images to linearized data for TIC analysis. A
circular region of interest was established within the demarcated margins of the target
tumor as illustrated in Figure 1, which was automatically positioned by the software
to adjust for respiratory motion on the following images of the sequence. We analyzed
the CEUS images in the arterial phase for 20 s after the contrast agent arrived at the
target tumor. Three perfusion parameters were extracted from the TICs: the slope of
wash-in (Slope), time to peak (TTP) intensity, and the total area under the TIC (AUC)
during wash-in. For each parameter, the rate of change was calculated as follows:
{[values after administration of lenvatinib (Day 7) minus baseline values (Day
0)]/baseline values (Day 0) × 100(%)}[16]. The resultant values were compared between
the responders and non-responders based on mRECIST.

Statistical analysis
Statistical analyses were performed using the SPSS software program (version 23,
IBM, Armonk, NY, United States). The values are shown as the means ± standard
deviation or as the medians (range) according to the distribution of the values. The
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Table 1 The baseline characteristics of patients
Variables

All (n = 20)

Age, yr

68.6 ± 8.4

Gender, male : female

19:1

BMI, kg/m2

22.2 ± 4.2

ECOG PS, 0:1:

18:2

Etiology, HBV:HCV:alcohol:others

7:7:3:3

AST, IU/L

52.2 ± 38.1

ALT, IU/L

45.1 ± 26.3

T.Bil, mg/dL

0.7 ± 0.4

Alb, g/dL

3.4 ± 0.5

PT, %

82.2 ± 15.2

Plt, × 104/μL

19.7 ± 6.1

Child–Pugh score, 5:6 points

8:12

Median AFP, ng/mL (range)

268 (4.5-53000)

Intrahepatic tumor size, cm

6.6 ± 6.3

Number of intrahepatic tumors, single : multiple

3:17

Portal vein invasion, n (%)

9 (45.0)

Extrahepatic metastasis, n (%)

15 (75.0)

Previous treatment, n (%)

19 (95.0)

Initial dose of lenvatinib, 8:12 mg/d

16:4

The values represent the mean ± SD or the median (range). BMI: Body mass index; ECOG: Eastern
Cooperative Oncology Group; PS: Performance Status; T.Bil: Total bilirubin; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; Alb: Albumin; PT: Prothrombin time; Plt: Platelet count;
AFP: Alpha-fetoprotein.

Mann-Whitney U test was used to compare differences between responders and nonresponders. Receiver operating characteristic (ROC) curves were constructed, and
area under the ROC curve (AUROC) was calculated using the trapezoidal rule.
Optimal cut-off values for prediction of responders were identified from the highest
Youden index. The sensitivity, specificity, positive predictive value, and negative
predictive value were calculated using cut-offs obtained from the ROC curves. Pvalues < 0.05 were considered to be statistically significant.

RESULTS
All 20 patients were evaluated based on the imaging ﬁndings obtained by enhanced
CT at 8 wk after starting lenvatinib therapy. On the basis of mRECIST, 0, 9, 8, and 3
patients were found to have CR, PR, SD, and PD, respectively [ORR, 45.0%; disease
control rate (DCR), 85.0%]. Thus, 9 and 11 patients were classified as responders and
non-responders, respectively, after 8 wk of lenvatinib therapy. There were no
statistically significant differences in the ORR and DCR from those in patients
receiving the initial dose of lenvatinib.
In responders, the TIC parameters were as follows: median slope Day 0/Day 7: 1.51
dB/s/1.09 dB/s, P = 0.018; median TTP Day 0/Day 7: 10.56 s/12.43 s, P = 0.003;
median AUC Day 0/Day 7: 266.51/156.44, P = 0.001. In contrast, the TIC parameters
in non-responders were as follows: median slope Day 0/Day 7: 1.52 dB/s/1.33 dB/s,
P = 0.511; median TTP Day 0/Day 7: 11.02 s/11.84 s, P = 0.247; median AUC Day
0/Day 7: 258.14/229.65, P = 0.322 (Table 2). There were no significant differences in
any TIC parameters between patients with SD and PD.
The rate of change for all TIC parameters showed significant differences between
the responders and non-responders (Slope, P = 0.022; TTP, P = 0.019; AUC, P = 0.003)
(Figure 2). The AUROC values for the rate of change of slope, TTP, and AUC for
prediction of responders were 0.818, 0.869, and 0.939, respectively (Table 3).

DISCUSSION
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Figure 1

Figure 1 Representative case of a 69-year-old man with unresectable hepatocellular carcinoma treated with lenvatinib (12 mg/d). A: Contrast-enhanced
ultrasound (CEUS) imaging in the arterial phase at Day 0 and time-intensity curve (TIC) analysis. The region of interest was established within the demarcation
margins of the target tumor. B: CEUS imaging at Day 7 and TIC analysis. The slope became gentle, and indicated a delay in TTP and a decrease in the area under
the curve. C: Computed tomography (CT) image at Day 0. D: CT image at 8 wk. Therapeutic response was evaluated as partial response using the modiﬁed
Response Evaluation Criteria in Solid Tumors. TTP: Time to peak; AUC: Area under the curve.

In this study, we enrolled 20 patients with unresectable HCC and used CEUS to make
an early prediction of the efficacy of lenvatinib therapy. The results of the study
confirm that real-time observation of the perfusion within HCC is possible by CEUS,
and responders to lenvatinib show a change in perfusion in the arterial phase on
CEUS within a few days of starting the therapy. In our study, the rate of change in the
slope, TTP, and AUC on Day 7 was significantly different in the responders and nonresponders. The findings of CEUS performed at the earliest stage of therapy reflected
the results of the CT evaluation performed 8 weeks after starting lenvatinib therapy,
thereby suggesting that CEUS can predict the clinical outcomes at an early stage of
therapy. To the best of our knowledge, this is the first prospective study to assess the
potential of CEUS for making early predictions of clinical outcomes following
lenvatinib therapy.
Besides its antitumor effects, lenvatinib is also known to be antiangiogenic based on
its interaction with VEGFR2[5]. Since angiogenesis is necessary for tumor growth, the
changes in tumor perfusion seem to reflect changes in tumor vitality. Therefore, CEUS
is relevant as a modality for monitoring biologically essential changes in response to
lenvatinib therapy. Several studies have reported that the changes in perfusion
measured by CEUS may predict treatment responses in patients with HCC receiving
sorafenib[11-15]. Sugimoto et al[14] showed that the AUC during wash-in on day 14 of
sorafenib therapy was useful for the early prediction of tumor response. We observed
a similar trend; the rate of change of the AUC during wash-in on day 7 of lenvatinib
therapy was significantly different between the responders and non-responders. In
the REFLECT trial, lenvatinib demonstrated a significantly higher ORR than
sorafenib[6], which was potentially due to its stronger effect on tumor perfusion.
The evaluation of tumor perfusion by CEUS is a simple, non-invasive test that can
be done in real time. Such a prediction tool is also cost-effective since it helps avoid
adverse events and may enable individualized treatment for unresectable HCC in the
future.
This study has some limitations. First, the sample size was small. Larger-scale
prospective clinical studies will be needed to confirm these findings. Second, unlike
dynamic CT and MRI, which are commonly used to assess tumor angiogenesis, CEUS
is an operator-dependent examination.
In conclusion, this study demonstrates that with contrast enhancement in the
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Table 2 Distribution of changes in time-intensity curve parameters in tumors from day 0 to day 7
for 20 hepatocellular carcinoma patients according to modiﬁed Response Evaluation Criteria in
Solid Tumors response at 2 mo
Responders (n = 9)
Day 0
Slope

1.51 [1.31, 1.68]

P value
TTP
P value
AUC
P value

Non-responders (n = 11)

Day 7

Day 0

1.09 [0.84, 1.23]

1.52 [1.22, 1.62]

0.018
10.56 [9.33, 12.13]

1.33 [0.86, 1.71]
0.511

12.43 [11.94, 13.94]

11.02 [8.53, 12.51]

0.003
266.51 [225.38, 296.67]

Day 7

156.44 [123.05, 178.91]

11.84 [10.15, 13.82]
0.247

258.14 [191.61, 299.51]

0.001

229.65 [176.10, 269.50]

0.322

The values represent the median [25th-75th percentile]. HCC: Hepatocellular carcinoma; TTP: Time to peak;
AUC: Area under the curve.

arterial phase, the differences in the TIC before and after lenvatinib therapy may serve
as useful indicators of therapeutic outcomes for patients with unresectable HCC. In
particular, the rate of change for AUC appear to precisely reflect the therapeutic
effects. Therefore, TIC analysis could help in the early prediction of the clinical
outcomes of lenvatinib therapy.
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Table 3 The performance characteristics of the rate of change of time-intensity curve parameters for the prediction of responders
Slope (95%CI)

TTP (95%CI)

AUC (95%CI)

0.818 (0.602-0.944)

0.869 (0.728-0.975)

0.939 (0.812-0995)

-11.765

+9.495

-25.714

Sensitivity

0.889 (0.540-0.978)

0.889 (0.540-0.978)

0.896 (0.616-0.989)

Specificity

0.545 (0.304-0.786)

0.818 (0.510-0.917)

0.909 (0.648-0.995)

PPV

0.615 (0.583-0.793)

0.800 (0.611-0.907)

0.833 (0.727-0.918)

NPV

0.857 (0.731-0.922)

0.878 (0.741-0.962)

0.900 (0.747-0.992)

AUROC
Cut-off value (%)

TIC: Time-intensity curve; CI: Confidence interval; TTP: Time to peak; AUC: Area under the curve; AUROC: Area under receiver operating curve; PPV:
Positive predictive value; NPV: Negative predictive value.

Figure 2

Figure 2 The rates of change of time-intensity curve parameters in responders and non-responders. A: Slope, B: time to peak, C: area under the curve. The
rates of change of all time-intensity curve parameters were significantly different in responders and non-responders. TTP: Time to peak; AUC: Area under the curve.

ARTICLE HIGHLIGHTS
Research background
Lenvatinib is one of the ﬁrst-line tyrosine kinase inhibitors used for unresectable hepatocellular
carcinoma (HCC).

Research motivation
The overall prognosis for patients with HCC is poor, and more than half of the patients are
diagnosed at a stage when the tumor is unresectable. The treatment options for unresectable
HCC are limited, and oral administration of sorafenib, a receptor tyrosine kinase inhibitor, has
been the only treatment that substantially prolongs survival.

Research objectives
To evaluate the potential of the early changes in the time-intensity curve (TIC) of contrastenhanced ultrasound (CEUS) as early imaging biomarkers of lenvatinib efficacy in patients with
unresectable HCC.

Research methods
We analyzed 20 consecutive patients with unresectable HCC treated with lenvatinib from March
to November 2018. Tumor response at 8 wk was assessed by computed tomography using the
modiﬁed Response Evaluation Criteria in Solid Tumors (mRECIST). CEUS was performed at
baseline before treatment (Day 0) and on day 7 (Day 7), and the images were analyzed in the
arterial phase for 20 seconds after the contrast agent arrived at the target tumor. Three perfusion
parameters were extracted from the TICs: the slope of wash-in (Slope), time to peak (TTP)
intensity, and the total area under the curve (AUC) during wash-in. The rate of change in the TIC
parameters between Day 0 and Day 7 was compared between treatment responders and nonresponders based on mRECIST.

Research results
The rate of change for all TIC parameters showed significant differences between the responders
(n = 9) and non-responders (n = 11) (Slope, P = 0.025; TTP, P = 0.004; and AUC, P = 0.0003). The
area under the receiver operating curve values for slope, TTP, and AUC for the prediction of
responders were 0.805, 0.869, and 0.939, respectively.

Research conclusions
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To the best of our knowledge, this is the first prospective study to assess the potential of CEUS
for making early predictions of outcomes following lenvatinib therapy, which makes it a
significant contribution to the literature.

Research perspectives
Further, we believe that this paper will be of interest to the readership especially hepatologists
and oncologists because we demonstrate that CEUS may be useful for the early prediction of
tumor response in patients with unresectable HCC treated with lenvatinib.
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Abstract
BACKGROUND
Endoscopic biliary stenting is a well-established palliative treatment for patients
with unresectable distal malignant biliary obstruction (MBO). However, the main
problem with stent placement is the relatively short duration of stent patency.
Although self-expanding metal stents (SEMSs) have a longer patency period than
plastic stents (PSs), the higher costs limit the wide use of SEMSs. A PS with an
antireflux valve is an attractive idea to prolong stent patency, but no ideal design
for an antireflux PS (ARPS) has been proposed. We developed a new ARPS with
a “duckbilled” valve attached to the duodenal end of the stent.
AIM
To compare the patency of ARPSs with that of traditional PSs (TPSs) in patients
with unresectable distal MBO.
METHODS
We conducted a single-center, prospective, randomized, controlled, double-blind
study. This study was conducted at the West China Hospital of Sichuan
University. Consecutive patients with extrahepatic MBO were enrolled
prospectively. Eligible patients were randomly assigned to receive either an
ARPS or a TPS. Patients were followed by clinic visits or telephone interviews
every 1-2 mo until stent exchange, death, or the final study follow-up in October
2018. The primary outcome was the duration of stent patency. Secondary
outcomes included the rate of technical success, the rate of clinical success,

https://www.wjgnet.com

2373

May 21, 2019

Volume 25

Issue 19

Yuan XL et al. New antireflux plastic biliary stent
Committee of Registering Clinical
Trials (Number: ChiECRCT20150069; date of approval:
December 13, 2015).

Clinical trial registration statement:
The trial was registered with
Chinese Clinical Trial Registry
(Number: ChiCTR-IIR-16007869;
date of registration: February 1,
2016).

Informed consent statement:
Informed consent was obtained
from all patients involved in this
study.

Conflict-of-interest statement:
Professor Bing Hu is one of the
inventors of the antireflux plastic
stent. He has worked in
collaboration with Micro-Tech
(Nanjing) Co. Ltd., Nanjing, China
to develop the stent. No free device
was offered for this study. The
authors disclose no conflicts of
interest.

Data sharing statement: No
additional unpublished data are
available.

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
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: Invited
manuscript

Received: March 14, 2019
Peer-review started: March 14, 2019
First decision: March 27, 2019
Revised: March 28, 2019
Accepted: April 19, 2019
Article in press: April 20, 2019
Published online: May 21, 2019
P-Reviewer: Hara K, Hillman LC
S-Editor: Yan JP
L-Editor: Wang TQ
E-Editor: Ma YJ

WJG

adverse events, and patient survival.
RESULTS
Between February 2016 and December 2017, 38 patients were randomly assigned
to two groups, with 19 patients in each group, to receive ARPSs or TPSs. Stent
insertion was technically successful in all patients. There were no significant
differences between the two groups in the rates of clinical success or the rates of
early or late adverse events (P = 0.660, 1.000, and 1.000, respectively). The median
duration of stent patency in the ARPS group was 285 d [interquartile range (IQR),
170], which was significantly longer than that in the TPS group (median, 130 d;
IQR, 90, P = 0.005). No significant difference in patient survival was noted
between the two groups (P = 0.900).
CONCLUSION
The new ARPS is safe and effective for the palliation of unresectable distal MBO,
and has a significantly longer stent patency than a TPS.
Key words: Antireflux valve; Plastic biliary stent; Distal malignant biliary obstruction;
Stent patency; Endoscopic retrograde cholangiopancreatography
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: There is no ideal design for an antireflux plastic stent for prolonging stent
patency. In this study, a newly designed antireflux plastic stent with a “duckbilled” valve
was successfully deployed in patients with unresectable distal malignant biliary
obstruction. The median duration of stent patency in the antireflux plastic stent group
was 285 d, which was significantly longer than that in the traditional plastic stent group
(130 d).

Citation: Yuan XL, Wei B, Ye LS, Wu CC, Tan QH, Yao MH, Zhang YH, Zeng XH, Li Y,
Zhang YY, Hu B. New antireflux plastic stent for patients with distal malignant biliary
obstruction. World J Gastroenterol 2019; 25(19): 2373-2382
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2373.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2373

INTRODUCTION
Distal malignant biliary obstruction (MBO) is mainly caused by cholangiocarcinoma,
pancreatic cancer, and ampullary cancer. Since many of these tumors progress slowly
and are usually detected at an advanced stage, curative surgical resection may not be
feasible [1] . Endoscopic biliary stenting has become a well-established palliative
treatment for patients with unresectable distal MBO[2,3]. However, the main problem
with stent placement is the relatively short duration of stent patency [4,5] . Selfexpanding metal stents (SEMSs) have longer patency periods than plastic stents (PSs).
However, uncovered SEMSs are limited by their inability to be removed, and covered
SEMSs are prone to migration[6-8]. Moreover, due to the problems of health insurance
in China, the higher costs restrict the wide use of SEMSs[1]. PSs are still the main
choice for patients in China because of their relatively low cost and easy replacement
after stent dysfunction.
The actual mechanisms of PS occlusion remain largely unclear. Duodenobiliary
reflux may be a major cause of stent occlusion[9,10]. In recent years, the design of PS
with an antireflux valve at the duodenal end has been an attractive idea to eliminate
retrograde flow from the duodenum, thereby prolonging stent patency. Some
investigators have reported the effectiveness of these modified PSs [1,11,12] , but no
excellent results have been reported; thus, modified PSs have not been widely used in
clinical practice. We developed a new antireflux PS (ARPS) with a “duckbilled” valve
attached to the duodenal end of the stent (Figure 1). In this study, we aimed to
compare the patency of this new ARPS with that of a traditional PS (TPS) in patients
with unresectable distal MBO.
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Figure 1

Figure 1 The new antireflux plastic biliary stent. A: The newly designed antireflux plastic stent with a “duckbilled” valve attached to the duodenal end of the stent;
B: The valve remains open and allows the antegrade flow of bile; C: The valve closes as the intestinal pressure increases, preventing the reflux of the duodenal
contents.

MATERIALS AND METHODS
The study was a single-center, prospective, randomized, controlled, double-blind
trial. The study protocol was approved by the China Ethics Committee of Registering
Clinical Trials (Number: ChiECRCT-20150069; date of approval: December 13, 2015),
and registered with the Chinese Clinical Trial Registry (Number: ChiCTR-IIR16007869; date of registration: February 1, 2016). This study was conducted at West
China Hospital of Sichuan University, a tertiary hospital. Informed consent for ARPS
placement and use of clinical data was obtained from all patients involved in this
study.

Design of the ARPS
The ARPS (Micro-Tech (Nanjing) Co. Ltd., Nanjing, China) used in this study was
made of polytetrafluoroethylene, the same material as a TPS, and had similar design
(Tannenbaum design) as a TPS (Cook Ireland Ltd., Limerick, Ireland). The difference
was that a 1.5 cm-long antireflux valve made of silicone rubber material was attached
to the duodenal end of the ARPS. The bile flowed out when the valve was opened by
increased common bile duct (CBD) pressure. Otherwise, the valve remained closed to
prevent intestinal content regurgitation into the CBD when the duodenal pressure
increased. The outer diameters of both types of stents were 10 Fr, and neither stent
had any side holes. The length of both types of stents ranged from 5 cm to 9 cm, and
the optimal length for each patient was determined by an endoscopist during the
procedure.

Patients
Consecutive patients with extrahepatic MBO were prospectively enrolled. All patients
were hospitalized for obstructive jaundice or elevated liver enzymes resulting from
MBO. All of the patient lesions were surgically unresectable based on the stage of the
tumors, the general condition of the patients, and consultations with the surgeons and
anesthesiologists. Patients aged younger than 18 years old and those with a resectable
tumor, hilar biliary stricture, or previous surgical drainage procedure were excluded.
Patients with any contraindication to endoscopic procedures or who refused informed
consent were also excluded.

WJG

https://www.wjgnet.com

2375

May 21, 2019

Volume 25

Issue 19

Yuan XL et al. New antireflux plastic biliary stent

Randomization and blinding
Eligible patients were randomly assigned to receive either an ARPS or a TPS during
the endoscopic procedure. Group allocation schemes generated randomly by a
computer program at a ratio of 1:1 were placed into serially numbered sealed
envelopes. After the biliary stricture was confirmed on cholangiography, an envelope
was selected in sequence to determine the group allocation.
Patients were blinded to the stent assignment until a study endpoint was reached.
Although blinding of the endoscopists was not possible, the endoscopists were not
involved in the assessment of outcomes. The assessments were performed by
reviewing physicians blinded to the randomization process. The data manager and
statistician were not blinded.

Procedures
All endoscopic retrograde cholangiopancreatography (ERCP) procedures were
performed by one of four experienced endoscopists (≥300 ERCPs per year).
Preoperative preparation was similar to that for general ERCPs. Prophylactic
antibiotics and nonsteroidal anti-inflammatory drugs were not used before the
procedure. All patients were placed in the prone position with conscious sedation,
and a standard duodenoscope (TJF-260 V; Olympus Medical systems, Tokyo, Japan)
was used. The endoscopist determined if sphincterotomy was necessary. Under the
guidance of a guidewire (Jagwire; Boston Scientific, Natick, MA, United States),
according to the group allocation, a single 10 Fr ARPS or TPS with an appropriate
length was advanced into the bile duct approximately 1-2 cm above the proximal end
of the stricture, leaving the distal end of the stent approximately 1 cm outside of the
duodenal papilla. The flow of bile was confirmed before withdrawal of the
duodenoscope (Video 1, Supplementary material).

Follow-up and outcomes
Clinical evaluation and liver function tests were performed for all patients within one
month after stent insertion. Subsequently, patients were followed by clinic visits or
telephone interviews every 1-2 mo until stent exchange, death, or the final study
follow-up period ended in October 2018. Patients lost to follow-up were excluded
from the analysis.
The primary outcome was the duration of stent patency, which was recorded in
days from stent placement to stent dysfunction requiring exchange. Stent dysfunction
was considered present if recurrent obstructive jaundice and/or symptoms of
cholangitis were observed along with biliary dilation on imaging studies or re-ERCP
findings, and these abnormalities were resolved after insertion of a new stent.
Secondary outcomes included the rate of technical success, the rate of clinical success,
adverse events, and patient survival. Technical success was defined as successful
insertion of the stent into the bile duct above the proximal end of the stricture and in
an appropriate position based on fluoroscopic confirmation. Clinical success was
defined as the resolution of obstructive symptoms and normalization of serum
bilirubin within one month after stent placement. Adverse events were categorized as
early (within 30 d) and late (after 30 d). Patient survival was measured as the duration
from stent placement to death.

Statistical analysis
The sample size calculation was based on a previous study[11]. Under the assumption
of a relative difference of 40% with an assumed standard deviation (SD) of 40 d in
stent patency between the ARPS and TPS groups and an attrition rate of 10% for
patients lost to follow-up, a sample size of 19 patients in each group would result in a
power of 80% for a targeted significance level of 5% with a two-tailed test.
Continuous variables are characterized as the mean and SD or the median and
interquartile range (IQR). Categorical variables are expressed as a frequency or
proportion. Student’s t-test, Fisher’s exact test, Mann-Whitney U-test, and log-rank
test were used whenever appropriate. Stent patency and patient survival were
analyzed using the Kaplan-Meier method. A P-value < 0.05 was considered to be
significant. Statistical analyses were performed using SPSS Statistics v. 23.0 (IBM
Corp, Armonk, NY, United States).

RESULTS
Between February 2016 and December 2017, 89 patients were screened for eligibility.
Of these, 51 patients were excluded due to surgical treatment (n = 9), hilar biliary
stricture (n = 13), and declined participation (n = 29). Finally, a total of 38 patients
were randomized to receive an ARPS or a TPS (Figure 2). One patient in the TPS
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group was lost to follow-up after discharge. Thus, clinical information was available
for 19 patients [mean (SD) age, 70.3 (13.1) years; male/female, 12/7] in the ARPS
group and 18 patients [mean (SD) age, 73.8 (14.6) years; male/female, 14/4] in the TPS
group. Table 1 shows the baseline patient characteristics and clinical information of
the patients for each group. There was no significant difference between the two
groups.

Early clinical outcomes and adverse events
Stent insertion was technically successful with a single attempt in 37 patients. Clinical
success was achieved in 32 patients, and no significant difference was noted between
the ARPS group (n = 17) and the TPS group (n = 15) (89.5% vs 83.3%, P = 0.660). Early
adverse events were observed in four patients, including two cases of post-ERCP
cholangitis and two cases of post-ERCP mild pancreatitis. Adverse events were all
successfully controlled with conservative management. One patient in the ARPS
group presented a late adverse event, mild pancreatitis, on day 94; she responded
well to the conservative treatment. There were no significant differences in the rates of
early or late adverse events between the two groups (Table 2).

Stent patency and patient survival
During the follow-up period, stent dysfunction was noted in 12 (63.2%) patients in the
ARPS group and 15 (83.3%) patients in the TPS group. All dysfunctional stents were
successfully removed endoscopically using a snare or biopsy forceps, and a new TPS
or SEMS was inserted. Although there was no significant difference in the duration
between stent placement and the occurrence of stent dysfunction between the two
groups, a trend of later occurrence of stent dysfunction was observed in the ARPS
group (median, 183 vs 119 d, P = 0.102). In the remaining patients, stent patency was
maintained until death or the final study follow-up in October 2018. The median
patency period in the ARPS group was 285 d (IQR, 170), which was significantly
longer than that in the TPS group (median, 130 d; IQR, 90, P = 0.005) (Table 2, Figure
3). By the time of analysis, 33 patients had died, namely, 17 in the ARPS group (89.5%)
with a median (IQR) survival time of 195 d (297) and 16 in the TPS group (88.9%) with
a median (IQR) survival time of 182 d (229). There was no significant difference in
patient survival (P = 0.900) (Table 2, Figure 4).

DISCUSSION
Although endoscopic placement of SEMS is considered the recommended treatment
for palliative drainage of unresectable distal MBO[13,14], PSs were used more frequently
than SEMSs in our center. The factors for our preference for PSs in patients with
unresectable distal MBO are as follows: First, tumor ingrowth via metal mesh may
result in the uncovered SEMSs being embedded into the bile duct wall, making them
impossible to remove even if stent dysfunction occurs[6,7]. Second, covered SEMSs are
prone to migration, leading to stent dysfunction[6-8]. Third, Sawas et al[15] observed that
the incidence of ascending cholangitis was similar between patients with distal MBO
who received TPSs and SEMSs. However, SEMSs have a larger lumen than TPSs, and
duodenobiliary reflux and cholangitis are more likely to occur in patients treated with
SEMSs[16]. Finally, the most important point is the higher costs of SEMSs due to health
insurance problems in China. Thus, many patients choose TPSs, and many
endoscopists also tend to insert TPSs in such patients, especially those with a life
expectancy of shorter than 6 months[1]. The major problem with TPSs is the relatively
short duration of stent patency; therefore, prolonging stent patency was the focus of
the current study.
The exact mechanisms of TPS occlusion remain largely unclear. Previous
studies[17-19] have indicated that the initial TPS occlusion event is caused by biofilm
formation by the adherence of proteins and bacteria to the inner wall of the stent.
Then, β−glucuronidase and phospholipase that are secreted by bacteria act on biliary
components. Bacterial products, calcium bilirubinate, and calcium fatty acid soaps
precipitate, leading to biliary sludge formation and stent occlusion. Several
studies[20-23] have compared PSs of different materials or special coatings that may
prevent bacterial adherence and biofilm formation. However, a discrepancy in the
results between the in vitro and clinical studies was noted[19]. Although hydrophiliccoated stents or sliver-coated stents prevented biofilm formation on the surface of the
stent, this ability was not be maintained for a long time duration[20,22,23]. Therefore,
there was no definite conclusion on the superiority of one material or special coating
over another in terms of stent patency.
Prior studies [9,10] have also revealed that large plant fibers refluxed from the
duodenum have been found in occluded TPSs. This provided further evidence that
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Table 1 Baseline patient characteristics and clinical information of the antireflux plastic stent
group and traditional plastic stent group

Age, mean (SD), years
Sex, male/female, n

ARPS group (n = 19)

TPS group (n = 18)

P-value

70.3 (13.1)

73.8 (14.6)

0.452a

12/7

14/4

0.476b

9 (47.4)

6 (33.3)

0.753b

Diagnosis, n (%)
Pancreatic cancer
Cholangiocarcinoma

7 (36.8)

9 (50)

Ampullary cancer

3 (15.8)

3 (16.7)

Distant metastasis, n (%)

9 (47.4)

7 (38.9)

0.743b

Comorbidity, n (%)d

12 (63.2)

14 (77.8)

0.476b

Adjuvant therapy, n (%)

6 (31.6)

7 (38.9)

Chemotherapy

3 (50.0)

2 (28.6)

Radiotherapy

1 (16.7)

3 (42.9)

Radiochemotherapy

2 (33.3)

2 (28.6)

Total bilirubin, median (IQR), µmol/L

234.6 (284.4)

206.7 (215.9)

0.761c

Direct bilirubin, median (IQR), µmol/L

210.2 (232.6)

191.30 (192.1)

0.671c

Length of stricture, median (IQR), cm

3 (2)

3 (2)

0.975c

Length of stent, median (IQR), cm

7 (2)

7 (3)

0.585c

10 (52.6)

5 (27.8)

0.184b

0

1 (5.6)

1.000b

0.790b

Initial laboratory results

Sphincterotomy, yes, n (%)
Lost to follow–up, n (%)

a

Student’s t-test;
Fisher’s exact test;
c
Mann-Whitney U-test;
d
Hypertension, coronary artery disease, diabetes mellitus, chronic obstructive pulmonary disease, liver
cirrhosis, rheumatoid arthritis, and other neoplastic diseases. ARPS: Antireflux plastic stent; TPS: Traditional
plastic stent; SD: Standard deviation; IQR: Interquartile range.
b

duodenobiliary reflux may play another important role in stent occlusion. To our
knowledge, only three studies[1,11,12] in the published English literature have focused on
changing the design of PSs to eliminate retrograde flow from the duodenum,
prolonging the duration of stent patency. Dua et al[11] in 2007 initially reported an
ARPS with a 4 cm windsock-shaped tubular valve made of expanded
polytetrafluoroethylene material attached to the duodenal end. Their results showed
that the median stent patency was prolonged from 101 d to 145 d when using this
specialized stent. However, the clinical relevance of an increase in median stent
patency of 44 d could be questioned[24]. Vihervaara et al[12] also conducted a clinical
study using the same ARPS; however, their study was prematurely terminated owing
to early stent occlusion in the ARPS group. An unplanned interim analysis was
performed and showed that the median stent patency in the ARPS group was 34 d,
which was significantly shorter than that in the TPS group (167 d). Thus, they
suggested that this ARPS should not be used in clinical practice. In a study by Leong
et al[1], an ARPS with a collapsible antireflux sleeve made of polytetrafluoroethylene
was analyzed; however, a trend of early ARPS malfunction or failure was noted. All
their ARPSs were occluded within 30 d, which may be attributed to the collapse or
fold of the antireflux valve.
To date, there is no ideal design for an ARPS. In this study, we developed a new
ARPS with a “duckbilled” valve. We presumed that this valve could simulate the
opening and closing function of a duck’s bill. When bile drainage does not impair the
antegrade flow, the valve closes as the intestinal pressure increases, thereby
preventing the reflux of the duodenal contents. This hypothesis was preliminarily
confirmed by our study comparing stent patency between the ARPS group and the
TPS group. In patients with stent dysfunction, the median stent patency in the ARPS
group was 64 d longer than that in the TPS group. Although the difference was not
statistically significant due to the limited sample size, the difference was impressive.
In all patients enrolled in this study, the median patency of this new ARPS was 285 d,
which was significantly longer than 130 d observed for the TPS. Moreover, the
median patency was also better than previously reported median ARPS patency
times [1,11,12] . There were no side holes in either ARPS or TPS; this avoided the
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Figure 2

Figure 2 Flowchart of patients involved in the trial. ARPS: Antireflux plastic stent; TPS: Traditional plastic stent.

possibility of duodenal contents entering the bile duct to bypass the valve. Malignant
ingrowth rarely played a role in PS occlusion[10] and sludge was noted in occluded
ARPSs; thus, in this study, ARPS dysfunction may have been due to sludge occlusion,
but the exact causes were not clear. Further studies are needed to address the
mechanisms of occlusion.
In the present study, a similar delivery system was used to deploy ARPSs or TPSs.
Although ARPSs had a valve, there was no additional difficulty in placing such a
stent. All patients presented technical success with a single placement attempt. After
ARPS placement, bile flowed easily through the valve. No significant difference was
noted in clinical success between the two groups, suggesting that the ARPS had good
efficacy for palliation of jaundice caused by extrahepatic MBO. Some studies[11,16] have
reported that duodenal contents may enter the bile duct from the side of the stent in
patients with sphincterotomy; thus, no routine sphincterotomy was performed in
these studies. In our experience, the placement of a 10 Fr stent in some patients
without sphincterotomy is technically challenging; therefore, in this study, the
endoscopist determined if sphincterotomy was necessary. No significant difference
was noted between the two groups.
There were several limitations to our study. The main limitation was the small
sample size. The calculation of sample size was based on a previous study. Although
the sample size was small, the patency of ARPS was significantly longer than that of
TPS. Another limitation was that microscopic examination of dysfunctional stents was
not performed, and the exact causes of ARPS dysfunction were unclear. In addition,
many cases were censored due to patient death without stent dysfunction, or patient
survival with stent patency until the day of last follow-up. The accurate duration of
stent patency might be underestimated. Although this new stent showed good and
promising results in this study, further studies with larger samples are required to
evaluate its safety and efficacy.
In conclusion, this new ARPS is safe and effective for the palliation of unresectable
distal MBO, and has the potential advantage of prolonging stent patency markedly.
Additional multicenter studies involving larger samples are needed to confirm and
strengthen our results.
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Table 2 Outcomes of the antireflux plastic stent group and the traditional plastic stent group
ARPS group(n = 19)

TPS group(n = 18)

P-value

Technical success, n (%)

19 (100)

18 (100)

-

Clinical success, n (%)

17 (89.5)

15 (83.3)

0.660a

Early adverse events, n (%)

2 (10.5)

2 (11.1)

Cholangitis

1

1

Mild pancreatitis

1

1

1 (5.3)

0

1.000a

Stent dysfunction, n (%)

12 (63.2)

15 (83.3)

0.269a

Stent patency, median (IQR), d

285 (170)

130 (90)

0.005b

Mortality, n (%)

17 (89.5)

16 (88.9)

0.677a

Patient survival, median (IQR), d

195 (297)

182 (229)

0.900b

1.000a

Late adverse event, n (%)
Mild pancreatitis

a

Fisher exact test;
Log-rank test. ARPS: Antireflux plastic stent; TPS: Traditional plastic stent; IQR: Interquartile range.

b

Figure 3

Figure 3 Kaplan-Meier curve comparing the cumulative patency of stent between the antireflux plastic stent group and the traditional plastic stent group
(P = 0.005, log-rank test). ARPS: Antireflux plastic stent; TPS: Traditional plastic stent.
Figure 4

Figure 4 Kaplan-Meier curve comparing the cumulative survival of patients between the antireflux plastic stent group and the traditional plastic stent
group (P = 0.900, log-rank test). ARPS: Antireflux plastic stent; TPS: Traditional plastic stent.
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Endoscopic biliary stenting has become an established palliative treatment for patients with
unresectable malignant biliary obstruction (MBO). However, stent occlusion is considered to be
the most frequent delayed adverse event of stent placement. Since duodenobiliary reflux is
discussed to be a major risk factor of stent occlusion, in recent years, the design of plastic stents
with an anti-reflux valve has been an attractive idea for prolonging stent patency, unfortunately
without convincing results and therefore limiting their use in clinical practice.

Research motivation
To reduce duodenobiliary reflux and thereby prolonging stent patency, we developed a new
antireflux plastic stent (ARPS) with a “duckbilled” valve attached to the duodenal end of the
stent. We presumed that this valve could simulate the opening and closing function of the duck’s
bill. This geometry allows unimpaired antegrade bile flow into the duodenum, while it closes
instantly when the intestinal pressure increases, thereby preventing the reflux of duodenal
contents.

Research objectives
In this study, we compared the patency of ARPSs with that of traditional plastic stents (TPSs) in
patients with unresectable distal MBO. The results of the study will guide the treatment of
unresectable distal MBO in the future.

Research methods
From February 2016 to December 2017, consecutive patients with extrahepatic MBO were
recruited in our randomized clinical trial. Eligible patients were assigned to receive either an
ARPS or a TPS in a randomized manner. Patients were followed by clinic visits or telephone
interviews every 1-2 mo until stent exchange, death, or the final study follow-up in October 2018.
The duration of stent patency, the rates of technical and clinical success, adverse events, and
patient survival were documented. All data were analyzed statistically to evaluate the efficacy
and safety of this new ARPS.

Research results
During the study period, 89 patients were screened for eligibility. Of these, 51 patients were
excluded; thus, 38 patients were randomized to receive ARPSs or TPSs (19 per group). Stent
insertion was technically successful in all patients. No significant differences were noted in the
rates of clinical success, the rates of early or late adverse events, or patient survival. There was a
significant difference when comparing the duration of stent patency, which was significantly
longer in the ARPS group than in the TPS group.

Research conclusions
This new ARPS is safe and effective for the palliation of unresectable distal MBO, and has a
significantly longer stent patency compared with TPS. This ARPS may be an alternative option
for the treatment of unresectable distal MBO.

Research perspectives
Multiple center studies with larger samples are expected in the future to confirm and strengthen
our results.
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Abstract
BACKGROUND
The quantitative faecal immunochemical test for haemoglobin (FIT) has been
revealed to be highly accurate for colorectal cancer (CRC) detection not only in a
screening setting, but also in the assessment of patients presenting lower bowel
symptoms. Therefore, the National Institute for Health and Care Excellence has
recommended the adoption of FIT in primary care to guide referral for suspected
CRC in low-risk symptomatic patients using a 10 µg Hb/g faeces threshold.
Nevertheless, it is unknown whether FIT´s accuracy remains stable throughout
the broad spectrum of possible symptoms.
AIM
To perform a systematic review and meta-analysis to assess FIT accuracy for CRC
detection in different clinical settings.
METHODS
A systematic literature search was performed using MEDLINE and EMBASE
databases from inception to May 2018 to conduct a meta-analysis of prospective
studies including symptomatic patients that evaluated the diagnostic accuracy of
quantitative FIT for CRC detection. Studies were classified on the basis of brand,
threshold of faecal haemoglobin concentration for a positive test result,
percentage of reported symptoms (solely symptomatic, mixed cohorts) and CRC
prevalence (< 2.5%, ≥ 2.5%) to limit heterogeneity and perform subgroup analysis
to assess the influence of clinical spectrum on FIT´s accuracy to detect CRC.
RESULTS
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Fifteen cohorts including 13073 patients (CRC prevalence 0.4% to 16.8%) were
identified. Pooled estimates of sensitivity for studies using OC-Sensor at 10 µg
Hb/g faeces threshold (n = 10400) was 89.6% [95% confidence interval (CI): 82.7%
to 94.0%). However, pooled estimates of sensitivity for studies formed solely by
symptomatic patients (n = 4035) and mixed cohorts (n = 6365) were 94.1%
(95%CI: 90.0% to 96.6%) and 85.5% (95%CI: 76.5% to 91.4%) respectively (P <
0.01), while there were no statistically significant differences between pooled
sensitivity of studies with CRC prevalence < 2.5% (84.9%, 95%CI: 73.4% to 92.0%)
and ≥ 2.5% (91.7%, 95%CI: 83.3% to 96.1%) (P = 0.25). At the same threshold, OCSensor® sensitivity to rule out any significant colonic lesion was 78.6% (95%CI:
75.6% to 81.4%). We found substantial heterogeneity especially when assessing
specificity.
CONCLUSION
The results of this meta-analysis confirm that, regardless of CRC prevalence,
quantitative FIT is highly sensitive for CRC detection. However, FIT ability to
rule out CRC is higher in studies solely including symptomatic patients.
Key words: Bowel disease; Colorectal cancer; Diagnostic accuracy; Faecal haemoglobin;
Faecal immunochemical test; Faecal occult blood test; Inflammatory bowel disease;
Significant colonic lesion
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The quantitative faecal immunochemical test for haemoglobin (FIT) has been
recommended to guide referral for suspected colorectal cancer (CRC) in people with
unexplained symptoms without rectal bleeding. However, the information regarding its
accuracy in different settings is scarce. Our meta-analysis reveals that sensitivity for
CRC may change across populations with differences in clinical symptoms, irrespective
of CRC prevalence. On the other hand, we should not use this to rule out CRC if its
prevalence is high. In addition, FIT is not sensitive enough to exclude other significant
colonic diseases.

Citation: Pin Vieito N, Zarraquiños S, Cubiella J. High-risk symptoms and quantitative faecal
immunochemical test accuracy: Systematic review and meta-analysis. World J Gastroenterol
2019; 25(19): 2383-2401
URL: https://www.wjgnet.com/1007-9327/full/v25/i19/2383.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i19.2383

INTRODUCTION
The quantitative faecal immunochemical test for haemoglobin (hereinafter referred to
as ‘FIT’) has been revealed to be highly accurate for colorectal cancer (CRC) detection
not only in a screening setting, but also in the assessment of patients presenting lower
bowel symptoms[1,2]. Therefore, the National Institute for Health and Care Excellence
(NICE) has recently recommended adoption of FIT in primary care to guide referral
for suspected CRC in people without rectal bleeding who have unexplained
symptoms but do not meet the criteria for a suspected cancer pathway referral.
Results should be reported using a threshold of 10 micrograms of haemoglobin per
gram of faeces (μg Hb/g faeces)[3,4].
However, a clinical concern has been highlighted on transference of research results
to clinical practice[5]. The NICE recommendation applies only to patients who present
low-risk symptoms. In contrast, most available studies include patients who had
symptoms (e.g., rectal bleeding) associated with higher probability of CRC and most
were performed in a secondary care setting. Although other population variables
could be involved, this difference in the clinical spectrum could account for the high
CRC prevalence shown in the meta-analysis used to support this recommendation
(range 2.15% to 5.4%), compared to the estimated 1.5% for the relevant symptomatic
group used in NICE guidance ‘NG12’[3].
Thus, since the prevalence of the target condition may affect estimates of test
performance by means of mechanisms other than patient spectrum [6] , there is
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insufficient information to elucidate whether the presence of high-risk symptoms or
another clinical difference involving a higher CRC prevalence in the studies that fitted
this meta-analysis inclusion criteria, will affect the expected performance of FIT in
primary care. With the aim of assessing the stability of FIT´s accuracy across the broad
spectrum of situations we could face outside a screening setting, we decided to
perform an additional systematic review expanding upon previous inclusion criteria.

MATERIALS AND METHODS
We designed a systematic review and meta-analysis following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement to
conduct and report our systematic review[7].

Data sources and searches
We included all studies identified by a sensitive search of “FIT for CRC” in MEDLINE
(via PubMed) and EMBASE (via Ovid) databases from inception to 21 May 2018. Data
sources were also extended to the reference lists of all articles extracted from the
search strategy detailed in Appendix 1.

Study selection
Two authors (NP and SZ) independently reviewed and screened titles and abstracts of
articles retrieved and determined final eligibility by means of examination of full
texts. Any disagreement was resolved through discussion or by consulting a third
author (JC). We regarded studies as suitable for our review if they met all the
following inclusion criteria:

Population, setting and study design
We included all prospective cohort studies performed on adult patients out of CRC
screening programme setting either including patients: (1) Consulting with a
physician for non-acute lower abdominal symptoms; or (2) consecutively scheduled
for elective colonoscopy, when at least a fraction of symptomatic patients was
included. No language restriction was applied.

Index test
Studies that evaluated the diagnostic accuracy of the quantitative FIT for CRC
detection either reporting absolute numbers of true-positive, false-negative, truenegative, and false-positive observations, or data from which sensitivity and
specificity could be extrapolated. In the case of studies reporting more than one FIT
specimen, we only included the results of the first determination.

Reference test
We included studies that reported an appropriate reference standard (colonoscopy or
≥ 2-year longitudinal follow-up of the controls).

Endpoints
Our main objective was to estimate the diagnostic accuracy of FIT for CRC detection.
Secondary goals included assessing the usefulness of FIT to detect advanced neoplasia
(AN) and significant colonic lesions (SCLs) in symptomatic patients. The definitions
of AN and SCL differ from country to country, which should be considered when
interpreting data. This issue will be subsequently outlined in detail for each study.

Data extraction and risk of bias
One reviewer (NP) extracted data and extractions were checked by a second reviewer
(JC); any disagreements were resolved by means of discussion and consensus. In each
study, potential risks of bias were calculated using the Quality Assessment of
Diagnostic Accuracy Studies 2 tool (QUADAS-2)[8]. An inverted funnel or “Christmas
tree” scatterplot was used to detect publication bias.

Data synthesis and statistical analysis
We classified studies on the basis of brand and threshold of faecal haemoglobin (f-Hb)
concentration for a positive test result to limit heterogeneity. When four or more
studies on a specific subgroup were available, bivariate analyses were applied to
calculate pooled estimates of sensitivity, specificity and likelihood ratios using the
statistical software package STATA (v14) [9,10] . A hierarchical summary receiver
operating characteristic (HSROC) curve was generated to present the summary
estimates of sensitivities and specificities along with their corresponding 95%
confidence interval (CI) and prediction region. An area under the HSROC curve
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(AUC) between 0.9 and 1.0 indicated that diagnostic accuracy was good[11].
When a bivariate random-effects approach was not possible due to limited number
of studies, we applied a random effects model following DerSimonian’s method using
MetaDisc software [12] . In that case a summary receiver operating characteristics
(sROC) curve was plotted using DerSimonian and Lair’s model to present summary
sensitivity and specificity estimates through the AUC or Q* index[13-15].

Subgroup analysis
To determine whether FIT´s accuracy to detect CRC out of screening setting was
influenced by high-risk symptoms, studies were classified by percentage of reported
symptoms and CRC prevalence. Cohorts formed solely by patients who consult for
abdominal symptoms represent a population with a better chance of high-risk
symptoms of CRC (e.g., rectal bleeding). Prespecified CRC prevalence values (< 2.5%
and ≥ 2.5%) were used to ensure an adequate number of data sets for each analysis. A
bivariate model was fitted for each subgroup; direct comparison between them was
performed using STATA (xtmelogit command)[16].

Threshold effect and other sources of heterogeneity
Threshold effect was examined by calculating Spearman’s rank correlation (P < 0.1
was considered to be statistically significant), and ROC space plots were used to
represent the sensitivity against 1-specificity of each study. In addition to the visual
inspection of the forest plots of accuracy estimates, statistical tests, including Chisquare and Cochran’s Q tests, were used to ascertain whether inter-study differences
were greater than expected based on chance alone (P < 0.1 suggested heterogeneity);
the inconsistency index (I2) was used as a measure to quantify the degree of
heterogeneity. The statistical methods of this study were reviewed by Noel Pin Vieito
from Complexo Hospitalario Universitario de Ourense.

RESULTS
Literature search and study characteristics
Our initial literature search yielded a total of 12657 references. After abstract review,
we identified 342 complete papers retrieved for manual searching, yielding 5919
additional potential sources of information; of these, 81 articles were selected for fulltext review and 14 studies were ultimately considered relevant for our purpose
(Figure 1) [17-30] . Inter-rater reliability was moderate (kappa 0.58). Individual
unpublished data from derivation [29] and validation [31] cohorts included in the
COLONPREDICT study were also used as these patients fitted the inclusion criteria.
In total, 15 cohorts (13073 patients) were selected for qualitative synthesis. Full details
of these studies are shown in Tables 1 and 2, and Appendix 2.

Quality assessment
The QUADAS-2 instrument highlighted an important risk of bias in the patient
selection domain (Figure 2). Some patients could have been enrolled in a nonconsecutive manner[17], and another five studies also evaluated diseases or situations
that could compete with CRC as a cause of a positive FIT as exclusion criteria[18,21,22,24,25].
The greatest applicability concern arose from the patient selection category, as none of
the samples analysed was fully representative of patients with low risk gastrointestinal symptoms reported in NG12[3].

Diagnostic performance for colorectal cancer
Table 3 and Figure 3 present summary sensitivity and specificity estimates calculated
with a random effects model following the approach of DerSimonian’s method for
each screening modality using OC-Sensor ® . Figure 4 shows the sROC curves at
different thresholds. The highest AUC was obtained at a 20 µg Hb/g faeces threshold
(AUC = 0.93, 95%CI 0.90-0.96). Furthermore, studies using OC-Sensor® with various
thresholds higher than 20 µg Hb/g faeces [17,18,23] , and also studies using HMJACK®[19,24], HM-JACKarc®[28] and FOB Gold®[30] have been published but their data
could not be pooled due to the scarce number of studies in those thresholds.
Individual data are shown in Table 4.

Heterogeneity assessment
We found substantial heterogeneity between studies when calculating the pooled
sensitivity for almost every threshold analysed in the studies evaluating OC-Sensor®
(Table 3). Spearman’s rank correlation coefficient was higher than 0.1, suggesting an
absence of threshold effect in all cases. The scarce number of studies limited our intent
to determine the existence of publication bias using funnel plots. However, when
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Table 1 Characteristics of the studies included in the meta-analysis
Demographic
characteristics
Test

Study, Year

CRC AN

Exclusion
criteria

SC
-L

Symptoms, %

Age Sex
N

(m/ (W% Area
-md) )

%

%

%

0

IBD OB AD AnS WeL AbPa Hem ChBo Co

Di

An

NA

Mixed cohorts
OC-S

Rozen, 2010[17]

1682

63.7

49.6

IL

1.2

8.9

yes

yes

yes

23

NA

NA

0

NA

NA

NA

OC-S

Mc Donald, 2012[20]

280

631

59.6

UK (S)

2.1

NA 21.4 NA

no

no

NA

NA

NA

NA

NA

NA

NA

NA

OC-S

Ou, 2013[21]

694

59.51

55.9

CN

0.4

6.1

NA

yes

yes

no

NA

NA

NA

NA

NA

NA

NA

NA

van Turenhout, 2014[18] 3022

59.7

55.0

NL

2.3

12.3 NA

yes

yes

no

44

2.9

11.7

0

18.1

3

4.2

0

1381 64.11

50.6

AU

4.8

17.2 NA

no

no

no

34.8

NA

NA

NA

NA

NA

NA

NA

OC-S
OC-S

Symonds, 2016[23]

HM-J

Woo, 2005[19]

85

561

52.9

KR

7.1

NA

NA

NA

no

no

49.4

0

15.3

4.7

1.2

0

17.6

4.7

HM-Ja

Auge, 2016[22]

208

631

55.8

ES

1.0

14.0 NA

yes

yes

yes

NA

NA

NA

0

NA

NA

NA

NA

FOB
Gold®

Auge, 2018[30]

487

62

51.2

ES

2.5

14.6 NA

no

no

yes

54.2

NA

NA

NA

NA

NA

NA

NA

100% Symptomatic cohorts
OC-S

Mowat, 2016[26]

750

641

54.7

UK (S)

3.7

NA 13.6

no

no

no

100

0.9

11

34.2

42.8

NA 16.8

8.9

OC-S

Rodriguez-Alonso,
2015[25]

1003

NA

46.8

ES

3.0

13.3 23.4

yes

no

no

100

19

36.4

34.2

NA

12.1 23.5

8.8

OC-S

Cubiella, 2014 (DC)[29]

1567

66.9

48.6

ES

13.7

26.7 29.5

no

no

no

100

24.5

43.8

59.9

57.2

14.5 22.2 34.8

OC-S

Cubiella, 2017 (VC)

[31]

715

64.4

53.3

ES

9.4

21.1 25.3

no

no

no

100

NA

NA

54

47.9

NA

NA

HM-J

Parente, 2012[24]

280

67

43.9

IT

16.8

47.2

0

yes

no

no

100

11.1

17.9

26.1

23.9

NA

NA

15

HM-Ja

Godber, 2016[27]

484

591

60.1

UK (S)

2.3

NA

9.3

no

no

no

100

1.7

18.8

15.9

39.7

NA

NA

4.8

HM-Ja

Widlack, 2017[28]

430

671

51.0

UK (E)

5.6

NA

NA

no

no

no

100

15.8

30

43

64.2

NA

NA 17.2

NA

1

Age is expressed as median; AbPa: Abdominal pain; AD: Antithrombotic discontinuity; An: Anaemia; AN: advanced neoplasia; AnS: Any symptom; AU:
Australia; CN: China; Co: Constipation; CRC: Colorectal cancer; ChBo: Change in bowel habit; DC: Derivation cohort; Di: Diarrhoea; ES: Spain; HM-J: HMJACK®; HM-Ja: HM-JACKarc®; Hem: Haematochezia; IBD: Inflammatory bowel disease; IL: Israel; IT: Italy; KR: South Korea; m: mean; md: median; NA:
Non-available; NL: Netherlands; OC-S: OC-Sensor®; OB: Overt bleeding; SCL: Significant colonic lesion; UK (E): United Kingdom (England); UK (S):
United Kingdom (Scotland); VC: Validation cohort; W%: Women%; WeL: Weight loss.

plotting each study’s diagnostic odds ratio (dOR) in a logarithmic scale against its
sample size, we did not identify any trends towards asymmetry around the axis
traced by the pooled dOR value for any analysed threshold, which suggests the
absence of this possibility (Figure 5).

Subgroup and bivariate analysis
Although the number of studies limited our ability to use bivariate and HSROC
models for most subgroups, the number of available studies performed with the OCSensor® enabled us to perform a subgroup analysis based on CRC prevalence and
percentage of symptoms at the 10 µg Hb/g faeces threshold (10400 patients). Pooled
estimates of sensitivity for studies comprised solely by symptomatic patients (n =
4035) and mixed cohorts (n = 6365) were 94.1% (95%CI: 90.0% to 96.6%) and 85.5%
(95%CI: 76.5% to 91.4%) respectively (P < 0.01), while there were no statistically
significant differences between pooled sensitivity of studies with CRC prevalence <
2.5% (84.9%, 95%CI: 73.4% to 92.0%) and ≥ 2.5% (91.7%, 95%CI: 83.3% to 96.1%) (P =
0.25). FIT sensitivity was equal or higher than 90% for almost every situation analysed
(Table 3 and Figure 6).
Conversely, pooled specificities were significantly different when comparing
studies both by percentage of symptoms (solely symptomatic = 66.0%; 95%CI: 47.1%
to 80.9% vs lesser percentage of reported symptoms = 89.3%; 95%CI: 84.1% to 93.0%, P
= 0.01) as by CRC prevalence (CRC prevalence < 2.5% = 90.5%; 95%CI: 89.0% to 91.9%
vs CRC prevalence ≥ 2.5% = 69.3%; 95%CI: 53.5% to 81.6%, P < 0.01).
A comparison between summary sensitivity and specificity estimates calculated
with both methods is shown in Table 5 and generated HSROC curves in Figure 7. OCSensor® accuracy parameters (threshold 10 µgHb/g faeces) estimated by bivariate
model from both ‘100% symptomatic’ and ´mixed cohort´ subgroups, were used to
calculate different post-test probabilities through Fagan nomograms on the basis of
various CRC prevalence (Figures 8 and 9).
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Figure 1

Figure 1 Summary of evidence search and selection.

Secondary endpoints: diagnostic performance for AN and SCL
Besides the COLONPREDICT study cohorts[29,31], nine[17,19-22,24-26,30] and four[20,26-28] studies
provided information on the FIT’s accuracy for AN and SCL detection, respectively,
with heterogeneous definitions. Furthermore, Terhaar sive Droste et al[32] published
data on FIT´s accuracy for AN detection in 2145 patients included in van Turenhout´s
study[18]. AN was defined as CRC plus high-risk[19-21,26]vs advanced[17,22,24,25,30-32] adenoma.
This variability was greater for the definition of SCL. Some studies defined SCL as
cancer plus high-risk adenoma plus inflammatory bowel disease[20,26], whereas Godber
et al[27] expanded that definition to include other types of colitis. A broader definition
was used by Cubiella et al[29,31] including CRC, advanced adenoma, polyposis, colitis,
polyps ≥ 10 mm, complicated diverticular disease, colonic ulcer and bleeding
angiodysplasia. Auge et al[30] provided data about FOB Gold® accuracy for colonic
lesion detection regardless of its importance. Finally, as long as Widlack et al[28] added
a single case of high-grade dysplasia to 24 cases of CRC, we decided to include their
study within the CRC group.
Summary sensitivity and specificity estimates for AN and SCL detection are shown
in Table 6. Once again, studies evaluating OC-Sensor ® with different
thresholds[17,21,29,31,32], HM-JACK®[24], HM-JACKarc®[22,27] or FOB Gold®[30] have been
published but their number was insufficient to enable pooling of data in homogeneous groups. Individual data are shown in Tables 7 and 8.

DISCUSSION
Statement of principal findings
This meta-analysis confirms that FIT is useful for triaging referrals in people with
lower abdominal symptoms. Most studies have been performed using OC-Sensor®
assay; using this brand, the high pooled estimates of sensitivity for CRC shown at fHb thresholds from limit of detection (LoD) to 20 µg Hb/g faeces, demonstrates this
brand’s ability to stratify which symptomatic patients are more likely to have CRC.
Furthermore, the optimal OC-Sensor® performance (maximising both sensitivity
and specificity) appeared to occur with f-Hb thresholds between 10 and 20 μg Hb/g
faeces as FIT specificity is too low at a LoD f-Hb threshold. Since fewer cases of CRC
will be missed with the former, 10 μg Hb/g faeces may be the most suitable threshold
for CRC assessment of patients with symptoms (sROC AUC 0.92). In fact, subgroup
analysis at this threshold demonstrates that regardless of CRC prevalence, summary
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Table 2 Possibility of data extraction on the accuracy of quantitative faecal immunochemical test for haemoglobin for detecting
colorectal cancer, advanced neoplasia and significant colonic lesion
CRC
Study

AN

Threshold (U)

Threshold (U)
SxD

0 10 15

20

Other

Rozen, 2010[17]

x

x

x

25; 30; 40

Van Turenhout,
2014[18]

x

x

x

40

Mc Donald, 2012[20]

x

Ou, 2013

0

10

15 20

Other

x

x

25; 30; 40

x

0 10 15

x

30; 40; 50;
60

x
5; HRA

x

x

x

33
x

Other

x

Auge, 2016[22]

x

20

x

60; 80

Woo, 2005[19]

SxD

SxD

5
x

Auge, 2018[30]

Threshold (U)

SD

HRA

[21]

Symonds, 2016[23]

SCL

30; 40

x

3; HRA

30; 40; 50;
60

x

x

x

30; 40; 50;
60

x

Cubiella, 2014
(DC)[29]

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Cubiella, 2016
(VC)[31]

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

Rodríguez-Alonso
2015[25]

x

x

x

x

x

x

x

x

Mowat, 2016[26]

x

x

x

x

x

x

Parente, 2012[24]

HRA HRA
x

x

Godber, 2016[27]

x

Widlack, 2017[28]

25; 30; 35;
40
7; HGD

AN: Advanced neoplasia; CRC: Colorectal cancer; DC: Derivation cohort; HDG: High-grade dysplasia; HRA: High risk adenoma; SCL: Significant colonic
lesion; SxD and SD: Differences between sex and stage respectively can be calculated VC: Validation cohort; (U): Threshold units: μgrams of haemoglobin
per gram of faeces.

estimates of sensitivity are higher when calculated from studies where all patients are
overtly symptomatic than from mixed cohorts. Moreover, if we aim to rule out not
only CRC but also other SCL using the same threshold, OC-Sensor ® accuracy
decreases showing lower sensitivities without improving specificity.
Finally, although information related to FIT accuracy to detect different targets
have been reported using other brands and thresholds (HM-JACK, HM-JACKarc and
FOB Gold), we could not pool their data due to the scarce number of homogeneous
studies. Consequently, we could not assume the same degree of evidence for them.

Strengths and weaknesses
The limited number of studies did not enable us to tackle the high expected
heterogeneity for all the different thresholds and assays available. Several factors
could account for the heterogeneity detected: CRC prevalence [33] , demographic
characteristics [ 3 4 ] , tumour location and stage [ 3 5 ] , sample contamination (e.g.,
haemorrhoids)[36], or FITs[37]. As reported in Table 1, there were many inter-study
differences, but the low number of studies included in our review did not enable us to
perform a subgroup analysis for most of them. This also limited our ability to conduct
statistical pooling using bivariate and HSROC models, which offer the strongest
conclusions regarding diagnostic performance. In contrast, random effects methods
incorporate a slight degree of heterogeneity among study results[38]. Where possible,
we applied both models to calculate pooled estimates of accuracy showing very
similar results. Despite this, the strategy to include both studies performed on
different percentages of symptomatic patients and the individual data of the
COLONPREDICT study[31], enabled us to determine the diagnostic accuracy of the FIT
at different thresholds and check the test’s diagnostic accuracy at different patient
spectra with a different percentage of symptomatic patients and CRC prevalence.
An additional focal point of our review was to ascertain whether all FIT brands
shared similar accuracy values. Only four studies with varying thresholds and
settings reported the accuracy parameters of the HM-JACK®[19,24] HM-JACKarc®[28] and
FOB Gold®[30] systems to detect CRC and no study to date has directly compared the
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Figure 2

Figure 2 Quality Assessment of Diagnostic Accuracy Studies.

performance of different FITs. Finally, we evaluated the diagnostic performance of the
FIT in detecting SCLs. However, we must highlight that the main limitations of our
analysis were the varying definitions and diagnostic criteria for both advanced (or
high-risk) adenoma and SCL among the studies.

Strengths and weaknesses in relation to other studies
A prior systematic review assessed the value of symptoms and additional diagnostic
tests for CRC assessing, including FIT, in symptomatic primary care patients[39]. This
review was completed in 2008 and included only three studies involving quantitative
FITs. Another systematic review[2] was recently performed to provide information on
the new NICE DG30 diagnostic guidelines[4]. We expanded previous inclusion criteria
to assess the performance of FIT on samples with different percentage of symptoms
and CRC prevalence, since the population included in that meta-analysis was not
representative of the criteria reported in NG12[3]. In fact, the studies included had
major variability in terms of CRC prevalence[6].
Moreover, to ascertain whether FIT´s accuracy to detect CRC changes in
symptomatic patients may be challenging. There are few studies on heterogeneous
populations outside a screening setting and categorising those studies according to
the presence and type of symptoms is difficult due to unspecific abdominal symptoms
commonly associated with bowel cancer (such as abdominal pain or changing bowel
habit) are common and sometimes unreported among apparently healthy people[40].
This not only diminishes the value of symptoms as a diagnostic tool as previously
reported[39,41,42], but means that even a significant proportion of individuals taking part
in CRC screening programmes could suffer from unreported lower gastrointestinal
symptoms. This could also explain why in some studies SCL prevalence has been
revealed to be similar between patients suffering from nonspecific abdominal
symptoms and supposedly ‘asymptomatic’ symptoms, unlike what is expected[43,44].
Our results suggest that although FIT may play a key role in the evaluation of
symptomatic patients, it should not be used alone to rule out CRC. In fact, FIT should
be interpreted considering the whole clinical spectrum including variables such as sex
and age[34]. Moreover, high-risk symptoms like rectal bleeding or diarrhoea may affect
the amount of f-Hb detected. FIT accuracy could be higher in this setting than in
unspecific low-risk symptoms which are also more in line with the NG12 scenario
reported[3].
This clinical concern may affect the expected number of missed CRC as previously
discussed elsewhere[5]. Therefore, we checked the performance of FIT in different
theoretical situations defined in Figure 8 by means of what we try to represent as the
sources of uncertainty of actual decision-making. For example, if we ‘erroneously’
assumed that FIT sensitivity to rule out CRC is 94.1% for any symptomatic patient
after being estimated by pooling ‘100% symptomatic’ studies which have higher
percentages of high-risk symptoms such as rectal bleeding, but the ‘true value’ were
85.5% (estimated by ‘mixed cohorts’) we would miss 1, 2 and 10 unexpected
additional CRCs in populations with a CRC prevalence of 1%, 3% and 13%,
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Table 3 Colorectal cancer detection: Diagnostic accuracy parameters based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand (DerSimonian´s method)"
Studies
Sensitivity1
(n)

Variable

I22

Specificity1 I22 Positive LR3 I22

Negative
LR3

I22

Diagnostic
OR3

Pa

I22

OC-Sensor, > LoD µg Hb/g faeces
All studies

4

98.2 (96.299.3)

0.0

35.8 (34.237.3)

96.1

1.55 (1.371.75)

94.2

0.07 (0.030.14)

0.0

21.41 (10.0745.5)

0.0

0.6

OC-Sensor, ≥ 10 µg Hb/g faeces
All studies

8

90.8 (87.993.2)

69.7

79.9 (79.180.7)

99.4

4.79 (2.967.76)

99.1

0.15 (0.090.23)

52.7

31.44 (19.5050.68)

44.7

0.0
9

100%
Symptomatic

4

94.4 (91.496.6)

0.0

65.9 (64.467.4)

99.3

2.97 (1.784.95)

99.0

0.10 (0.060.15)

0.0

28.49 (17.7745.67)

0.0

0.6

Mixed patients

4

83.2 (76.588.6)

44.5

88.2 (87.489.0)

96.7

7.78 (4.7212.82)

95.1

0.21 (0.130.33)

30.7

35.36 (14.1988.10)

71.0

0.6

CRC prevalence ≥
2.5%

5

91.9 (88.794.3)

76.0

69.7 (68.571.0)

99.2 3.16 (1.99-5.0) 98.8

0.13 (0.070.25)

66.5

23.20 (14.7636.47)

20.0

0.2

CRC prevalence <
2.5%

3

86.3 (77.792.5)

48.0

90.2 (89.491.1)

72.6

9.21 (7.2311.74)

55.1

0.17 (0.090.33)

26.4

52.33 (27.23100.58)

10.0

0.7

OC-Sensor, ≥ 15 µg Hb/g faeces
All studies

5

91.0 (87.893.6)

73.3

81.8 (80.982.7)

99.7

4.77 (2.349.71)

99.4

0.15 (0.090.25)

57.3

36.64 (20.4365.71)

49.7

0.0
4

100%
Symptomatic4

3

93.6 (90.296.0)

32.6

65.8 (64.167.5)

99.5

2.91 (1.465.78)

99.3

0.11 (0.070.16)

0.0

29.10 (12.7466.46)

35.5

0.6
7

OC-Sensor, ≥ 20 µg Hb/g faeces
All studies

5

90.3 (86.993.0)

75.6(86.993.0)

83.4 (82.584.2)

99.7

5.30 (2.4711.34)

99.4

0.15 (0.090.27)

67.2

39.02 (21.4870.88)

56.1

0.0
4

100%
Symptomatic4

3

92.9 (89.595.5)

26.1

68.0 (66.369.7)

99.5

3.14 (1.526.50)

99.3

0.11 (0.070.17)

0.0

29.81 (15.0559.04)

29.2

0.6
7

1

Values are expressed as percentages and its 95% confidence interval;
Values are expressed as percentages;
Values are expressed as absolute numbers and its 95% confidence interval;
4
The studies that comprise the 100% symptomatic subgroup also have colorectal cancer prevalence ≥ 2.5%; Pa: Significance of the threshold effect using the
Spearman rank correlation (P < 0.01 is considered statistically significant). I2: Inconsistency index; LoD: Limit of detection; LR: Likelihood ratio; OR: Odds
ratio; CRC: Colorectal cancer.
2
3

respectively, for each 1000 symptomatic patients with CRC assessed.
Nevertheless, it is important to note that the aim of performing a FIT in a
symptomatic patient is not only to rule out CRC as long as other conditions, such as
IBD, may also present the same symptoms. Unfortunately, we could only estimate the
pooled accuracy parameters of three studies performed with the OC-Sensor® at LoD
and 10 µg Hb/g faeces thresholds respectively, with sensitivity estimates ranging
from 91.7% to 80.4%. Despite the weakness previously discussed, these results are
consistent with the results of Hogberg et al’s study[45], which demonstrated that a
qualitative FIT with a LoD f-Hb threshold could identify 87.5% and 90% of cases of
CRC and IBD in unselected primary care patients, respectively.

Unanswered questions and future research
Although our results support the use of FIT in optimising the number of urgent
referrals and helping to define a patient cohort with a negligible risk of CRC that
would not require any referral, caution is recommended when using it outside the
screening setting for symptomatic patients. FIT´s accuracy for detecting SCL appears
to be not equally reliable in every patient subgroup. Finally, whether to exclude the
use of further diagnostic tests in symptomatic patients with high CRC prevalence is
doubtful, especially if symptoms persist. Thus, existing FIT-based prediction
models[25,31,46] and recently published results[47,48] should also be validated directly,
comparing different FIT brands and stratifying by clinical spectrum, while future
biomarkers[49,50] should also be evaluated and compared with the FIT to incorporate
objective criteria that can safely rule out CRC diagnosis.
In conclusion, our meta-analysis reveals that sensitivity for CRC may change across
populations with differences in clinical symptoms, irrespective of CRC prevalence. In
addition, FIT is not sensitive enough to exclude other significant colonic diseases.
Future studies solely concerned with patients consulting for low risk symptoms are
needed to better assess the role of FIT in ruling out CRC in this subgroup. Meanwhile,
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Figure 3

Figure 3 Pooled sensitivity and specificity of faecal immunochemical tests for colorectal cancer detection based on threshold and branch (DerSimonian´s
method). CI: Confidence interval; DC: Derivation cohort; VC: Validation cohort.

a single f-Hb cut-off of 10 mg Hb/g faeces could be used in this population to identify
which patients may benefit from a “watching and waiting” strategy without this
involving to avoid further workup, irrespective of FIT result, if there is no response to
treatment.
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Table 4 Diagnostic accuracy parameters for colorectal cancer detection based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand
Threshold(µg/g faeces)

Author, year

Sensitivity1

Specificity1

OC-Sensor®

25

Rozen, 2010[17]

60.0 (36.1-80.9)

95.2 (94.0-96.2)

OC-Sensor®

30

Rozen, 2010[17]

55.0 (31.5-76.9)

95.8 (94.7-96.7)

OC-Sensor

®

40

[17]

55.0 (31.5-76.9)

96.3 (95.3-97.2)

OC-Sensor®

40

van Turenhout, 2014[18]

75.4 (63.5-84.9)

94.8 (93.9-95.6)

OC-Sensor®

60

Symonds 2016[23]

63.6 (50.9-75.1)

91.9 (90.3-93.3)

OC-Sensor®

80

Symonds 2016[23]

59.1 (46.3-71.0)

93.4 (91.9-94.7)

[19]

Brand
Mixed cohorts

®

Rozen, 2010

HM-JACK

33

Woo, 2005

50.0 (11.8-88.2)

83.5 (73.5-90.9)

FOB Gold®

10

Auge, 2018[30]

91.7 (71.5-98.5)

82.2 (79.6-84.5)

FOB Gold®

20

Auge, 2018[30]

87.5 (66.5-96.7)

86.0 (83.6-88.1)

FOB Gold

®

30

Auge, 2018

[30]

83.3 (61.8-94.5)

89.2 (87.0-91.1)

FOB Gold®

40

Auge, 2018[30]

83.3 (61.8-94.5)

90.3 (88.2-92.1)

FOB Gold®

50

Auge, 2018[30]

83.3 (61.8-94.5)

91.4 (89.4-93.1)

FOB Gold®

60

Auge, 2018[30]

83.3 (61.8-94.5)

91.8 (89.9-93.5)

20

Parente, 2012[24]

61.7 (46.4-75.5)

88.8 (84.1-92.6)

7

Widlak, 2017[28]

84.0 (63.9-95.5)

93.1 (90.2-95.4)

100% Symptomatic
HM-JACK®
®

HM-JACKarc

1

Values are expressed as percentages and its 95% confidence interval.

Table 5 OC-Sensor® diagnostic accuracy parameters for colorectal cancer detection (Threshold 10 µg Hb/g faeces) estimated with
DerSimonian vs Bivariate methods
Studies (n)

Sensitivity1

Specificity1

Positive LR2

Negative LR2

Diagnostic OR2

All studies (DS)

8

90.8 (87.9-93.2)

79.9 (79.1-80.7)

4.79 (2.96-7.76)

0.15 (0.09-0.23)

31.44 (19.50-50.68)

All studies (Bv)

8

89.6 (82.7-94.0)

80.2 (67.2-88.9)

4.52 (2.73-7.50)

0.13 (0.08-0.20)

34.85 (20.74-58.57)

100% Symptomatic (DS)

4

94.4 (91.4-96.6)

65.9 (64.4-67.4)

2.97 (1.78-4.95)

0.10 (0.06-0.15)

28.49 (17.77-45.67)

100% Symptomatic (Bv)

4

94.1 (90.0-96.6)

66.0 (47.1-80.9)

2.77 (1.69-4.55)

0.09 (0.06-0.14)

30.93 (16.09-59.45)

Mixed patients (DS)

4

83.2 (76.5-88.6)

88.2 (87.4-89.0)

7.78 (4.72-12.82)

0.21 (0.13-0.33)

35.36 (14.19-88.10)

Mixed patients (Bv)

4

85.5 (76.5-91.4)

89.3 (84.1-93.0)

8.01 (5.07-12.65)

0.16 (0.10-0.28)

49.35 (19.88-122.5)

CRC prevalence ≥ 2.5% (DS)

5

91.9 (88.7-94.3)

69.7 (68.5-71.0)

3.16 (1.99-5.0 )

0.13 (0.07-0.25)

23.20 (14.76-36.47)

CRC prevalence ≥ 2.5% (Bv)

5

91.7 (83.3-96.1)

69.3 (53.5-81.6)

2.99 (1.97-4.53)

0.12 (0.07-0.21)

24.95 (16.02-38.86)

CRC prevalence < 2.5% (DS)

3

86.3 (77.7-92.5)

90.2 (89.4-91.1)

9.21 (7.23-11.74)

0.17 (0.09-0.33)

52.33 (27.23-100.58)

CRC prevalence < 2.5% (Bv)

3

84.9 (73.4-92.0)

90.5 (89.0-91.9)

8.96 (7.63-10.53)

0.17 (0.09-0.30)

53.77 (26.99-107.11)

Variable

1

Values are expressed as percentages and its 95% confidence interval;
Values are expressed as absolute numbers and its 95% confidence interval. Bv: Bivariate; CRC: Colorectal cancer; D: DerSimonian; LR: Likelihood ratio;
OR: Odds ratio.
2

Table 6 Advanced neoplasia and significant colonic lesion detection: Diagnostic accuracy parameters based on quantitative faecal
immunochemical test threshold concentration and brand (DerSimonian´s method)
Studies(n
Sensitivity1
)

Variable

I22

Specificity1

91.0 (88.793.0)

87.9

36.9 (35.038.8)

95.2

1.40 (1.351.45)

0.0

0.26 (0.160.44)

67.9 (65.170.5)

97.4

81.0 (80.082.0)

99.5

3.42 (1.975.94)

98.8

0.41 (0.300.57)

Diagnostic
OR3

I22

Pa

76.6

5.44 (3.48-8.48)

58

< 0.001

93.4

9.43 (8.10-10.98)

0.0

< 0.001

I22 Positive LR3 I22 Negative LR3 I22

Advanced neoplasia
OC-Sensor, > LoD µg Hb/g faeces
All studies

3

OC-Sensor, ≥ 10 µg Hb/g faeces
All studies

5
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100% Symptomatic

3

79.7 (76.582.6)

94.6

67.3 (65.569.1)

99.4

2.43 (1.414.17)

98.5

0.32 (0.210.49)

86.5

8.67 (6.96-10.80)

5.8

< 0.001

Prevalence CRC ≥
2.5%

4

71.7 (68.874.5)

97.1

76.7 (75.477.9)

99.5

2.96 (1.655.30)

98.9

0.36 (0.250.53)

91.8

9.29 (7.79-11.09)

9.3

< 0.001

OC-Sensor, ≥ 15 µg Hb/g faeces
All studies

5

65.0 (62.267.8)

97.6

83.5 (82.584.4)

99.6

3.90 (2.047.47)

99.0

0.43 (0.310.60)

94.2

10.06 (8.1412.44)

42.4 < 0.001

100% Symptomatic

3

76.8 (73.579.9)

95.6

70.3 (68.572.1)

99.4

2.63 (1.394.97)

98.8

0.34 (0.220.52)

88.4

8.88 (7.23-10.91)

0.0

Prevalence CRC ≥
2.5%

4

69.3 (66.372.1)

97.1

79.4 (78.280.6)

99.6

3.33 (1.676.66)

99.1

0.38 (0.270.54)

91.1

9.72 (7.46-12.66)

55.4 < 0.001

57.4 < 0.001

< 0.001

OC-Sensor, ≥ 20 µg Hb/g faeces
All studies

5

62.9 (60.165.7)

97.8

85.1 (84.286.0)

99.6

4.34 (2.168.73)

99.0

0.45 (0.320.62)

95.3

10.62 (8.2413.67)

100% Symptomatic

3

75.1 (71.778.3)

96.1

72.4 (70.774.1)

99.5

2.85 (1.435.65)

98.8

0.35 (0.230.55)

90.4

9.19 (7.47-11.32)

Prevalence CRC ≥
2.5%

4

67.5 (64.570.4)

97.3

81.2 (80.082.3)

99.6

3.66 (1.747.71)

99.1

0.40 (0.290.55)

91.7

10.19 (7.4913.86)

91.7 (89.593.6)

0.0

36.9 (35.039.0)

94.2

1.45 (1.321.59)

80.4

0.24 (0.190.30)

0.0

6.01 (4.57-7.92)

1.8

< 0.001

66.5 < 0.001

Significant colonic lesion
OC-Sensor, LoD µg Hb/g faeces
All studies

3

0.0

< 0.001

OC-Sensor, ≥ 10 µg Hb/g faeces
All studies

4

78.6 (75.681.4)

91.5

69.8 (67.971.6)

99.2

3.75 (2.086.76)

98.3

0.34 (0.270.42)

59.6

11.72 (6.4121.45)

82.8 < 0.001

100% Symptomatic4

3

80.4 (77.483.2)

89.6

67.0 (65.068.9)

99.2

2.54 (1.454.46)

98.5

0.31 (0.260.37)

23.7

8.56 (6.18-11.86)

49.8 < 0.001

1

Values are expressed as percentages and its 95% confidence interval;
Values are expressed as percentages;
Values are expressed as absolute numbers and its 95% confidence interval;
4
The studies that comprise the 100% symptomatic subgroup also have CRC prevalence ≥ 2.5%; Pa: Significance of the threshold effect using the Spearman
rank correlation (P < 0.01 is considered statistically significant). I2: Inconsistency index; LoD: Limit of detection; LR: Likelihood ratio; OR: Odds ratio; CRC:
Colorectal cancer.
2
3

Table 7 Diagnostic accuracy parameters for advanced neoplasia detection based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand
Brand

Threshold(µg/g faeces)

Author, year

Sensitivity1

Specificity1

Mixed cohorts
®

5

Ou, 2013[21]

56.8 (39.5-72.9)

88.7 (85.7-91.2)

OC-Sensor

®

25

Rozen, 2010[17]

27.5 (20.3-34.7)

96.7 (95.8-97.6)

OC-Sensor®

25

Terhaar sive Droste, 2010[32]

48.3 (42.6-53.9)

94.3 (93.2-95.3)

OC-Sensor®

30

Rozen, 2010[17]

26.8 (19.9-34.7)

97.3 (96.5-98.1)

OC-Sensor

[32]

OC-Sensor

®

30

46.0 (40.4-51.7)

95.1 (94.1-96.1)

OC-Sensor®

40

Rozen, 2010[17]

26.2 (19.1-33.2)

97.8 (97.0-98.5)

OC-Sensor®

40

Terhaar sive Droste, 2010[32]

43.2 (37.6-48.9)

95.8 (94.8-96.7)

®

Terhaar sive Droste, 2010

[22]

HM-JACKarc

LoD

Auge, 2016

96.6 (82.8-93.4)

10.6 (6.9-15.9)

HM-JACKarc®

10

Auge, 2016[22]

34.5 (19.9-52.7)

87.2 (81.6-91.3)

HM-JACKarc®

20

Auge, 2016[22]

31.0 (17.3-49.2)

92.8 (88.0-95.7)

HM-JACKarc®

30

Auge, 2016[22]

31.0 (17.3-49.2)

93.3 (88.7-96.1)

HM-JACKarc

40

Auge, 2016

[22]

27.6 (14.7-45.7)

93.9 (89.4-96.6)

FOB Gold®

10

Auge, 2018[30]

45.7 (33.7-58.1)

84.7 (80.8-88.0)

FOB Gold®

20

Auge, 2018[30]

37.1 (26.1-49.6)

87.9 (84.2-90.8)

FOB Gold

®

30

Auge, 2018

[30]

35.7 (24.6-48.1)

90.3 (87.0-93.1)

FOB Gold®

40

Auge, 2018[30]

32.9 (22.4-45.2)

91.1 (87.8-93.6)

FOB Gold®

50

Auge, 2018[30]

31.4 (20.9-43.6)

92.3 (89.3-94.7)

FOB Gold®

60

Auge, 2018[30]

30.0 (19.9-42.3)

92.3 (89.2-94.6)

®

100% symptomatic
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HM-JACK®

Parente, 2012[24]

20

35.6 (27.9-44.1)

94.5 (89.7-97.2)

1

Values are expressed as percentages and its 95% confidence interval.

Table 8 Diagnostic accuracy parameters for significant colonic lesion detection based on quantitative faecal immunochemical test for
haemoglobin threshold concentration and brand
Brand

Threshold(µg/g faeces)

Author, year

Sensitivity1

Specificity1

Significant colonic lesion (100% symptomatic)
OC-Sensor®

15

Cubiella (DC), 2014[29]

76.2 (72.0-80.0)

74.4 (71.7-76.9)

OC-Sensor®

15

Cubiella (VC), 2017[31]

89.5 (84.1-93.6)

40.6 (36.4-44.9)

OC-Sensor

®

20

Cubiella (DC), 2014

[29]

74.7 (70.5-78.6)

76.1 (73.5-78.6)

OC-Sensor®

20

Cubiella (VC), 2017[31]

87.8 (82.2-92.2)

42.1 (37.9-46.5)

HM-JACKarc®

10

Godber, 2016[27]

68.9 (53.2-81.4)

80.2 (76.1-83.7)

HM-JACKarc

®

15

Godber, 2016

[27]

66.7 (50.9-79.6)

83.1 (79.2-86.5)

HM-JACKarc®

20

Godber, 2016[27]

64.4 (48.7-77.7)

85.7 (81.9-88.7)

HM-JACKarc®

25

Godber, 2016[27]

64.4 (48.7-77.7)

87.5 (83.9-90.3)

HM-JACKarc®

30

Godber, 2016[27]

64.4 (48.7-77.7)

88.6 (85.2-91.4)

HM-JACKarc

®

35

Godber, 2016

[27]

64.4 (48.7-77.7)

89.2 (85.9-92.0)

HM-JACKarc®

40

Godber, 2016[27]

64.4 (48.7-77.7)

90.0 (86.7-92.5)

1

Values are expressed as percentages and their 95% confidence interval. DC: Derivation cohort; VC: Validation cohort.

Figure 4

Figure 4 Summary receiver operating characteristic curve for colorectal cancer detection at different thresholds and branches (DerSimmonian and Lair´s
model). LoD: Limit of detection; AUC: Area under the curve; SROC: Summary receiver operating characteristic.
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Figure 5

Figure 5 Funnel scatterplot to evaluate publication bias for studies using OC-Sensor® with different thresholds to detect colorectal cancer. Each point in the
plot represents a study with its diagnostic odds ratio (dOR) and sample size. A symmetric image around an axis traced by the pooled dOR value suggests absence of
publication bias. Asymmetry with study concentration on the right side (the side with higher diagnostic odds ratio values) suggests publication bias with less negative
studies published. dOR: Diagnostic odds ratio.
Figure 6

Figure 6 OC-Sensor® pooled sensitivity estimates for colorectal cancer detection (subgroup analysis using DerSimonian´s method). CRC: Colorectal
cancer.
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Figure 7

Figure 7 Hierarchical summary receiver-operating characteristic curves for colorectal cancer detection generated using different subgroups of studies. A:
All studies; B: 100% symptomatic; C: Mixed cohorts. HSROC: Hierarchical summary receiver operating characteristic.
Figure 8

Figure 8 Relationship between colorectal cancer prevalence, clinical spectrum and accuracy of faecal immunochemical test for haemoglobin to rule out
colorectal cancer. A: There is no correlation between colorectal cancer (CRC) prevalence and faecal immunochemical test for haemoglobin (FIT) sensitivity; B:
Pooled FIT sensitivity to detect CRC cancer estimated from studies with ‘Mixed cohorts’ is significantly lower than estimated with ‘100% symptomatic’ cohorts; C:
Number of missed CRC per 1000 assessed symptomatic patients with colorectal cancer calculated through Fagan nomograms under various assumptions (FIT
accuracy parameters estimated with mixed cohorts or 100% symptomatic cohorts) and CRC prevalence. CRC: Colorectal cancer; FIT: Faecal immunochemical test for
haemoglobin.
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Figure 9

Figure 9 Fagan nomograms used to calculate post-test probabilities based on different scenarios defined by colorectal cancer prevalence and supposed
accuracy of OC-Sensor (Threshold 10 µg Hb/g faeces). A-C; These scenarios are defined by colorectal cancer (CRC) prevalence of 1%, 3% and 13% respectively
and faecal immunochemical test for haemoglobin (FIT) accuracy parameters used were the pooled estimates calculated with ‘mixed cohorts’ studies; D-F; These
scenarios are defined by CRC prevalence of 1%, 3% and 13% respectively and FIT accuracy parameters used were the pooled estimates calculated with ‘100%
symptomatic’ studies. CRC: Colorectal cancer; FIT: Faecal immunochemical test for haemoglobin.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most common cancer worldwide and the fourth leading
cause of cancer-related death. The majority of cancers are still diagnosed after symptomatic
presentation, and the quantitative faecal immunochemical test for haemoglobin (FIT) has been
revealed to be more accurate for the detection of CRC than multiple clinical referral criteria in
symptomatic patients referred for colonoscopy. Hence, The National Institute for Health and
Care Excellence (NICE) has recently issued referral guidance for suspected CCR in which FIT is
recommended for certain low risk symptomatic patients using a 10 µg Hb/g faeces threshold.

Research motivation
Although NICE recommendation applies only to patients with low risk symptoms in primary
care, the studies done to date were mainly concerned with patients who had already been
referred to secondary care and were not only concerned with patients with low risk symptoms.
Thus, further work is required to find out if FIT´s ability to rule out CRC may change through
the broad spectrum of symptomatic patients.
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Research objectives
We aimed to systematically review the literature for published studies out of CRC screening
programme setting, to compare FIT accuracy for CRC detection in different clinical spectrum
through a meta-analysis. Secondary goal included assessing the usefulness of FIT to detect
significant colonic lesions (SCLs) in symptomatic patients.

Research methods
We performed an electronic search in MEDLINE and EMBASE databases (from database
inception to May 2018) using a sensitive search of “FIT for CRC” narrowing our search to
prospective cohort studies performed on adult patients when at least a fraction of symptomatic
patients was included. To identify further relevant studies, we checked the reference lists of all
articles extracted. We classified studies on the basis of brand and threshold of faecal
haemoglobin (f-Hb) concentration for a positive test result to limit heterogeneity. Finally, a
bivariate model was fitted for subgroups defined by CRC prevalence and percentage of
symptoms, for direct comparison between them.

Research results
We identified fourteen studies that matched the search criteria, and individual unpublished data
from cohorts included in the COLONPREDICT study were also used enrolling 10400 patients
using OC-Sensor® at the f-Hb cut-off of 10 mg Hb/g faeces. Pooled estimates of sensitivity for
studies formed solely by symptomatic patients (94.1%) were significantly higher than for mixed
cohorts (85.5%), while there were no statistically significant differences between pooled
sensitivity of studies with different CRC prevalence (< 2.5% and ≥ 2.5%). At the same threshold,
OC-Sensor® sensitivity to rule out any SCL was 78.6%.

Research conclusions
This meta-analysis suggests that FIT sensitivity to detect CRC is higher in studies solely
including symptomatic patients irrespective of CRC prevalence, but may not be sensitive enough
to rule out all SCLs. We hypothesize that differences between both groups could be justified due
to cohorts solely including symptomatic patients could present a higher percentage of symptoms
related to higher amounts of f-Hb as rectal bleeding or diarrhoea, but the study design is not
suitable to prove this hypothesis.

Research perspectives
More data are warranted in order to compare FIT accuracy for CRC detection in patients with
different clinical spectrum, to identify a subgroup of symptomatic patients where FIT can safely
rule out CRC. Future prospective cohort studies solely concerned with patients consulting for
low risk symptoms and stratifying by sex and age could help to get this aim.
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The purpose of this review is to provide a definitive account of small intestinal
mucosal structure and interpretation. The coeliac lesion has been well known, but
not well described to date and this review aims to identify the interpretative
difficulties which have arisen over time with the histological assessment of
coeliac disease. In early coeliac interpretation, there were significant inaccuracies,
particularly surrounding intraepithelial lymphocyte counts and the degree of
villous flattening which occurred in the tissue. Many of these interpretive pitfalls
are still encountered today, increasing the potential for diagnostic errors. These
difficulties are mostly due to the fact that stained 2-dimensional sections can
never truly represent the 3-dimensional framework of the intestinal tissue under
investigation. Therefore, this review offers a critical account occasioned by these
2-dimensional interpretative errors and which, in our opinion, should in general
be jettisoned. As a result, we leave a framework regarding the true 3-dimensional
knowledge of mucosal structure accrued over the 70-year period of study, and
one which is available for future reference.
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INTRODUCTION
The clinical features of “idiopathic steatorrhoea” characterising a fatty diarrhoea (and
later renamed “coeliac disease”), was well-recognised throughout the 19th century.
This was considered a disease of adults and distinguishable from (Indian) Tropical
Sprue. A similar malabsorptive disease (“coeliac disease”) was familiar to
paediatricians, but its identity with the adult condition was realised only following
introduction of intestinal (capsule) biopsy techniques.
The ‘coeliac lesion’ was, hitherto, unknown since the earliest attempts at histology
were greatly frustrated from the use of autolysed post-mortem material. With the use
of fresh capsule biopsies (about 1950s onwards), it became clear that the typical “flat”
lesion is worse in the upper jejunum but far less marked around the mid-jejunum.
This suggested that a ‘gluten peptidase’ deficiency could be aetiological, despite
knowledge that intestinal peptidases are not protein specific. This incorrect view was
overtaken (1970’s onwards) towards immune mechanisms.
Interest in intestinal immunological function was formally initiated at the Sir
William Dunn School of Pathology in Oxford by (Sir) James Gowans and his doctoral
student Julie Knight. Using the newly-produced 3H-labelled thymidine, Gowans first
demonstrated the re-circulatory potential of lymphocytes within thoracic duct lymph
(TDL)[1], thereby establishing one of the important physiological properties of the
mesenteric immune system. Knight’s interest, however, was in TDL “blasts” which
she demonstrated to home specifically to intestinal tissues as (IgA-secreting [2,3] )
plasma cells, an exclusive re-circulatory pathway effected via the β7-MADCAM-1
receptor on post-capillary venules[4].
The physiological role of this pathway was functionally proved with mice orally
primed with ferritin, leading to an accumulation of IgA-anti-ferritin plasma cells
throughout the small intestine and colon[5]. This study prompted later work on rectal
gluten challenge, which was of high diagnostic specificity and easy to perform[6-8]. The
technique never caught on, probably resulting from a lack of understanding about the
functions of the mesenteric immune system and because of ingrained views that
coeliac disease only affects (or “is a disease of”) the upper jejunum. Nevertheless, it
should be remembered that the re-circulation of mesenteric blasts, once antigenprimed, emigrate to all mucosal surfaces, thus providing an important defence
mechanism especially protective for lactating humans and animals[9,10]. Far greater
current interest involves the rise in circulating CD4+ lymphocytes identified with the
“tetramer test” following oral priming of known coeliacs with gluten; this, or other,
approaches may soon supplant the diagnostic relevance of intestinal biopsies in the
near future[11-13].
The purpose of this paper, therefore, is to provide a definitive account of small
intestinal mucosal structure and interpretation. In moving from the 2-dimensional
into the 3-dimensional reality, we wish to identify the interpretative difficulties that
have arisen over time across this divide, and are still relevant to current-day biopsy
evaluation. This essay offers a critical account occasioned by these 2-dimensional
interpretative errors and which, in our opinion, should in general be jettisoned. As a
result, we leave a framework regarding the true 3-dimensional knowledge of mucosal
structure accrued over the 70-year period of study, and one which is available for
future reference.

THE EARLY DEFINITION OF COELIAC DISEASE
For several decades, it was assumed that coeliac disease implied a severe intestinal
lesion lacking demonstrable villi. Then, as attention was drawn to the lymphocytic
packing of the epithelium, intraepithelial lymphocytes (IEL) began to be quantitated
with reference to epithelial cells. Initially, counts > 40/100 enterocytes were regarded
as abnormal, but this was a high figure probably due to the use of thick hematoxylin
and eosin (H&E) sections. Nevertheless, it is curious that definitive attempts which
define “normality” have only recently been made, with estimated means of 23-27[14-16].
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Importantly, it should be understood that there can be no specific “upper limit” to
these counts because the IEL response is graded and cumulative across control and
diseased mucosae. An overlap between “normality” and “disease” is thus an
inevitable feature of any count. In other words, the response is not biphasic, and is
thus analogous to other biological characteristics such as blood pressure, height, or
acid secretion. Despite some enthusiasm for immunohistochemical dissection of the
IEL population, data reveal that H&E counts are the most reliable in routine
practice[15].
When based on theoretical criteria the IEL count, in fact, is inaccurate and
overestimates IEL populations upwards by a factor of × 2[17]. There are two reasons for
this anomaly. First, in flat (Marsh III) lesions the IEL are increased in size[18], while
epithelial cells are markedly smaller [19] : comparisons become invalid in these
circumstances since, in the 2-dimensional tissue section, larger objects produce more
sectioned profiles thus leading to higher counts: (the corollary is that small objects
provide very few sectioned profiles). Here, it should be remembered that only
sectioned profiles of real, 3-dimensional lymphocytes are being enumerated: that’s the
difference.
Second, IEL counts can only be performed relative to epithelial cell nuclei, since
adjacent cell boundaries cannot be effectively defined. It is also the case, contrary to
general assumptions, that enterocytes are not arranged on the basement membrane in
regular, parallel lines: indeed, both scanning and transmission EM reveal their
hexagonal packing. As a result of that form of surface packing, any random section
unavoidably sustains about 50% losses of epithelial cell nuclei[17], which is the factor
principally contributing to over-estimation of IEL populations. In passing, we should
observe that this impasse can neither be side-stepped with the use of basement
membrane as control. The difficulty here is due to the different sizes (widths) of
control and coeliac enterocytes (Figure 1). In order to obtain correct results, only about
50-60 μm basement membrane from a coeliac lesion would be needed for accurate,
comparative counts relative to 100 μm from a control specimen[17].
Such drawbacks with the original counting method have been revealed with
computerised image analysis. Here, ‘absolute’ values for epithelial, crypt and lamina
propria volumes and their contained cellular components across the mucosal
spectrum, are generated with the use of a reference 100 μm × 100 μm test area of
muscularis mucosae. This methodology[15,17,19,20] clearly provides far more dynamic and
extensive information (Figure 1) beyond Taavela’s recent discovery and, apparently,
much-needed “validation” of crypt/villus ratios[20]. But such ratios (for those more
conversant with the literature) have been in use for nearly 50 years [21] : indeed,
parenthetically, one might ask why this old-fashioned methodology still requires a
local, departmentally-based “validation” at this late stage?
It seems not to be appreciated generally that crypt/villous ratios are quite
inaccurate, despite a growing tendency for their use in mucosal measurement, and in
absence of solid data for “normal” crypts and villi. Interpreting the crypt-villus border
is entirely subjective and thus operator-dependent. Moreover, ratios arbitrarily set at
≥ 2 need radical revision, since if crypt depth is assumed at about 80 μm, then the
corresponding “villi” would be < 200 μm, which is impossible since, below a height of
about 350 μm, villi are already amalgamated into convolutions[22]. On those grounds,
one would need ratios of at least 4-6 to be in the correct “normal” range, and one not
always possibly obtained: below this “normal” range, no proper villi exist for
measurement.
The use of computer-assisted image analysis has clearly demonstrated that as the
mucosa flattens, (Marsh III stage) the total number of enterocytes is far more reduced
when compared with absolute IEL numbers. It is that empirical fact that highlights the
erroneous, subjective view that IEL still appear to be infiltrating the epithelium. In
absolute terms, however, IEL are markedly diminished in the flat lesion, this loss now
falling numerically within the normal IEL range. The increased mitotic activity[23] and
higher proportion of “blasts”[18] among Marsh III IEL may represent a proliferative
response to those incurred losses. That possibility would require further analysis,
even involving a subset of IEL that might be sensitive to these overall losses.
It parallel with the reservations noted above, readers should be aware that lamina
propria volumes increase twofold with progressive flattening[24,25], indicating that the
use of high-power fields for cell counts within this mucosal compartment are
similarly invalid, when compared with normal values. Counting cells relative to some
independent variable or designated test area obviates this kind of technical error[24-27].
These problems generally arise because stained (2-dimensional) sections never
truly represent the 3-dimensional framework of the tissue sample under scrutiny. For
any cell count to be accurate, and to avoid counting the same cells in consecutive
sections (as may well have occurred in many publications), the “effective section
thickness” (EST), according to Weibel[28], must be determined.
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Figure 1

Figure 1 Defining the mucosa: from 2-D to 3-D. This diagram briefly outlines the utility of computer-aided morphometric analysis of intestinal mucosa. Data are
always dependent on an invariable reference (muscularis mucosae). Observations are also controlled with the use of "effective section thickness" and "quotients of
accumulated means". IEL: Intraepithelial lymphocyte.

This is easily done. EST is the sum of actual section thickness (perhaps 4μm) plus
mean diameter of the cell of interest (usually taken as 5 μm). More preferably, these
should be nuclear diameters since their overall size distributions are much tighter.
Once EST has been determined, it is essential that successive sections should be
separated by at least a gap equivalent to EST. Use of immunohistochemical markers
may seem more accurate a means of counting cell types. Nevertheless, it is always
difficult relating a decorated cell membrane to its nucleus, leading to over-estimated
cell counts, and thus greater inaccuracies, as the ROC curves clearly indicate in
respect of previous immunohistological studies[15].
Cumulative computerised image analysis data (Figure 1) reveal the extensive tissue
and cellular changes which occur as the mucosa flattens. These have been used in the
laboratory for decades in studies of intestinal responses to gluten, which include
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changes in surface epithelium, crypts, and the lamina propria. In one of the latest
papers[15] such a panoramic view of these vast collective changes is illustrated but
which could never be illustrated purely with micrographs alone. Neither could they
be conceptualised just with use of “moving” crypt/villus ratios.
Next, a word about how much material needs sampling to produce accurate, and
reproducible, measurements. Some workers obviously rely on “numerical digit
preference”: this simply means the adoption of an arbitrary number of observations,
for example 20 crypts or 50 cell types, or some other number which looks or feels
“right”. For optimal results, it is useful to know how many individual measurements
should be undertaken in order to provide reasonably precise, and reproducible,
results. This is formally known as the “Quotient of accumulative addition of values”[29]. In
practice, the approach is far easier than the title suggests. All that is necessary is to
calculate and to update the means of each successive measurement, until that mean
value becomes constant: that is the correct number of observations to make: it could
then, perhaps, be scaled up to a convenient value. In other words, if the mean
becomes constant after 17 observations have been made, it might be useful to scale up
to 20. Use of this simple methodology indicates the appropriate number of
observations or counts that are precisely needed for each item under scrutiny. If fewer
observations were to be used than those determined by the cumulative means
method, the resulting data are very likely to be non-reproducible, non-comparable,
and thus erroneous. On the contrary, doing too many counts would not improve
performance, but merely incur a considerable waste of time! Few papers seem to
recognise the relevance of these simple measures, as well as the importance of their
outcomes.
With these precautionary methods understood, the image-analysis computer
(Kontron) is calibrated with a grid in the eyepiece, or stage of the microscope. The
electronic pencil is used to make outlines of the particular aspect of mucosa under
investigation, such as a volume compartment, or the total numbers of a specific celltype contained within one of those mucosal compartments. The independent test
measure is a nominal square of muscularis mucosae, 100 μm × 100 μm. Measuring is
done along 100 μm lengths of the muscularis mucosae (“Y” axis), while for “Z” axis
measurements, the section thickness has to be taken into account. If volume
measurements are being made with 4 μm sections, then only 100/4, or 25 μm × 100
μm observations along the muscularis would be necessary. For cell counts, EST must
be calculated as explained above, in order to avoid counting the same cell in
successive sections. Thus, bearing in mind the example given above, 100/9 along the
“Z” axis, or 11 multiples of 100 μm (along the “Y” axis) would deliver the absolute cell
count overlying the test area.
The computer is programmed to calculate final volumes, or counts per mucosal
volume. Details of the procedure are fully outlined elsewhere[26], and in our individual
papers: there is insufficient space here to go into more specific operational details. The
entire methodology is very simple (say, in comparison with the grid counting
technique of Guix[25]), and does not require a great deal of observer input once the
computer is programmed for the particular need: this obviously avoids the important
factor of operator fatigue and is thus an additional benefit.
It is also our view that this methodology overcomes, to a large extent, the problem
of subjective interpretations, especially regarding cell counts. It is our view that our
individual cell counts, expressed as “absolute” values, are probably as accurate as any
could be. However, it must be stressed that the use of optimal technical methodology
helps considerably in getting the right answers. Although this is possible with thin
H&E sections, the preferred approach was to use Epon embedded material, sectioned
at 1μm with very sharp glass knives on ultramicrotomes, stained with toluidine blue
and examined (and counted) under oil-immersion optics using a × 100 planapochromat objective lens. Given those conditions, there is only one plane of focus
which greatly facilitates the procedure. Moreover. this approach confers the
advantage of driving a costly research microscope in “top gear”. Toluidine blue gives
a distinctive hue to each cell type within the lamina, so making recognition less
difficult. It also makes IEL counting far easier to perform and provides an accurate
answer, rather than the relative values with their inherent errors obtained when
related to 100 enterocytes (see above).

EVOLUTIONARY CONCERNS ABOUT MUCOSAL
“FLATTENING”
Understandings about mucosal histology and its derangements were unknown when
Shiner proposed that the coeliac lesion reflects “villous atrophy”. Doubtless she was
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influenced by Wood’s recent description of the true, irreversible gastric atrophy of
pernicious anaemia, resulting in life-long failure of intrinsic factor production.
Following Castle’s striking experimental discoveries, together with the synthesis of
cyanocobalamin (B12) and folic acid, the post-war 1950’s spawned great interest in
megaloblastic anaemias: and with coeliac patients presenting with folate deficiency it
is not surprising that acid output was closely investigated. Indeed, and most
surprisingly, about 50% patients with coeliac disease, dermatitis herpetiformis and
tropical sprue (from the mid-1920’s to mid-1980’s) were found to be either totally or
partially achlorhydric. For full data, see Table IV in Marsh 1992[30]. But Anderson’s
demonstration of villous regeneration following gluten restriction should have
indicated that the coeliac lesion results from a different process, which was not
atrophy[31]. Despite that, and 70 years on, we have laboratories around the world still
asserting that the gold standard for diagnosis is a flat, “atrophic” mucosa.
Unfortunately, the severe coeliac lesion is neither a gold standard (Table 1), nor the
result of an atrophic mode of pathology.
The other curious outcome was that over the years, it was never queried how the
mucosa becomes flat, even though there was no surprise at its regenerative potential
in the wake of a gluten-free diet. In fact in those earlier times, following Anderson[31],
mucosal recovery became an additional and essential diagnostic requirement. But
there were hints of the manner of flattening.
First, many case reports did indicate that the mucosal lesion evolves over time, at
different rates, and with differing functional outcomes, and that a flat mucosa is not a
given. Yet the progression implied by these reports seemed not to be apparent to the
authors[32-37].
Second, continuing dose/time gluten-response studies in Manchester showed
initially a progressive dose-responsive IEL infiltrate, followed by crypt hypertrophy,
and then flattening, in that changing sequence[38]. Moreover, that crypt hypertrophy
and IEL infiltrates also occurred in graft-versus-host experiments strongly suggested
that the coeliac challenge data, likewise, are a T-cell dependent phenomena[39].
Third, examination of many biopsies from coeliac families revealed the same range
of mucosal alterations, although many individuals were asymptomatic irrespective of
mucosal morphology[40].
Fourth, a similar spectrum of mucosal changes was found in cases of Indian
tropical sprue which, analogous to the host response to gluten in coeliac disease, can
only reflect a host-produced response to high levels of intestinal bacterial
colonisation[41].
Although it took nearly 40 years for this classification to become formalised, it has
since served for almost 30 years. Most importantly, in addition to the insights given to
the immunohistologic basis of host responses to environmental antigen challenge this
classification, in widening the goalposts, has over the years brought many more
subjects to diagnosis than would have obtained with the older criterion. The
classification although revolutionary for its time should have been suspected. Despite
that, many workers, even in recent years, have called these early Marsh 0, I and II
lesions “non-specific”. But a moment of careful thought should make it clear that no
tissue could ever be deemed “non-specific” since it must reflect the physiological or
pathological state of its place of origin within the patient’s body. Within context,
however, infiltrated villi indicate gluten sensitisation when seen in a family setting
with appropriate genetic backgrounds, and the ingestion of gluten-containing
products. In previous work, we included these early lesions under the umbrella of
microscopic enteritis: for the faint-hearted, a list of relevant differential diagnoses is
given in that paper[42].
Furthermore, these early stages do have diagnostic value, and have become useful
criteria for introducing gluten-restriction. That cannot be said of the Oberhuber
manipulation of Marsh III lesions, which merely reproduces Shiner’s older stages of
differential grades of villous shortening: unfortunately, at this stage of mucosal
remodelling, there are no villi to comment on. These so-called progressive grades of
mucosal change were never defined structurally in quantitative terms, then or now, so
it is anyone’s guess how they are gauged by those who still cling to this useless,
poorly-based modification. What we need are numbers, and not alphabetical
fragments[43]. Oberhuber’s sub-classification of Marsh III has neither diagnostic value,
implications for treatment, nor prognostic significance. We know of no paper in which
these gradings have then been found valuable either for informing research or clinical
purposes. That might be some food for thought by clinical gastroenterologists. On the
other hand, pathologists might be well advised to discontinue using this
impoverished sub-classification and think about employing their valuable time along
more fruitful avenues: it seems as though that may be some time in coming.
We have already asserted that the reshaping of the mucosa through its varied
grades is not caused by atrophy of the villi: that no longer makes any sense,
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Table 1 Factors causing mucosal change
Factors causing mucosal change
Mucosal remodelling

Food antigens

Gluten
Milk
Soya
Egg
Fish

Drugs

Olmartesan
Cytotoxic drugs
Colchicine
Vinca
Neomycin
Ipilimumab

Autoimmune associated

MVID
Autoimmune enteropathy
Collagenous sprue
IDDM
Cerebral ataxia
DH
Sarcoidosis

Miscellaneous

Malnutrition
Crohn’s disease
Intestinal lymphoma
Z-E syndrome
Eosinophilic enteritis

Antigen-based

Tropical sprue
GVHD
Parasitic
Giardiasis
Cryptosporidiosis
Enterocytozoon bieneusi

Infection

HIV
TB
Whipple’s disease
Bacterial overgrowth
Immunodeficiencies
Helicobacter pylori
Post-infectious diarrhoea

Altered villous heights

Preparative artefacts

Forceps trauma
Fixation contraction
Embedding contraction
Imperfect sectioning

Social factors

Age
Ethnicity Gender
Genetic
background
Geo-cultural environment
Diet

Microbiome

Intestinal microenvironment
Maternal
Infections

Miscellaneous

Diurnal variation
Parasites
Allergy

WJG

https://www.wjgnet.com

2408

May 28, 2019

Volume 25

Issue 20

Charlesworth RP et al. Overcoming dilemmas in intestinal mucosal interpretation

Antigenic challenge
Various drugs
Variations in cell shape

Morphogenic

Cell-cell contact

Physiologic

Ion-channel fluxes
Mechano-sensors
Hydrostatic

Pathological

Various enteropathies

Drug-induced

Colchicine, etc

True mucosal atrophy

Chronic radiation damage
Chronic ischaemia
Long-term disuse

MVID: Microvillus inclusion disease; IDDM: Insulin-dependent diabetes mellitus; GVHD: Graft-versus-host
disease; HIV: Human immunodeficiency virus; TB: Tuberculosis.

irrespective of the dogged adherence to this terminology. Despite its continued use,
even by centres of “coeliac excellence”, the atrophic bits still await identification.
Furthermore, do these atrophic bits recover totally, or in part, with a gluten-free diet?
From the manner in which some papers are written, it is clear that many investigators
are convinced that flattening means progressive loss of each individual villus down to
the level of the crypt openings. That is also an erroneous view: but that reflects
Shiner’s original misconception when creating her “partial”, “subtotal” and “total
villous atrophy” categories, and now continued under Oberhuber’s guise of Marsh 3a,
b and c.
These sentiments are entirely inconsistent with the processes through which the
mucosa is re-organised. It is to that subject to which we now turn.

BEING “FLAT” AND NOT BEING “FLAT”
Despite the extensive literature on the developing foetal intestinal mucosa, its 3dimensional features are less well portrayed, so there is little knowledge about how
villi are formed. Although villi in adult mucosae may be free-standing structures, they
also most definitely arise from low ridges, visible by scanning EM[44,45]. These ridges
therefore seem to be of importance in delineating the villous superstructure of the
mucosa. They were first portrayed by Creamer in postmortem material from which
the surface cells had been shed[46,47]. Nowadays, their occurrence and likely roles in
mucosal remodelling are largely unknown and unappreciated. These short-range,
curvi-linear ridges form a quasi-orthogonal network across the mucosal surface, lying
between the openings of the “wells” into which about 10-20 individual crypt tubes
open[48].
Creamer also showed that this ridged network undergoes considerable
hypertrophy as the mucosa begins to flatten. The ridges grow up vertically between
adjacent villi, thus progressively amalgamating them into broad convolutions, a
process which, as viewed histologically, invariably leads to an erroneous designation
of “broad, flat-topped, stunted villi”. Additionally, enlargement of the transverse
ridges would complete the upward growth into the formation of mosaic plateaux. The
latter rise to some 200 μm above the basal mucosal surface, thus comprising
refashioned parts of villous territory[49,50]. The mucosa is “flat” - yet that is not due to
attrition of every villus down to the crypt interface. “Flatness” is not quite what it
seems, despite opinions to the contrary. Another difficulty concerns how and where
cells are shed from these mosaic outgrowths. Despite this continuing uncertainty
about cell loss from deformed mucosal surfaces, these losses are counteracted by four
regenerative factors: an increase in cell migration rates from the crypts[51], and within
the crypts by an increased growth fraction, together with reductions both in duration
of the mitotic process itself and of the inter-mitotic interval[52].
Together with the enormous increases in volume of the lamina propria, this
protective response is vast and requires considerable remodelling of the connective
tissue framework of the mucosa - including all basement membranes, and especially a
drastic re-construction of the entire mucosal micro-vasculature. This is an immense
procedure as revealed by dynamic computer-assisted computerised morphometry of
the changing mucosal landscape[15]. Yes, there is some flattening of the villi, but this is
by no means an atrophic process. At Marsh stage III, the mucosa may look flat, but
that appearance is an outcome of this vast reorganising hypertrophic process that
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results in the production of high mosaic plateaux, indicative, overall, of a fairly
healthy reorganisational process and which, notably, is capable of complete recovery.
These structural mucosal reorganisations provide a framework upon which to
investigate gene switching and their products which are co-ordinated in effecting
these progressive changes. Some work in this direction, although very sporadic[53,54], is
indicative of the task ahead, if we are fully to understand this process entirely. Some
very interesting approaches towards this end have already been published by
Lundin’s group in Oslo and Wijmenga’s in The Netherlands[55,56], but far more needs to
be done.

FIGURING THINGS OUT
The development of completely novel tests (serological or immunological) for coeliac
disease is a welcome[12,13] sign of progress in comparison with histology which has
tended to be static or even backward looking[57,58], other than from one or two novel
developments using computer-aided morphometric analyses[26] or logistic regression
analyses[8]. As we have noted above, such tests may come to supplant biopsy usage in
the near future for purely diagnostic purposes. These would also reduce the burden,
clinically as a procedure, and relieve patients of some discomfort.
In addition to the development of novel diagnostics, research has also been carried
out to improve diagnostic pathology in the newer application of statistical analysis of
tissue measurements. One such technique which shows promise is linear discriminant
analysis (LDA). This technique, when applied to biological data, aims to assign
patients to one or more groups on the basis of a series of measurements from which a
linear function may be derived[59]. Discriminant analysis has been already shown to
predict patient groupings in rheumatoid arthritis, Parkinson’s disease, diabetes,
Alzheimer’s disease and coronary artery disease.
With our last studies, the goal was to move away from analysis solely reliant on the
subjective abilities of the observer: the endeavour was to gain more objective
diagnostic end-points. In the first of these studies[59], it was shown that by developing
algorithmic metrics, it was possible to tighten histological diagnosis by reference to
specifically chosen biopsy features, referable to mucosal dimensions, and populations
of goblet cells, monocytes and lymphocytes within the epithelium and lamina propria.
The algorithms distinguished healthy biopsies from coeliac biopsies in about 80% of
cases. Despite this success, further understanding of the mechanisms behind coeliac
mucosal remodelling by simultaneously examining various gene expressions was
sought.
In a subsequent study[60], we showed that by using a novel panel of 26 (coeliac)
candidate genes, each Marsh category revealed its own unique mRNA-expressed
signature. Moreover, it became clear that the expression profile of the genes studied
changed from an “innate” pattern of expression to that of an “adaptive” response
which was accompanied by an observed decrease in structural (intestinal mucosal)
gene expression. These changes are explored in Figure 2. From these newer
observations, a further set of linear discriminant algorithms was defined capable of
successfully accounting for 99% of the observed experimental variation in
discriminating coeliac patients into each stage of Marsh’s classification. This study
therefore showed that the analysis of gene expression in coeliac disease is a reliable
measure of disease severity since it is not subject to the same observer biases always
frustrating histological assessments.
Finally in the most recent study[61], a combination of genetic and histological data
produced the most accurate discriminant algorithms, capable of separating patients
into each Marsh category. Their use also highlighted the power of the discriminant
algorithms, in that very subtle changes in both gene expression and tissue
morphology were able to be detected and used to separate patients.
While discriminant analysis has been demonstrated by these and other studies to be
a useful tool in classifying disease severity in coeliac disease, most have only used it
to separate coeliac disease patients from healthy controls. More research is required to
further explore whether or not the Marsh score groupings can be discriminated from
each other and whether patients can be accurately assigned to a particular Marsh
score using selected, but discriminatory tissue features. It is also worth noting that for
histological studies using this technique, only a small number of variables have been
employed in the building these functions. It is likely that the addition of more
variables into the building process would produce more accurate equations, such as
cell heights, crypt height and IEL infiltration, and neutrophil emigration into the
lamina propria, or changes in crypt cell mitotic activity: such possibilities have still to
be explored. Other provisos arising from this work concerns the very small number of
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Figure 2

Figure 2 Comparative gene expression signatures of Marsh type 1 and Marsh type 3 coeliac mucosa. This diagram shows the changes which occur in mRNA
expression of key proteins involved in the immunopathology of coeliac disease. In Marsh type 1 mucosa (A), it can be seen that the expression of innate immune
markers is activated first when compared to Marsh 0 and Marsh 3 tissue (purple and blue respectively), with an influx of basophils (CD203c), increased expression of
IL18 and IL15, as well as increased expression of heat shock protein (HSPA1A). In Marsh type 3 mucosa (B), an adaptive immune response predominates with a Th1
immune reaction, with increased expression of IFNG and CD19 (B-cells). Numbers indicate fold-change gene expression between groups (i.e., Marsh type 1
compared to Marsh type 0), adapted from work presented in[60].

patient biopsies available from local hospital sources. Furthermore, the reading by
commercial histopathologists did not provide criteria for individual mucosal
classifications. Nevertheless, with future tightening of these weaknesses, such
enhanced diagnostic power will be an aid to parallel tests, like the “tetramer” (Oslo)
or “triple score” (Tampere) tests on offer, or at least provide a firmer basis for the
evaluation of immuno-serological diagnostic testing.

CONCLUSION
This has been a critical review of the past 60-70 years of intestinal mucosal
interpretation. Overall, the results have not been electrifying. Much of the
measurement has used ad hoc procedures without much reference to, or indeed
interest in, a proper morphometric basis[26,28]. For various reasons, as specified above,
IEL counts, comparisons between lamina propria cellularity, and villus/crypt ratios
are flawed procedures because of no defined or agreed numerical foundation, relative
to an invariant index within the mucosa. Over the last few years, there has been a
strong tendency to disregard mucosal biopsies as important in diagnosis, since
interest has increasingly turned towards genetic or serologic testing as a preferred
means of diagnosing coeliac disease. This downgrading of histology has not helped to
foster a greater awareness and precision in mucosal measurement.
We hardly know the criteria by which a “normal” mucosa should be identified[49],
yet many papers frequently refer to “normal” mucosae without any reference
whatsoever to precise measurement, as might be agreed by most laboratories.
Likewise, many authors seem to be happy in accepting a villous/crypt ratio ≥ 2,
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which is impossible because there are no villous projections below about 50 μm as a
result of mucosal remodelling. Villi are very pliant structures and soon become
modified in shape if conditions favour mucosal flattening. Without properly
conducted surface microscopy with a dissecting microscope, these changes no longer
are fully appreciated or understood: moreover, 2-dimensional histology continues to
assert the presence of “flat-topped” villi, which in reality are misinterpretations of
either convolutions or mosaic plateaux. It seems to be hardly recognised that the 2dimensional histological section does not immediately map onto the 3-dimensional
reality of the whole tissue block from which it was taken.
From all this, we need to jettison into historical oblivion such outworn,
inappropriate terms like “atrophy”, or words such as “partial”, “subtotal” or “total”
atrophy when applied to mucosal structure, especially when at that stage of mucosal
remodelling, no villi are actually present. And for similar reasoning, similar
sentiments apply to the misguided subdivision of Marsh III. Nevertheless, these
subdivisions continue to appear in most papers on coeliac mucosa without any
thought of precise (measured) definition. Moreover, we know of no paper in which
these subdivisions were ever employed to sharpen diagnosis, inform treatment, or
anticipate future prognostic effects of dietary control.
From that perspective, we need to start again.
The small intestinal mucosa should be conceived in terms of upper and lower
compartments. The upper “villous” compartment comprises villi and inter-villous
ridges, in a dynamic reciprocating relationship. Good shaped “normal” villi, about
350-650 μm in height, arise from very slender ridges whose contours define the basal
origins of villi. And, because of their quasi-orthogonal arrangement across the
mucosal surface, the burgeoning ridges account for the linear arrangement of
convolutions, as evident from dissecting microscopy. As we have indicated above,
with further remodelling, these ridges ultimately coalesce villous material into flattopped mosaic plateaux.
The lower compartment comprises crypt tubes and their communicating “basins”,
which empty into a smaller number of “wells”[48]. A single well may accommodate up
to 20 crypt tubes, via the basins, which means there can be no such entity as a “cryptvillus unit”: that is a misguided interpretation of the 2-dimensional section.
Furthermore, this micro-geometry makes the vertical measurement of crypt height
somewhat more difficult than is pre-supposed in a large number of papers. The upper
reaches of many crypts are curved inwards in order to be able to enter their respective
basins. This arrangement affects not only measures of crypt height, but also impacts
the determination of villus/crypt ratios. The upper horizontally-disposed
circumferences of the wells define the crypt/villous border. This border of wells and
basins is most difficult to define histologically, simply because they comprise 3dimensional depressions or voids into the mucosal surface. That is, in section, there is
nothing to see, thus making interpretation difficult. Hence the need for a careful
assessment of surface morphology before the specimen is prepared for sectioning.
We need additional information for this task, such as mRNA locations of the origin
of villous cell membrane hydrolases (esterase, alkaline phosphatase) thus to define
where villi begin. That information we do not have. There may be other genes or their
products which might help in this task, for example, in defining the upper limits of
the crypts for use in the 2-D world of tissue sections. We also need far more genetic
data upon which to define the earlier stages of the Marsh classification of mucosal
remodelling. Some approaches to this end have begun[53-56], although much more
needs to be done, such that a confident identification of each stage can be defined
from gene activations, their periods of activity, or the products elaborated. It is now
apparent that the subepithelial stroma has major influences on the differentiation and
maintenance of epithelial structure[61-63]. The conversation between mesenchyme and
epithelium needs to be learned and its influences determined. Such approaches must,
surely, be the required technologies upon which the histologic assessment of other
forms of coeliac treatments must depend, rather than the stultifying boring and
retrograde procedures recommended recently by two ad hoc expert “committees”[57,58].
Finally, in our attempt to clarify the distance between 3-dimensional reality and the
non-matching appearance of 2-dimensional tissue sections, arises the need to model
the mucosa with use of computerised technology[49]. Such approaches would serve to
make clearer the complex reality of the 3-dimensional world of the tissue biopsy and
its relationship to the 2-dimensional world of the tissue section. In addition, these
models could be very usefully employed in defining how the microvasculature is remodelled as the mucosa itself undergoes progressive re-modelling into convolutions
and mosaic plateaux. Furthermore, it would be of great interest to define the points at
which the microvasculature begins to produce new capillaries in order to facilitate
mucosal regeneration (with gluten restriction) leading to the ultimate re-formation of
villous processes as the inter-villous ridges slowly recede.
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Abstract
Hepatocellular carcinoma (HCC) is the fifth most common cancer, and its
incidence is rapidly increasing in North America and Western Europe as well as
South-East Asia. Patients with advanced stage HCC have very poor outcomes;
therefore, the discovery of new innovative approaches is urgently needed. Cancer
immunotherapy has become a game-changer and revolutionized cancer
treatment. A comprehensive understanding of tumor-immune interactions led to
the development of immune checkpoint inhibitors (ICIs) as new therapeutic tools,
which have been used with great success. Targeting immune checkpoint
molecules such as programmed cell death-1 (PD-1) and cytotoxic T lymphocyteassociated protein-4 (CTLA-4) reinvigorates anti-tumor immunity by restoring
exhausted T cells. Despite their effectiveness in several types of cancer, of the
many immune suppressive mechanisms limit the efficacy of ICI monotherapy.
Radiation therapy (RT) is an essential local treatment modality for a broad range
of malignancies, and it is currently gaining extensive attention as a promising
combination partner with ICIs because of its ability to trigger immunogenic cell
death. The efficacy of combination approaches using RT and ICIs has been well
documented in numerous preclinical and clinical studies on various types of
cancers but not HCC. The application of ICIs has now expanded to HCC, and RT
is recognized as a promising modality in HCC. This review will highlight the
current roles of PD-1 and CTLA-4 therapies and their combination with RT in the
treatment of cancers, including HCC. In addition, this review will discuss the
future perspectives of the combination of ICIs and RT in HCC treatment.
Key words: Hepatocellular carcinoma; Radiation therapy; Immune checkpoint inhibitors;
Abscopal effect

https://www.wjgnet.com

2416

May 28, 2019

Volume 25

Issue 20

Choi C et al. Combination of RT with ICIs in HCC treatment

P-Reviewer: Edeline J, Que JY
S-Editor: Ma RY
L-Editor: A
E-Editor: Zhang YL

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In the era of cancer immunotherapy, the roles of radiation therapy (RT) are not
limited to the direct killing of cancerous cells but have expanded to immune modulation.
Numerous proof-of-concept preclinical studies have proven that combination approaches
of RT and immune checkpoint inhibitors (ICIs) are highly promising for many types of
cancers, and currently, many related clinical trials are ongoing. Historically, RT was
considered ineffective for hepatocellular carcinoma (HCC), but the efficacy of RT in
HCC has improved greatly with technical advances. Our goal of this review is to provide
a rationale for the combined treatment with RT and ICIs in HCC.
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INTRODUCTION
Hepatocellular carcinoma (HCC), which is the predominant type of liver cancer, is the
fifth most common cancer[1,2]. The incidence of HCC is relatively high in South-East
Asia, and that in North America and Western Europe is increasing [3] . Although
hepatitis B and C infection are the main causes of HCC, alcohol consumption, liver
cirrhosis, non-alcoholic fatty liver disease, aflatoxin exposure, and hereditary
disorders such as hemochromatosis and alpha-1-antitrypsin deficiency can be also the
etiologies of HCC[4-6]. The Barcelona Clinic Liver Cancer (BCLC) system recommends
various treatment strategies, including curative local modalities, such as resection,
liver transplantation, and ablation, and palliative chemoembolization and sorafenib
according to the BCLC stage, performance status, and liver function[7]. However,
patients with advanced stage HCC have very poor outcomes[8] and novel approaches
to greatly improve clinical outcomes are urgently needed.
Cancer immunotherapy has become a game-changer in cancer treatment, and we
have witnessed how it has led to a paradigm shift in cancer therapy. Although
surgical removal or elimination of tumor cells by chemotherapy or radiotherapy is
still a mainstay treatment, the reinvigoration of the antitumor immunity in the tumor
microenvironment (TME) is gaining growing attention. Tumors escape from immune
surveillance using various mechanisms[9]. Among them, a better understanding of the
immune checkpoint mechanism has led to new therapeutic targets for cancer therapy,
the so-called immune checkpoint inhibitors (ICIs). Programmed cell death-1 (PD-1),
programmed death-ligand 1 (PD-L1), and cytotoxic T lymphocyte-associated protein4 (CTLA-4) are the main targets of ICIs[10]. To date, beginning with the approval of
ipilimumab [anti-CTLA-4 monoclonal antibodies (mAbs)] for malignant melanoma in
2011, a number of ICIs, including three anti-PD-1 antibodies (nivolumab,
pembrolizumab, and cemiplimab) and three anti-PD-L1 antibodies (atezolizumab,
durvalumab, and avelumab), have been approved by the Food and Drug
Administration (FDA) for different types of cancers such as melanoma and non-small
cell lung cancer[9]. In addition, the use of nivolumab and pembrolizumab has now
extended to patients with HCC who have been previously treated with sorafenib.
Radiation therapy (RT) has been used as an essential local treatment modality for a
broad range of malignancies for over a century, and its immune-related effects have
recently gained extensive attention in the era of immunotherapy [11,12] . Figure 1
illustrates the modulation of tumor immunity by RT and ICIs. RT has both proimmunogenic and immunosuppressive effects on immune responses. RT triggers
immunogenic cell death, which releases danger-associated molecular patterns
(DAMPs) and primes immune cells, including dendritic cells (DCs), in the TME. RT
also enhances immune cell infiltration by upregulating the expression of adhesion
molecules on endothelial cells and the secretion of cytokines that can recruit cytotoxic
T lymphocytes [13] . By contrast, RT directly kills radiosensitive CD8 effector T
lymphocytes and preserves the less radiosensitive regulatory T lymphocytes
(Tregs)[14]. Moreover, RT-induced production of transforming growth factor-beta
(TGF-β) renders the TME more immunosuppressive [ 1 5 ] . RT-induced colonystimulating factor-1 (CSF-1) also acts in immune suppression mechanisms such as the
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M2 polarization of tumor-associated macrophages and the recruitment of myeloidderived suppressor cells (MDSCs) [16] . Furthermore, a substantial increase in the
expression of PD-L1 and PD-1 in tumor cells and T lymphocytes, respectively,
following RT weakens anti-tumor immunity, providing a rationale for combination
treatment with ISIs.
Numerous preclinical studies have provided convincing evidence that the
combination of ICI and RT (iRT) can be more potent than either treatment alone[17].
The benefits of iRT have been reported in head and neck cancer, metastatic
melanoma, metastatic pancreas cancer, and lung cancer [18,19] , and clinical trials
evaluating the outcomes of iRT are now ongoing[20]. The clinical use of immunotherapy in the form of iRT has been extended to HCC[21], and several ongoing trials are
investigating the benefits of immunotherapy for HCC[22]. In this review, we will
discuss the basis of immunotherapy and iRT, and their application in HCC. Regarding
immunotherapy, we will focus only on the CTLA-4 and PD-1/PD-L1 pathways in this
review. Moreover, we will also discuss the future perspectives of immunotherapy and
iRT for HCC.

IMMUNE CHECKPOINT INHIBITORS
The immunologic effect on the host has been an intriguing issue for the past several
decades in cancer research. To date, a variety of cellular molecules relevant to the
activation and inhibition of cancer immunity have been identified (Figure 1). Among
these molecules, CTLA-4 and PD-1/PD-L1 have been proven to be effective targets for
cancer immunotherapy, and their discovery opened a new landscape in cancer
treatment[23,24].
CTLA-4 is an immune checkpoint receptor that is upregulated in activated T cells
and constitutively expressed in Treg cells, and it negatively regulates the priming
phase of the immune response. It outcompetes CD28 stimulatory protein for binding
to CD80/CD86 (also called B7-1/2) located on the surface of antigen presenting cells
(APCs), including DCs, and the interaction between CTLA-4/CD80 transmits
inhibitory signals to T cells. CTLA-4 also facilitates immunosuppression by activating
Tregs and upregulating indoleamine 2,3-dioxygenase (IDO) and IL-10 in DCs. AntiCTLA-4 antibodies were designed to release T cells from the inhibitory signals and
reactivate them, resulting in strong antitumor immunity[25]. Ipilimumab, the first
humanized anti-CTLA4 mAb, produces remarkable responses in patients with
metastatic melanoma [23] . Superior treatment outcomes following combination
treatment with ipilimumab and nivolumab (PD-1 inhibitor) have been reported in
advanced melanoma, although toxicities were higher with combination treatment
than with monotherapy[26].
PD-1, firstly discovered in 1992, is another immune inhibitory receptor for the
effector phase of the immune response[27]. It is primarily expressed by mature T cells
in peripheral tissues and is also expressed in other immune cells including B Cells,
natural killer (NK) cells, Tregs, MDSCs, and DCs. It has high binding affinity to PD-L1
(also called B7-H1), which is broadly expressed in hematopoietic cells such as APCs
and MDSCs and non-hematopoietic cells such as parenchymal cells. The PD-1/PD-L1
interaction plays key roles in maintaining immune homeostasis in normal tissues.
Tumor cells also express PD-L1, which allows them to escape immune surveillance in
the TME. In the TME, antigen-specific T cells produce interferon-gamma (IFN-γ),
which in turn induces PD-1 and PD-L1 expression on T cells and tumor cells,
respectively. This ligand/receptor binding leads to T-cell exhaustion. Nivolumab was
the first PD-1 inhibitor approved by the FDA; it was first approved for melanomas,
followed by non-small-cell lung cancer and other cancers. Anti-PD-L1 antibodies such
as atezolizumab, durvalumab, and avelumab were also developed to block the PD1/PD-L1 axis and are now on the market.

ICI IN HCC
HCC has distinct characteristics compared to those of other cancers regarding the
application of ICIs. Although a variety of etiologies link to the development of HCC,
viral infection comprises the largest proportion, particularly in HBV and HCV
epidemic areas[28]. The chronic inflammatory status stimulated by viral infection can
effectively exhaust immune systems, thereby facilitating immune tolerance.
Furthermore, the liver is an organ into which large amounts of antigens from the
intestines drain via the portal vein, which also attenuates the immune surveillance
system[29,30]. Indeed, pre-clinical and clinical studies have indicated that advanced
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Figure 1

Figure 1 Modulation of tumor immunity by radiotherapy and immune checkpoint blockade. Radiation-induced cell death results in cytosolic DNA accumulation
in the tumor, which in turn activates the production of type I interferon (IFN) genes via cGAS/STING pathway. Increased IFN activates antigen presenting cells such as
dendritic cells (DCs), which can prime T cells within draining lymph node. IFN also mediates recruitment of effector CD8+ T cells capable of killing cancer cells into
irradiated tumor sites. Radiation triggers the release of tumor antigens and danger-associated molecular patterns, which can also activate DCs. Radiation-induced
secretion of cytokines and chemokines play both pro-immunogenic and immunosuppressive roles in the tumor microenvironment. The antitumor effect of radiation
therapy (RT) is frequently hindered by activation of immune checkpoint pathways. Thus, the combination of RT and immune checkpoint inhibitors such as antiprogrammed death 1 inhibitor shows a synergistic effect in many types of cancer. The immune checkpoint blockade also enhances RT-induced systemic effect, called
abscopal effect, which refers to the regression of an unirradiated tumor. cGAS: Cyclic guanosine monophosphate-adenosine monophosphate synthase; CTLA-4:
Cytotoxic T lymphocyte-associated protein 4; IFN: Interferon; LN: Lymph node; MHC: Major histocompatibility complex; PD-1: Programmed death 1; PD-L1:
Programmed death-ligand 1; STING: Stimulator of interferon genes; TAA: Tumor-associated antigen; TCR: T-cell receptor; Trex1: Three prime repair exonuclease 1.

HCC has a highly immunosuppressive TME, as indicated by intratumor CD8+ T cell
exhaustion and inefficient T cell infiltration[31,32].
Hepatic immune tolerance is mainly mediated by specialized APCs such as
resident DCs, liver sinusoidal endothelial cells (LSECs), Kupffer cells (KCs), and
hepatic stellate cells (HSCs), as well as Treg cells and MDSCs [33] . They express
inhibitory cytokines and immune checkpoint molecules including CTLA-4, PD-1,
TIM-3, LAG-3 and BTLA[34]. Among them, PD-1 expression is high on effector CD8+ T
cells within tumors of patients with HCC[35], which is associated with poor disease
progression and postoperative recurrence[36]. Overexpression of PD-L1 is also seen on
tumor cells as well as non-parenchymal liver cells such as KCs and LSECs, predicting
tumor aggressiveness and postoperative recurrence in HCC[37]. In this background,
ICIs were anticipated to be highly effective in HCC and therapeutic efficacy of CTLA4 and PD-1/PD-L1 targeted therapies was clinically evaluated in HCC. Treatmentrelated hepatic toxicity is one of the most concerning issues when applying ICIs to
patients with HCC because most patients with HCC have liver cirrhosis and are
usually more vulnerable to systemic therapeutics than those with other malignancies.
The first study to evaluate the treatment outcomes of a CTLA-4 inhibitor,
tremelimumab, was conducted in HCV-related HCC. This pilot clinical trial found a
partial response rate of 17.6% and disease control rate of 76.4 [38] . Interestingly,
tremelimumab showed both anti-tumoral and anti-viral effects. Treatment-related
hepatic toxicities were observed in approximately one-half of the patients, but they
were all reversible. This success with tremelimumab encouraged the testing of other
ICIs in HCC. In the CheckMate 040 trial, the feasibility of a PD-1 inhibitor, nivolumab,
was evaluated in patients with HCC, finding an overall response rate of 15-20% with
no severe toxicity[39]. Another phase 2 trial (KEYNOTE-224) investigating the efficacy
of pembrolizumab in patients with advanced HCC who had been previously treated
with sorafenib [40] . In this trial, the objective response rate was 17% and 12-mo
progression-free survival and overall survival were 28% and 54%, respectively. While
safety of combination treatment with PD-1 and CTLA-4 inhibitors could be proven in
phase I/II, efficacy should be proven in phase III[41]. CheckMate-459 (NCT02576509)
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trial is an ongoing phase III trial to evaluate the role of nivolumab in frontline setting
for advanced HCC [ 4 2 ] . Another ongoing phase III trial, Keynote-240 trial
(NCT02702401), is to investigate the benefit of pembrolizumab in previously treated
advanced HCC[43]. Most recently, Merck released update on Keynote-240 study. They
announced that the patients who have been treated with pembrolizumab had superior
OS to those treated with placebo, but the superiority failed to reach pre-specified
statistical significance [HR=0.78 (95%CI: 0.611-0.998); P = 0.0238][44]. Although they
failed to meet primary endpoints, favorable OS in pembrolizumab-treated group
suggests that more evidence be needed to confirm the role of this drug. The final
result from Keynote-240 and other ongoing trials are awaited. The combination
treatment with durvalumab and tremelimumab showed better outcomes compared to
monotherapy, but it showed higher toxicity rates. Based on the phase I/II trial
outcomes, a large phase III trial, the HIMALAYA study, is ongoing to examine the
feasibility of durvalumab and tremelimumab as first-line treatment for advanced
HCC[45].

RADIOTHERAPY IN HCC
Traditionally, external beam RT (EBRT) has been limited role in the treatment of
HCC[46]. Because of several obstacles facing the use of liver EBRT such as respiratory
motion control, target delineation of hepatoma, and difficulty in image-guidance, few
institutions had the technical ability to perform EBRT for patients with HCC [47] .
Therefore, the role of EBRT was restricted in the palliation of metastatic HCC. In
recent years, there has been growing interest in the use of EBRT in patients with
HCC[46,48]. The recent technical advances ensure that high doses of radiation will be
precisely delivered to the target in the liver while sparing the normal tissue[8]. As a
result, EBRT has been utilized increasingly and practice guidelines of EBRT in HCC
have been presented especially in Asian area[49,50].
The use of EBRT for primary HCC has various aims, including ablation of HCC;
consolidation of other local treatments, mainly chemoembolization; bridging to liver
transplantation; salvation from disease refractory to other treatment; and
palliation[48,50-52]. Specifically, as higher doses of irradiation are widely attempted,
stereotactic body RT (SBRT) or hypofractionated EBRT with ablative doses is
increasingly used, with comparable local control compared to that with
radiofrequency ablation[53-56]. Proton beam therapy (PBT) is another optimized EBRT
tool for high-dose irradiation[57,58]. The physical properties of PBT with no exit dose
minimize the integral doses in the normal liver parenchyma[59,60]. Therefore, PBT
enables dose escalation without increasing the risk of radiation-induced liver
toxicities, as evidenced by retrospective studies reporting that PBT showed excellent
local control and low incidences of toxicities [57,58] . RT challenged the treatment
guidelines of the BCLC system for HCC with macroscopic vascular invasion, which
recommend sorafenib[8,61]. Recently, Yoon et al[62] showed in a phase II randomized
controlled trial that the outcomes of chemoembolization followed by EBRT were
superior to those of sorafenib in patients with HCC with macrovascular invasion,
providing improved progression-free survival, objective response rate, time to
progression, and overall survival. With the accumulation of evidence regarding the
benefits of RT for primary HCC, other guidelines for the treatment of primary HCC
have extended the range for the application of RT[50].
Aside from EBRT, selective internal RT (SIRT) using yttrium-90 (90Y) microspheres
is also increasingly utilized in the treatment of primary HCC[63]. SIRT, also known as
radioembolization, is a form of brachytherapy in which microspheres loaded with 90Y
that emit high-energy beta radiation are administrated via a microcatheter positioned
within the hepatic artery[64]. Because of the limited penetration depth of 2.5 mm of the
beta-radiation, this approach spares much of normal liver tissue. The clinical
application of SIRT is largely limited because of the lack of clinical evidence, but its
roles in tumor control and immune activation are actively being investigated[65].
The role of palliative RT for HCC metastases has been expanded as well. Although
the development of new systemic agents has improved the overall survival of patients
with cancer, efficacious local modalities that palliate symptoms are frequently needed
as the disease progresses[66]. In metastatic HCC, the need for palliative care has been
raised, and technological advances have led to an increase in the use of palliative
RT [67] . Bone metastasis from a primary HCC represents the type of soft tissue
formation that requires high-dose irradiation for the long-term control of the tumor
and symptoms[68] and in retrospective studies, the use of SBRT or hypofractionated RT
with high doses was proven to be an effective way to control painful bone metastases
from HCC[67,69,70]. This trend would be in accord with the scheme for iRT in which
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hypofractionated RT is preferred for immune boosting, as described below.

COMBINATION OF RT AND ICIs
Synergistic effects of RT and ICIs
Although ICIs have recently revolutionized cancer treatment, overall response rates
remain around 20%, with much room for further improvement. RT is one of the most
encouraging strategies that can be combined with ICIs to improve treatment outcomes
because of its pro-immunogenic properties. On the other hand, the addition of ICIs
could help overcome radiation resistance caused by radiation-induced immunosuppressive effects. These synergistic effects of iRT have been proven in numerous
preclinical studies and clinical settings[11,18,19,71,72]. Demaria et al[73] provided the first
evidence of a synergistic effect when examining RT and CTLA-4 blockade using a
murine 4T1 mammary carcinoma model; the survival of mice harboring a poorly
immunogenic 4T1 tumor was not affected by CTLA-4 blockade alone but was
significantly increased when combined with RT. Subsequently, the synergy between
RT and PD-1 blockade was intensively investigated in preclinical settings[74-77]. For
example, Zeng et al[74] showed that stereotactic radiation combined with anti-PD-1
antibodies markedly increased the survival of mice with intracranial gliomas with
increased CD8+ T cells and decreased Treg cell infiltration. Another preclinical study
using syngeneic mouse models revealed that PD-L1 blockade exerted a synergistical
anti-tumor immunity with RT via MDSC reduction and cytotoxic T cell activation[78].
These lines of preclinical evidence provide a strong rationale for the use of
combined iRT for cancer treatment, and numerous clinical evaluations are currently
ongoing. A phase III trial (CA184-043) evaluating RT and ipilimumab in patients with
metastatic castration-resistant prostate cancer that progressed after docetaxel
chemotherapy has been conducted; post hoc subgroup analysis revealed a survival
benefit with anti-CTLA-4 ipilimumab[79]. The efficacy of combining PD-1/PD-L1
blockade with RT has been tested more frequently in the clinical setting. A recent
phase III PACIFIC trial for patients with unresectable stage III non-small lung cancer
(NSCLC) receiving chemoradiation showed significant improvement of progressionfree survival with anti-PD-L1 durvalumab vs placebo (median survival 16.8 mo vs 5.6
mo)[80]. According to a recent update of the PACIFIC trial, overall survival was also
improved in the durvalumab group vs placebo group (2-year overall survival 66.3% vs
55.6%)[81]. The secondary analysis of the KEYNOTE-001 trial that studied patients with
locally advanced or metastatic NSCLC treated with anti-PD-1 pembrolizumab
revealed that patients who had previously received RT benefited from pembrolizumab compared to patients without RT in terms of improved progression-free
survival and overall survival with pembrolizumab[82].
RT is a type of local treatment but is also believed to induce systemic effects. An
RT-induced systemic effect, called an “abscopal effect,” refers to the remission of a
tumor outside the RT field. Because it was first reported in 1953[83], only anecdotal
clinical evidence was reported for several decades[84]. However, in the era of cancer
immunotherapy, abscopal effects are increasingly being reported when RT is given
concomitantly with ICIs. Demaria et al[85] first showed evidence that an RT-induced
abscopal effect is an immune-mediated response using a syngeneic mouse model
bearing two tumors. Thereafter, numerous preclinical results using ICIs were
reported[86-88]. Using PD-1 knockout mice, Park et al[88] showed that PD-1 blockade is a
promising strategy to potentiate abscopal effects as well as anti-tumor effects caused
by stereotactic ablative RT. In the clinical setting, Postow et al[89] reported the case of
an abscopal effect in a patient with melanoma treated with anti-CTLA-4 ipilimumab
and RT. Since then, several studies have reported that combined immunotherapy
boosts the abscopal effects of RT, although the optimal dose/fraction size is still a
matter of debate[84,90-92].
As described above, RT modulates immunity in the TME directly or indirectly, and
a thorough understanding is important to design the optimal settings for iRT. RT
exerts immunostimulatory effects by increasing CD8+ effector T cells[93] and type I IFN
is a key modulator for their recruitment in response to RT[94]. The production of type I
IFN required for anti-tumor immunity is mediated by stimulator of interferon genes
(STING), and the upstream cyclic guanosine monophosphate-adenosine
monophosphate synthase (cGAS) signaling pathways are initiated by sensing tumorderived cytosolic DNA (Figure 1) [95-97] . On the other hand, RT exerts immuneinhibitory effects by upregulating PD-L1 expression or secreting cytokines such as
TGF-β, which contributes to radio-resistance[98,99]. The balance between two opposite
immune reactions depends on the radiation dose schemes, sequences between RT and
ICIs, and treatment volume of radiation[100]. Therefore, these parameters need to be
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established in order to determine the optimal RT conditions that reach the maximum
synergistic effect with ICIs.

Treatment sequences
When RT is given, ICIs can be administered before RT, after RT, or concurrently.
Several preclinical studies have been performed to determine the optimal sequences
of RT and ICIs. Dovedi et al[77] showed the concurrent administration of anti-PD-L1
mAb with RT of 2 Gy × 5 was more effective than their sequential application. On the
other hand, another study showed that anti-CTLA-4 antibodies were most effective
when given prior to RT[101], which reflects the function of CTLA-4 blockade in Treg
depletion. Single large doses (> 20 Gy) of RT followed by anti-CTLA-4 also enhanced
anti-tumor immunity in a Lewis lung carcinoma mouse model[102] and a mesothelioma
mouse model[103], suggesting that dose and fraction size may also have an effect. A
concurrent regimen for anti-PD-L1 and RT was also effective in a bladder cancer
model[104]. Further retrospective or prospective studies are required to elucidate the
optimal timing of RT that maximizes outcomes in patients co-treated with RT and
ICIs.

Radiation dose and fractionation
It is widely accepted that SBRT or hypofractionated RT may be more immunogenic
than conventional fractionated RT with 2 Gy per day. Lugade et al[105] showed that a
single dose of 15 Gy boosted the immune reaction more effectively than a fractionated
dose of 3 Gy × 5 in a B16 murine melanoma mouse model. Regarding the combination
with ICIs, Dewan et al. reported that an 8 Gy × 3 regimen showed better local tumor
control and a systemic abscopal effect than two other regimens, 20 Gy × 1 and 6 Gy ×
5, plus anti-CTLA-4 mAb in a TSA mouse breast carcinoma model[86]. A recent study
by Vanpouille-Box et al[106] provided an important mechanistic clue regarding the
modulation of the immunogenic effect by different dose/fractionation schemes. They
showed that 8 Gy × 3 but not a single 30 Gy dose when co-treated with anti-CTLA-4
antibodies induced abscopal responses with increased IFN-β production via the
cGAS/STING pathway. A single radiation dose between 12 and 18 Gy upregulates
the DNA exonuclease TREX, which in turn degrades cytoplasmic double-stranded
DNA, resulting in turning off RT-induced immune stimulation. Thus, the use of a
dose per fraction above 12 Gy for synergy with ICIs needs to be reconsidered.

Treatment volume
Draining lymph nodes (LNs) where APCs present antigens to T cells play a critical
role in PD-1/PD-L1 therapy[75,107]. However, paradoxically, draining LNs are usually
suspected to contain cancer cells as well as immune cells, which encourages radiation
oncologists to encompass them in the RT field. In the setting of combination treatment
with ICIs, the benefit of an RT target volume that includes draining LNs should be
weighed against the risk of loss of tumor antigen-specific immune cells that help to
reinvigorate anti-tumor immunity. Further studies to clarify the need for the
modification of target delineation in the iRT setting may be warranted.

PRECLINICAL DATA AND ONGOING TRIALS FOR HCC
As described above, there are numerous studies and ongoing trials regarding the
synergistic efficacy of ICIs and RT in various cancer types such as melanoma, headand-neck cancer, non-small cell lung cancer, colorectal cancer, sarcoma, and renal cell
carcinoma [11] . However, the studies on the combination effect in HCC are still
underway, and just a few results have been reported to date. To the best of our
knowledge, only two preclinical studies have been conducted to investigate the
efficacy and the mechanism of ICIs and RT in murine HCC models[108,109]. Kim et al[108]
showed that RT upregulated PD-L1 expression via IFN-γ/STAT3 signaling in the
murine HCa-1 HCC cell line. The authors showed that the combination of anti-PD-L1
and RT of 10 Gy significantly suppressed Hca-1 tumor growth in syngeneic C3H mice
and improved the survival of tumor-bearing mice compared to those with anti-PD-L1
alone or RT alone. The combination treatment increased the infiltration of effector
CD8+ T cells and enhanced RT-induced apoptotic death within tumor tissue. These
results suggest that iRT may hold promise as a potential strategy for HCC treatment.
Another preclinical study supported the synergistic effect of the SBRT and anti-PD-1
combination in an orthotopic murine HCC model[109]. A Hep-55.1C tumor was injected
into the liver right lobe, and 30 Gy in 3 fractions was delivered using a specialized
irradiation system called the Small Animal Radiation Research Platform (SARRP). The
combination of SBRT and anti-PD-1 antibodies markedly suppressed tumor growth
and improved survival with increased infiltration of CD8+ cytotoxic T cells within the
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tumor.
There are only a limited number of studies on the combination effect of ICIs and RT
in patients with HCC in the clinical setting. Kim et al [110] reported the clinical
significance of the soluble PD-L1 level in blood samples from patients with HCC. The
authors showed that EBRT significantly increased the soluble PD-L1 level and that a
higher soluble PD-L1 level at 1 mo after EBRT was significantly associated with early
lung metastasis and poor overall survival. Even though PD-1/PD-L1 therapy was not
tested in this study, these findings support the rationale that iRT might be a
promising therapeutic strategy in patients with HCC. In addition to the EBRT, the
immune responses by the SIRT are under investigation. SIRT allows delivery of highdose radiation up to 170 Gy penetrating the tissue with depth ranging from 2.5 to 11
mm[111]. Therefore, it was hypothesized that SIRT may have robust immunogenic
effect by its similarity with high-dose EBRT with single fraction. However, there is
very few literatures and only a case report showing the enhancement of the
antitumoral immune response by the combination of nivolumab and SIRT with 90Y[112].
An analysis of tumor-infiltrating leukocytes isolated from patients with HCC after 90Y
radioemboliztion revealed SIRT resulted in higher tumor infiltration of CD8+ T cells,
and CD8+ and/or CD56+ NK cells and higher expression of tumor necrosis factor-α on
both the CD8 and CD4 T cells and APCs in peripheral blood[65]. These implied that
SIRT with 90Y enabled the activation of both local and systemic immune and potential
of synergy by combination with ICI. There are needs for clinical data regarding the
iRT and now several ongoing clinical trials are being conducted to investigate the
efficacy of iRT using various ICIs and EBRT or SIRT for patients with HCC. The trials
registered in www.ClinicalTrials.gov are listed in Table 1.

CONCLUSION
The advent of immunotherapy using ICIs had a great impact on melanoma treatment
and is now expanding to the treatment of gastrointestinal malignancies, including
HCC. Although the use of iRT in HCC treatment is anticipated, there remain many
issues to be investigated. First, ICIs should not be considered the best partners to use
with RT in HCC. Aside from ICIs, other immunotherapeutic strategies such as
cytokine-induced killer cells or gene therapy using adenoviral vectors have already
been assessed in patients with HCC[113,114]. The potential of IL-12 with RT was tested in
a murine model, demonstrating that the combined therapy of RT and IL-12 showed
better tumor regression compared to each treatment alone; however, this has not been
evaluated in the clinical setting yet[115].
Another issue is that an optimized RT methodology for use in combination with
ICIs has not been established. Although large amounts of preclinical and clinical data
suggest optimal schemes for dose-fractionation, the timing of RT, and target
delineation as described above, there is no general consensus that can be applied in
the clinic. Further efforts are needed to understand the nature of RT-induced immune
responses. In addition, RT-induced lymphopenia may suppress reinvigoration by
ICIs, so a specialized RT protocol that can minimize lymphopenia needs to be newly
designed for iRT [116] . The combination of ICIs and particle beam therapies is an
emerging research field. Because of its dosimetric benefits, particle beam therapy can
potentially prevent lymphopenia as well as save the normal liver. The immunologic
effects of particle beam therapy are being investigated in other types of cancers such
as NSCLC [117] . To date, the clinical trials to assess iRT have been focused on the
treatment of primary HCC. However, iRT can potentially be effective in systemic
disease control via abscopal effects[84]. As with other types of cancers in which the
application of iRT for metastatic disease has been tested, iRT for the control of
metastatic HCC can be considered a future new therapeutic strategy.
Finally, the appropriate selection of good candidates for iRT is required to improve
the outcomes in patients with HCC. PD-L1 expression is a predictive biomarker for
PD-1/PD-L1 blockade in patients with NSCLC, but it has not been tested in patients
with HCC. Tumor mutation burden and infiltration of effector T lymphocytes are
emerging biomarkers [118] , but they also have not been evaluated in HCC. Nextgeneration sequencing-based profiling of tumor mutation burden, immune gene
expression signatures, T-cell receptor repertoire, T-cell-inflamed gene expression, and
the microbiome could help to predict the suitability of patients with HCC for
iRT[118,119]. Such genetic information is useful for predicting not only the susceptibility
to ICIs but also the individual radiation sensitivity[120-122]. Therefore, further efforts to
identify the biomarkers to guide the selection of patients with HCC who are
appropriate for iRT are needed.
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Table 1 On-going clinical trials for combination of immune checkpoint inhibitor and radiation
NCT number

Institution

Phase

Disease

NCT03482102

United States
(MGH)

II

NCT03203304

United States (UCh)

I

HCC

NCT03316872

Canada (UHN)

II

NCT03812562

United States (NU)

NCT03033446

Intervention

Estimated
enrollment

Locally advanced/
Experimental:
unresectable or
Tremelimumab +
metastatic disease Durvalumab + EBRT
HCC or biliary tract
cancer

Primary endpoint

70

Best overall
response rate

SBRT Nivolumab →
+/- ipilimumab +
SBRT (8 Gy × 5)

50

Number of
participants with
adverse events

HCC showing
progression after
sorafenib

Pembrolizumab +
SBRT

30

Overall response
rate

I

HCC intended to be
resected

90
Y SIRT →
Nivolumab

12

Recurrence rate

Singapore (NCC)

II

HCC not suitable for
resection or
transplant

90
Y SIRT →
Nivolumab

40

Response rate

NCT02837029

United States (NU)

I/Ib

HCC stage IIIA - IVB

90
Y SIRT →
Nivolumab

35

Maximum tolerated
dose

NCT03099564

United States (UNC)

I

HCC

90
Y SIRT +
Pembrolizumab

30

Progression-free
survival

MGH: Massachusetts General Hospital; HCC: Hepatocellular carcinoma; EBRT: External beam radiotherapy; UCh: University of Chicago; SBRT:
Stereotactic body radiotherapy; UHN: University Health Network; NU: Northwestern University; SIRT: Selective internal radiation therapy; NCC:
National Cancer Center; UNC: University of North Carolina.
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Abstract
The objective of this study was to analyze the current evidence for the use of
pancreatic enzyme replacement therapy (PERT) in affecting survival and quality
of life in patients with pancreatic exocrine insufficiency (PEI). Systematic searches
of the literature were performed using the PubMed database. Articles were
selected for inclusion if they reported findings from trials assessing the effects of
PERT on quality of life, survival, malabsorption, growth parameters (such as
height, body weight and body mass index), or gastrointestinal symptoms (such as
abdominal pain, stool consistency and flatulence). PERT improved PEI-related
malabsorption and weight maintenance in patients with cystic fibrosis, chronic
pancreatitis, pancreatic cancer, and post-surgical states. In patients with chronic
pancreatitis, PERT improved PEI-related symptoms and quality of life measures.
Several small retrospective studies have also suggested that PERT may have a
positive impact on survival, but long-term studies assessing this effect were not
identified. PERT is effective for treating malnutrition and supporting weight
maintenance, and it is associated with improved quality of life and possibly with
enhanced survival in patients with PEI. However, there is evidence that not all
patients with PEI receive adequate PERT. Future work should aim to assess the
long-term effects of PERT on the survival of patients with PEI.
Key words: Pancreatic exocrine insufficiency; Pancreatic enzyme replacement therapy;
Survival; Quality of life; Malabsorption; Cystic fibrosis; Chronic pancreatitis; Pancreatic
cancer; Post-surgical states
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Malnutrition associated with pancreatic exocrine insufficiency (PEI) can have
serious consequences, leading to increased morbidity and reduced survival. Awareness
and education may be needed to ensure that patients with PEI are managed appropriately
in order to increase their survival and improve long-term quality of life. There is
currently a lack of evidence for the long-term effects of pancreatic enzyme replacement
therapy (PERT) on survival in patients with PEI; however, there is substantial evidence
supporting its efficacy in improving PEI-related malnutrition. Furthermore, the available
evidence indicates that PERT improves PEI-related symptoms and quality of life
measures in patients with PEI.
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INTRODUCTION
Effectively understanding the nutritional implications of pancreatic exocrine
insufficiency (PEI) is fundamental if physicians are willing to improve the survival
and quality of life in patients with compromised pancreatic function[1]. In patients
with PEI, secretion of pancreatic enzymes and bicarbonate is insufficient to maintain a
normal digestion[2,3]. Impaired food digestion can result in nutrient malabsorption and
malnutrition, as well as disturbed regulation of gastrointestinal (GI) motor and
secretory functions[2,3]. Thus, patients with PEI frequently complain of steatorrhea,
diarrhea, and/or other usually unspecific GI symptoms associated with fat
maldigestion[4-8]. PEI may be undiagnosed in some patients who may be suspected to
suffer from other GI disorders, such as irritable bowel syndrome[8]. Furthermore,
diagnosis may be difficult to establish, particularly with mild or moderate disease[9].
Awareness and education in the management of PEI may be needed to ensure that
patients affected by the severe and chronic diseases with which it is associated are
managed appropriately, in order to increase their survival and improve long-term
quality of life[2,7,10].
Often, patients develop PEI as a result of changes to the pancreas caused by lifelimiting or terminal diseases[1]. Conditions such as cystic fibrosis (CF) or chronic
pancreatitis (CP) lead to loss of pancreatic parenchyma, while pancreatic cancer may
cause obstruction of the pancreatic duct, particularly if the tumor is located in the
head of the pancreas. Celiac disease results in decreased pancreatic stimulation, and
Zollinger-Ellison syndrome inactivates pancreatic enzymes. Surgical resections, such
as gastrectomy or duodenopancreatectomy, may also lead to decreased and delayed
pancreatic stimulation and loss of pancreatic parenchyma[11,12]. Overall, the most
common causes of PEI are CF, CP, and pancreatic cancer[2].
Malnutrition resulting from PEI is the main clinical manifestation of the disease[12].
It can be associated with serious consequences, leading to increased morbidity and
reduced survival [1,7] , and it may be associated with a reduced quality of life [13] .
Malnutrition resulting from PEI in CF can lead to stunted growth in childhood,
weight loss in adults, and deterioration of pulmonary function; PEI can also lead to
decreased length of survival compared with pancreatic-sufficient patients[2,14]. In nonCF conditions, e.g., CP and pancreatic cancer, PEI-related malnutrition is associated
with weight loss that can lead to the development of comorbidities, and negatively
impacts on patient prognosis[15-17].
Pancreatic enzyme replacement therapy (PERT) involves supplementation of
pancreatic enzymes in patients with PEI and is effective in reducing the severity of GI
symptoms; it also improves GI dysregulation and nutrient absorption, thus
preventing malnutrition[7,15]. PERT has the potential to improve the nutritional status
of patients suffering from PEI and, therefore, may increase survival and improve
quality of life of these patients[1,2,7,16]. Treatment is usually well tolerated, with mild GI
symptoms (e.g., stomach pain, nausea, and bloating) reported as major adverse
events[7]. Very high doses of PERT have been associated with fibrosing colonopathy in
patients with CF; however, such high doses are not recommended by current
treatment guidelines[7,17,18].
This review aims to analyze the current evidence for the effectiveness of PERT in
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increasing survival and improving quality of life in patients with PEI, particularly
those with severe and chronic underlying diseases such as CF, CP, or pancreatic
cancer (see Supplementary material for literature search details).

EFFECTS OF PERT ON MALNUTRITION, QUALITY OF LIFE,
AND SURVIVAL OF PATIENTS WITH PEI
CF
No studies directly assessing the link between PERT and increased survival of
patients with PEI and CF were identified in the literature, and only one study
assessed quality of life. However, a number of randomized, placebo-controlled
studies as well as longer-term, open-label studies evaluating various PERT
formulations, e.g., pancrelipase (pancreatin) or liprotamase, were identified and are
discussed here, as these provide insights on the effects of PERT on nutritional status,
growth parameters, or GI symptoms.
In the seven short-term, randomized, double-blind, placebo-controlled studies
evaluated, administration of PERT was shown to significantly increase fat and protein
absorption compared with placebo in patients ≥ 7 years of age with CF (P < 0.001;
Supplementary Table 1)[19-25]. A typical coefficient of fat absorption (CFA) of 40-50% is
observed in patients with PEI and CF without treatment[26]. In the short-term studies
included here, the CFA ranged from 72.7% to 88.6% in patients treated with PERT vs
47.4% to 62.8% in patients who received placebo, and the coefficient of nitrogen
absorption (CNA) from 80.3% to 87.2% in patients treated with PERT vs 45.0% to
65.7% in patients who received placebo (Supplementary Table 1). Greater improvements in CFA and CNA were noted in severe disease, which is characterized by a
placebo CFA < 40%[19,20] or ≤ 50%[21,22]. Stool consistency, frequency, and mean stool fat
were improved in patients receiving PERT compared with placebo, as well as other
malnutrition-related symptoms, e.g., bloating, abdominal pain, and flatulence.
The positive effects of PERT in patients with CF are further supported by findings
from open-label studies in different age groups, including an 8-wk study in children
< 2 years of age[27], a 12-wk study in children 1 mo to < 4 years of age[28], a 12-mo study
in children ≥ 7 years of age[29], and a 14-d study in children 6-36 mo of age[30] (Supplementary Table 2). In addition to improvements in fat and protein absorption, PERT
was associated with age-appropriate increases in growth parameters. In children < 2
years of age, significant increases in the weight-for-age z-score were observed after 8
wk of PERT, as well as increases in the length-for-age z-score (Figure 1A)[27]. Similar
results were observed over 12 wk of PERT in children 1 mo to < 4 years of age, with
marked increases particularly observed in children < 2 years of age (Figure 1B)[28]. In
older children ≥ 7 years of age, 12 mo of PERT was shown to lead to and maintain
age-appropriate growth and weight gain[29]. During the study in older children ≥ 7
years of age none of the subjects lost > 5% body weight; 67.5% and 62.8% of children
7 to < 12 years of age and 12 to < 17 years of age gained > 5% body weight,
respectively[29].

CP
In four short-term, randomized, double-blind, placebo-controlled studies conducted
in patients with CP, PERT improved on-treatment CFA and CNA values (Supplementary Table 3)[31-34]. In a trial in 27 patients, fat absorption significantly improved in
patients receiving PERT compared with placebo (P = 0.0185)[31]. PERT also led to a
significant reduction in fat excretion (P = 0.0181) and stool frequency (P = 0.0015) and
improved stool consistency (P = 0.0102). These results are consistent with those
obtained in a dose-response, cross-over study evaluating two doses of PERT [32] .
Patients were randomized to a low-high or high-low dosing sequence. Following 1822 d of PERT, fat and protein absorption significantly increased from baseline (P <
0.001). Furthermore, PERT was associated with significant increases in body weight
compared with the placebo run-in period (P ≤ 0.021) and in body mass index (BMI)(P
≤ 0.020). PERT also significantly increased high-density lipoprotein cholesterol levels
(P < 0.001) compared with the placebo run-in period, while low-density lipoprotein
cholesterol and fat-soluble vitamin levels (A, E, and K) remained unchanged over the
study duration[32] (Supplementary Table 3).
The effects of long-term PERT on nutritional status and body weight of patients
with CP were assessed in two open-label studies conducted for up to 1 year (Supplementary Table 4)[35,36]. These were both preceded by a short, randomized phase where
the effects of PERT vs placebo on fat and protein absorption were measured. One of
these studies was conducted in 54 patients randomized to receive PERT or placebo for
7 d[34], followed by an open-label phase for 6 mo, where all patients in the analysis (n =
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Figure 1

Figure 1 Effects of pancreatic enzyme replacement therapy on body weight in children with cystic fibrosis
and pancreatic exocrine insufficiency. A: Age-adjusted z-scores1 for length and weight at baseline and after 8 wk
of pancreatic enzyme replacement therapy (PERT) in children < 2 years of age[27]; B: mean change from baseline
after 12 wk of PERT in age-adjusted z-scores1 for length and weight in children 1 mo to < 4 years of age[28]. 1Zscores are commonly used to assess growth percentiles and compare patients of different ages and at different rates
of growth. It indicates the number of standard deviation away from the mean. aP < 0.05. PERT: Pancreatic enzyme
replacement therapy; SD: Standard deviation.

48) received PERT[35]. At the end of the randomized phase, fat and protein absorption
were greater in patients receiving PERT compared with placebo [34] . A clinically
relevant and statistically significant improvement in body weight (P < 0.0001; Figure
2A) was observed at the end of the 24-wk, open-label treatment phase [35] . Stool
frequency was significantly reduced (P < 0.001), and improvements in clinical
symptoms and the Clinical Global Impression scale of clinical symptoms were
reported; the proportion of patients with no symptoms or mild symptoms overall
increased (49.1% at baseline to 83.0% at study end) [35] . However, no clinically
meaningful changes in quality of life [assessed by the 36-item Short Form (SF-36)
Health Survey] were observed at the end of the 24-wk treatment period[35].
In India, a 1-wk, randomized, double-blind, placebo-controlled study was
conducted[33] followed by a 51-wk, open-label extension study[36]. PERT was associated
with significant improvements in fat and protein absorption (P = 0.001 and P = 0.005,
respectively), together with reductions in mean stool frequency, stool weight, stool
fat, and stool nitrogen[33,36]. Moreover, significant improvements in body weight (P =
0.001; Figure 2A) and BMI (P = 0.001) were observed after 1 year of PERT[36]. An
increase in body weight of ≥ 7% occurred in 61.7% of patients. Overall, the median
BMI increased from 19.2 kg/m2 at baseline to 20.9 kg/m2 at the end of the open-label
phase[36].
In both the open-label extension studies discussed above, PERT led to improvements in PEI-related symptoms, such as abdominal pain, stool consistency, and
flatulence (Figure 2B)[35,36]. In the 24-wk study, no clinically meaningful changes in
quality of life assessed using the SF-36 were observed at the end of the treatment
period[35]. However, in the 51-wk study, quality of life was enhanced with PERT;
seven of the eight components of the SF-36 and the two summary scores improved
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Figure 2

Figure 2 Mean change from baseline in body weight[35,36] (A); improvement in clinical symptoms of pancreatic exocrine insufficiency in patients with cystic
fibrosis following long-term pancreatic enzyme replacement therapy[35,36] (B).aP < 0.05; bP < 0.001; cP < 0.0001 vs baseline. BMI: Body mass index; PERT:
Pancreatic enzyme replacement therapy; SD: Standard deviation.

(including significant improvements in bodily pain, general health, vitality, roleemotional, mental health, and the mental component summary)[36].

Pancreatic cancer
Two studies were identified that described the effects of PERT in patients with
unresectable pancreatic cancer. One study in patients with advanced, unresectable
cancer of the pancreatic head region and suspected pancreatic duct obstruction
reported that PERT prevented weight loss in an 8-wk, randomized, double-blind,
placebo-controlled study[37] (Supplementary Table 5). Patients randomized to PERT
gained weight, while patients on placebo lost weight over the study duration (Figure
3). Furthermore, fat absorption increased by 12% with PERT, whereas it decreased by
8% in the placebo group [37] . A more recent randomized, double-blind, placebocontrolled study suggested that PERT had no significant effect on weight loss in
patients with unresectable pancreatic cancer at 8 wk (P = 0.614; Supplementary Table
5)[38]. There was also no improvement in quality of life with PERT, and no significant
difference in overall survival (5.84 mo with PERT vs 8.13 mo with placebo; P = 0.744;
Supplementary Table 5 and Table 6)[38].

Pancreatic surgery
Two studies were identified that described the effects of PERT in patients that had
undergone pancreatic surgery; indications for surgery were CP or pancreatic
cancer [39,40] . PERT in patients with partial/total pancreatic resection resulted in
significant improvements in fat and protein absorption in a 1-wk, randomized,
placebo-controlled study (P < 0.001; Supplementary Table 7)[39]. Patients from this
study then received PERT for 51 wk in an open-label extension, where improvements
in fat and protein digestion were achieved and maintained to the end of follow-up
(Supplementary Table 8)[39]. At this time point, body weight had also significantly
increased compared with baseline (P < 0.05) (Figure 4) [39] . In a further small,
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Figure 3

Figure 3 Effects of 8 wk of pancreatic enzyme replacement therapy on body weight of patients with
unresectable pancreatic cancer[37].aP < 0.02. PERT: Pancreatic enzyme replacement therapy; SD: Standard
deviation.

uncontrolled study, PERT was administered for 2.5 years to patients following
pancreatic surgery. Significant weight gain and decreased fecal fat excretion were
observed during follow-up[40].

DISCUSSION
The aim of this review was to analyze the current evidence for the effectiveness of
PERT in increasing survival and improving quality of life in patients with PEI,
particularly those with chronic and severe underlying diseases such as CF, CP, or
pancreatic cancer. Evidence from clinical trials supports the efficacy of PERT in
treating PEI-related malabsorption and maintenance of a healthy weight in patients
with PEI due to these underlying diseases.
CF is caused by mutations in the gene encoding CF transmembrane conductance
regulator (CFTR): a protein highly expressed in pancreatic ductal epithelia,
responsible for allowing the flow of anions and fluid into the ductal lumen[41]. As a
result of these mutations, patients with CF have a decreased flow of anions and fluid
into the pancreatic ductal lumen, leading to precipitation of proteins in the ductal
lumen and, therefore, obstruction and damage to the pancreas[41]. Consequently,
severe PEI is very common in newborns with CF, and is seen in approximately 85% of
cases [18,26,42] . Although we identified a lack of studies in the literature explicitly
measuring the link between PERT and prolonged survival of patients with CF,
randomized, placebo-controlled studies show that PERT increases fat and protein
absorption [19-25] , while longer, open-label studies show that PERT improves the
relevant clinical outcome of age-appropriate growth and weight gain or
maintenance[27-29]. A single retrospective study in Moscow identified a potential link
between PERT and life expectancy of patients with CF[43]. This study showed that,
between 1993 and 2013, improvements in CF management, which included the
introduction of PERT, led to an increase in life expectancy from 16 to 39 years[43]. These
data suggest a potential link between PERT and life expectancy of patients with CF,
although future long-term studies are needed to investigate this further.
The positive effects of PERT on PEI-associated malabsorption in children < 2 years
of age with CF is particularly important as the first 2 years of life represent a period of
intense growth, with high energy needs [27] . Therefore, addressing PEI-related
malabsorption with PERT in those patients may be crucial to maintaining ageappropriate growth. Furthermore, wasting, which is linked with malnutrition, has
been shown to be an independent prognosis predictor for survival in patients with
CF[16,26,44,45]. The 5-year prognosis is better in patients with > 85% ideal body weight
than in patients below that target (survival: 83.8% vs 53.4%, respectively; P <
0.0001)[45]. PEI-related malnutrition and impaired growth correlate with reduced lung
function[46], which can ultimately increase mortality. An analysis of the European CF
Patient Registry demonstrated that PEI was associated with a statistically significant
(P < 0.0001) decrease in the forced expiratory volume (FEV1) vs patients without
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Figure 4

Figure 4 Effects of 51 wk of pancreatic enzyme replacement therapy on body weight of patients following
total/partial resection[39].aP < 0.05 vs Baseline. PERT: Pancreatic enzyme replacement therapy; SD: Standard
deviation.

PEI[47]. Furthermore, patients with PEI were twice as likely to experience severe lung
disease (defined as FEV1 < 40%) vs patients without PEI [47]. This indicates that the lack
of pancreatic exocrine function is associated with worsening prognosis in CF.
Collectively, the evidence suggests that preventing malnutrition and maintaining
body weight with PERT may improve the prognosis of patients with PEI due to
underlying CF.
CP is characterized by inflammation of the pancreas, leading to fibrosis, atrophy,
and irreversible damage to pancreatic tissue[48]; PEI usually develops within 5 to 10
years of disease duration[49]. The presence of PEI in patients with CP is associated with
a higher prevalence of diabetes, and lower levels of nutritional markers, e.g.,
magnesium, hemoglobin, albumin, prealbumin, and retinol binding protein[50]. The
resulting malnutrition can lead to weight loss and can increase the morbidity and
mortality risk in untreated patients[12,50]. Clinical trials have demonstrated that PERT
improves PEI-related malabsorption and importantly increases body weight in
patients with CP[31-36]. However, the impact of PERT on patient survival has only been
assessed within the context of pancreatic surgery for CP[51]. The absence of PERT
following surgery was a significant and independent risk factor for long-term
mortality following hospital discharge, according to a retrospective observational
study[51].
Relief of PEI-related symptoms, such as abdominal pain, flatulence, or steatorrhea,
can improve quality of life in patients with CP and PEI[13,52]. Furthermore, in a 51-wk
study PERT has been shown to lead to an improvement in seven of the eight
components of the SF-36 and the two summary scores (including improvements in
bodily pain, general health, vitality, role-emotional, mental health, and the mental
component summary)[36]. The current evidence base, therefore, suggests that PERT
may be effective in enhancing quality of life measures as well as addressing PEIrelated symptoms, malnutrition, weight loss, and increased mortality risk in patients
with CP. However, further long-term studies are needed to establish if any link exists
between PERT and survival in these patients.
Diagnosis of pancreatic cancer is typically associated with a poor prognosis, as
patients usually present at a late stage of disease progression; the 5-year survival rate
was estimated at 7% during the 2004-2010 period[53]. Around 20% of patients are
eligible for surgical resection of the tumor[54], and median survival ranges from 23.739.5 mo for these patients[55] to 8.5-11.1 mo for those with unresectable cancer and
metastatic disease [56,57] . One of the predictive factors of survival in patients with
advanced cancer is malnutrition[58]. Weight loss of > 10% of pre-illness stable weight is
associated with increased metastases and significantly reduced survival compared
with patients without dramatic weight loss[59]. Furthermore, weight stabilization in
patients with unresectable pancreatic cancer was found to be associated with
improved survival and quality of life[60].
PEI is highly prevalent in patients with resectable or unresectable pancreatic cancer,
with an estimated prevalence of 50%-100% and 46%-100% in these patients,
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respectively [54] . This can be attributable to tumor growth, which may result in a
combination of obstruction of the pancreatic duct, destruction of pancreatic
parenchyma, and duodenal infiltration [ 3 ] . Moreover, relevant postoperative
anatomical changes may occur after tumor resection, resulting in profound
disturbances of coordinated intraluminal mixing of chyme with biliopancreatic
secretions[3,11,61,62]. Of note, in patients with unresectable cancer, PEI may not always
manifest with symptoms such as steatorrhea[54]. Severe PEI, i.e., fecal elastase-1 levels
≤ 20 µg/g, is an independent factor associated with poor prognosis in those patients
and should, therefore, be addressed[63].
Although limited data on the effects of PERT in patients with pancreatic cancer are
available (as most of the evidence comes from evaluation of patients with CP), clinical
evidence suggests that PERT can prevent weight loss both in patients with
unresectable pancreatic cancer[37] and patients recovering from pancreatic resection[61].
Furthermore, a retrospective analysis conducted in patients with unresectable
pancreatic carcinoma found that PERT and nutritional advice were associated with
increased survival (301 d [95% confidence interval (CI): 151-451] vs 89 d [95%CI: 30148]; P = 0.002) [64] . Another retrospective study in patients with unresectable
pancreatic cancer similarly reported that PERT resulted in longer survival (189 d
[95%CI: 167.0-211.0] vs 95 d [95%CI: 75.4-114.6]; P < 0.001), especially in patients with
significant weight loss at diagnosis [65] . The authors concluded that PEI and its
treatment should be taken into consideration for optimal patient care, to increase
survival and quality of life[65]. Similarly, a recent population-based study in patients
with pancreatic cancer found that PERT was associated with an increased medial
survival time (274 d vs 140 d; P < 0.001), suggesting a significant benefit for patients[66].
Finally, a review of patients undergoing pancreatoduodenectomy for cancer also
found that PERT was independently associated with improved survival on
multivariate analysis (33.1 mo vs 26.7 mo; P = 0.046)[67]. These findings support the fact
that weight loss in patients with terminal pancreatic cancer is often one of the main
factors affecting survival and quality of life. Weight loss is often observed postsurgery, but is also observed in non-surgical patients who suffer from fat and protein
malabsorption due to PEI[68].
In contrast to the studies summarized above, a recent open-label, randomized trial
evaluating the benefits of PERT in 88 patients with unresectable pancreatic cancer
revealed no significant differences in BMI or nutritional status between the PERT and
non-PERT groups at 8 wk. Median overall survival was 19.0 mo in the PERT group
compared with 12.0 mo in the non-PERT group, but this difference was not
statistically significant (P = 0.07)[69].
Despite the suggested beneficial effects of PERT in patients with pancreatic cancer,
a recent retrospective analysis conducted between 2010 and 2012 showed that PERT is
underused in patients with metastatic pancreatic cancer[68]. Over 70% of the 129
patients with pancreatic cancer referred to specialist palliative care had
malabsorption-related symptoms, e.g., abdominal pain, bloating, wind, and
steatorrhea, but only 21% were prescribed PERT[68]. Similarly, a recent populationbased study reported that only 21.7% of 4554 patients with pancreatic cancer were
prescribed PERT[66]. A review of patients undergoing pancreatoduodenectomy for
cancer reported that only 43.1% of patients received PERT[67]. Furthermore, a survey
conducted in patients following pancreatic surgery (due to CP or pancreatic cancer)
and receiving PERT showed that these patients were under-dosed in daily practice[70].
Hence, addressing the symptoms of PEI and the associated malnutrition in patients
with pancreatic cancer could be key in reducing the significant burden of this disease.
Recent clinical opinion is that PERT should be considered for the management of PEI
in patients with pancreatic cancer[65]; however, despite PERT being a relatively simple
and inexpensive treatment, it has yet to gain recognition from oncologists[71].

CONCLUSION
This review of the current literature supports the effectiveness of PERT in addressing
PEI-related malabsorption in patients with CF, CP, or pancreatic cancer. However,
there is a lack of long-term trials assessing the effect of PERT on patient survival
(especially in patients with CF or CP). Despite these limitations, there is substantial
evidence to support the hypothesis that PERT allows patients with PEI to improve
body weight by preventing malnutrition, a known risk factor for decreased survival[7].
Furthermore, adequate PERT reduces the occurrence of GI symptoms and abdominal
pain commonly associated with PEI, thereby improving patients’ quality of life[13,52].
In clinical practice, the absence of PERT, or undertreatment with PERT, may not be
uncommon during management of patients with PEI[40,70]. Likely explanations include
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the variability of clinical PEI manifestations, which are not always suggestive of
maldigestion (particularly in the absence of overt steatorrhea), and difficulties in the
routine diagnosis of non-severe PEI[9]. Hence, efforts should be made to raise clinical
awareness about PEI, both in terms of the correct diagnostic procedures and the
optimal management strategies. It can be surmised from the (albeit indirect) evidence
presented in this review that in patients with undertreated PEI, adequate PERT may
be associated with improved quality of life. The question of whether PERT also affects
the long-term survival of patients with PEI should be the subject of future studies.
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Hepatocellular adenoma (HCA) is a rare benign liver tumour associated with the
use of oral contraceptives or other steroid medications which occurs
predominantly in young and middle-aged women. Unlike other benign liver
tumours, an HCA may be complicated by bleeding and malignant
transformation. HCAs have been divided into four subtypes based on molecular
and pathological features: hepatocyte nuclear factor 1α-mutated HCA,
inflammatory HCA, β-catenin-mutated HCA, and unclassified HCA. β-cateninmutated HCA has the highest risk of haemorrhage or malignant transformation.
In the latest upgrade of the guidelines regarding the management of benign liver
tumours published in 2016 by the European Association for the Study of the
Liver, magnetic resonance imaging (MRI) was recognized to be superior to all
other imaging modalities in detecting HCAs and in being able to subtype HCAs
up to 80%, with positive identification of 1α-mutated HCA or inflammatory HCA
achievable with > 90% specificity. This review analyzed the imaging features of
HCA using MRI with hepato-specific contrast agents, focusing on the limitations
in the HCA characterization.
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Core tip: In 2017, a group of French Researchers proposed a new classification of
hepatocellular adenoma based on genomic analysis, identifying three additional
subtypes. However, in this latest paper, the possible imaging features of the
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aforementioned new subtypes of hepatocellular adenoma were not reported. This review
analyzed the imaging features of hepatocellular adenoma using magnetic resonance
imaging with hepato-specific contrast agents, focusing on the limitations of the “old”
imaging criteria proposed by the European Association for the Study of the Liver when
applied to the new subtypes of adenoma.
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INTRODUCTION
Hepatocellular adenoma (HCA) is a benign hepatic tumour which occurs
predominantly in young and middle-aged women who take oral contraceptives or
other steroid medications[1,2]. The relationship between HCA and the use of oral
contraceptives was first described by Bühler et al[3], and the incidence of HCA has
been reported to be approximately 30 times greater in oral contraceptive users as
compared to nonusers[1,4]. Moreover, HCA can also be found in patients with glycogen
storage disease or metabolic syndrome and in men using anabolic steroids [5] .
Spontaneous regression following the withdrawal of estrogens has also been
described[3,4,6]. However, the exact role of estrogen in HCA remains elusive[7]. In noncirrhotic patients, HCA represents the second most common benign lesion of
hepatocellular origin after focal nodular hyperplasia (FNH) which in turn is the
second most common liver benign lesion after hemangioma when considering benign
lesions of all origins[8]. However, HCA is a rare tumour, approximately 10 times less
common than FNH[8].
Although both FNH and HCA are benign lesions, they are managed quite
differently[9] since, in contrast to FNH, HCA may involve complications, such as lifethreatening bleeding and malignant degeneration[2,10]. In fact, FNH is conservatively
managed in the majority of cases, and resection is not required. Conversely, HCA is
commonly treated with surgical resection due to its serious clinical consequences,
such as spontaneous haemorrhage or malignant transformation[10,11]. Therefore, a
correct differential diagnosis between FNH and HCA is mandatory but, with state-ofthe-art imaging, this diagnosis is relatively easy to reach by using magnetic resonance
imaging (MRI) with a hepato-specific contrast agent, such as gadoxetic acid[12,13]. In
particular, hyper-/iso-intensity in the hepatobiliary phase of gadoxetic acid MRI is
characteristic and is a prevalent finding of FNH or FNH-like lesions[13,14].
Unfortunately, the real unsolved problems of liver imaging still remain the
differentiation between HCA and malignant entities[15], and the characterisation of the
different molecular types of HCA[16,17]. In fact, the different types of HCA have a
different risk of malignant degeneration and, therefore, a correct diagnosis of the
HCA subtype could allow tailored therapy. This review analyses the imaging of HCA,
focusing in particular on the problems which imaging encounters in the diagnosis of
the different molecular subtypes of HCA when applied to the new classification
proposed by the French Researchers in 2017[17].

HCA AND IMAGING ACCORDING TO THE CURRENT
GUIDELINES
In 2016, the Clinical Practice Guidelines regarding the management of benign liver
tumours was published by the European Association for the Study of the Liver
(EASL), with a section dedicated to HCA[16]. HCA was divided into four subtypes
according to genomic analysis: Inflammatory HCA (I-HCA) accounting for 30% to
40% of HCAs, hepatocyte nuclear factor 1A mutated HCA (H-HCA) accounting for 40
to 55% of HCAs, β-catenin activated HCA (β-HCA) accounting for 10% to 20% of
HCAs and unclassified HCA accounting for 5% to 10% of HCAs. β-HCA was
additionally subdivided into two subgroups, each one constituting 50% of all βHCAs: exon 3 β-catenin mutated and exon 7-8 β-catenin mutated. Finally, five
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molecular subtypes of HCA were recognizable.
The molecular classification of HCA has markedly contributed to the
understanding of the oncogenic pathways involved in liver tumourigenesis. In fact,
molecular subtyping is highly associated with the risk of malignant transformation
into hepatocellular carcinoma (HCC). Among the different subgroups, β-HCAs
exhibit the highest risk for malignancy, including those with dual β-catenin and
inflammatory phenotypes[16].
In many cases, when analyzing the recommended management for a presumed
HCA, a conservative approach is contemplated, for example in a female with a stable
or reduced in size lesion < 5 cm after a 6-mo MRI follow-up. However, whether the
risk of haemorrhage or malignant transformation attributed to β-catenin activation in
HCAs is independent of the clinical risk factors identified (gender, size, rate of
change) is presently unknown[16]. Therefore, a correct imaging diagnosis is necessary.
HCA is no longer a unique entity, and imaging features reflect the tumour
subtypes. The EASL Guidelines have confirmed the superiority of MRI over all other
imaging modalities in diagnosing HCAs due to its intrinsic properties in fat and
vascular space detection, offering an up to 80% opportunity of subtyping HCAs with
evidence level II-2 and grade of recommendation 1. On MRI, H-HCA is characterized
by a diffuse and homogeneous signal dropout on opposed-phase T1-weighted
sequence, due to the presence of marked steatosis [16] . I-HCA, pathologically
characterized by telangiectatic traits, shows two typical features on MRI[16]: (1) A
strong hyperintensity on T2-weighted images (as strong as the signal of the spleen),
which may be either diffuse or as a rim-like band in the periphery of the lesion (the
atoll sign), especially in gross adenomas; and (2) persistent enhancement in the
delayed phase using extracellular MRI contrast agents. Unfortunately, there are no
specific features on MRI for the remaining types of HCA, such as β-HCA and
unclassified HCA. In summary, the positive identification of H-HCA or I-HCA is
achievable on MRI with > 90% specificity. By contrast, the identification of β-HCA
and its differentiation from unclassified HCA and HCC is not possible using any
imaging techniques, with evidence level II-2 and grade of recommendation 1[16].

NEW PROPOSED CLASSIFICATION OF HCA
In 2017, one year after the release of the updated EASL Clinical Practice Guidelines on
the management of benign liver tumours, an important study by French Authors was
published proposing a new molecular classification of HCA[17]. They confirmed the
five already known subtypes of HCA, but also discovered three new subtypes. The
first two HCAs are mixed tumours in which I-HCA is mixed with β-HCA: one with
the β-catenin exon 3 activated subtype and another with the exon 7,8 activated
subtype. The third one is correlated with the activation of the sonic hedgehog
pathway, sonic hedgehog HCA (shHCA).
Therefore, according to this new proposed classification, eight subtypes of HCA
can be identified: the most common HCAs remain H-HCA (34%) and I-HCA (34%).
The remaining 32% are divided into exon 3 β-catenin mutated HCA (7%), exon 7,8 βcatenin mutated HCA (3%), the two mixed forms of I-HCA with exon 3 β-HCA (6%)
and exon 7,8 β-HCA (4%), the new entity of sh-HCA resulting from the unclassified
type (4%), and finally unclassified HCA (7%).
Comparing this new classification with the older one, the percentage of H-HCA is
the same as that of I-HCA. Globally, the lesions with β-catenin mutated, in pure form
or in mixed form, are the same. Finally, the percentage of shHCA which derives from
the unclassified type plus unclassified HCA is the same. The same Authors of the new
HCA classification also suggested the possibility of having different tumour subtypes
even within the same liver as a consequence of different deregulated pathways[17]. In
this latest paper[17], the possible imaging features of the aforementioned new subtypes
of HCA were not reported. However, as a consequence of this new HCA
classification, what are the implications for the imaging diagnosis?

IMAGING IMPLICATIONS OF THE NEW HCA
CLASSIFICATION
When applying the imaging criteria of the different subtypes of HCA recognized in
the current version of the EASL Guidelines for the management of benign liver lesions
to the new HCA classification, many considerations should be made.

H-HCA
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H-HCA can be identified by the presence of marked steatosis, resulting from diffuse
and homogeneous signal dropout on chemical shift T1-weighted MRI sequence[16]. The
percentage of this subtype of HCA is the same in the new proposed classification and,
therefore, one-third of HCAs are able to be identified. However, in 2017, other French
Authors from Bordeaux described an atypical form of H-HCA characterized by the
absence of fatty components[18]. Moreover, the Authors declared that four other cases
had been reported which were similar to their observation, either in the context of
mixed liver adenomatosis or HNF1α-inactivated liver adenomatosis[18]. As such, these
HCAs could be categorized as atypical or borderline between HCA and HCC; the
Authors suggested additional studies for a more precise categorization[18]. Therefore,
the presence of signal drop-out on T1-weighted sequences does not allow identifying
all the possible forms of H-HCA (Figure 1) and the absence of signal drop-out on T1weighted sequences does not allow excluding the H-HCA diagnosis. Finally, the
diagnostic performance of this MRI sign cited in the guidelines is drastically
decreased.
Furthermore, many of the same Authors who proposed the new classification of
HCA[17] also published an interesting paper in the same year concerning an atypical
type of HCA[19]. In this paper, they primarily endorsed the importance of the correct
differentiation between the new HCA subtypes due to the different risks of evolution
into HCC[19]. Furthermore, they described an interesting case in which a hepatic lesion
showed both the atoll sign and the signal dropout on chemical shift imaging,
resembling an H-HCA with an inflammatory component. What was it? It was a new
entity, an I-HCA containing fat which introduces a new consideration; even when a
fat containing hepatic lesion is detected on imaging, it could contain an inflammatory
component. Therefore, two limitations in the imaging diagnosis of H-HCAs can be
summarised: (1) The possibility of having an H-HCA without evident fatty
components; and (2) the fatty components can be identified without excluding the
simultaneous presence of inflammatory components. As a consequence, even HHCAs which make up 34% of HCAs probably cannot be considered entirely
diagnosable.

I-HCA–β-HCA-βI-HCA
According to the current EASL Clinical Practice Guidelines, I-HCAs are recognizable
on imaging by two important MRI features: Strong hyperintensity on T2-weighted
images and persistent enhancement on delayed phase images using extracellular MR
contrast agents[16]. Instead, as reported by the EASL Guidelines, the two subtypes of βHCA have no characteristic features on MRI and cannot be differentiated from HCC.
βI-HCA represents a mixed form of I-HCA with a β-catenin component and,
therefore, this new entity was not able to be diagnosed using MRI due to the absence
of specific features for the β-catenin component. Probably, these mixed lesions
demonstrate the MRI pattern of I-HCA. This aspect presents a huge diagnostic
problem: how is it possible to correctly diagnose an I-HCA and, therefore, to exclude
the possibility that it is not a βI-HCA (Figure 2)? As a consequence, when considering
the sum of the rates of these three types of HCA (I-HCA – β-HCA - βI-HCA, 54%),
they probably cannot be considered diagnosable.

sh-HCA–Unclassified HCA
According to the current EASL Clinical Practice Guidelines, unclassified HCAs have
no characteristic features on MRI and cannot be differentiated from HCC [16] .
Consequently, sh-HCA, previously considered an unclassified form, is not
diagnosable by imaging.

DISCUSSION
The guidelines commonly used in current clinical practice regarding the management
of benign liver tumours, such as HCAs, were recently published in 2016 by EASL[16].
These guidelines have pointed out the superiority of MRI as compared to all other
imaging modalities in diagnosing HCA and its opportunity of subtyping HCAs up to
80%. In particular, the differential diagnosis between H-HCA and I-HCA is possible
using MRI, having a sensitivity of 87%-91% and a specificity of 89%-100% in
diagnosing H-HCAs and a sensitivity of 85%-88% and a specificity of 88%-100% for IHCA diagnosis. By contrast, the EASL guidelines stated that the identification of βHCA and its differentiation from unclassified HCA and HCC is not possible by any
imaging technique. As H-HCAs and I-HCAs make up a total of 95% of all HCAs, the
current knowledge regarding MRI should allow diagnosing the vast majority of
HCAs.
However, considering the new proposed classification of HCAs and its clinical
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Figure 1

Figure 1 Diagnostic challenges in hepatocyte nuclear factor 1A mutated hepatocellular adenoma. A: In a 51-year-old woman, the axial T1 in-phase image
shows an isointense lesion in liver segment V; B: With signal dropout in the T1 out-of-phase image; C: Slightly hyperintense in the T2-weighted; D: In diffusionweighted; E: In the arterial phase images; F: Washout of the contrast media in the portal-venous phase; G: In the delayed phase images; H: Hypointense in the
hepatobiliary phase image. According to the current guidelines, this lesion is suggestive for a hepatocellular adenoma inactivated for HNF-1α. However, according to
the newer proposed classification of hepatocellular adenoma, it is not possible to exclude an inflammatory hepatocellular adenoma containing fat and, as
consequence, even a mixed form of β-catenin activated-inflammatory hepatocellular adenoma, on imaging.

implications[17] and, according to the considerations expressed in the previous section,
none of the HCA subtypes could be correctly identifiable. Even for the same H-HCAs
and I-HCAs, which could previously be diagnosed with high reliability, MRI does no
longer provides the same diagnostic accuracy. Therefore, while molecular typing is
evolving towards a more specific characterization of HCAs, the imaging reliability in
the detection of the various molecular subtypes is not proceeding in the same
direction. In fact, in 2016, it was possible to diagnose two out of the four types of HCA
which together represented the vast majority of HCAs and, after only one year, it was
not possible to obtain a certain diagnosis in the vast majority of HCAs according to
the more recent classification.
For this reason, the imaging diagnosis of HCA has become a sticking point: what
should the imaging approach for diagnosing HCA be in current clinical practice? As is
well known, HCA is a rare benign lesion; however, atypical, indeterminate lesions
detected by other imaging techniques such as ultrasound or computed tomography
are rather frequent in clinical practice and, in the opinion of the Authors, the first step
in these cases remains a correct differential diagnosis between benign and malignant
liver lesions. For example, in a non-cirrhotic liver, strong enhancement on the arterial
phase images and hyper- or iso-intensity in the hepatobiliary phase images of
gadoxetic acid MRI is helpful in diagnosing FNH and differentiating it from other
lesions such as HCA, with a sensitivity and specificity of 83.8% and 98.5%,
respectively[20]. Unlike FNH, HCAs appear hypointense in the hepatobiliary phase due
to the reduction in the OATP1 or similar membrane carrier expressions, such as in the
de-differentiation process of regenerative nodules in a cirrhotic liver, permitting an
imaging diagnosis with a sensitivity and specificity of 83.7% and 100%,
respectively[11,21-24]. The combination of low signal intensity in the hepatobiliary phase
with routine MRI features and risk factors of liver disease, could substantially
improve the diagnosis of HCAs[24]. In addition, MRI performed with gadoxetic acid
was demonstrated to be the most cost-effective strategy for differentiating FNH from
HCA in patients with incidentally detected focal liver lesions in a non-cirrhotic
liver[25,26].
However, in cases in which there is a diagnosis of HCA, is it possible to reach a
correct diagnosis regarding the type of HCA according to the most recent
classification[17]? Consequent to the previously expressed considerations, the answer is
no. Therefore, what should the diagnostic approach be, in current clinical practice, for
a lesion suspected of being an HCA? The Authors believe that the signal dropout on
opposed T1-weighted images on MRI can be pathognomonic of H-HCA only when
the entire lesion shows homogeneous steatosis. Moreover, when using this imaging
features it is not possible to diagnose all H-HCA as HCAs without steatosis [18] .
Therefore, a good percentage of but not all H-HCAs which globally represent only
30% of all HCAs are able to be diagnosed.
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Figure 2

Figure 2 Diagnostic challenges in the imaging classification of hepatocellular adenoma. A: In a 47-year-old woman the axial T1 in-phase; B: Out-of-phase
images show an isointense lesion in liver segment V; C: Hyperintense in the T2-weighted; D: In the diffusion-weighted; E: In the arterial phase images; F: Without
washout of the contrast media in the portal-venous phase; G: In the delayed phase images; H: Hypointense in the hepatobiliary phase image. According to the current
guidelines, this lesion is suggestive for an inflammatory hepatocellular adenoma. However, it is not possible to exclude a mixed form of β-catenin activatedinflammatory hepatocellular adenoma or even a hepatocellular adenoma inactivated for HNF-1α without fatty component.

For the remaining non-diagnosable H-HCAs and for the remaining types of HCA
for which there are no specific imaging features, the only diagnostic strategy currently
available is a biopsy [16] . However, the same Authors of the new classification of
HCAs[16] pointed out the intra-tumoural heterogeneity of HCAs. For these reasons,
how many biopsy would be needed for a single lesion? Furthermore, the same
Authors described the inter-tumoural heterogeneity of HCAs, characterized by the
presence of different molecular subtypes within the same liver[17]. How many lesions
is it necessary to biopsy in order to reach a diagnosis? Therefore, it is evident that
even biopsy does not represent the solution for managing the new HCA subtypes.
Surely, the size of a presumed HCA is an important imaging feature because it is
usually correlated with a high risk of haemorrhage, especially for exophytic lesions,
irrespective of the molecular HCA subtype. In particular, an HCA greater than 5 cm
or increasing in size (> 20% in 6 mo) should be considered for resection or curative
treatment[16]. Patient gender has an importance influence on lesion management since
a significantly higher incidence of malignant transformation is reported in men,
regardless of the lesion size[27]. However, the EASL Guidelines have reported that
“Whether the risk of haemorrhage or malignant transformation attributed to β-HCA
is independent of the identified clinical risk factors (sex, size, rate of change) is
presently unknown”. This is still another open question!
What is the future scenario of HCA imaging? Some Authors have recently
compared the behaviour regarding diffusion-weighted images of MRI among the
different HCA types. They have revealed different apparent diffusion coefficient
values among the HCA types, the lowest being for β-HCA, and they therefore found
that the apparent diffusion coefficient value is a potential marker of malignant
transformation[28]. Obviously, future studies are needed to validate or to redefine these
data permitting an imaging diagnosis for almost all HCA types with a high rate of
malignant degeneration.

CONCLUSION
While awaiting novelties regarding the imaging diagnosis of the new types of HCA, it
is necessary to draw up precise and newer guidelines with respect to the EASL
guidelines in order to establish the correct and univocal management of the new HCA
entities to be adopted into current clinical practice.
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BACKGROUND
Trimethylamine N-oxide (TMAO) has been shown to be involved in
cardiovascular disease (CVD). However, its role in nonalcoholic steatohepatitis
(NASH) is unknown.

METHODS
A rat model was induced by 16-wk high-fat high-cholesterol (HFHC) diet feeding
and TMAO was administrated by daily oral gavage for 8 wk.
RESULTS
Oral TMAO intervention attenuated HFHC diet-induced steatohepatitis in rats.
Histological evaluation showed that TMAO treatment significantly alleviated
lobular inflammation and hepatocyte ballooning in the livers of rats fed a HFHC
diet. Serum levels of alanine aminotransferase and aspartate aminotransferase
were also decreased by TMAO treatment. Moreover, hepatic endoplasmic
reticulum (ER) stress and cell death were mitigated in HFHC diet-fed TMAOtreated rats. Hepatic and serum levels of cholesterol were both decreased by
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TMAO treatment in rats fed a HFHC diet. Furthermore, the expression levels of
intestinal cholesterol transporters were detected. Interestingly, cholesterol influxrelated Niemann-Pick C1-like 1 was downregulated and cholesterol efflux-related
ABCG5/8 were upregulated by TMAO treatment in the small intestine. Gut
microbiota analysis showed that TMAO could alter the gut microbial profile and
restore the diversity of gut flora.
CONCLUSION
These data suggest that TMAO may modulate the gut microbiota, inhibit
intestinal cholesterol absorption, and ameliorate hepatic ER stress and cell death
under cholesterol overload, thereby attenuating HFHC diet-induced
steatohepatitis in rats. Further studies are needed to evaluate the influence on
CVD and define the safe does of TMAO treatment.
Key words: Gut microbiota; Trimethylamine N-oxide; Nonalcoholic steatohepatitis;
Endoplasmic reticulum stress; Cholesterol
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The function of trimethylamine N-oxide (TMAO) in nonalcoholic
steatohepatitis (NASH) remains unexplored. We investigated the effect of oral TMAO
administration on the progression of NASH in a rat model induced with a high-fat highcholesterol (HFHC) diet. This study demonstrated for the first time that the gut microbial
metabolite TMAO restores gut microbiota diversity, inhibits intestinal cholesterol
absorption, and reduces hepatic cholesterol overload, thus attenuating cholesterolinduced endoplasmic reticulum stress and hepatocyte cell death. These functions
facilitate the protection of TMAO against HFHC diet-induced steatohepatitis in rats.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) has emerged as a leading cause of chronic
liver diseases worldwide, affecting about a quarter of the adult population [1,2] .
Nonalcoholic steatohepatitis (NASH) is a serious subtype, which can progress to endstage liver diseases such as cirrhosis and hepatocellular carcinoma without effective
intervention. The pathogenesis of NASH is considered to be multifactorial, and the
role of gut microbiota has attracted increasing attention over the past decade[3,4].
Evidence has accumulated suggesting that many effects of the gut microbiota are
mediated by metabolites produced by the gut commensal bacteria utilizing dietary
nutrients[5]. For example, short-chain fatty acids derived from dietary fibers are shown
to regulate metabolic processes and the inflammatory response, and thus may exert a
beneficial impact on NASH[4,6].
Trimethylamine N-oxide (TMAO) is a metabolite produced by the host in
cooperation with the gut microbiota. Dietary choline and L-carnitine can serve as
precursors and be degraded by gut commensal bacteria to produce trimethylamine
which is absorbed and further metabolized into TMAO by hepatic flavin-containing
monooxygenase 3[7]. Further, fish consumption also contributes to the presence and
elevation of circulating TMAO as fish meat is enriched in TMAO. Recent studies have
established a link between TMAO and cardiovascular disease (CVD). It has been
shown that plasma levels of TMAO are positively associated with the risk of adverse
cardiovascular events [8] . Moreover, several studies have found that TMAO can
promote the initiation and progression of CVD[9-12]. On the other hand, beneficial roles
of TMAO in diabetic peripheral neuropathy, glucose tolerance, and arterial
hypertension have also been reported[13-15]. Despite the debate on the function of
TMAO in CVD and diabetes, its role in NASH has not been determined.
In this study, we investigated the role of TMAO in a rat model of high-fat high-
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cholesterol (HFHC) diet-induced steatohepatitis. This in vivo study demonstrated that
oral TMAO administration improved the histological alterations in HFHC dietinduced steatohepatitis. TMAO alleviated hepatic endoplasmic reticulum (ER) stress
and cell death to attenuate liver injury in rats. The expression levels of intestinal
cholesterol transporters were altered and hepatic cholesterol overload was reduced by
TMAO intervention. TMAO treatment was sufficient to restore the depleted diversity
of gut microbiota induced by the HFHC diet.

MATERIALS AND METHODS
Animal model and diets
Male Sprague-Dawley rats at six weeks of age were purchased from Shanghai
Laboratory Animal Co. Ltd. (Shanghai, China). Rats were fed a standard chow diet or
a HFHC diet[16,17] (fat 33 kcal%, carbohydrates 50 kcal%, protein 17 kcal%, and 2%
cholesterol; TrophicDiet, Nantong, China) for 8 wk. Then, the rats fed with a chow
diet or HFHC diet were randomly divided into two groups and treated with TMAO
(120 mg/kg/day) (cat. 317594, Sigma-Aldrich, St. Louis, MO, United States) or vehicle
(phosphate buffered saline, Corning, NYC, NY, United States) by gavage once daily
for 8 wk. All rats were housed under a 12:12-h light/dark cycle at a controlled
temperature. All animal experimental protocols were approved by the Institutional
Animal Care and Use Committee of Xinhua Hospital Affiliated to Shanghai Jiao Tong
University School of Medicine.

Histological analysis
At the end of the 16th wk, the rats were fasted overnight and were euthanized with
pentobarbital before the tissues were harvested in the morning. Livers were fixed in
10% phosphate-buffered formalin acetate at 4 °C overnight and embedded in paraffin
wax. Paraffin sections were cut and mounted on glass slides for hematoxylin and
eosin (H&E) staining. Histological alterations were evaluated based on the steatosis,
activity, and fibrosis (SAF) scoring system[18].

Immunoblotting analysis
Immunoblotting analysis was performed as previously described[6]. Briefly, rat liver
tissues were homogenized and lysed at 4 °C in a lysis buffer (50 mM Tris-HCl, pH 8.0,
1% (v/v) Nonidet P-40, 150 mM NaCl, 5 mM EDTA, 1 mM EGTA, 1 mM sodium
orthovanadate, 10 mM sodium fluoride, 1 mM phenylmethylsulfonyl fluoride, 2
μg/mL aprotinin, 5 μg/mL leupeptin, and 1 μg/mL pepstatin), and the supernatant
was used for immunoblotting. The protein concentrations in the cell lysates were
measured using the BCA method. Protein samples were separated by 10% sodium
dodecyl sulfate-polyacrylamide gel electrophoresis and then electrophoretically
transferred to polyvinylidene difluoride membranes (BIO-RAD, Hercules, CA, United
States). The membranes were blocked with 5% nonfat milk in Tris-buffered saline
with 0.1% Tween 20 (TBST) and incubated with specific primary antibodies, followed
by incubation with horseradish peroxidase-conjugated secondary antibodies (Santa
Cruz Biotechnology, Santa Cruz, CA, United States). Immunoblots were visualized
with a LumiGLO chemiluminescence detection kit (Cell Signaling Technology,
Beverly, MA, United States). The intensity of bands was quantified using ImageJ
(National Institutes of Health, Bethesda, MD, United States). Antibodies against
phospho-JNK (cat. 9251), C/EBP homologous protein (CHOP) (cat. 2895), cleaved
Caspase-3 (cat. 9664), and binding immunoglobulin protein (BiP) (cat. 3177) were
from Cell Signaling Technology (Beverly, MA). Antibody against JNK (cat. 610628)
was from BD Biosciences (San Jose, CA, United States). Antibody against β-actin (cat.
sc-69879) was obtained from Santa Cruz Biotechnology (Santa Cruz, CA, United
States).

RNA isolation and quantitative RT-PCR analysis
Liver tissues were homogenized in TRIzol Reagent (Life Technologies, Carlsbad, CA,
United States). The quantity and quality of extracted RNA were assessed using
NanoDrop 2000 (Thermo Fisher Scientific, Wilmington, DE, United States). The
260/280 and 260/230 ratios were used for RNA purity assessment[19]. The total RNA
was then reverse transcribed to cDNA using SuperScript II reverse transcriptase (Life
Technologies, Carlsbad, CA, United States) and Oligo dT. The resulting cDNA was
subjected to real-time PCR with gene-specific primers in the presence of SYBR Green
Master Mix (Yeasen, Shanghai, China) using the StepOnePlus Real-Time PCR System
(Applied Biosystems, Waltham, MA, United States). The following primer sequences
were used: CCCCAAACTCCCTCATAAGCA (forward) and TATCCCCCAAC
AGCAAGGAAG (reverse) for rat Niemann-Pick C1-like 1 (NPC1L1); AAAAGG
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CTGCTGATTGCCC (forward) and GCAGGACAATCTGAGCAAAGAA (reverse) for
rat ATP-binding cassette transporter A1 (ABCA1); TTGGCCCCTCACTTAATTGGA
(forward) and GGACCATACCAAGCAGCACAAG (reverse) for rat ABCG5;
ACTGCCATGGACCTGAACTCA (forward) and GCTGATGCCAATGACGATGA
(reverse) for rat ABCG8; GGGCAGCCCAGAACATCAT (forward) and CCA
GTGAGCTTCCCGTTCAG (reverse) for rat GAPDH. The amplification procedure
was as follows: The initial step was 95 °C for 5 min, followed by 40 cycles of 95 °C for
30 s, 60 °C for 30 s, and 72 °C for 30 s. Data were analyzed using the ΔΔCT threshold
cycle method. The mRNA levels of genes were normalized to those of GAPDH and
are presented as relative levels to the control.

Gut microbiota analysis
Fecal samples were collected immediately upon defecation and stored at - 80 °C. Fecal
DNA was extracted from fecal samples using the TIANamp Stool DNA Kit (Tiangen,
Beijing, China) according to the manufacturer’s protocols. The quality and quantity of
DNA were verified with NanoDrop (Thermo Fisher Scientific, Wilmington, DE,
United States) and by agarose gel electrophoresis. Extracted DNA was diluted to a
concentration of 1 ng/μL and stored at - 20 °C until further processing. The V4-V5
region of the bacterial 16S ribosomal RNA gene was amplified by PCR. Amplicons
were extracted from 2% agarose gels and purified using the AxyPrep DNA Gel
Extraction Kit (Axygen Biosciences, Union City, CA, United States) according to the
manufacturer’s instructions and quantified using QuantiFluor™-ST (Promega,
Wisconsin, USA). Purified amplicons were pooled at equimolar concentrations and
sequenced on an Illumina MiSeq Platform (Illumina, San Diego, CA, United States)
according to standard protocols. Raw sequencing data were in FASTQ format. Pairedend reads were then preprocessed using Trimmomatic software[20] to detect and cut
off ambiguous bases. After trimming, paired-end reads were assembled using FLASH
software[21]. Clean reads were subjected to primer sequence removal and clustering to
generate operational taxonomic units using Vsearch software with a 97% similarity
cutoff[22]. All representative reads were annotated and blasted against Silva database
using RDP classifier (confidence threshold, 70%).

Statistical analysis
Data are expressed as the mean ± SE. Statistical significance was evaluated using the
unpaired two-tailed Student's t-test or nonparametric tests and among more than two
groups by analysis of two-way ANOVA. Differences were considered significant at a
P value < 0.05.

RESULTS
TMAO attenuates histological alterations without affecting body weight in HFHC
diet-induced steatohepatitis
We first examined the effect of TMAO on metabolic parameters in rats fed a HFHC
diet. Food intake was similar in the four groups (data not shown) and the body
weight curves showed that TMAO treatment had little effect on the body weight
(Figure 1B). The body weight at sacrifice was greatly increased in HFHC diet-fed rats.
However, there was no significant difference between the TMAO-treated and vehicletreated groups (Figure 1C). The liver index (liver weight/body weight × 100%) and
epididymal white adipose tissue (eWAT) index (eWAT weight/body weight × 100%)
were measured. Compared to the Chow + Vehicle group, the liver index and eWAT
index were both increased in the HFHC + Vehicle group. Although the liver index
was decreased by TMAO treatment in HFHC diet-fed rats, the eWAT index was not
significantly changed in the TMAO-treated groups (Figure 1D and E). We further
evaluated the effect of TMAO intervention on hepatic histological alterations in rats.
H&E staining results showed that TMAO treatment had no effect in the chow diet-fed
rats. Steatohepatitis was induced by HFHC diet feeding for 16 wk, as manifested by
the presence of moderate to severe hepatic steatosis with lobular inflammation and
hepatocyte ballooning, and TMAO treatment significantly improved the hepatic
histological alterations in HFHC diet-fed rats. The HFHC diet-induced hepatic
steatosis was mildly attenuated and the hepatic inflammation and hepatocyte
ballooning were greatly alleviated by TMAO intervention (Figure 1F). These results
suggest that TMAO treatment can significantly attenuate the histological alterations of
steatohepatitis, while hardly affecting body weight gain and adiposity in rats fed a
HFHC diet.

TMAO leads to reduced activity and serological improvement in HFHC diet-induced
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Figure 1

Figure 1 Trimethylamine N-oxide attenuates histological alterations with little effect on body weight in high-fat high-cholesterol diet-induced
steatohepatitis. Six-week-old male rats were fed a high-fat high-cholesterol diet for 8 wk and then gavaged with trimethylamine N-oxide (120 mg/kg/day) once daily
for 8 wk. Rats were sacrificed at the end of the 16th wk. A: Schematic illustration showing the design of the in vivo experiment; B: The body weight curves; C: The
body weight at the 16th wk before sacrifice; D: The liver index; E: Epididymal white adipose tissue index; F: Representative hematoxylin and eosin staining of liver
tissue. The data are presented as the mean ± SE (n = 10-14). aP < 0.05, vs rats fed a chow diet; bP < 0.01, vs rats fed a chow diet; cP < 0.05, vs rats fed a high-fat
high-cholesterol diet; dP < 0.01, vs rats fed a high-fat high-cholesterol diet. eWAT: Epididymal white adipose tissue; TMAO: Trimethylamine N-oxide; HFHC: High-fat
high-cholesterol.

steatohepatitis
To further elucidate the effect of TMAO on HFHC diet-induced steatohepatitis, we
semiquantified the histological alterations utilizing the SAF scoring system[18]. As
shown in Figure 2A, the SAF score was significantly decreased by TMAO intervention
in HFHC diet-fed rats. The activity score, which comprises lobular inflammation and
hepatocyte ballooning, was mostly improved by TMAO treatment (Figure 2C), while
the improvements in steatosis and fibrosis were not significant (Figure 2B and D).
Moreover, serum levels of liver enzymes were measured. In HFHC diet-fed rats,
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serum levels of alanine transaminase and aspartate transaminase were greatly
decreased by TMAO treatment while alkaline phosphatase was not significantly
changed (Figure 2B-D), suggesting that TMAO attenuates hepatic inflammation and
liver injury caused by HFHC diet feeding.

TMAO improves liver injury by alleviating hepatic ER stress and cell death
Cell death under hyperactive ER stress is a major cause of liver injury in NASH[23].
Therefore, we explored the effect of TMAO on hepatic ER stress and cell death in rats
fed a HFHC diet. The hepatic protein levels of BiP and CHOP were greatly induced in
the HFHC + Vehicle group, and were significantly inhibited by TMAO treatment,
suggesting that TMAO can mitigate hepatic ER stress in HFHC diet-fed rats (Figure
3A-C). Furthermore, HFHC diet-induced increase in hepatic phosphorylated c-Jun Nterminal kinase (JNK) and cleaved caspase-3 was also decreased by TMAO treatment
(Figure 3A, D and E), indicating that cell death is alleviated by TMAO intervention.
Taken together, these data show that TMAO can alleviate HFHC diet-induced liver
injury by inhibiting hepatic ER stress and cell death.

TMAO reduces hepatic cholesterol overload and improves the serum lipid profile in
HFHC-fed rats
The pathogenic role of cholesterol in liver injury and inflammation has been
demonstrated in the context of NASH[24]. Therefore, hepatic and serum levels of
cholesterol were detected in rats. As shown in Figure 4A, the hepatic level of
cholesterol was strikingly induced by the HFHC diet and significantly decreased by
TMAO intervention. Similarly, serum levels of cholesterol and low-density
lipoprotein were greatly decreased by TMAO treatment in rats fed a HFHC diet
(Figure 4B and C), while serum level of high-density lipoprotein was not significantly
changed in the TMAO-treated groups (Figure 4D). Notably, serum levels of bile acids
were also greatly deceased by TMAO treatment in HFHC diet-fed rats (Figure 4E),
whereas serum level of triglycerides was not significantly altered by TMAO (Figure
4F). These results imply a decreased overall cholesterol pool in HFHC diet-fed
TMAO-treated rats.

TMAO alters the expression of intestinal cholesterol transporters to inhibit
cholesterol absorption
We next determined the effect of TMAO on intestinal cholesterol absorption. The
expression levels of cholesterol transporters in the small intestine were detected. The
expression level of NPC1L1, which is a key protein mediating the transportation of
cholesterol from the gut lumen into enterocytes, was downregulated in the small
intestine of HFHC diet-fed rats (Figure 5A, E, and I) and further decreased by TMAO
treatment in the jejunum (Figure 5E) and ileum (Figure 5I). Furthermore, the
expression levels of ATP-binding cassette subfamily G member 5 (ABCG5) and
ABCG8, which facilitate the excretion of intracellular cholesterol into the gut lumen,
were upregulated in the small intestine of HFHC diet-fed rats and further increased
by TMAO treatment (Figure 5C, D, G, H, K, and L). The expression level of ABCA1,
which mediates the efflux of intracellular cholesterol into the bloodstream, was not
significantly altered by the HFHC diet and TMAO treatment (Figure 5B, F and J).
Taken together, these data demonstrate that TMAO treatment alters the expression of
cholesterol transporters in the small intestine to inhibit intestinal cholesterol
absorption, reducing hepatic cholesterol overload in rats fed a HFHC diet.

TMAO restores the diversity of the gut microbiota in rats fed a HFHC diet
Gut microbiota dysbiosis is frequently observed in patients with NAFLD and is
considered to contribute to the pathogenesis of NASH[25,26]. We collected fecal samples
at the end of the study (i.e., week 16) and performed 16S rRNA sequencing to examine
the effect of TMAO on the gut microbial profile. As shown in Figure 6A, principal
coordinate analysis and nonmetric multidimensional scaling analysis revealed that
oral TMAO administration caused a major shift in the overall structure of the gut
microbiota in both chow diet-fed and HFHC diet-fed rats. The depleted alpha
diversity of the gut flora is a hallmark in multiple metabolic diseases, including
NAFLD[27,28]. Therefore, we determined the effect of TMAO on the alpha diversity of
the gut microbiota based on the Shannon and Simpson measurements. The rarefaction
curve (Figure 6B) and index bar (Figure 6C) of the Shannon measurement both
showed a restoration of alpha diversity with TMAO intervention in HFHC-fed rats.
Similar results were observed when applying the Simpson measurement (Figure 6D
and E). Next, we performed linear discriminant analysis coupled with effect size
measurements to discriminate the altered gut bacteria by TMAO treatment.
Compared to the HFHC + Vehicle group, an increased abundance of several families
such as Rikenellaceae and Porphyromonadaceae, and genera such as Alistipes and
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Figure 2

Figure 2 Trimethylamine N-oxide reduces the activity of steatohepatitis and improves the serological alterations in rats fed a high-fat high-cholesterol diet.
A: The steatosis, activity, and fibrosis scores; B: The scores of steatosis; C: The scores of activity; D: The scores of fibrosis; E: Serum levels of alanine transaminase;
F: Serum levels of aspartate transaminase; G: Serum levels of alkaline phosphatase. The data are presented as the mean ± SE (n = 8-10). aP < 0.05, vs rats fed a
chow diet; bP < 0.01, vs rats fed a chow diet; cP < 0.05, vs rats fed a high-fat high-cholesterol diet; dP < 0.01, vs rats fed a high-fat high-cholesterol diet. SAF:
Steatosis, activity, and fibrosis; ALT: Alanine transaminase; AST: Aspartate transaminase; ALP: Alkaline phosphatase; TMAO: Trimethylamine N-oxide; HFHC: Highfat high-cholesterol.

Turicibacter, and a decreased abundance of several families such as Aerococcaeae and
Lachnospiraceae were observed in the HFHC + TMAO group (Figure 6F). Moreover,
we applied the PICRUSt (Phylogenetic Investigation of Communities by
Reconstruction of Unobserved States) method to predict functional alterations of the
gut microbiota by the HFHC diet and TMAO treatment. As shown in Figure 6G,
TMAO partially reversed the HFHC diet-induced alterations of pathways related to
nutrient and energy metabolism, suggesting the improved microbial profile by TMAO
may facilitate the restoration of energy homeostasis under nutrients overload
conditions. Taken together, these findings suggest that TMAO can regulate the
structure of the gut microbiota and restore the depleted diversity under HFHC diet
feeding conditions.

DISCUSSION
Although TMAO has been shown to be involved in the pathogenesis of CVD, its role
in NASH remains undetermined. We demonstrated, for the first time, that oral TMAO
administration restored the diversity of gut flora, inhibited intestinal cholesterol
absorption, reduced hepatic cholesterol overload, and attenuated ER stress and cell
death induced liver injury, which contributed to the histological and serological
improvements of NASH in HFHC diet-fed rats.
One of the most important findings of this study is the identification of an
important role of TMAO in cholesterol metabolism and metabolic stress under
cholesterol overload. ER is a major storage organelle of intracellular cholesterol.
Disruption of cholesterol homeostasis and excess cholesterol challenge will disrupt
the physiological function of ER to correctly fold and modify proteins, resulting in ER
stress. Under this circumstance, the unfolded protein response is activated to protect
against ER stress, and if the adaptive reactions fail to compensate, apoptosis will be
induced[29]. Our data show that hepatic ER stress and cell death were decreased by
TMAO intervention. This may be due to the reduction of hepatic cholesterol by
TMAO treatment. TMAO may also serve as a chemical chaperone to facilitate protein
folding and stabilize protein structure and directly alleviate ER stress. Several studies
have proposed that the alleviation of ER stress by TMAO may mediate the beneficial
roles of TMAO [13,14] . To further verify the direct effect of TMAO on ER stress in
hepatocytes, in vitro assays will be needed in future studies.
Our study also showed that oral TMAO administration altered the expression
levels of cholesterol transporters in the small intestine, especially in the jejunum and
ileum. The downregulated NPC1L1 and upregulated ABCG5/8 in the TMAO-treated
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Figure 3

Figure 3 Trimethylamine N-oxide alleviates liver injury by mitigating hepatic endoplasmic reticulum stress and cell death in rats fed a high-fat highcholesterol diet. A: Representative immunoblots from three rats in each group; B-E: Densitometric quantification from three rats in each group. Relative protein levels
normalized to β-actin except for phosphorylated c-Jun N-terminal kinase (JNK), which was normalized to endogenous JNK. The data are presented as the mean ± SE
(n = 3). aP < 0.05, vs rats fed a chow diet; bP < 0.01, vs rats fed a chow diet; cP < 0.05, vs rats fed a high-fat high-cholesterol diet; dP < 0.01, vs rats fed a high-fat
high-cholesterol diet. JNK: c-Jun N-terminal kinase; TMAO: Trimethylamine N-oxide; HFHC: High-fat high-cholesterol.

group could lead to decreased intestinal cholesterol absorption from the diet. It is
interesting that the effect of TMAO on the expression of intestinal cholesterol
transporters was magnified under HFHC-diet feeding conditions. A possible
explanation is that activated adaptive regulation of intestinal cholesterol transporters
under high cholesterol influx conditions synergizes with TMAO functions. Moreover,
it has also been demonstrated that dietary TMAO supplementation can cause a 26%
reduction in intestinal cholesterol absorption under normal chow diet feeding
conditions[10], which partially supports our findings in the context of HFHC dietinduced steatohepatitis.
Another finding of our study is that TMAO restored the diversity of gut commensal
bacteria in rats fed a HFHC diet. Gut dysbiosis is a hallmark of NAFLD and NASH, in
which reduced diversity of gut bacteria is an important characteristic [25,30] . Gut
dysbiosis leads to gut bacteria translocation due to the impaired intestinal barrier and
increased production of harmful microbial metabolites such as lipopolysaccharide
and endogenous ethanol, which contribute to the pathogenesis and progression of
NAFLD and NASH[31]. The restoration of the gut microbiota diversity by TMAO may
mediate its beneficial role in HFHC diet-induced steatohepatitis. It has been
demonstrated that bile acids have a great impact on the composition of the gut
microbiota[32,33]. Bile acids can directly impair membrane integrity, cause oxidative
stress, damage DNA structure, and indirectly sabotage microbial growth via the
intestinal farnesoid X receptor, leading to an overall negative effect on the gut
bacteria[34,35]. On the other hand, TMAO has been shown to inhibit bile acid synthesis
by downregulating Cyp7A1 and Cyp27A1, which results in a reduced total bile acid
pool size[10]. In agreement with this finding, a decreased serum level of bile acids in
TMAO-treated rats was also observed in our study. Taken together, these findings
suggest that TMAO may restore gut microbial diversity by affecting bile acid
metabolism. Nevertheless, further studies are needed to determine the direct and
indirect effects of TMAO on the gut microbial profile.
There are some limitations to the present study. First, the potential harmful effect of
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Figure 4

Figure 4 Trimethylamine N-oxide reduces hepatic cholesterol overload and improves serum lipid profile in rats fed a high-fat high-cholesterol diet. A:
Hepatic levels of cholesterol; B: Serum levels of cholesterol; C: Serum levels of low-density lipoprotein; D: Serum levels of high-density lipoprotein; E: Serum levels of
bile acids; F: Serum levels of triglycerides. The data are presented as the mean ± SE (n = 8-10). aP < 0.05, vs rats fed a chow diet; bP < 0.01, vs rats fed a chow diet;
c
P < 0.05, vs rats fed a high-fat high-cholesterol diet; dP < 0.01, vs rats fed a high-fat high-cholesterol diet. LDL: Low-density lipoprotein; HDL: High-density lipoprotein;
TMAO: Trimethylamine N-oxide; HFHC: High-fat high-cholesterol.

TMAO on the cardiovascular system was not excluded in our study. However, it has
been shown that TMAO treatment at lower doses may not exert negative effects on
the circulatory system [15] . The minimal effective dose of TMAO in the NASH
intervention will be defined in our further study. Second, the contribution of
improved gut microbial profile to the attenuation of HFHC diet-induced
steatohepatitis by TMAO treatment was not fully illuminated. More investigations
concerning the effect of TMAO on gut microbiota and metabolic consequences are
needed. Third, the direct targets and exact mechanism of the regulation of intestinal
cholesterol absorption by TMAO need to be further explored.
In conclusion, the current study demonstrates that the gut microbial metabolite
TMAO restores the diversity of gut flora, inhibits intestinal cholesterol absorption,
and reduces hepatic cholesterol overload, leading to the attenuation of cholesterolinduced hepatic ER stress and cell death. These functions facilitate the protection of
TMAO against HFHC diet-induced steatohepatitis in rats. Our data highlight the
important role of TMAO in cholesterol metabolism and its beneficial effect on
metabolic stress under cholesterol overload. The safety of TMAO treatment for CVD
should be further evaluated and the effective dose of TMAO in the NASH
intervention should be further defined.
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Figure 5

Figure 5 Trimethylamine N-oxide modulates the expression of intestinal cholesterol transporters to inhibit cholesterol absorption in rats fed a high-fat
high-cholesterol diet. A-D: Expression levels of cholesterol transporters in the duodenum; E-H: Expression levels of cholesterol transporters in the jejunum; I-L:
Expression levels of cholesterol transporters in the ileum. The data are presented as the mean ± SE (n = 7-8). aP < 0.05, vs rats fed a chow diet; bP < 0.01, vs rats fed
a chow diet; cP < 0.05, vs rats fed a high-fat high-cholesterol diet; dP < 0.01, vs rats fed a high-fat high-cholesterol diet. TMAO: Trimethylamine N-oxide; HFHC: Highfat high-cholesterol; NPC1L1: Niemann-Pick C1-Like 1; ABCA1: ATP-binding cassette transporter A1; ABCG: ATP-binding cassette subfamily G member.
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Figure 6

Figure 6 Diversity of gut microbiota is restored by trimethylamine N-oxide treatment in rats fed a high-fat high-cholesterol diet. A: The beta diversity of the
gut microbiota (n = 4); B: The rarefaction curve of the Shannon measurement (n = 4); C: Index bar of the Shannon measurement (n = 4); D: The rarefaction curve of
the Simpson measurement (n = 4); E: Index bar of the Simpson measurement (n = 4); F: Linear discriminant analysis coupled with effect size measurements analysis
(n = 4); G: Prediction of the functional genes in the sampled bacterial community using phylogenetic investigation of communities by reconstruction of unobserved
states (n = 4). aP < 0.05, vs rats fed a chow diet; bP < 0.01, vs rats fed a chow diet; cP < 0.05, vs rats fed a high-fat high-cholesterol diet; dP < 0.01, vs rats fed a highfat high-cholesterol diet. TMAO: Trimethylamine N-oxide; HFHC: High-fat high-cholesterol.

ARTICLE HIGHLIGHTS
Research background
The gut microbial metabolites have been shown to be mediators in the gut-liver axis and play
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important role in non-alcoholic fatty liver disease. Trimethylamine N-oxide (TMAO) is a gut
microbial metabolite derived from dietary choline and L-carnitine and is implied to be involved
in the pathogenesis of cardiovascular disease.

Research motivation
Although the gut microbiota has long been found to play important roles in maintaining health,
its function and regulation pathways are largely unknown. The gut microbial metabolites are
considered to mediate the interaction between the gut commensal bacteria and the host.
Exploring the function of gut microbial metabolites may help develop novel therapeutic
approaches.

Research objectives
The main objective of the present study was to explore the function of TMAO in the progression
of NASH and identify the targets and mechanisms underlying the effect of TMAO.

Research methods
A rat model of NASH was induced by high-fat high-cholesterol (HFHC) diet feeding for 16 wk.
TMAO was orally administrated daily for 8 wk. Histological analysis was performed to evaluate
the effect of TMAO on steatohepatitis. Hepatic and serum lipid profiles were measured.
Endoplasmic reticulum (ER) stress-related pathways were detected by Western blot and
expression levels of intestinal cholesterol transporters were detected by qRT-PCR. 16s rDNA
sequencing was preformed to examine the effect of TMAO on gut microbial profile.

Research results
Oral TMAO administration significantly improved the histological and serological alterations in
HFHC diet-induced steatohepatitis. Hepatic ER stress and cell death were ameliorated by TMAO
treatment. Both hepatic and serum levels of cholesterol were decreased by TMAO intervention.
The expression levels of intestinal cholesterol transporters were altered by TMAO treatment.
And the diversity of gut microbial profile was restored by TMAO treatment.

Research conclusions
Under HFHC diet feeding conditions, TMAO inhibits intestinal cholesterol absorption,
attenuates hepatic cholesterol overload, and alleviates ER stress mediated liver injury, which
leads to the protective role of TMAO in HFHC diet-induced steatohepatitis in rats.

Research perspectives
The minimal effective dose of TMAO treatment needs to be defined to avoid the potential
harmful effect of TMAO on the cardiovascular system in future studies.
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Abstract
BACKGROUND
Esophageal cancer is one of the most common cancers around the world, and it
has high incidence and mortality rates. The conventional therapy for esophageal
cancer is radiotherapy, although its effect is highly limited by the resistance of
esophageal cancer cells. Thus, strong radiosensitizers can be very crucial during
radiotherapy against esophageal cancer. Brucea javanica oil emulsion (BJOE) is a
widely used drug against various cancers, such as liver, colon, and ovarian
cancer. However, its anti-cancer effect and mechanism and the use of BJOE as a
radiosensitizer have not been explored in esophageal cancer.
AIM
To evaluate the anti-cancer effect and mechanism of BJOE and explore the
potential use of BJOE as a radiosensitizer during radiotherapy.
METHODS
The inhibitory effect of BJOE and its enhancement function with radiation on cell
viability were examined with the calculated half-maximal effective concentration
and half-maximal lethal concentration. The influence of BJOE on cell migration
and invasion were measured with EC109 and JAR cells by wound-healing and
transwell assay. Clonogenesis and apoptotic rate, which was measured by
Hoechst staining, were investigated to confirm its enhancement function with
radiation. To investigate the molecular pathway underlying the effect of BJOE,
the expressions of several apoptosis- and cycle-related proteins was detected by
western blotting.
RESULTS
Our results demonstrated that BJOE inhibited the growth of esophageal cancer

https://www.wjgnet.com

2463

May 28, 2019

Volume 25

Issue 20

Qiu ZH et al. BJOE inhibit esophageal cancer cells
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: March 23, 2019
Peer-review started: March 25, 2019
First decision: April 8, 2019
Revised: April 12, 2019
Accepted: May 8, 2019
Article in press: May 8, 2019
Published online: May 28, 2019
P-Reviewer: Facciorusso A,
Hashimoto N, Mohamed SY,
Shiryajev YN
S-Editor: Gong ZM
L-Editor: Filipodia
E-Editor: Zhang YL

cell lines more than normal cell lines, and it markedly reduced migration and
invasion in esophageal cancer cells (EC109 and JAR). Moreover, it promoted cell
apoptosis and enhanced the effect of radiotherapy against esophageal cancerous
cells. In the viability test, the values of half-maximal effective concentration and
half-maximal lethal concentration were reduced. Compared to the control, only
around 1/5 colonies formed when using BJOE and radiation together in the
clonogenic assay. The apoptotic rate in EC109 was obviously promoted when
BJOE was added during radiotherapy. Our study suggests that the expression of
the apoptosis-proteins Bax and p21 were increased, while the expression of Bcl-2
was stable. Further detection of downstream proteins revealed that the
expression of cyclin D1 and cyclin-dependent kinase 4/6 were significantly
decreased.
CONCLUSION
BJOE has a strong anti-cancer effect on esophageal cancer and can be used as a
radiosensitizer to promote apoptosis in cancerous esophageal cells via the cyclin
D1-cyclin-dependent kinase 4/6 axis.
Key words: Esophageal cancer; Brucea javanica oil emulsion; Radiosensitizer; Apoptosis;
Cyclin D1-CDK4/6 axis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip:Brucea javanica oil emulsion (BJOE) is a widely used drug against various
cancers. However, its anti-cancer effect and potential as a radiosensitizer have not been
explored in esophageal cancer. In this study, BJOE reliably inhibited growth, migration,
and invasion of esophageal cancerous cells. It was demonstrated that BJOE could be
used as a radiosensitizer to promote the apoptosis in esophageal cancerous cells via the
cyclin D1-cyclin-dependent kinase 4/6 axis.

Citation: Qiu ZH, Zhang WW, Zhang HH, Jiao GH. Brucea javanica oil emulsion improves
the effect of radiotherapy on esophageal cancer cells by inhibiting cyclin D1-CDK4/6 axis.
World J Gastroenterol 2019; 25(20): 2463-2472
URL: https://www.wjgnet.com/1007-9327/full/v25/i20/2463.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i20.2463

INTRODUCTION
Esophageal cancer is the eighth most frequent cancer worldwide and the sixth most
common cause of death from cancer. It affects more than 450000 people all over the
world and its incidence is increasing[1,2]. China is one of the most severely affected
areas and has the highest morbidity and mortality in 2015[3]. In China, esophageal
squamous cell carcinoma (ESCC) accounts for more than 90% of the total cases of
esophageal cancer[4]. Surgical treatment is a common clinical therapy for esophageal
cancer. Postoperative radiotherapy also is an important treatment for reducing the
risk of relapse of ESCC[5]. However, the 5-year overall survival rate still is low, only
20%-30%[6]. Therefore, it is urgent to identify a clinical treatment that is an effective
radiosensitizer with a strong effect on inhibiting the relapse and proliferation of
cancer cells.
The mechanism of radiotherapy against cancerous cells is the induction of cell
apoptosis[7-9]. Bcl-2 and Bax are apoptosis-related proteins. Bcl-2 is an inhibitor of
apoptosis[10], and Bax is a pro-apoptotic factor[11]. A previous study has shown that the
low expression of Bcl-2 and high expression of Bax are related to stronger sensitivity
to radiotherapy[12].
The cell cycle is closely related to apoptosis. Cyclin-dependent kinase (CDK),
cyclin, and CKI (CDK inhibitor) are important factors that regulate the cell cycle.
Cyclin D1 and CDK4/6 are primary mitogens in the G1 phase that is involved in cell
division[13]. It has been reported that downregulating the expression of CDK4/6 and
Cyclin D1 led to the block of G0/G1 transition, which causes cancerous cell apoptosis
and suppression of the migration[14,15]. Inhibition of CDK4/6 is resistant to cancerous
cells by increasing apoptosis [16,17] . Inhibition of CDK4/6 also can induce the
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degradation of cyclin D1 [18] and then enhance the sensitivity of cancer cells to
radiotherapy[19,20]. On the contrary, the overexpression of Cyclin D1 drives tumor cell
proliferation [ 2 1 ] . P21 belongs to CKI, which is an inhibitor of CDK4/6. The
overexpression of p21 can sensitize cancerous cells to apoptosis[22]. The expression of
p21 is positively related to decreased proliferation in cancerous cells[23].
Brucea javanica (L.) Merr. (Simaroubaceae) is an evergreen shrub and is widely
distributed in Southeast Asia and northern Australia. Brucea javanica oil emulsion
(BJOE) is the fatty oil that is extracted from the desiccative ripe fruit of B. javanica. It
possesses various kinds of biological activities, such as anti-fungal, anti-oxidative,
anti-inflammatory, and anti-cancer[24-27]. Recent studies have found that BJOE could
inhibit cell proliferation and induce cell apoptosis in various malignancies, such as
liver, colon, and ovarian cancers. However, its function and mechanism in esophageal
cancer was little known[28-31].
In this study, we investigated the effect of BJOE on viability, migration, and
invasion of esophageal carcinoma cells. The effect of BJOE combined with
radiotherapy on esophageal carcinoma cells was evaluated as well. To investigate its
mechanism in esophageal cancer, the expression of apoptosis-related proteins (Bcl-2
and Bax) and cycle-related proteins (p21, cyclin D1 and CDK4/6) was examined, and
it was demonstrated that BJOE, as a radiosensitizer, inhibited esophageal cancer cells
via the cyclin D1-CDK4/6 pathway.

MATERIALS AND METHODS
Cell lines and cell culture
Esophagus cancer cell lines were used in the experiments. EC109, JAR, TE-1, and TE10 cells were obtained from the China Center for Type Culture Collection (Wuhan,
China). HEEC was purchased from BeNa culture Collection (BNCC337729, Beijing,
China). EC109, JAR, TE-1, and TE-10 cells were cultured in Dulbecco’s modified
Eagle’s medium (DMEM, Gibco, Waltham, MA, United States), while HEEC cell was
cultured in CM1-1 medium with 90% DMEM-H and 10% fetal bovine serum
(Biological Industries, Cromwell, CT, United States). All cells were placed in a 37 °C
incubator with 5% CO2.

Cell viability assay
EC109, JAR, TE-1, TE-10, and HEEC cells were treated with different amounts of BJOE
(purity = 10%, Pharmaceutical factory of Shenyang Medical University, Shenyang,
China) to detect cell viability by ATPlite assay (Perkin Elmer, Waltham, MA, United
States) according to the manufacturer’s instructions.

Wound-healing migration and transwell invasion assay
Wound-healing migration and transwell invasion assay were both carried out on
EC109 and JAR cells. With 8 μg/mL of BJOE treatment, cells were wounded using a
10 μL pipette tip. After 24 h, the cells that grew in the wounded area were calculated
in the wound-healing migration assay. Using the same amount of BJOE, transwell
invasion assay was carried out after 48 h with an optical microscope.

Clonogenic assay
Clonogenic assay was performed to determine the coordinated effect of radiotherapy
and BJOE on EC109 and JAR cells. Briefly, after treatment (only radiotherapy or both
radiotherapy and 8 μg/ml of BJOE), cells were trypsinized by 0.25% trypsin (Gibco),
resuspended, and cultured in six-well cell culture plates (Corning-Costar, Corning,
NY, United States). Later, cells were stained by Crystal Violet and the number of
colonies was counted.

Detection of apoptosis
Radiotherapy, 8 μg/mL of BJOE, or both radiotherapy and 8 μg/mL of BJOE were
used to treat EC109 cells, respectively. Hoechst Staining Kit (C0003, Beyotime,
Shanghai, China) was used to detect apoptosis according to the manufacturer’s
instructions.

Western blot
Anti-BCL-2 antibody (ab32124), Anti-P21 antibody (ab109520), Anti-BAX antibody
(ab32503), Anti-cyclin D1 antibody (ab16663), Anti-WEE1 antibody (ab203236), AntiCDK4 antibody (ab199728), Anti-CDK6 antibody (ab124821), and Anti-GAPDH
antibody (ab181602) were used as primary antibodies (Abcam, Cambridge, United
Kingdom), respectively. Protein were separated by 8% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and then transferred onto membrane
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of polyvinylidene difluoride (PVDF). Later, the membranes were incubated with
primary and secondary antibodies, respectively. Enhanced chemiluminescence
reagent was used to visualize protein.

Statistical analysis
Data were analyzed by using Graphpad (La Jolla, CA, United States). All experiments
were repeated independently at least three times. Two-tailed t-test was used for
comparison analysis between two populations, and the F-test analysis of variance and
the post-hoc Tukey test were used for multiple comparisons analysis. All P values
were determined, and statistical significance was set at aP < 0.05, bP < 0.01.

RESULTS
The killing effect of BJOE on esophageal carcinoma cells
To investigate the effect of BJOE on the growth of esophageal carcinoma cells, cell
viability assays were performed with increasing concentrations of BJOE (from 0 to 128
μg/mL). We found that the viability of all types of cells decreased with the increasing
BJOE concentration (Figure 1A). At a concentration range of 0 to 64 μg/mL BJOE, the
killing effect on esophageal carcinoma cells was significantly stronger than that of
normal human HEEC cells, in which its viability rate was slightly reduced. However,
at 128 μg/mL, BJOE had a similar poisoning effect on esophageal carcinoma cells and
normal human HEEC cells. Thus, at low and medium concentrations of BJOE,
esophageal carcinoma cells were more sensitive to BJOE than normal cells. Based on
the value of the half-maximal effective concentration (EC50) and the half-maximal
lethal concentration (LC50) of all cell lines, this conclusion was further confirmed
(Figure 1B). The average EC50 in esophageal carcinoma cells (EC109, JAR, TE-1, and
TE-10) was 46.98 μg/mL, while the EC50 of HEEC was 82.68 μg/mL. Similarly, the
average LC50 in esophageal carcinoma cells (4.05 μg/mL) was lower than that in
HEEC (5.37 μg/mL). These results suggest that BJOE was able to inhibit effectively
the growth of esophageal carcinoma cells but had slight influence on normal cells at
low and medium concentrations.

The migration and invasion capacities of esophageal carcinoma cells were impaired
by BJOE
Migration and invasion are the most important features of tumors and are also the
main reasons of recurrence and death. To determine whether BJOE can inhibit the
migration and invasion of esophageal carcinoma cells, we performed wound-healing
assays and transwell invasion assays. Esophageal carcinoma cells lines EC109 and
JAR were selected for the assays using 8 μg/mL BJOE, at concentration at which cell
viability was reduced by about 30%. The wound-healing assays showed that BJOE
significantly reduced the migration ability of EC109, while the wound width of JAR
with BJOE treatment was just slightly broader than that of the control after 24 h
(Figure 2A). However, results from the transwell invasion assays suggested that the
invasion ability of both EC109 and JAR were significantly reduced by BJOE (Figure
2B).

The BJOE promotes apoptosis in esophageal carcinoma cells during radiotherapy
Radiotherapy is a common method to treat malignant tumors. To explore the
potential of BJOE as a radiosensitizer, we analyzed the viability of EC109 and JAR on
radiotherapy in combination with BJOE. As shown in Figure 3A, BJOE improved the
killing effect of radiotherapy on EC109 and JAR, as the viability of EC109 and JAR
cells were significantly decreased. Furthermore, the values of radiotherapy EC50 and
radiotherapy LC50 of EC109 and JAR were also consistent with this finding. The
average EC50 of cells treated with BJOE was 6.53 μg/mL, while the average EC50 of
control was 8.32 μg/mL. Similarly, the average LC50 of cells treated with BJOE (3.25
μg/mL) was lower than control (4.01 μg/mL), which suggested that BJOE increased
the sensitivity of esophageal carcinoma cells to radiotherapy (Figure 3B).
To confirm this finding, we performed the clonogenic assay. In cells treated with
both radiotherapy and BJOE, there were only around a tenth (EC109) and a fifth (JAR)
of normalized colonies formed compared with the control, which suggested that BJOE
further enhanced the inhibition effect of radiotherapy on the growth of EC109 and
JAR (Figure 3C). The apoptotic rates of EC109 were also measured during combined
radiotherapy and BJOE treatment, and the results confirmed the enhancement of
radiosensitivity. The apoptotic rate of EC109 after radiotherapy in combination with
BJOE was increased more than radiotherapy or BJOE alone (Figure 3 D).
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Figure 1

Figure 1 The inhibitory effect on esophageal carcinoma cells by Brucea javanica oil emulsion. A: Dose-response assays. The viability rates of HEEC and
esophageal carcinoma cells lines were analyzed with BJOE. At least three repeats were carried out, and the mean ± SD is presented; B: The values of EC50 and
LC50 of all cell lines. BJOE: Brucea javanica oil emulsion; SD: Standard deviation.

The BJOE radiosensitizes esophageal carcinoma cells via cyclin D1-CDK4/6 axis
To investigate the mechanism of BJOE in enhancing the effect of radiotherapy, we
examined the expression level of the apoptosis-related proteins p21, Bcl-2, and Bax.
Western blot analysis suggested that the expression of p21 and Bax increased
dramatically, while the expression of Bcl-2 remained stable after radiotherapy and
BJOE treatment (Figure 4A). Thus, it BJOE may promote the effect of radiotherapy by
increasing the expression of p21 and Bax to induce cell apoptosis.
Since P21, a CKI, is involved in cell cycle regulation, we further examined the
expression of cell cycle related proteins (WEE1, Cyclin D1, and CDK4/6) (Figure 4B).
The result suggested that the expression of WEE1 did not correlate with radiotherapy
and BJOE, while the expression of cyclin D1 and CDK4/6 were significantly inhibited,
which was consistent with the previous studies. This result suggested that BJOE can
radiosensitize esophageal carcinoma cells via the cyclin D1-CDK4/6 axis.

DISCUSSION
Esophageal cancers, including squamous cell carcinoma and adenocarcinoma, have
high incidence and mortality rates[4]. Thus, it is crucial to develop effective drugs or
treatments that reduce the risk of metastasis and recurrence in esophageal cancer.
Traditional Chinese medicines or natural extracts provide a promising way and are of
high effect and low toxicity compared to other types of drugs. BJOE is used to treat
various cancers[27] and may have the potential as a radiosensitizer in esophageal
cancer. Here, we investigate the inhibitory effect of BJOE on esophageal cancer and
the enhancement of radiosensitivity of esophageal cancer induced by BJOE.
In this study, it was demonstrated that the growth of esophageal cancer can be
inhibited significantly by BJOE. Especially at low and medium concentrations, the
inhibitory effect of BJOE on esophageal cancerous cells was much higher than on
normal cells. EC50 and LC50 values further verified the conclusion, suggesting it may
be the suitable concentration of BJOE in the application. In addition, it was also
demonstrated that 8 μg/mL BJOE significantly inhibits invasion and migration of
esophageal cancerous cells, while the inhibitory effect of migration of JAR was lower
than that of EC109. This may be because the resistance of different cells varies or that
the concentration might not be suitable for JAR. These findings suggest that BJOE is a
promising treatment for esophageal cancer.
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Figure 2

Figure 2 The migration and invasion of esophageal carcinoma cells treated with Brucea javanica oil emulsion. Wound healing assays (A) and transwell
invasion assays (B) were used in 8 μg/mL of Brucea javanica oil emulsion. At least three repeats were carried out, and the mean ± SD was presented, aP < 0.05; bP <
0.01. BJOE: Brucea javanica oil emulsion; SD: Standard deviation.

Viability and clonogenic assays were employed to determine whether BJOE could
enhance radiosensitivity of esophageal cancer. Our results showed that BJOE
markedly inhibited the viability and proliferation of EC109 and JAR cells during
radiotherapy. In addition, it was shown by Hoechst 33, 258 staining that BJOE
combined with radiotherapy can significantly promote apoptosis of esophageal
cancerous cells, indicating the possibility that the radiosensitivity of esophageal
cancerous cells was increased due to the apoptosis induced by BJOE.
Cell apoptosis is a type of programmed cell death and is regulated by multiple
genes [32] , making it an effective way against esophageal cancer [14] . Our results
demonstrated that BJOE can induce cell apoptosis in EC109 and JAR cells and
improve the effect of radiotherapy. Tumor hypoxia has an inhibitory effect on
radiotherapy. By western blot analysis, we found that the expression of Bax increased,
while Bcl-2 remained stable. A previous study had shown that Bax and Bcl-2 are coregulators of cell apoptosis[32]. It has been reported that hypoxia-inducible factor 1α
could regulate the expression of Bax and Bcl-2 by inhibiting p53, leading to inhibition
of apoptosis. Pan et al[33] found that BJOE could increase apoptosis of ESCC cells by
inhibiting the expression of hypoxia-inducible factor 1α α. Hence, up-regulation of
Bax expression may be caused by the suppression of BJOE in esophageal cancer.
Meanwhile, the expression of p21 dramatically increased, which suggested that the
apoptosis induced by BJOE might be involved with cycle-related proteins as well.
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Figure 3

Figure 3 The promotion of the apoptotic rate of esophageal carcinoma cells during radiotherapy in combination with Brucea javanica oil emulsion. A: The
viability of EC109 and JAR treaded with BJOE and radiotherapy; B: The values of EC50 and LC50 of EC109 and JAR; C: Clonogenic assays using radiotherapy in
combination with BJOE (C) and cell apoptotic detection (D). In all the above, at least three repeats were carried out, and the mean ± SD is presented, aP < 0.05; bP <
0.01. BJOE: Brucea javanica oil emulsion; SD: Standard deviation; EC50: Half-maximal effective concentration; LC50: Half-maximal lethal concentration.

Cyclin D1 and CDK4/6 regulate cell cycle progression from G1 to S phase[34], which is
an important target of anti-proliferation in the cancer treatment[35,36]. Our results
showed that the expression of cyclin D1 and CDK4/6 was significantly downregulated, suggesting that JOE-mediated apoptosis might be induced by blocking the
G0/G1 transition. Thus, it was concluded that BJOE enhanced the effect of
radiotherapy via the cyclin D1-CDK4/6 axis.
In conclusion, BJOE, as a traditional Chinese medicine, not only inhibits the growth
and capability of migration and invasion of esophageal cancerous cells but also
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Figure 4

Figure 4 Brucea javanica oil emulsion radiosensitizes esophageal carcinoma cells via cyclin D1-CDK4/6 axis. A: Western blot analysis and the relative
expression of BCL-2, BAX, and p21; B: Western blot analysis and the relative expression of WEE1, Cyclin D1, CDK4, and CDK6. Above will be decapitalized as mean
± SD, aP < 0.05; bP < 0.01. BJOE: Brucea javanica oil emulsion; CDK: Cyclin-dependent kinase.

improves the effect of radiotherapy on esophageal cancer by promoting cell apoptosis.
These findings may provide a novel way for the therapy of esophageal cancer.

ARTICLE HIGHLIGHTS
Research background
Esophageal cancer is one of the most common cancers around the world. Brucea javanica oil
emulsion (BJOE) is widely used against various cancers, but its anti-cancer effect and molecular
mechanism on esophageal cancer is not clear.

Research motivation
To develop new anti-cancer drugs or radiosensitizer to improve the efficacy of radiotherapy
against esophageal cancer.

Research objectives
To explore BJOE’s anti-cancer effect and its potential as a new radiosensitizer on esophageal
cancer and to investigate its molecular pathways.

Research methods
The inhibitory effect of BJOE on esophageal carcinoma cells was examined by cell viability
assays. Cell migration and invasion of EC109 and JAR cells treated with BJOE were measured by
wound-healing assays and transwell assay. The apoptosis rate of EC109 treated with BJOE
combined with radiotherapy was measured by Hoechst staining. The expression of apoptosisand cycle-related proteins was detected by western blotting.

Research results
Our results suggested that BJOE strongly inhibits the growth of esophageal cancer cell lines.
BJOE significantly reduced the migration and invasion abilities of EC109 and JAR. More
importantly, BJOE promoted apoptosis of esophageal carcinoma cells to enhance the effect of
radiotherapy. The expression of Bax and p21 were increased, while the expression of Bcl-2
remained stable. The expression of cyclin D1 and cyclin-dependent kinase 4 (CDK4)/6 was
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significantly decreased.

Research conclusions
BJOE could effectively suppress cell growth and promote cell apoptosis of esophageal cancerous
cells during radiotherapy through cyclin D1-CDK4/6 axis.

Research perspectives
As a potential anti-cancer drug or radiosensitizer, BJOE may be a viable for esophageal cancer in
the future, although more research is needed to verify its effect and safety. Besides, the cyclin
D1-CDK4/6 axis that mediated BJOE’s anti-cancer effect may provide important information
and therapeutic targets against esophageal cancer. Additional pathways about the cell cycle may
be worthy to investigate and discuss in the future.
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Abstract
BACKGROUND
It is challenging to distinguish intestinal tuberculosis from Crohn’s disease due to
dynamic changes in epidemiology and similar clinical characteristics. Recent
studies have shown that polymorphisms in genes involved in the interleukin (IL)23/IL-17 axis may affect intestinal mucosal immunity by affecting the
differentiation of Th17 cells.
AIM
To investigate the specific single-nucleotide polymorphisms (SNPs) in genes
involved in the IL-23/IL-17 axis and possible pathways that affect susceptibility
to intestinal tuberculosis and Crohn's disease.
METHODS
We analysed 133 patients with intestinal tuberculosis, 128 with Crohn’s disease,
and 500 normal controls. DNA was extracted from paraffin-embedded specimens
or whole blood. Four SNPs in the IL23/Th17 axis (IL22 rs2227473, IL1β rs1143627,
TGFβ rs4803455, and IL17 rs8193036) were genotyped with TaqMan assays. The
transcriptional activity levels of different genotypes of rs2227473 were detected
by dual luciferase reporter gene assay. The expression of IL-22R1 in different
intestinal diseases was detected by immunohistochemistry.
RESULTS
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The A allele frequency of rs2227473 (P = 0.030, odds ratio = 0.60, 95% confidence
interval: 0.37-0.95) showed an abnormal distribution between intestinal
tuberculosis and healthy controls. The presence of the A allele was associated
with a higher IL-22 transcriptional activity (P < 0.05). In addition, IL-22R1 was
expressed in intestinal lymphoid tissues, especially under conditions of intestinal
tuberculosis, and highly expressed in macrophage-derived Langhans giant cells.
The results of immunohistochemistry showed that the expression of IL-22R1 in
patients with Crohn's disease and intestinal tuberculosis was significantly higher
than that in patients with intestinal polyps and colon cancer (P < 0.01).
CONCLUSION
High IL-22 expression seems to be a protective factor for intestinal tuberculosis.
IL-22R1 is expressed in Langhans giant cells, suggesting that the IL-22/IL-22R1
system links adaptive and innate immunity.
Key words: Crohn’s disease; Intestinal tuberculosis; Single-nucleotide polymorphism;
Interleukin-22; Interleukin-22 receptor 1; Multinucleated giant cells
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The interleukin-22 (IL22) gene promoter SNP rs2227473 G allele is a risk
factor for intestinal tuberculosis. High IL-22 expression seems to be a protective factor
for intestinal tuberculosis. IL-22R1 is not only highly expressed in epithelial cells but
also, unexpectedly, expressed in Langhans giant cells, contradicting the previous view
that IL-22R1 is expressed only in non-haematopoietic cells. Importantly, these data
provide a premise for elucidating the role of the IL-22/IL-22R1 system in the crosstalk
between innate and adaptive immunity under conditions of chronic inflammation.
Researchers should pay more attention to the immunological side effects of therapeutic
modulation of the IL-22/IL-22R1 axis.

Citation: Yu ZQ, Wang WF, Dai YC, Chen XC, Chen JY. Interleukin-22 receptor 1 is
expressed in multinucleated giant cells: A study on intestinal tuberculosis and Crohn's
disease. World J Gastroenterol 2019; 25(20): 2473-2488
URL: https://www.wjgnet.com/1007-9327/full/v25/i20/2473.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i20.2473

INTRODUCTION
Intestinal tuberculosis (ITB) is chronic granulomatous inflammation caused by
Mycobacterium tuberculosis (M. tuberculosis) invading the gut. Crohn’s disease (CD) is a
chronic non-specific intestinal inflammatory disease. Although the pathogenesis of
CD is still not clear, it is believed that genetic and environmental factors cause
excessive mucosal immune responses to normal intestinal flora, causing intestinal
pathological damage[1]. Asia was previously considered a low endemic area for CD,
but the incidence has increased considerably over recent decades due to
industrialization and the Westernization of lifestyle[2]. Moreover, due to the increase in
floating population and HIV and M. tuberculosis infections, as well as the prevalence
of multidrug-resistant strains, the prevention and control of tuberculosis (TB) are
facing severe challenges [3,4] . It is challenging to distinguish ITB from CD due to
dynamic changes in epidemiology and similar clinical characteristics, especially in
developing countries [5,6] . After a misdiagnosis of ITB as CD, treatment with
immunosuppressive agents may aggravate the TB infection and cause systemic
dissemination. Upon misdiagnosis of CD as ITB, anti-TB treatment results in serious
drug side effects, and appropriate treatment is delayed.
There is a large amount of mucosa-associated lymphoid tissue in the intestine,
which plays a vital role in the pathogenesis of ITB and CD[7,8]. Th17 cells, named for
their production of interleukin (IL)-17, have recently attracted much attention in the
study of mucosal immunity. Th17 cells are a subset of CD4+ T lymphocytes[9,10], which
are critical in mucosal defence and autoimmune diseases[11]. Previous studies have
reported that the lamina propria of the small intestine has abundant Th17 cells and
that its unique microenvironment is beneficial for the differentiation of Th17 cells[12,13].
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The coordination of Th17 cell differentiation and maintenance is complex (Figure 1);
naïve T cells induce RORγt expression by activating the STAT3 signalling pathway in
response to IL-23, IL-6, and TGF-β after dendritic cell presentation or antigen
stimulation, thereby promoting the differentiation of Th17 cells into CD4 + IL-17 +
cells [14-19] . IL-1β also plays an important role in this process [20-23] . The regulatory
network through which Th17 cells exert physiological functions is called the IL-23/IL17 axis.
Important active products of Th17 cell function are IL-17 and IL-22. Because of the
unique role of IL-22 in the intestinal barrier system, we are particularly interested in
it. IL-22 is a member of the IL-10 family and is produced by Th-17 cells, γδ T cells,
natural killer T cells, and innate lymphoid cells[24,25]. IL-22 binds to a heterodimeric
receptor complex consisting of IL-22R1 and IL-10R2 to activate the JAK-STAT
signalling pathway[26,27]. IL-22–IL-22R1 interactions can induce the expression of genes
encoding molecules involved in tissue inflammation, immunosurveillance, and
homeostasis [28-31] , suggesting that the IL-22–IL-22R1 pathway plays a key role in
maintaining normal barrier homeostasis, especially in intestinal mucosal immunity.
The protective function of IL-22 is evidenced by the observation that IL22−/− mice are
susceptible to Citrobacter rodentium infection[32].
Mechanical, chemical, immune, and biological barriers together constitute the
intestinal mucosal barrier; each barrier plays a substantial role in the defence of the
enteric mucous membrane. IL-22 maintains these barriers through a variety of
mechanisms. To maintain the mechanical barrier, IL-22 activates STAT3 to enhance
the transcription of anti-apoptotic and pro-proliferative genes, thereby promoting
mucosal healing [33] , and regulates the integrity of intestinal epithelial cells by
upregulating tight junction proteins in the human intestinal epithelium [34,35] . To
maintain the chemical barrier, IL-22 stimulates Mucin 1 expression and glycosylation
to produce a firm inner mucus layer that prevents bacterial invasion[36,37]. Regarding
the immune barrier, IL-22 induces the production of innate antimicrobials, including
defensins, Reg family molecules, and S100 proteins [38] . Regarding the biological
barrier, IL-22 plays an important role in the shaping of body immunity and colonic
flora balance[39,40].
Polymorphisms in genes involved in the IL-23/IL-17 axis have been reported to
influence inflammatory bowel disease (IBD) susceptibility. A genome-wide
association study based on a Japanese population showed that multiple genes in this
pathway are associated with IBD[41], and similar studies have been conducted in
Korean populations [42] . Our previous studies in sizable samples of Chinese Han
populations found that through an single-nucleotide polymorphism (SNP) selection
strategy, IL22 rs2227473 was associated with susceptibility to TB [ 4 3 ] ; eleven
polymorphic loci were also screened in the IL6 promoter region, and only rs1800795
was found to be associated with TB susceptibility [44] . Similarly, IL1β promoter
polymorphism rs1143627 is associated with susceptibility to M. tuberculosis infection,
the genotype of which affects the severity of TB[45]. Therefore, we aimed to study ITB
and CD and to determine whether SNPs in genes involved in the IL-23/IL-17 axis
differ between these two diseases.

MATERIALS AND METHODS
Study participants
This case-control study was conducted between January 2008 and December 2017 at
the Jiangxi Provincial People’s Hospital (Nanchang, China). A total of 133 patients
with ITB, 128 with CD, and 500 healthy controls (HCs) were included. All of the
patients and HCs were randomly selected, and all of the subjects were local people
from Jiangxi Province. The inclusion criteria for patients with ITB were as follows:
Age 18 years or older; ITB diagnosed by clinical manifestations, endoscopy, X-ray
imaging, pathological changes, positive acid-fast staining, and/or response to anti-TB
treatment; and no other infectious, chronic, or autoimmune diseases. The inclusion
criteria for patients with CD were as follows: Age 18 years or older; CD diagnosed
based on clinical symptoms, X-ray findings, serological examination results,
endoscopic findings, and histopathology following the Chinese Society of
Gastroenterology consensus on the diagnosis and management of IBD; and no
infectious or non-infectious colitis. The inclusion criteria for HCs were as follows: Age
18 years or older; negative TB-specific interferon gamma release assay; no clinical
manifestations of TB (no abnormalities in chest radiology); and no other infectious,
chronic, malignant, or autoimmune diseases. The present study protocol was
reviewed and approved by the institutional review board of Jiangxi Provincial
People's Hospital and complied with the principles of the Declaration of Helsinki.
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Figure 1 Schematic diagram of the Th17 cell differentiation pathway. APC: Antigen-presenting cells; TGF-β: transforming growth factor β; IL: Interleukin; IL-23R:
Interleukin-23 receptor 1.

Genotyping of polymorphisms in IL-23/IL-17 axis genes
We obtained formalin-fixed paraffin-embedded (FFPE) specimens from ITB and CD
patients. We sectioned each FFPE sample into three sections at 20-μm thickness and
transferred the sections into Eppendorf tubes for immediate storage at - 20 °C.
Lithium heparin anti-coagulated whole blood (2 mL) was collected from HCs and
stored at 4 °C. Genomic DNA was extracted from paraffin-embedded specimens from
the ITB and CD patients described above using an FFPE DNA Kit (Omega, United
States) and from whole blood from HCs using a DNeasy Blood and Tissue Kit
(QIAGEN, United States). Four SNPs in genes involved in the IL23/Th17 axis (IL22
rs2227473, IL1β rs1143627, TGFβ rs4803455, and IL17(A) rs8193036) were genotyped
with TaqMan assays in a 20-μL reaction volume using the ABI 7500 Real-time PCR
system (ABI, United States). The cycling parameters were as follows: Pre-PCR
processing at 60 °C for 1 min; hold at 95 C for 10 min; 40 cycles of 95 °C for 15 s and 60
°C for 1 min; and post-PCR processing at 60 °C for 1 min. The results were analysed
by using ABI 7500 PCR software.

Dual-luciferase assays
DNA fragments of the rs2227473_G (-1810G) allele of the IL22 gene were amplified by
PCR using human genomic DNA and were subsequently modified by site-directed
mutagenesis (Beyotime, China) to generate rs2227473_A (-1810A). All amplicons were
verified by direct sequencing and inserted into a pGL3-basic reporter vector
(Promega, United States) harbouring a genetically engineered firefly luciferase gene
without a promoter. 293T cells (2 × 105) were cultured in antibiotic-free Dulbecco’s
modified Eagle medium containing 10% foetal bovine serum (Gibco, Australia) and
plated in 12-well plates 24 h before transfection. Plasmid constructs were transfected
into 293T cells with Lipofectamine 2000 reagent (Life Technology, United States). At
24 h post-transfection, luciferase reagent was added to the culture medium in each
well, and the resulting solution was mixed. After 15 min, firefly luminescence was
measured with a Multi-Mode Microplate Reader (Bio-Tek, United States). Then, Stop
and Glo Reagent was added to the original culture medium in each well, and the
resulting solution was mixed. After 10 min, Renilla luminescence was measured.
Relative promoter activity is expressed as the ratio of firefly luciferase to Renilla
luciferase signal. Three independent transfections and duplicate luciferase assays
were performed for each condition, and the pGL3-basic vector was used as a control.

Immunohistochemistry
To compare the immunohistochemistry results of IL-22R expression in different
intestinal diseases, we randomly selected 20 FFPE specimens of colon polyps and
colon cancer patients according to the following criteria. The inclusion criteria for
patients with colonic polyps were as follows: Age 18 years or older; pathological
diagnosis of colon polyps; and no other infectious, chronic, malignant, or autoimmune
diseases. The inclusion criteria for patients with colon cancer were as follows: Age 18
years or older; pathological diagnosis was colon cancer; no prior radiotherapy or
chemotherapy; and no other infectious or autoimmune diseases. Twenty FFPE gut
biopsies of colon polyps, colon cancer, ITB, and CD were cut with a rotary microtome
(Leica RM2235, Germany) as three serial sections (4 μm) on the microslide. Unstained
sections were placed in a 67 °C drying oven for 2 h of deparaffinization, rehydrated
through two changes of xylene and a graded alcohol series, and then rinsed in dH2O.
Antigens were retrieved by immersing sections in a pressure cooker containing
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boiling 1 × R-BUFFER B Solution (Electron Microscopy Sciences, United States) for 3
min at 100 °C. Sections were then rinsed in dH2O and processed for immunostaining
using the EXPOSE rabbit-specific HRP/DAB detection IHC kit (Abcam, United States)
according to the manufacturer's protocol. The primary antibody was rabbit/IgG
polyclonal anti-IL22 receptor alpha antibody ab5984 (1:200; Abcam, United States).
Negative controls consisted of phosphate buffered saline instead of primary
antibodies. Mouse kidney tissue was used as a positive control according to the
manufacturer's protocol. Sections were counterstained with Modified Harris
Haematoxylin solution (Solarbio, China), dehydrated through a graded alcohol series
and xylene, and mounted with neutral balsam (Solarbio, China). Images were
captured at 200 × magnification using a Nikon Eclipse Ni microscope with NISElements AR ver. 4.40.00 software (Nikon, Japan). The expression of IL-22 receptor 1
(IL-22R1) in intestinal tissues was semi-quantitatively evaluated using Image-Pro Plus
version 6.0 (Bethesda, United States). Integrated optical density (IOD) was measured
in five fields from each slice randomly selected by two senior pathologists. The
capture conditions were strictly maintained across all the photographs.

Statistical analysis
In this case-control study, we first compared the baseline characteristics of the study
population. The categorical variables were analysed by the chi-square test or Fisher’s
exact test, and the continuous variables were compared using an independent sample
t-test. The goodness-of-fit χ2 test was performed to check if the genotype frequencies
of case and control groups conformed to Hardy-Weinberg equilibrium. Power
calculations were performed using Power and Sample Size Calculation Statistical
Software [46] . Unconditional logistic regression analysis was used to compare the
genotype and allele frequencies among the three groups. Covariates such as gender,
age, smoking, and drinking were included to adjust the odds ratio (OR) value. The
disease-associated additive genetic model was evaluated by the Cochran-Armitage
trend test. For the disease with significant results in the additive model text, logistic
regression analysis was used to analyse the three genetic models (dominant, recessive,
and co-dominant) that the SNP may follow in the disease; the OR and 95% confidence
interval (CI) were then calculated and adjusted by using the above covariates. Oneway ANOVA was used for comparisons among multiple groups. All statistical
analyses were performed using SPSS (statistical software version 24). The statistical
tests were two-tailed, and statistical significance was evaluated at P < 0.05.

RESULTS
Clinical characteristics of the study population
As shown in Table 1, no significant difference was found between the ITB and CD
groups in mean age, smoking or drinking history, white blood cell count,
haemoglobin, erythrocyte sedimentation rate (ESR), purified protein derivative skin
test, or disease-related surgery (P > 0.05). However, both the T cell spot test positive
rate and abnormal lung imaging findings showed a significant difference (P < 0.05)
between the two groups, indicating their potential utility in identifying ITB and CD.

Genotype distributions of the SNPs in the case and control groups conform to the
Hardy-Weinberg equilibrium
Retrieving rs2227473, rs1143627, rs4803455, and rs8193036 from the dbSNP database,
we found that the MAFs (minor allele frequencies) of the East Asian population were
0.072, 0.547, 0.348, and 0.267, respectively. The statistical power of this polymorphism
study exceeded 0.80. The genotype and allele frequency distributions of the SNPs
rs2227473 and rs1143627 are shown in Tables 2-7. After adjusting for gender, age of
diagnosis, and the history of drinking and smoking, the GA genotype (P = 0.046, OR =
0.57, 95%CI = 0.33-0.99) and the A allele frequency (P = 0.030, OR = 0.60, 95%CI =
0.37-0.95) of rs2227473 were significantly abnormally distributed in ITB patients
compared with HCs; similarly, the CT genotype (P = 0.033, OR = 1.81, 95%CI = 1.053.13), the TT genotype (P = 0.011, OR = 2.17, 95%CI = 1.19-3.95), and the T allele
frequency (P = 0.014, OR = 1.43, 95%CI = 1.07-1.89) of rs1143627 were significantly
abnormally distributed in ITB patients compared with HCs. The genotype and allele
frequency distributions of the SNPs rs4803455 and rs8193036 were not significantly
different among the three groups, and the results are shown in the
Supplementary material.

Cochran-Armitage trend test
After the Cochran-Armitage trend test, the additive model fit IL22 rs2227473 in ITB

WJG

https://www.wjgnet.com

2477

May 28, 2019

Volume 25

Issue 20

Yu ZQ et al. IL-22R1 expression in multinucleated giant cells

Table 1 Baseline characteristics of the study population
HCs (n = 500)

ITB (n = 133)

Gender (Female/male)

CD (n = 128)

P-value

237/263

37/96

42/86

0.42

38.5 ± 12.8

41.0 ± 17.2

37.4 ± 16.1

0.06

Smokers, n (%)

103/500 (20.6)

32/133 (24.1)

22/128 (17.2)

0.22

Drinkers, n (%)

56/500 (11.2)

17/133 (12.8)

15/128 (11.7)

0.85

7.08 ± 4.0

7.95 ± 3.5

0.10

113.56 ± 23.1

109.83 ± 25.8

0.28
0.50

Age of diagnosis (yr)

WBC (109/L)
Hb, g/L
ESR, mm/h

37.43 ± 25.6

34.60 ± 25.6

PPD (positive), n (%)

34/49 (69.4)

11/35 (31.4)

0.06

T-SPOT (positive), n (%)

20/26 (76.9)

3/27 (11.1)

0.002

58

62

50/133 (37.6)

3/128 (2.3)

TB not examined
Abnormal lung imaging findings, n (%)

< 0.0001

Remission rate: n (%)
5-ASA

77/128 (60.2)

Glucocorticoids

31/128 (24.2)

Immunosuppressors

5/128 (3.9)

Anti-TNF

8/128 (6.2)

Non-remission

7/128 (5.5)

Disease related surgery, n (%)

21/133 (15.8)

29/128 (22.7)

0.21

Location of ITB, n (%)
Small intestine

11/133 (8.3)

Ileocecus

77/133 (57.9)

Colon

37/133 (27.8)

Data not available

8/133 (6.0)

Location of CD, n (%)
L1 ± L4

60/128 (46.9)

L2 ± L4

36/128 (28.1)

L3 ± L4

29/128 (22.7)

L4

3/128 (2.3)

Behavior of CD, n (%)
B1—Inﬂammatory

81/128 (63.3)

B2—Stricturing

37/128 (28.9)

B3—Penetrating

10/128 (7.8)

p—Perianal

35/128 (27.3)

Smokers: Subjects who had smoked more than one cigarette per day for at least one year; Drinkers: Subjects
who had drunk alcohol per week for more than six months; WBC: White blood cells; Hb: Haemoglobin; ESR:
Erythrocyte sedimentation rate; T-SPOT: T cell spot test; PPD: Purified protein derivative; 5-ASA: 5Aminosalicylic acid; CD: Crohn’s disease; L1: Terminal ileum (phenotype defined by the Montreal
Classification System); L2, Colonic; L3, Ileocolonic; L4: Upper gastrointestinal tract; TNF: tumour necrosis
factor. Bold indicates the statistical significance (P < 0.05).

(χ2 = 5.47, P = 0.019) and CD (χ2 = 1.91, P = 0.167); and the additive model fit IL1β
rs1143627 in ITB (χ2 =6.53, P = 0.011) and CD (χ2 = 2.54, P = 0.111). Therefore, we
mainly analysed the genetic models that the above two SNPs may follow in ITB, and
the results are shown in Tables 8 and 9. We found a significant difference between the
wild-type and the mutant-type under the dominant model in rs2227473, and the
difference was still statistically significant after adjusting for the covariates (P = 0.040,
OR = 0.58, 95%CI = 0.34-0.98); rs1143627 had a significant difference in the dominant,
recessive, and co-dominant genetic models.

Association of haematological features with genotype
Some data, particularly ESR data, were missing because the corresponding
examinations were not performed for the patients. There was no significant difference
in the three clinical indicators among the different genotypes at the four examined loci
in both ITB and CD patients (Supplementary material).

Dual-luciferase assay
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Table 2 Genotype and allele frequency distributions of rs2227473 in the intestinal tuberculosis and healthy control groups
Genotype and allele

HC groups

ITB groups

OR (95%CI)

P-value

OR (95%CI)1

GG

373

112

1.00

GA

110

19

AA

17

2

G

856

243

1.00

A

144

23

0.59 (0.37-0.93)

P-value1

0.58 (0.34-0.98)

0.041

0.57 (0.33-0.99)

0.046

0.39 (0.89-1.72)

0.215

0.39 (0.09-1.77)

0.224

0.023

0.60 (0.37-0.95)

1.00

1.00
0.030

The major genotype or allele was used as the baseline.
1
Adjusted for gender, age, smoking and drinking history. Bold indicates the statistical significance (P < 0.05). HC: Healthy control; ITB: intestinal
tuberculosis; OR: Odds ratio; CI: Confidence interval.

As shown in Figure 2, the firefly/renilla luciferase values were significantly different
between the recombinant vector and empty vector transfected groups, and pGL3rs2227473_A was associated with significantly increased Firefly/Renilla luciferase
values relative to those of pGL3-rs2227473_G.

Immunohistochemistry
As shown in Figure 3, IL-22R1 expression in CD and ITB was not restricted to
epithelial cells; high IL-22R1 expression was observed in intestinal lymphoid tissues.
However, it was difficult to ascertain whether expression was confined to the cell
membrane because ITB samples showed many aggregated immune cells that were
completely stained by diaminobenzidine (DAB).

High IL-22R1 expression in Langhans giant cells
Langhans giant cells are a typical component of tuberculous nodules, and cells in the
central part of a tuberculous granuloma undergo caseous necrosis. As shown in
Figure 4, epithelioid cells and Langhans multinucleated giant cells were observed
around the necrotic area. Lymphocytes infiltrated the outer nodule regions, and
fibroblasts and collagen fibres were distributed around these nodules. In addition,
these multinucleated giant cells were ubiquitous and exhibited strong DAB staining.
Average IOD (total IOD/total area) of IL-22R1 in gut tissues from colon polyps, colon
cancer, ITB, and CD was calculated (Figure 5). Compared with colon polyps and colon
cancer, both ITB and CD showed significantly higher IL-22R1 expression.

DISCUSSION
In this study, we analysed four SNP loci in genes involved in the IL23/IL17 axis and
found that the frequency distributions of SNPs in IL22 (rs2227473) and IL1β
(rs1143627) were significantly different between ITB patients and HCs. Although
larger sample size is better in a genetic study, ITB and CD are both low-incidence
diseases. Fortunately, all patients are local Han people, which provides a good genetic
background for genetic research; and the genotype distributions of the four SNPs in
the control groups conformed to the Hardy-Weinberg equilibrium, indicating that the
study participants can be considered as random subjects from the population.
Therefore, this polymorphism study has enough statistical power to prove its
reliability. Our previous research confirmed that the rs1143627 T allele increases IL-1β
production[45]. Therefore, we focused on IL22 (rs2227473) and found that the presence
of the A allele is a protective factor for ITB; moreover, dual-luciferase assays indicated
that the A allele is associated with high IL-22 expression.
However, as "a sheep in wolf's clothing"[47], IL-22 has dual roles as a protective and
pathological factor at mucosal sites. The nature of IL-22 behaviour depends mainly on
whether its expression is normal at different stages of the inflammatory response[25].
Although IL-22 has a maintenance effect on the intestinal barrier, as described above,
it also activates various pro-inflammatory factors [48] . In patients with CD, IL-22
expression levels in serum and intestinal tissues are significantly increased, with IL-22
expression being positively correlated with disease activity[49]. The role of IL-22 in TB
remains unclear. Research by Wilson et al showed that IL-22 is dispensable for the
development of immunity in host defence after infection with M. tuberculosis or
Mycobacterium avium[50]. Given this observation, it is difficult to explain why IL-22 is
abundant at disease sites in TB patients and to clarify why IL-22-producing γδ T cells
can migrate into granulomas during M. tuberculosis infection[51,52]. This may require
analysis based on different stages of the disease.
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Table 3 Genotype and allele frequency distributions of rs2227473 in the Crohn's disease and healthy control groups
Genotype and allele

HC group

CD group

OR (95%CI)

P-value

OR (95%CI)1

GG

373

101

1.00

GA

110

26

AA

17

1

G

856

228

1.00

A

144

28

0.73 (0.48-1.12)

P-value1

0.87 (0.54-1.41)

0.579

0.83 (0.51-1.36)

0.466

0.22 (0.03-1.65)

0.140

0.24 (0.03-1.87)

0.174

0.152

0.72 (0.49-1.12)

1.00

1.00
0.146

The major genotype or allele was used as the baseline.
1
Adjusted for gender, age, smoking and drinking history. CD: Crohn's disease; HC: Healthy control; OR: Odds ratio; CI: Confidence interval.

It is generally accepted that while IL-10R2 is ubiquitously expressed by most cell
types, IL-22R1 expression is restricted to non-haematopoietic cells such as epithelial
cells, hepatocytes, and fibroblasts[25,28,29,53]. However, in our study, we observed IL-22R1
expression in intestinal lymphoid tissues. Macrophage-derived Langhans giant cells,
especially those from ITB patients, expressed high levels of IL-22R1. This finding
suggests that IL-22 may affect adaptive immunity by regulating macrophages as well
as enhancing innate immunity.
Three independent studies reported that M. tuberculosis induces IL-22R1 expression
in infected macrophages[54]. In the first study, Rohan Dhiman et al found that human
monocyte-derived macrophages had basal IL-22R1 expression that can be increased
by stimulation with M. tuberculosis (H37Rv strain)[55]. Subsequently, Zeng et al[56] found
that CD4+ T cells infected with M. tuberculosis can differentiate into T effector cells that
carry membrane-bound IL-22. Membrane-bound IL-22+CD4+ T effector cells matured
in vivo and maintain membrane distribution during M. tuberculosis active infection.
This finding may explain the immunohistochemistry results in this study which
indicated that IL-22R1 expression in ITB did not appear to be confined to the cell
membrane and that cells were likely to show widespread staining. Although it cannot
be ruled out that these staining results may be caused by macrophage uptake of IL22R1-positive epithelial cell debris, this possibility is unlikely considering that the
positive cells were in an unusual aggregated state. A recent study from TB reported
that IL-22-reactive cells are predominantly epithelial cells during acute M. tuberculosis
infection in mice and humans, whereas epithelial cells and accumulated macrophages
in tuberculous granulomas in the chronic disease stage possibly expressed IL-22R.
Interestingly, as caseous necrosis in tuberculous granulomas leads to the gradual
deterioration of cells, the accumulation of IL-22R1-positive macrophages also
gradually decreases, and these cells mainly localize on the rim of necrotic
granulomas[57]. This finding is consistent with the phenomenon we observed in the
ITB immunohistochemistry analysis, suggesting that IL-22R1 expression levels in
macrophages might be related to TB severity.
The IL-22-IL-22R axis also affects the pathogenesis of CD. Stephan et al found that
IL-22R1 mRNA expression was upregulated after stimulation of intestinal epithelial
cell culture system with pro-inflammatory cytokines such as lipopolysaccharide, IL1β, or tumour necrosis factor (TNF), which, however, had no effect on IL-10R2 mRNA
expression. This is also confirmed by the increased expression of IL-22R1 mRNA in
the colonic biopsy of the inflammatory site of CD patients compared with the noninflammatory site; binding of IL-22 to its receptor complex activates multiple
phosphorylated protein kinases based on STAT1/3 and affects downstream
signalling, promoting intestinal epithelial cell recovery and intestinal barrier
integrity[58].
IL-22 can directly activate macrophages by inducing the production of TNF, an
extremely important cytokine in the immune response to TB[57]. TNF seems to be a
central mediator in different chronic inflammatory disorders, including CD[59]. Widely
used anti-TNF antibodies (such as infliximab) have positive effects in CD but cause
unwanted immunosuppression, increasing the risk of M. tuberculosis infection. Many
researchers have focused on systemic treatment targeting the IL-22/IL-22R1 axis
because of the abovementioned role of IL-22 in the protective function of intestinal
epithelial cells and the view that IL-22 does not affect the immune system [60,61] .
However, in patients with CD, we found that IL-22R1 was primarily expressed in
epithelial cells, with IL-22R1 expression occurring within non-caseating
granulomatous. This finding cautions against therapeutic targeting of the IL-22/IL22R1 axis.
In conclusion, in this study of polymorphisms in genes within the IL-23/IL-17 axis,
we found that the frequency of the G allele of IL22 (rs2227473) was significantly
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Table 4 Genotype and allele frequency distributions of rs2227473 in the intestinal tuberculosis and Crohn's disease groups
Genotype and allele

ITB group

CD group

OR (95%CI)

P-value

OR (95%CI)1

GG

112

101

1.00

GA

19

26

AA

2

1

G

243

228

1.00

A

23

28

1.24 (0.70-2.20)

P-value1

1.43 (0.75-2.72)

0.276

1.67 (0.81-3.42)

0.164

0.55 (0.05-6.15)

0.627

0.67 (0.06-8.22)

0.757

0.466

1.37 (0.74-2.53)

1.00

1.00
0.314

The major genotype or allele was used as the baseline.
1
Adjusted for gender, age, smoking and drinking history. CD: Crohn's disease; ITB: Intestinal tuberculosis; OR: Odds ratio; CI: Confidence interval.

higher in ITB patients than in the HC population. Low IL-22 expression may be a risk
factor for ITB. Further research revealed that the ITB and CD groups had higher IL22R1 expression than the polyp and cancer groups. Importantly, we observed IL-22R1
expression in multinucleated giant cells; this finding is inconsistent with those of
previous studies and may indicate that IL-22 is not dispensable in host immunity to
TB. These data provide a premise for elucidating the role of the IL-22/IL-22R1 axis in
the crosstalk between innate and adaptive immunity under conditions of chronic
inflammation. Researchers should pay more attention to the immunological side
effects of therapeutic modulation of the IL-22/IL-22R1 axis.
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Table 5 Genotype and allele frequency distributions of rs1143627 in the intestinal tuberculosis and healthy control groups
Genotype and allele

HC group

ITB group

OR (95%CI)

P-value

OR (95%CI)1

CC

137

22

1.00

CT

240

69

TT

123

C

514

T

486

153

1.43 (1.09-1.88)

P-value1

1.79 (1.06-3.02)

0.029

1.81 (1.05-3.13)

0.033

42

2.13 (1.20-3.76)

0.010

2.17 (1.19-3.95)

0.011

113

1.00

1.00

1.00
0.010

1.43 (1.07-1.89)

0.014

The major genotype or allele was used as the baseline.
1
Adjusted for gender, age, smoking and drinking history. Bold indicates the statistical significance (P < 0.05). HC: Healthy control; ITB: Intestinal
tuberculosis; OR: Odds ratio; CI: Confidence interval.

Table 6 Genotype and allele frequency distributions of rs1143627 in the Crohn’s disease and healthy controls groups
Genotype and allele

HC group

CD group

OR (95%CI)

P-value

OR (95%CI)1

CC

137

28

1.00

CT

240

61

TT

123

C

514

T

486

139

1.26 (0.95-1.66)

P-value1

1.24 (0.76-2.04)

0.387

1.24 (0.75-2.04)

0.402

39

1.55 (0.90-2.67)

0.113

1.53 (0.88-2.65)

0.131

117

1.00

1.00

1.00
0.104

1.25 (0.94-1.65)

0.121

The major genotype or allele was used as the baseline.
1
Adjusted for gender, age, smoking and drinking history. CD: Crohn's disease; HC: Healthy control; OR: Odds ratio; CI: Confidence interval.

Table 7 Genotype and allele frequency distributions of rs1143627 in the intestinal tuberculosis and Crohn's disease groups
Genotype and allele

ITB group

CD group

OR (95%CI)

P-value

OR (95%CI)1

CC

22

28

1.00

CT

69

61

0.70 (0.36-1.34)

0.276

0.61 (0.30-1.26)

0.180

0.383

0.59 (0.27-1.33)

0.205

TT

42

39

0.73 (0.36-1.48)

C

113

117

1.00

T

153

139

0.88 (0.62-1.24)

P-value1

1.00

1.00
0.459

0.82 (0.57-1.19)

0.298

The major genotype or allele was used as the baseline.
1
Adjusted for gender, age, smoking and drinking history. CD: Crohn's disease; ITB: Intestinal tuberculosis; OR: Odds ratio; CI: Confidence interval.

Table 8 Genetic model analysis of rs2227473 in the intestinal tuberculosis population
Genetic model
Dominant

Recessive

Co-dominant

Genotype

HCs (n)

ITB (n)

OR (95%CI)

GG

373

112

1.00

GA + AA

127

21

0.58 (0.35-0.96)

GA + GG

483

131

1.00

AA

17

2

0.43 (0.10-1.90)

GG

373

112

1.00

AA

17

2

0.40 (0.09-1.74)

GG

373

112

1.00

GA

110

19

0.61 (0.36-1.03)

P-value

OR (95%CI)1

0.034

0.58 (0.34-0.98)

P-value1

1.00
0.040

1.00
0.268

0.45 (0.10-1.99)

0.291

1.00
0.219

0.50 (0.11-2.33)

0.379

1.00
0.064

0.63 (0.37-1.08)

0.091

HCs: Healthy controls; ITB: Intestinal tuberculosis; OR: Odds ratio; CI: Confidence interval.
1
Adjusted for gender, age, smoking and drinking history.
Bold indicates the statistical significance (P < 0.05).
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Table 9 Genetic model analysis of rs1143627 in the intestinal tuberculosis population
Genetic model
Dominant

Recessive

Co-dominant

Genotype

HCs (n)

ITB (n)

OR (95%CI)

CC

137

22

1.00

CT + TT

363

111

1.90 (1.16-3.13)

CT + CC

377

91

1.00

TT

123

42

1.42 (0.93-2.15)

CC

137

22

1.00

TT

123

42

2.13 (1.20-3.76)

CC

137

22

1.00

CT

240

69

1.79 (1.06-3.02)

P-value

OR (95%CI)1

0.011

1.93 (1.14-3.25)

0.104

1.41 (0.92-2.18)

P-value1

1.00
0.014

1.00
0.118

1.00
0.010

3.46 (1.73-6.91)

0.029

2.14 (1.22-3.77)

0.000

1.00
0.008

HCs: Healthy controls; ITB: Intestinal tuberculosis; OR: Odds ratio; CI: Confidence interval.
1
Adjusted for gender, age, smoking and drinking history. Bold indicates the statistical significance (P < 0.05).

Figure 2

Figure 2 Fluorescence detected in cells transfected with the recombinant or empty vector. Allele G and allele A indicate the fluorescence results of cells
transfected with the pGL3-rs2227473_G and pGL3-rs2227473_A plasmids, respectively. F/R: Firefly/renilla luciferase values; aP < 0.05.
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Figure 3

Figure 3 Immunohistochemical staining for interleukin-22 receptor 1 in intestinal biopsy tissues. A: Colon polyps; B: Colon cancer; C: Crohn's disease; D:
Intestinal tuberculosis. Magnification, 100×.
Figure 4

Figure 4 In typical caseous necrotic granulomas, Langhans giant cells with high interleukin-22 receptor 1 expression are present at the edge of
granulomas.
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Figure 5

Figure 5 Total integrated optical density/total area of immunohistochemical images. IOD: Integrated optical density; CD: Crohn's disease; ITB: Intestinal
tuberculosis; aP < 0.05, bP < 0.01.

ARTICLE HIGHLIGHTS
Research background
Intestinal tuberculosis (ITB) and Crohn’s disease (CD) are two kinds of intestinal granulomatous
diseases with very similar clinical manifestations. In recent years, with the changes in
epidemiology, these two diseases have often been difficult to identify during clinical work in
developing countries. Misdiagnosis can have serious consequences for the patients. The impact
of individual genetic diversity on ITB and CD susceptibility and the specific mechanism are still
not clear.

Research motivation
Recent studies have shown that Th17 cells play a key role in mucosal immune responses.
Differentiation of Th17 cells is regulated by the interleukin (IL)-23/IL-17 axis. We hypothesized
that this axis-related gene functional polymorphism sites can affect the susceptibility to ITB and
CD.

Research objectives
To determine the difference in genetic susceptibility between ITB and CD and to further
elucidate the specific mechanism of action of differentially distributed genes in the occurrence
and development of diseases, which will contribute to the identification of diseases and the
implementation of individualized treatment.

Research methods
This case-control study was conducted by investigating ITB and CD patients who were admitted
to the Jiangxi Provincial People's Hospital in the past 10 years. A total of 133 ITB, 128 CD, and
500 healthy patients were included, and their clinical data were recorded. Based on our previous
findings, four single-nucleotide polymorphisms (SNP) loci located in genes involved in the IL23/IL-17 axis were screened for genotyping of the subjects. Based on the results of the typing, we
focused on the study of IL22 rs2227473. The dual luciferase reporter assay system was used to
determine the transcriptional regulatory effect of rs2227473 on IL-22, and the IL-22-IL-22R axis
was analysed by immunohistochemistry in different intestinal diseases.

Research results
According to our study, T cell spot test positive rate and abnormal lung imaging are helpful for
identifying ITB and CD. Using unconditional logistic regression analysis to adjust covariates
suggests that rs2227473 and rs1143627 polymorphisms affect ITB susceptibility instead of CD.
Dual luciferase assay showed that the rs2227473 locus affects the transcriptional activity of the
IL22 gene. Immunohistochemical staining suggests that the expression of IL-22R1 is significantly
increased in ITB and CD compared with intestinal polyps and colon cancer. This differential
expression may be used to identify intestinal diseases; more importantly, IL-22R1 is expressed in
intestinal lymphoid tissues, especially in multinucleated giant cells. This finding breaks the
notion that IL-22R1 expression is generally restricted to non-haematopoietic cells.

Research conclusions
IL22 SNP rs2227473 G allele is a risk factor for developing ITB. This finding is informative for
further studies of the pathogenesis of tuberculosis. Furthermore, by analysing the baseline
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characteristics of the surveyed population, we discovered that the findings from T cell spot test
and lung imaging were valuable for the differential diagnosis between ITB and CD, providing
evidence-based support for clinical diagnosis. Finally, we found that IL-22R1 is expressed in
multinucleated giant cells and that the IL-22-IL-22R axis may play an important role in the
coordination of innate and adaptive immunity.

Research perspectives
The IL-23/IL-17 axis gene polymorphisms may affect the occurrence and development of
tuberculosis by affecting the differentiation of Th17 cells and the expression of related cytokines.
IL-22R1 plays an important role not only in maintaining mucosal barrier function in innate
immunity but also in the adaptive immunity of inflammatory diseases, indicating that previous
views on the safety of IL-22-IL-22R1 systemic therapy need to be reassessed.
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Abstract
BACKGROUND
Lymphovascular invasion (LVI) is suggested to be an early and important step in
tumor progression toward metastasis, but its prognostic value and genetic
mechanisms in colorectal cancer (CRC) have not been well investigated.
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To investigate the prognostic value of LVI in CRC and identify the associated
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METHODS
We performed a retrospective analysis of 1219 CRC patients and evaluated the
prognostic value of LVI for overall survival by the Kaplan-Meier method and
multivariate Cox regression analysis. We also performed an array-based
comparative genomic hybridization analysis of 47 fresh CRC samples to examine
the genomic alterations associated with LVI. A decision tree model was applied
to identify special DNA copy number alterations (DCNAs) for differentiating
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between CRCs with and without LVI. Functional enrichment and protein-protein
interaction network analyses were conducted to explore the potential molecular
mechanisms of LVI.
RESULTS
LVI was detected in 150 (12.3%) of 1219 CRCs, and the presence was positively
associated with higher histological grade and advanced tumor stage (both P <
0.001). Compared with the non-LVI group, the LVI group showed a 1.77-fold
(95% confidence interval: 1.40-2.25, P < 0.001) increased risk of death and a
significantly lower 5-year overall survival rate (P < 0.001). Based on the
comparative genomic hybridization data, 184 DCNAs (105 gains and 79 losses)
were identified to be significantly related to LVI (P < 0.05), and the majority were
located at 22q, 17q, 10q, and 6q. We further constructed a decision tree classifier
including seven special DCNAs, which could distinguish CRCs with LVI from
those without it at an accuracy of 95.7%. Functional enrichment and proteinprotein interaction network analyses revealed that the genomic alterations related
to LVI were correlated with inflammation, epithelial-mesenchymal transition,
angiogenesis, and matrix remodeling.
CONCLUSION
LVI is an independent predictor for survival in CRC, and its development may
correlate with inflammation, epithelial-mesenchymal transition, angiogenesis,
and matrix remodeling.
Key words: Colorectal cancer; Lymphovascular invasion; Prognostic; DNA copy number
aberration; Functional analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Lymphovascular invasion (LVI) is suggested to be an obligatory step in tumor
progression toward metastasis, but its genetic mechanisms in colorectal cancer (CRC)
have not been fully understood. This study showed that LVI was significantly associated
with features of aggressive tumors and reduced survival in CRC, and its development
might correlate with inflammation, epithelial-mesenchymal transition, angiogenesis, and
matrix remodeling. We also constructed a DNA copy number alteration classifier that
could estimate the LVI status with high accuracy, which might contribute to the
management of CRC.

Citation: Jiang HH, Zhang ZY, Wang XY, Tang X, Liu HL, Wang AL, Li HG, Tang EJ, Lin
MB. Prognostic significance of lymphovascular invasion in colorectal cancer and its
association with genomic alterations. World J Gastroenterol 2019; 25(20): 2489-2502
URL: https://www.wjgnet.com/1007-9327/full/v25/i20/2489.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i20.2489

INTRODUCTION
Colorectal cancer (CRC) is a major public health problem worldwide, with 1.4 million
new cases and 0.7 million deaths estimated each year [1] . Surgical excision is the
mainstay of treatment for CRC; however, 30%-50% of patients develop local tumor
recurrence or metastasis even after potentially curative surgery[2]. Currently, the
tumor-node-metastasis (TNM) staging system is a universal guideline for prognosis
prediction and treatment decision-making[3]. Nevertheless, heterogeneous survival
rates in patients with the same stage of disease have been noted [4,5] . It has been
gradually recognized that some other clinicopathological features may contribute to a
more individual prediction of prognosis in CRC, such as age, systemic inflammation,
tumor grade, and lymphovascular invasion (LVI)[6,7].
LVI is a histopathological finding defined by the presence of tumor cells within
endothelium-lined lymphatic or vascular channels[8], with a presence of 10.0%-89.5%
in CRC[9-13]. Indeed, LVI is an essential and important step in lymph node metastasis
and systemic dissemination of cancer cells, and it is considered to increase the risk for
micrometastases in localized carcinoma[14,15]. The unfavorable prognostic significance
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of LVI has been supported by studies in various cancers, such as breast cancer, gastric
cancer, and prostatic cancer[11,16-18]. Furthermore, some studies have been conducted to
explore the potential mechanisms underlying this association. Pan et al[19] reported
that cyclooxygenase-2 up-regulates chemokine CC receptor 7 via EP2/EP4 receptor
signaling pathways to enhance LVI of breast cancer cells. Tatti et al[20] suggested that
matrix metalloproteinase 16 (MMP16) mediates a proteolytic switch to promote cellcell adhesion and LVI in melanoma. A study by Mannelqvist et al [21] found that
overexpression of MMP3 and collagen VIII in endometrial cancer correlates closely
with the presence of LVI. However, the genetic mechanisms of LVI in CRC have not
been well investigated.
We performed a retrospective analysis in 1219 CRC patients to evaluate the
presence of LVI, as well as its relationship with classical clinicopathological
parameters and patients’ outcome. We also analyzed the genomic profiles of 47 CRC
samples using array-based comparative genomic hybridization (CGH) to identify the
genomic alterations associated with LVI. Our findings may provide further insight
into the biology of LVI in CRC and offer novel targets for the treatment and
prevention of cancer dissemination.

MATERIALS AND METHODS
Retrospective population-based cohort
Patients with newly diagnosed, histologically confirmed colorectal adenocarcinoma (n
= 1219) were included in this retrospective study. Among them, 1005 were recruited
from Ruijin Hospital Affiliated to Shanghai Jiaotong University School of Medicine
from January 2008 to December 2010, and 214 were enrolled from Zhuji People’s
Hospital of Zhejiang Province between January 2007 and December 2010. All patients
underwent standard surgical treatment and were retrospectively reviewed with a
minimum 5-year postoperative follow-up. Patients with recurrent disease or another
malignancy or those whose present status could not be ascertained were excluded
from the study. Written consent was obtained from all patients, and their information
was stored in the hospital database and used for research. Clinical and pathological
data were abstracted from patients’ medical records, including gender, age, tumor
site, differentiation, stage, and LVI status. Tumor was staged according to the
American Joint Committee on Cancer TNM classification (version 8.0) and graded
according to the 2010 World Health Organization classification. LVI was defined by
the presence of malignant cells within endothelium-lined spaces on hematoxylin and
eosin-stained sections[8].

Tumor samples and array-based CGH
Forty-seven surgically removed sporadic colorectal adenocarcinoma specimens were
obtained from Yangpu Hospital Affiliated to Tongji University between June 2017 and
December 2018 and were analyzed using array-based CGH. All specimens were
evaluated by at least two pathologists and were stored at -80 °C until assay. Of these,
21 tumors presented with LVI, and the remaining 26 with non-LVI served as controls.
The patients included 17 women and 30 men with ages ranging from 45 to 88 years;
six cases were stage I, six stage II, 17 stage III, and 18 stage IV. None of the patients
had a history of another malignancy or inflammatory bowel disease. There was no
significant difference in gender, age, tumor site, differentiation, or stage between the
case and control groups. Written informed consent was obtained before specimen
collection, and this study was approved by the Research Ethics Committee of Yangpu
Hospital (LL-2019-SCI-001).
DNA was extracted from frozen tumors using the QIAmp Tissue Kit (Qiagen
GmbH, Hilden, Germany). Cytogenomic microarray analysis was performed using
the Agilent SurePrint G3 Cancer CGH + SNP 4 × 180K Array, a cancer-specific CGH +
SNP microarray designed by Cancer Genomics Consortium (www.chem-agilent.com/
pdf/59909183en_lo_CGH+SNP_Cancer.pdf) (Agilent Technologies, Santa Clara, CA,
United States). Arrays were scanned with the Agilent DNA Microarray Scanner with
Surescan High-Resolution Technology. Whole genome microarray data were
analyzed using Agilent CytoGenomics 2.5 software to identify DNA copy number
alterations (DCNAs). The global ADM2 algorithm with a threshold 6.0 and aberration
filter for a minimum of three consecutive probes per region were applied. Genomic
linear positions were given relative to NCBI build 37 (hg19, http://
genome.ucsc.edu).

Statistical analysis
Statistical analysis was performed with SPSS version 22.0 (Armonk, NY, United
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States) and R version 3.2.0 (R foundation for Statistical Computing, Vienna, Austria).
Pearson’s χ2 test or Fisher’s exact test was used to compare the difference in the
distribution of categorical variables. Differences in continuous variables were tested
with Student’s t-test. The endpoint of the retrospective study was overall survival
(OS), which was calculated from the date of diagnosis to death from any cause or the
last follow-up. Survival curves were estimated using the Kaplan-Meier method and
compared by the log-rank test. A multivariate Cox proportional hazards model was
used to estimate adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) and
to identify independent predictors for 5-year OS.
The CGH data were shown for the autosomes only, and the sex chromosomes were
not included in this analysis. The frequencies of DCNAs between CRCs with and
without LVI were compared using Pearson’s χ2 test, with P < 0.05 considered
significant. A decision-tree model J48 classifier attached to WEKA http://
www.cs.waikato.ac.nz/ml/weka/ was further applied to identify the DCNAs for
differentiating between the two groups. In order to explore the molecular mechanism
of LVI in CRC, the genes located at the significant DCNAs were mapped into the
DAVID database (http://david.abcc.ncifcrf.gov/). Gene ontology analysis was
applied to reveal functions of gene products from three aspects: Biological process,
cellular component, and molecular function. Kyoto encyclopedia of Genes and
Genomes pathway analysis was used to identify relevant biological pathways. Search
Tool for the Retrieval of Interacting Genes (http://string-db.org) was used to
investigate the interactive relationship among the acquired genes (confidence score >
0.95), and the protein-protein interaction (PPI) network was visualized using
Cytoscape software (San Diego, CA, United States) (http://www.cytoscape.org). To
identify the hub genes in the network, three centrality methods, including closeness,
degree, and eigenvector centrality[22], were evaluated with the Cytoscape CytoNCA
plugin. For all analyses, P < 0.05 was considered statistically significant.

RESULTS
Association of LVI with clinicopathological features
Of the 1219 CRC patients included in the retrospective analysis, 714 (58.6%) were
male and 505 (41.4%) were female, with a median age of 62 years (range, 21-92 years).
There were 569 (46.7%) colon cancers and 650 (53.3%) rectal cancers. Histologically,
894 (73.3%) cases were well or moderately differentiated, and 325 (26.7%) were poorly
differentiated or mucinous. According to TNM classification, 219 (18.0%) patients
were stage I, 398 (32.6%) stage II, 422 (34.6%) stage III, and 180 (14.8%) stage IV. LVI
was detected in 150 tumors, with a presence of 12.3% (10.5%-14.2%). The comparison
of clinicopathological features between CRCs with and without LVI showed that LVI
group was more likely to be poorly differentiated or mucinous (P < 0.001) and its
presence progressively increased with advancing tumor stage (5.5% in stage I, 7.5% in
stage II, 15.2% in stage III, and 24.4% in stage IV, respectively, P < 0.001), whereas no
significant correlation was detected for gender, age, or tumor site (all P > 0.05) (Table
1).

Association of LVI with survival
The 5-year OS rate of the study cohort was 63.0%. We analyzed the association of LVI
with survival in a multivariate Cox analysis and found that LVI was an independent
predictor for 5-year OS after controlling for gender, age, tumor site, differentiation,
and stage (Table 2). Compared with the non-LVI group, the LVI group showed a 1.77fold (95%CI: 1.40-2.25, P < 0.001) increased risk of death and a significantly lower 5year OS rate (66.8% vs 36.0%, log rank P < 0.001) (Figure 1).

Association of LVI with DCNA
Array-based CGH was performed on 47 CRC samples. Although there were
differences in the DCNAs between each sample, gains were commonly observed at
20q (70.2% of 47 samples), 13q (59.6%), 8q (55.3%), 7p (51.1%), and 7q (51.1%), while
losses were frequently detected at 5q (51.1%), 15q (42.6%), 14q (40.4%), 18q (40.4%),
and 17p (36.2%). The comparison of CGH data between CRCs with and without LVI
was summarized in Figure 2. One hundred eight-four DCNAs (105 gains and 79
losses) exhibited a significant difference in their frequencies between the two groups
(P < 0.05), and the majority were located at 22q (29.3% of 184 DCNAs), 17q (16.3%),
10q (13.0%), and 6q (7.1%). To construct a classifier that could effectively detect LVI,
the 184 DCNAs were further input into a decision-tree model. Tumors with LVI were
distinguished from those without it at a 95.7% accuracy rate by examining seven
special DCNAs, including gains at chr6:95148725-95193920, chr14:106113380-
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Table 1 Comparison of characteristics between colorectal cancer patients with and without
lymphovascular invasion
LVI, n = 150

Non-LVI, n = 1069

No. of patients (%)

No. of patients (%)

Male

93 (62.0)

621 (58.1)

Female

57 (38.0)

448 (41.9)

≤ 65

87 (58.0)

629 (58.8)

> 65

63 (42.0)

440 (41.2)

Colon

72 (48.0)

497 (46.5)

Rectum

78 (52.0)

572 (53.5)

Well/moderately

79 (52.7)

815 (76.2)

Poorly/mucinous

71 (47.3)

254 (23.8)

I

12 (8.0)

207 (19.4)

II

30 (20.0)

368 (34.4)

III

64 (42.7)

358 (33.5)

IV

44 (29.3)

136 (12.7)

Characteristic

P value

Gender

0.377

Age in yr

0.860

Tumor site

0.793

Histological differentiation

< 0.001

TNM stage

< 0.001

LVI: Lymphovascular invasion; TNM: Tumor-node-metastasis.

106135655, chr7:159075079-159118566, chr8:145737350-145741217, and chr17:4826609648267750, and losses at chr17:30770711-30859316 and chr9:43469486-43659512 (Figure
3). Moreover, a sensitivity of 95.7% and a specificity of 94.7% were obtained.

Functional enrichment and PPI network analyses
A total of 1784 genes were identified in the 184 DCNAs correlated with LVI. To
explore the biological relevance of these genes, we performed functional enrichment
and PPI network analyses. Gene ontology analysis showed that these genes were
significantly enriched in biological process terms such as complement activation,
regulation of immune response, and negative regulation of transposition; cellular
component terms such as immunoglobulin complex; as well as molecular function
terms such as antigen binding and immunoglobulin receptor binding (Figure 4).
Pathway analysis revealed that these genes were concentrated in pathways of natural
killer cell mediated cytotoxicity, hypoxia-inducible factor-1 (HIF-1) signaling, and
fork-head box O signaling (Figure 5). Furthermore, based on the Search Tool for the
Retrieval of Interacting Genes database, a PPI network with 97 nodes and 142 edges
was constructed (Figure 6). The top 20 nodes with higher PPI scores, respectively,
identified by closeness, degree, and eigenvector were selected as hub genes (Table 3).
After eliminating the repeated ones, 31 hub genes were obtained, including EP300,
STAT3, SIRT1, RPS6KB1, MAPK1, etc.

DISCUSSION
LVI is a common histopathological finding and serves as an unfavorable prognostic
factor in many cancers[11,16,17,23]. In terms of tumor biology, invasion of tumor cells into
vascular channels is suggested to be an obligatory step in tumor progression toward
metastasis[14,24]. According to previous studies, the presence of LVI in CRC varied
widely from 10.0% to 89.5% [9-13] , which might be caused by the differences in
diagnostic techniques and patient populations included in different studies[8,25]. In the
current study, LVI was observed in 150 (12.3%) of 1219 CRCs, and the presence
increased with tumor stage from 5.5% in stage I to 24.4% in stage IV. Similar to other
studies, our data showed that LVI was closely related to the features of aggressive
tumors, such as higher histological grade and advanced tumor stage[11,18]. Thus, some
findings suggested that the presence of LVI should be an indication of more extensive
surgical resection [26,27] . Our study also confirmed that LVI was an independent
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Figure 1

Figure 1 Kaplan-Meier curve for 5-year overall survival according to LVI status. The 5-year overall survival rate
of LVI group was significantly lower than that of non-LVI group (36.0% vs 66.8%, log-rank P < 0.001). LVI:
Lymphovascular invasion.

predictor for survival in CRC, as shown by multivariate prognostic analysis.
Therefore, it is important to explore the genetic mechanisms of LVI, which may
provide novel diagnostic biomarkers or therapeutic targets for CRC.
Although various studies have reported gene signatures related to metastasis in
CRC[28-30], much is unknown about the molecular pathogenesis of LVI; an early and
critical step in metastasis. We performed an array-based CGH analysis of 47 CRC
samples and found the most frequent aberrations were detected at 20q, 18q, 17p, 15q,
14q, 13q, 8q, 7p, 7q, and 5q, consistent with previous reports[31,32]. The comparison
between CRCs with and without LVI revealed that 184 DCNAs were significantly
associated with the presence of LVI, and more than half of them were found at 22q,
17q, 10q, and 6q. Knösel et al[33] and Nakao et al[34] indicated that the DCNAs associated
with CRC metastases were mostly located at 22q, 20q, 17q, 15q, 10q, 8p, 8q, and 6q.
These findings suggested the emergence of multiple chromosomal aberrations at the
transition from LVI to metastasis formation. Furthermore, a decision tree classifier
was applied to these significant DCNAs. It can allow for an automatic differentiation
of LVI or non-LVI CRCs by checking seven special DCNAs, with a high accuracy of
95.7%. This is the first report of the development of a DCNA classifier in order to
estimate the LVI status of each tumor for optimal diagnosis, thus contributing to
personalized CRC management. However, the number of tumors examined in this
study was limited, and large-scale studies might identify the DCNAs with a stronger
impact on the evaluation of LVI status.
In this study, a total of 1784 genes were identified in the 184 DCNAs related to LVI
in CRC. With the identified genes, we performed functional enrichment analyses and
found that they were significantly enriched in immune response and inflammation
mediated by immunoglobulins and immune complexes. Previous studies have
showed that perivascular lymphocytic infiltration is strongly associated with the
presence of LVI and aggressive tumor behavior[21,35]. Our findings supported the
involvement of perivascular inflammation in the process of LVI, also suggesting the
importance of inflammation in cancer progression[36,37]. Additionally, we constructed a
PPI network and screened out some key genes, such as EP300, STAT3, SIRT1, and
RPS6KB1, which have been related to epithelial-mesenchymal transition (EMT), active
angiogenesis, or matrix remodeling. In the PPI network, EP300 possesses the highest
values of all three centrality measures. It functions as transcriptional coactivator for
some nuclear proteins, such as HIF-1α, thus participating in hypoxia-induced invasion
and EMT process[38]. STAT3 is a central cytoplasmic transcription factor and suggested
to be involved in tumor proliferation, apoptosis, invasion, and migration, by
regulating the expression of vascular endothelial growth factor (VEGF) and MMPs[39].
SIRT1 encodes an NAD-dependent deacetylase and acts as a positive regulator of
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Table 2 Multivariate Cox analysis for 5-year overall survival in 1219 colorectal cancer patients
Characteristic

HR (95%CI)

P value

Gender
Male

1 (Reference)

Female

0.93 (0.77-1.13)

0.481

Age in yr
≤ 65

1 (Reference)

> 65

1.93 (1.60-2.33)

< 0.001

Tumor site
Colon

1 (Reference)

Rectum

0.94 (0.78-1.13)

0.497

Histological differentiation
Well/moderately

1 (Reference)

Poorly/mucinous

1.51 (1.24-1.85)

< 0.001

TNM stage
I

1 (Reference)

II

1.63 (1.07-2.47)

0.022

III

3.31 (2.24-4.90)

< 0.001

IV

11.88 (7.94-17.77)

< 0.001

LVI
Negative

1 (Reference)

Positive

1.77 (1.40-2.25)

< 0.001

HR: Hazard ratio; CI: Confidence interval; TNM: Tumor-node-metastasis; LVI: Lymphovascular invasion.

EMT, tumor vascularization, and metastatic growth[40]. RPS6KB1 is reported to be
involved in tumor growth and angiogenesis through HIF-1α and VEGF expression[41].
The present study indicated that these genes might play an important role in the
development of LVI and further our understanding of the targets for early metastatic
spread in CRC.
In conclusion, we identified that LVI was significantly associated with features of
aggressive tumors and reduced survival in CRC, and constructed a DCNA classifier
that could estimate the LVI status of CRC with high accuracy. Our results also
indicated that the genomic alterations related to LVI were correlated with
inflammation, EMT, angiogenesis, and matrix remodeling. These findings might
contribute to an improved understanding of the molecular mechanisms involved in
LVI and provide valuable information for better management of CRC.
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Table 3 Top 20 hub genes ranked by closeness, degree, and eigenvector
Closeness

Degree

Eigenvector

Rank
Gene

Value

Gene

Value

Gene

Value

1

EP300

0.256684

EP300

15

EP300

0.481394

2

NOTCH1

0.241814

PES1

11

ESR1

0.320964

3

ESR1

0.240000

ESR1

10

STAT5A

0.297293

4

AKT1

0.227488

MAPK1

8

STAT3

0.285113

5

DVL1

0.225352

AKT1

8

MAPK1

0.269273

6

STAT5A

0.223776

BRCA1

7

STAT5B

0.240224

7

MED1

0.219680

NHP2L1

7

AKT1

0.221299

8

STAT3

0.213808

STAT5A

6

MED1

0.202291

9

STAT5B

0.213333

MED1

6

PPARA

0.169136

10

SIRT1

0.212860

STAT3

6

BCR

0.166509

11

PPARA

0.210526

CIRH1A

6

HDAC2

0.164826

12

HDAC2

0.209607

SNRPD3

6

IL2RB

0.151029

13

ARNT

0.209607

RPL3

6

KAT2A

0.139521

14

CSNK1E

0.209150

STAT5B

5

HDAC10

0.139521

15

HDAC10

0.206452

BCR

5

SIRT1

0.137321

16

KAT2A

0.206452

SIRT1

5

ARNT

0.124740

17

MYB

0.204691

HDAC2

5

RPS6KB1

0.105985

18

CITED2

0.204691

CDH1

5

NOTCH1

0.094497

19

IGF1R

0.204255

SNRPA1

5

IGF1R

0.087082

20

MAPK1

0.202105

RPS6KB1

4

MYB

0.085425
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Figure 2

Figure 2 Comparison of DNA copy number alterations between colorectal cancers with and without LVI. Data were shown for the autosomes only. Blue
represents gain of expression; red represents loss of expression. One hundred eighty-four DNA copy number alterations (105 gains and 79 losses) exhibited a
significant difference in their frequencies between the two groups (P < 0.05). DCNA: DNA copy number alteration; LVI: Lymphovascular invasion.
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Figure 3

Figure 3 DCNA classifier for differentiating between colorectal cancers with and without LVI. LVI were distinguished from those without it at a 95.7% accuracy
rate by examining seven special DCNAs. The procedures of this analysis were as follows: chr6: 95148725-95193920 was taken as the first criterion. If a tumor showed
gain at chr6: 95148725-95193920, it was categorized as a tumor with LVI. Six of 47 tumors were classified into this group. When the DCNA of the tumor was not this
case, the second criterion (Loss at chr17: 30770711-30859316) was examined. Five tumors were separated from the remaining 41 tumors at this point. If the tumors
showed no loss at chr17: 30770711-30859316, then the third criterion (Gain at chr14: 106113380-106135655) was checked. In this way, the DCNA of the tumor was
in turn examined from the 1st to the 7th one. Each step successively sorted a cluster of either group. Finally, all colorectal cancers were divided into either of two
groups, tumors with and without LVI. DCNA: DNA copy number alteration; LVI: Lymphovascular invasion.
Figure 4

Figure 4 Top GO terms enriched by the 1784 genes located at the 184 significant DNA copy number alterations.aP < 0.05; GO: Gene ontology.
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Figure 5

Figure 5 Top Kyoto Encyclopedia of Genes and Genomes pathway terms enriched by the 1784 genes located at the 184 significant DNA copy number
alterations.
Figure 6

Figure 6 Proteinprotein interaction network for the genes related to lymphovascular invasion (confidence score > 0.95). Blue represents gain of expression;
red represents loss of expression. Diamonds represent the 31 hug genes identified by closeness, degree, and eigenvector.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is the third most common cancer and the fourth leading cause of cancer
deaths worldwide. It has been reported that many clinicopathological factors may contribute to
the prognostic prediction of cancer patients except tumor-node-metastasis stage, including
lymphovascular invasion (LVI). LVI is suggested to be an early and critical step in lymph node
metastasis and systemic dissemination of cancer cells. However, the prognostic value and
genetic mechanisms of LVI in CRC have not been well investigated so far.

Research motivation
LVI is a common histopathological finding in cancers and is considered to be an important step
in cancer progression toward metastasis, but its genetic mechanisms in CRC have yet to be fully

WJG

https://www.wjgnet.com

2499

May 28, 2019

Volume 25

Issue 20

Jiang HH et al. Lymphovascular invasion in CRC
understood. Our study may offer new insight into the biology of LVI and provide valuable
information for better management of CRC.

Research objectives
The objective of this study was to investigate the prognostic value of LVI in CRC and identify the
genomic alterations associated with LVI using array-based comparative genomic hybridization
(CGH).

Research methods
We performed a retrospective analysis in a population of 1219 CRC patients to evaluate the
presence of LVI, as well as its relationship with classical clinicopathological parameters and
patient’s outcome. Kaplan-Meier method and Cox regression model were used for overall
survival analysis. We also analyzed the genomic profiles of 47 CRC samples using CGH to
identify the genomic alterations associated with LVI. A decision tree model classifier was
applied to the CGH data to identify special DNA copy number alterations (DCNAs) for
differentiating CRCs with and without LVI. We further performed functional enrichment and
protein-protein interaction network analyses to explore the potential molecular mechanisms of
LVI in CRC.

Research results
Of the 1219 CRC patients included in the retrospective analysis, 150 (12.3%) cases presented with
LVI. The comparison of clinicopathological characteristics between CRCs with and without LVI
found that the presence of LVI was significantly with higher histological grade and advanced
tumor stage (both P < 0.001). Survival analysis showed that LVI was an independent predictor
for overall survival in CRC, with a hazard ratio of 1.77 (95% confidence interval: 1.40-2.25, P <
0.001). Based on the CGH data of 47 CRC samples, 184 DCNAs (105 gains and 79 losses) were
found to exhibit a significant difference in the frequencies between LVI and non-LVI groups (P <
0.05), and the majority were located at 22q, 17q, 10q, and 6q. We further performed decision tree
analysis and constructed a classifier that could distinguish CRCs with LVI from those without it
at an accuracy of 95.7% by examining seven special DCNAs. Functional enrichment analyses
showed that the genomic alterations related to LVI were correlated with immune response and
inflammation. Additionally, we constructed a protein-protein interaction network and screened
out some key genes, such as EP300, STAT3, SIRT1, and RPS6KB1, which were involved in
epithelial-mesenchymal transition, active angiogenesis or matrix remodeling.

Research conclusions
The present study identified that LVI was significantly associated with features of aggressive
tumors and reduced survival in CRC, and its development might correlate with inflammation,
epithelial-mesenchymal transition, angiogenesis, and matrix remodeling.

Research perspectives
Our study preliminarily explored the genetic alterations associated with LVI in CRC, which
might offer novel targets for the treatment and prevention of cancer dissemination. Further
studies are required to confirm our findings and to clarify the precise mechanism involved in
LVI.
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Abstract
BACKGROUND
Shear wave speed has been widely applied to quantify a degree of liver fibrosis.
However, there is no standardized procedure, which makes it difficult to utilize
the speed universally.
AIM
To provide procedural standardization of shear wave speed measurement.
METHODS
Point shear wave elastography (pSWE) was measured in 781 patients, and twodimensional shear wave elastography (2dSWE) was measured on the same day in
18 cases. Regions-of-interest were placed at 12 sites, and the median and robust
coefficient-of-variation (CVR) were calculated. A residual sum-of-square (Σdi2)
was computed for bootstrap values of 1000 iterations in 18 cases with each
assumption of 1 to 12 measurements. The proportion of the Σdi2 (%Σdi2) was
calculated as the ratio of Σdi2 to pSWE after converting it based on the correlation
between pSWE and 2dSWE.
RESULTS
The CVR showed a significantly broader distribution in the left lobe (P < 0.0001),
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CONCLUSION
These data suggest that shear wave speed should be measured at 8 or more sites
of spreading in both lobes.
Key words: Liver stiffness; Ultrasound; Shear wave elastography; Acoustic radiation force
impulse; Heterogeneity
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Core tip: Liver stiffness measurements play a key role in the management of chronic
liver diseases; however, a standard procedure of liver stiffness measurements has not
been established yet. This study provides the information for standardization of a
measuring site and number of liver stiffness measurements from the statistical point of
view.
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INTRODUCTION
Liver stiffness is reported to be a useful surrogate marker for the degree of fibrous
accumulation in the liver[1-4], which is a good prognostic indicator for chronic liver
diseases. For nonalcoholic fatty liver diseases (NAFLD), liver stiffness is almost
exceptional noninvasive marker to diagnose and infer the pathophysiological state, as
in the case of various markers for viral hepatitis such as HCV-RNA and anti-HBe. An
ultrasound-based methodology is especially helpful when assessing NAFLD in a large
target population. Unfortunately, however, ultrasound study has an inherent
subjective nature, and liver stiffness measurement is not exceptional, either. While
acoustic radiation force impulse technology makes it possible to induce constant
tissue displacement, still there are many factors that cause substantial variabilities in
shear wave speed (SWS) measurements[5-8], such as probing skill, placement of the
region of interest (ROI), holding a breath or exhaling, and the number of
measurements[9-13].
Currently, SWS measurement is recommended in the right lobe and is calculated as
a mean or median value representative of a fibrous stage of the entire liver[14-16]. It was
reported that 3 measurements are sufficient to calculate reliable values by placing 15
mm or larger acquisition circles in an ROI using supersonic shear imaging[17]. On the
other hand, it is not recommended to convert SWS values measured using machines
implementing different technologies from different companies and/or with different
versions. To date, the reliability and accuracy of SWS were evaluated by referencing
histological findings of liver biopsy specimens, which were obtained from the right
lobe, or by referencing the liver stiffness, which was solely measured in the right lobe
using transient elastography. Because it is well known that pathological progression
occurs heterogeneously in the liver, it is reasonable to assume that SWS reveals a
higher correlation coefficient in the right lobe than in the left lobe if the referencing
value is obtained from the right lobe. In addition, a larger acquisition circle must be
effective to compensate for the variability of SWS and to reduce the number of
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measurements required to calculate a statistically reasonable mean or median value.
On the other hand, a larger acquisition circle diminishes the possibility of evaluating
the heterogeneity through pathological progression. Because repetitive histological
evaluations at multiple sites are practically unacceptable, SWS measurements are a
unique technology that enables hepatologists for the first time ever to repeatedly
evaluate pathological alterations at multiple sites over the liver. However, the use of a
large acquisition circle restricts our ability to evaluate pathological heterogeneity, and
the inability to interconvert SWS measurements from variable instruments
implementing different technologies substantially limits the inferences we can draw
regarding liver pathophysiologies. Both of these issues are important drawbacks for
the use of liver stiffness measurements in the study of liver diseases.
Fundamentally, if the same physical property is evaluated and each technology
reveals reliable results, data conversion is reasonably possible among different
technologies. In terms of SWS measurement utilizing acoustic radiation force impulse,
it was reported that no statistically significant differences were found in SWS
estimates among operators using the same or equivalent systems under the same
conditions[18,19]. Therefore, it should be practically acceptable to convert SWS estimates
between different technologies as long as a measurement condition is established to
ensure reliable measurements with each technology. In this study, SWS was evaluated
mainly regarding the point of dispersion over the liver by adopting small acquisition
circles to clarify the significance of measurements not only in the right lobe but also in
the left lobe and to define the number of measurements required for reliable
measurements. The importance of legislative definitions for the area and number of
acquisition sites in the liver is discussed.

MATERIALS AND METHODS
Patients
The review board of Niigata University Medical and Dental Hospital approved the
present study, which did not require informed consent because it was a retrospective
study using medical records or noninvasive imaging examinations. Virtual touch
quantification (VTQ) of pSWE was measured in 781 cases, which were referred to our
ultrasound department for liver imaging study from April 2010 to March 2015 and
consisted of various liver diseases as summarized in Table 1. Among these cases,
2dSWE was also measured in 18 cases on the same day.
HBsAg and anti-HCV antibodies were detected by a chemiluminescence
immunoassay using ARCHITECT HBsAg QT and ARCHITECT HCV (Abbott Japan
Co. Ltd., Chiba, Japan), respectively. Routine blood biochemistry was measured in the
clinical laboratories of our hospital, where a quality control of each test is regularly
performed every day. NAFLD was diagnosed based on the criteria proposed by the
Asia-Pacific Working Party on NAFLD[20]. In brief, each of the following requirements
was met: (1) abnormal values of aspartate aminotransferase and/or alanine
aminotransferase; (2) negative results for HBsAg, anti-HCV, anti-nuclear antibody,
and anti-mitochondrial antibody; (3) no suspicious drug usage, alcohol abuse over 20
g/d, hereditary diseases or any other clinical manifestations causing liver cell
damage; and (4) fatty liver as observed by abdominal US, which was defined by an
increased echogenicity of the liver along with the presence of any two of the following
three findings: liver-kidney contrast, vascular blurring, and deep-attenuation of echobeam[21].

Shear wave speed measurements
SWS evoked by acoustic radiation force impulse was measured as VTQ using an
ACUSON S2000 ultrasound system (Siemens Healthcare, Eriangen, Germany) or as
2dSWE using an Aplio 500 (Canon Medical System Corporation, Tokyo, Japan). SWS
was measured three times in each segment (posterior, anterior, medial, and lateral)
while the patient, who fasted the previous night, was in the supine position with a
transient breath hold at a neutral cycle followed by a 10-min or longer rest, and the
median value, which is less affected by outliers, was calculated from twelve
measurements per case as the representative value for the entire liver. The ROI was
placed between 1 to 5 cm beneath the liver capsule. In the 2dSWE measurement, the
ROI was set as a square approximately 30 mm x 30 mm in size, and 3 measurements
were achieved in each ROI by placing an acquisition circle 2 mm in diameter after
confirming a proper propagation of shear wave in the “wavefront” style display.
Next, a robust counterpart to the standard deviation was calculated. First, the median
absolute deviation was calculated as the median of the difference in the absolute
values between each VTQ value and the median of 12 measurements; thereafter, a
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Table 1 Basic characteristics
Median

Minimum

Maximum

Number of cases

Age (yr)

61.1

0.7

91.8

Female

393

BMI (kg/m2)

23.2

11.4

47.8

Male

388

AllVTQ (m/s)

1.36

0.77

4.31

HBV

72

RtVTQ (m/s)

1.26

0.70

4.65

HCV

179

LtVTQ (m/s)

1.28

0.73

4.44

ALD

49

AllCVR (%)

24.4

4.2

270.5

NAFLD

230

RtCVR (%)

16.7

1.5

137.0

CLD

61

LtCVR (%)

34.0

2.7

496.1

NCLD

190

BMI: Body mass index; VTQ: Virtual touch quantification; CVR: Robust coefficient-of-variation; All: Value for
all measurements over the liver; Rt: Value for the measurements in the right lobe; Lt: Value for the
measurements in the left lobe; HBV: Hepatitis B virus; HCV: Hepatitis C virus; ALD: Alcoholic liver disease;
NAFLD: Nonalcoholic fatty liver disease; CLD: Chronic liver diseases due to none of HBV, HCV, ALD, or
NAFLD; NCLD: No chronic liver disorder.

constant factor of 1.4826 was multiplied to adjust the resulting robust standard
deviation to the equivalent of a normal population distribution. Finally, the CVR was
calculated by dividing the robust standard deviation with the median and is
expressed as a percentage.
To define the cut-off values of VTQ based on the referenced histological fibrous
stages, the VTQ was evaluated in 98 other cases, of which 89 cases were suffering
from various chronic liver diseases that require histological evaluation of the liver.
Two expert pathologists independently evaluated liver biopsy specimens and
assessed fibrous staging and inflammatory grading. The remaining 9 controls fulfilled
all requirements for NASH diagnosis except for abnormal values of transaminases
and histological abnormalities, which were not evaluated. Cases with chronic liver
diseases consisted of 15, 23, 28, and 23 cases of the F1, F2, F3, and F4 fibrous stages,
respectively. The area under the receiver operating characteristic curve to distinguish
F0 - F1 from F2 or higher or F4 from the others was 84.4% (P < 0.0001) and 79.3% (P <
0.0001), respectively, and the defined cut-off values were 1.37 and 2.10 m/sec,
respectively; these corresponded to a sensitivity and specificity of 78.4% and 82.8%
and 73.9% and 75.0%, respectively, as shown in Supplementary Figure 1.

Statistical analysis
To compare the cumulative distributions of CVR between the liver lobes, the
Kolmogorov-Smirnov test was performed. Wilcoxon matched-pairs signed rank test
was employed to compare the VTQ values between the liver lobes. A peak of CVR in
the distribution along the VTQ values was calculated by adopting a nonlinear
regression model of a second order polynomial. A Spearman correlation coefficient
was calculated to evaluate the degree of association between VTQ and 2dSWE. To
prepare datasets of 2dSWE with the assumption of different numbers of measured
sites from 1 to 12, a 1000 iteration of bootstrap resampling[22] was performed in each
case using the 2dSWE values from 12 measurements. Σdi 2 was calculated as the
summation of the squares of the difference between the actual 2dSWE value and the
calculated value from VTQ based on the linear regression model of least-squares
between VTQ and 2dSWE. Σdi 2 was converted to %Σdi 2 , which represents the
percentage against the calculated value from VTQ. %Σdi2 was compared among the
different numbers of acquisition sites in the liver using ANOVA with post hoc
multiple comparisons. All analyses were conducted using GraphPad Prism 7 software
(GraphPad Software Inc., La Jolla, United States), except for bootstrapping, which was
performed with Microsoft Excel 2016 (Microsoft, Seattle, United States). A two-sided
p-value less than 0.05 was considered statistically significant.

RESULTS
Liver stiffness is heterogeneous over the liver and largely deviated in the left lobe
A frequency distribution of the CVR was discrete between the right and left lobes
(Figures 1A upper and lower panels) and showed a significantly larger dispersion in
the left lobe (Figure 1B upper panel, P < 0.0001). In the right anterior and posterior
segments, 95% of cases were distributed within 40.4% and 42.1% of the CVR,
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Figure 1

Figure 1 Distribution of robust coefficient-of-variation among the cases. A: As shown in the upper panel, the
lowest coefficient-of-variation (CVR) that covers 95% of cases was 42.1% (black dotted line) and 40.4% (gray dotted
line) in right posterior (black line) and anterior segments (gray line), respectively, while the lower panel shows that
60.4% (black dotted line) and 52.8% (gray dotted line) of the CVR are required in the left medial (black line) and
lateral (gray dotted line) segments, respectively. B: The cumulative distribution of the CVR was significantly different
between the right (continuous line) and left (dotted line) lobes (upper panel, aP < 0.0001), and there is still a
significant difference when the subjects are restricted to cases in which the CVR was 40.4% or less in any segment
or lobe (lower panel, bP < 0.0001).

respectively (Figure 1a upper panel), while the values that discriminated 95% of cases
in the left medial and lateral segments were 60.4% and 52.8% of the CVR, respectively
(Figure 1a lower panel). Because we hypothesized that the cases showing larger CVR
had a significantly larger dispersion of VTQ in the left lobe, the CVR was compared
between the lobes only for 439 cases in which the CVR in any lobe or segment was
40.4% or less. However, the cumulative frequency distribution curve revealed that the
CVR was still significantly dispersed in the left lobe compared to all cases (Figure 1B,
lower panel, P < 0.0001).

VTQ values are higher in the left lobe, even in the cases with CVR of 40.4% or less
The VTQ values of 781 cases were 1.26 (interquartile range, 1.07–1.97) m/sec and 1.28
(1.08–2.02) m/s in the right and left lobes, respectively, and were significantly higher
in the left lobe (Figure 2A, P = 0.0004). Because it was anticipated that the cases with a
higher CVR exhibited a higher VTQ value in the left lobe, the VTQ value was
compared only in 439 cases with a CVR of 40.4% or less. The comparison in the
restricted cases, however, resulted in a greater significant difference in the VTQ
values between the right and left lobes. The VTQ value of 1.39 (1.18–2.19) m/sec in the
left lobe was significantly higher than that in the right lobe (1.31 (1.11–2.12) m/s) as
shown in Figure 2B (P < 0.0001).

The distribution of higher values of the CVR along VTQ values peaked at liver
stiffness, suggesting F2-F3 fibrous stages
If artifacts such as cardiac pulsation are a main cause of the higher CVR when
measuring VTQ, it is reasonable to assume that the higher CVR would be evenly
distributed along the VTQ values. However, inconsistent with this assumption, the
highest CVR at every 0.1 ± 0.02 m/s interval of the VTQ values from 0.81 to 4.03 m/s
scattered in convex upward pattern along the VTQ values with a peak at 1.93 m/s, as
observed in Figure 2C. As shown in Supplementary Figure 1, a concomitant
evaluation of VTQ and histological fibrous stages revealed that 1.93 m/s of VTQ
suggests F2-F3 fibrous stages.

A median VTQ from 7 or fewer measurements in the liver caused a significantly
larger deviation from the VTQ estimate deduced from the correlation between VTQ
and 2dSWE on 12 measurements
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Figure 2

Figure 2 Virtual touch quantification difference between the lobes and alterations of the robust coefficient-ofvariation through the progression of liver fibrosis. A: The virtual touch quantification (VTQ) is significantly higher
in the left lobe (1.63 ± 0.78 m/s) than in the right lobe (1.61 ± 0.78 m/s; aP = 0.0004). b. In the limited cases with a
coefficient-of-variation (CVR) of 40.4% or less, the VTQ is still significantly higher in the left lobe (1.76 ± 0.80 m/s)
than the right lobe (1.70 ± 0.82 m/s; bP < 0.0001). C: For every 0.1 ± 0.02 m/s interval of the VTQ values, 34 CVR
values were selected as the highest value in each interval from 0.81 to 4.03 m/sec (gray closed circles) and plotted
against the VTQ with the remaining 747 CVR values (open circles). The highest CVR values are scattered in convex
upward pattern along the VTQ values with a peak at 1.93 m/s (dotted vertical line).

Because the VTQ values are heterogeneous over the liver, as shown in Figure 2c, a
representative VTQ value for the entire liver would vary depending on the number of
measurements in the liver. To define the smallest number of measurements required
that minimize Σdi2 from an ideal liver stiffness, SWS was measured by two different
modalities of VTQ and 2dSWE on the same day in 18 cases. Because the speeds were
highly correlated between the two types of measurements over a sufficient range in
the clinic (Figure 3A, P < 0.0001, Spearman r = 0.953), the estimated value calculated
from an actual measurement of the VTQ by means of the least-square method was
presumed as an ideal value representing liver stiffness for the entire liver.
To enhance statistical confidence, a dataset of VTQ measured at 12 sites was
produced by a 1000 iteration of bootstrapping in each case. Similar datasets were
prepared for the assumption of measuring at 11 sites, 10 sites, and so on to 1 site in
each case. In total, 216,000 VTQ values (1000 datasets x 1 to 12 measurements in the
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Figure 3

Figure 3 Deviation from an ideal shear wave speed. A: Virtual touch quantification (VTQ) and 2-dimensional shear wave elastography (2dSWE) were measured on
the same day in 18 cases and were significantly correlated with each other (P < 0.0001, r = 0.95). The bold and dotted lines indicate the best hit and 95% confidence
bands based on the linear regression model of least-squares. b. A residual sum of squares (%Σdi2) was calculated using 1000 bootstrap resamples with the
assumption of measuring the VTQ at 12 sites or fewer in each case and expressed as a percentage against a calculated value from the VTQ based on the linear
regression model of least-squares between VTQ and 2dSWE. %Σdi2 increased as the number of acquisition sites were decreased, and the difference of %Σdi2 from
that in 12 measurements reached significance as the number of acquisition sites decreased to 7 (bP = 0.027). Circles and horizontal bars indicate medians and
interquartile ranges of %Σdi2, respectively. The dotted horizontal line indicates a %Σdi2 of 8.0% in 12 measurements.

liver x 18 cases) were generated and processed to calculate %Σdi2. As shown in Figure
3b, the %Σdi2 for 12 measurements was 8.0% (2.8%–31.0%), and this value gradually
increased as the number of sites measured decreased to reach a significant difference
with %Σdi2 of measuring at 7 sites [11.0% (5.0%–36.8%), P = 0.027].

DISCUSSION
NAFLD is a pandemic throughout the world and among people at a productive age,
which causes substantial social loss[23,24]. It is socially urgent to establish a system to
manage NAFLD well not only as a liver disorder but also as a major target of
metabolic syndrome. In this regard, a major drawback is necessity of liver histology
for diagnosis of NAFLD[20]. To address the enormous number of NAFLD cases, which
is estimated to compose more than 30% of the general population, a surrogate to
measure liver fibrosis is required from a practical point of view. So far, liver stiffness
is one of most promising alternatives for fibrous liver stage due to its noninvasiveness
and liver specificity. Liver stiffness measurements are roughly classified into 3 groups
with respect to the force evoking shear wave in the tissues and the method used to
measure the speed of propagating wave. An ultrasound-based technology employing
acoustic radiation force impulse[25-28] for tissue displacement is advantageous against
other 2 groups, transient elastography [ 1 , 2 7 , 2 9 - 3 1 ] and magnetic resonance
elastography[3,28,32-34], due to its versatility for the measurable area and popularity,
especially in a primary care setting. The ultrasound-based technology is, however, a
subjective examination, which requires a protocol to make the measurement clinically
reliable.
In many cases, an average SWS was calculated from several measurements in the
right lobe as a representative value for the entire liver[26]. It may be assumed that the
right lobe measurement is a holdover from transient elastography, the first technology
that gained popularity as a means to measure liver stiffness in the clinic and that can
be applied solely to the right lobe. Alternatively, the measurements in the left lobe
tend to be deemed inappropriate because of artifacts such as heart beat[35]. Consistent
with this assumption, SWS was significantly dispersed in the left lobe, even when the
subject cohort was limited to cases with a relatively smaller CVR (Figure 1). As
reported in the literature, SWS was significantly higher in the left lobe (Figure 2A).
This significant difference in the SWS between lobes was true in the limited cases with
a relatively smaller CVR, suggesting that a higher SWS in the left lobe is not simply
due to higher dispersion in the left lobe (Figure 2b). On the other hand, higher CVR
values were unevenly spread along the VTQ and peaked at 1.93 m/s (Figure 2C). It is
assumed that a higher CVR would be similar irrespective of the SWS if the higher
dispersion of SWS in the left lobe is simply the result of artifacts. The distribution of
the higher CVR values in a convex upward trend along the SWS strongly suggests
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that liver stiffness is relatively homogenous at the early stage of chronic liver diseases
and gradually appears to become heterogeneous as the disease progresses toward F2
to F3 stages, after which the dispersion again gets smaller during the progression
toward cirrhosis. It is reasonable to assume that histological complexity is highest in
the middle of the clinical course from the beginning of chronic liver diseases to the
completion of cirrhotic change. The above data suggest that a higher SWS and its CVR
may not be rational reasons to argue the inappropriateness of SWS measurements in
the left lobe. Given the noninvasive nature of SWS measurements, they should be
taken in both lobes to clarify the pathophysiological differences among the segments,
as suggested by a diverse progression/alleviation process based on the streamline
theory[36].
To define the appropriate number of SWS measurements in the liver, we used a
strategy to calculate the distance between the values of an actual measurement and
the ideal SWS in each case. We hypothesized that if different methods of SWS
measurements detected highly correlated values, the value deduced from the
correlation would be an ideal SWS. Because two different methods of VTQ and
2dSWE measurements produced highly correlated median values when the
measurement was performed at 12 sites throughout the liver, the use of 12
measurements is likely to be sufficient to define a representative value for the entire
liver by tolerating fibrosis heterogeneity and suppressing deviation due to technical
and instrumental limitations. On the other hand, as the acquisition sites decreased, the
%Σdi2 of the 2dSWE value gradually increased from that in 12 measurements. Because
a statistically significant difference of the %Σdi2 from that in 12 measurements first
appeared when it was assumed that SWS was measured at 7 sites, it is suggested that
SWS should be measured 8 or more sites in the liver.
Although it is challenging to regularly verify a unified specification of SWS measurements from both industrial and practical perspectives, establishing a standard
SWS measuring condition and enforcing a regulation that would standardize SWS
values, which ensure the conversion and enable the implication of liver pathogenesis,
is paramount. This study strongly suggests that the SWS values measured in both
lobes at 8 or more acquisition sites would provide values applicable for the
conversion between different technologies. However, the results of this study are
based on a small number of cases, in which SWS was measured by 2 different
methods of VTQ and 2dSWE. The limited number of cases may have contributed to
an inadequate assessment of the biological variability. To mitigate the effects of a
small sample size on statistical judgement and to create hypothetical sample sets
consisting of 1 to 12 measurements in the liver, bootstrap resampling was conducted
to prepare 216000 samples in total. Because our results for an adequate number of
measurements were deduced from hypothetical sample sets, they should be
reconfirmed with data from a larger cohort, in which actual parallel measurements
were preformed using multiple methods of SWS measurement.
In this report, we rationalized measuring SWS not only in the right lobe but also in
the left lobe. In addition, we defined the smallest number of SWS measurements in
the liver required to minimize the deviation of the SWS from an ideal value. The basic
data presented in this report provide important information to develop a clinically
reliable protocol for SWS measurement in the liver.

ARTICLE HIGHLIGHTS
Research background
Although it is inevitable to measure shear wave elastography in the same manner among
different institutions to utilize the elastography as a standard clinical property, so far there is no
unified protocol for this technology.

Research motivation
A degree of liver fibrosis is the most reliable indicator for survival in chronic liver diseases. A
standardization of the process to define shear wave elastography should make it valuable not
only in a daily clinic but also in various clinical studies by surrogating liver fibrosis.

Research objectives
In this article, it is addressed to clarify from where and how many times shear wave
elastography should be measured in the liver to calculate an elastography being representative
for the entire liver.

Research methods
Shear wave elastography was evaluated using two different technologies by placing a region-ofinterest with a relatively small size at twelve points scattering throughout the liver to calculate
not only a representative value for the entire liver but also a variability of the value throughout

WJG

https://www.wjgnet.com

2510

May 28, 2019

Volume 25

Issue 20

Yokoo T et al. Standardization of SWS measurement
the liver. A residual sum-of-square was calculated as a distance from the correlation between the
values obtained from two technologies. The limited number of cases was compensated by
applying bootstrap values of 1000 iterations in each case.

Research results
Both median and distribution of shear wave elastography were significantly different between
the right and left lobes. Even after excluding the cases showing the deviation larger than a
certain level, the difference of median values was further discrete between lobes. The dispersion
of the elastography in the liver was getting larger as the median value was increased toward 1.93
m/sec, then after that the dispersion was getting smaller as the median value was further
increased. A residual sum-of-square was increased as the number of measurements in the liver
was decreased from twelve points. A sum-of-square was appeared to be significantly larger than
that of measurements at twelve sites, when the number of measurement points was decreased to
seven.

Research conclusions
The difference of shear wave elastography between lobes is not likely due to the difference of
dispersion between lobes. The liver fibrosis seems to take place heterogeneously. The
heterogeneity should be largest in the middle of the clinical course of chronic liver diseases
toward cirrhosis. The variability of median shear wave elastography was increased as the
measuring points were decreased.
Shear wave elastography should be measured in both lobes. Heterogeneity of shear wave
elastography in the liver would reflect the severity of liver fibrosis. Shear wave elastography
should be measured at more than 7 sites in the liver.
Shear wave elastography should be measured at more than seven sites in both lobes.
Dispersion of shear wave elastography would provide another insight for the pathogenesis of
chronic liver diseases. A recommendation of the number and sites for shear wave elastography
measurements in the liver; more than seven points in the both lobes. Dispersion of shear wave
elastography in the liver was increased as the lobular reorganization takes place and in turn
decreased toward cirrhosis. The evaluation of shear wave elastography, a region-of-interest
should be placed eight or more throughout the liver including both lobes. The heterogeneity of
fiber accumulation in the liver peaks in the middle of the course of chronic liver diseases from
normal to cirrhotic liver. To include the heterogeneity in the evaluation of liver fibrosis using
shear wave elastography, the measurements should be performed at more than seven sites in
both lobes.The standardization of the procedure in shear wave elastography measurements
enables a large-scale multicenter study to achieve multiple evaluations of liver fibrosis in time
and space, which leads to clarification of a novel pathogenesis, an efficacy of new drugs, and so
on in chronic liver diseases.

Research perspectives
In addition to the procedural standardization in shear wave elastography measurements, an
industrial standardization of this technology is required for the direct comparison among data
that were obtained using machines from different companies and/or implementing a different
version of this technology. In parallel with the establishment of a standard procedure in shear
wave elastography measurements, a phantom to calibrate an accuracy of shear wave
elastography should be explored. Because the significance of shear wave elastography should be
determined from the point of clinical outcome, it should be conducted to measure shear wave
elastography according to a standard procedure and follow to see the impact of the value on
progression/alleviation of the diseases.
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Abstract
BACKGROUND
Pancreatic fistula is one of the most serious complications after
pancreatoduodenectomy for treating any lesions at the pancreatic head. For
years, surgeons have tried various methods to reduce its incidence.
AIM
To investigate and emphasize the clinical outcomes of Blumgart anastomosis
compared with traditional anastomosis in reducing postoperative pancreatic
fistula.
METHODS
In this observational study, a retrospective analysis of 291 patients who
underwent pancreatoduodenectomy, including Blumgart anastomosis (201
patients) and traditional embedded pancreaticojejunostomy (90 patients), was
performed in our hospital. The preoperative and perioperative courses and longterm follow-up status were analyzed to compare the advantages and
disadvantages of the two methods. Moreover, 291 patients were then separated
by the severity of postoperative pancreatic fistula, and two methods of
pancreaticojejunostomy were compared to detect the features of different
anastomosis. Six experienced surgeons were involved and all of them were
proficient in both surgical techniques.
RESULTS
The characteristics of the patients in the two groups showed no significant
differences, nor the preoperative information and pathological diagnoses. The
operative time was significantly shorter in the Blumgart group (343.5 ± 23.0 vs
450.0 ± 40.1 min, P = 0.028), as well as the duration of pancreaticojejunostomy
drainage tube placement and postoperative hospital stay (12.7 ± 0.9 d vs 17.4 ± 1.8
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d, P = 0.031; and 21.9 ± 1.3 d vs 28.9 ± 1.3 d, P = 0.020, respectively). The overall
complications after surgery were much less in the Blumgart group than in the
embedded group (11.9% vs 26.7%, P = 0.002). Patients who underwent Blumgart
anastomosis would suffer less from severe pancreatic fistula (71.9% vs 50.0%, P =
0.006), and this pancreaticojejunostomy procedure did not have worse influences
on long-term complications and life quality. Thus, Blumgart anastomosis is a
feasible pancreaticojejunostomy procedure in pancreatoduodenectomy surgery. It
is safe in causing less postoperative complications, especially pancreatic fistula,
and thus shortens the hospitalization duration.
CONCLUSION
Surgical method should be a key factor in reducing pancreatic fistula, and
Blumgart anastomosis needs further promotion.
Key words: Blumgart anastomosis; Pancreaticojejunostomy; Postoperative pancreatic
fistula; Pancreatoduodenectomy; Incidence
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Core tip: In this study, we made a retrospective analysis of Blumgart anastomosis and
traditional embedded pancreaticojejunostomy in pancreatoduodenectomy, and confirmed
the benefits of Blumgart anastomosis in the aspects of intraoperative and post-operative
courses, especially in reducing the incidence rate of postoperative pancreatic fistula, as
well as its non-inferiority features in the long-term statuses. Surgical method should be a
key factor in reducing postoperative pancreatic fistula. It should have been added into the
calculator of pancreatic fistula, and Blumgart anastomosis needs further promotion.

Citation: Li YT, Zhang HY, Xing C, Ding C, Wu WM, Liao Q, Zhang TP, Zhao YP, Dai MH.
Effect of Blumgart anastomosis in reducing the incidence rate of pancreatic fistula after
pancreatoduodenectomy. World J Gastroenterol 2019; 25(20): 2514-2523
URL: https://www.wjgnet.com/1007-9327/full/v25/i20/2514.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i20.2514

INTRODUCTION
Pancreaticoduodenectomy (PD), mostly known as the Whipple procedure, has been
the standard technique for treating a wide variety of lesions at the pancreatic head for
many years [1-4] . With the development of surgical techniques, improvements in
surgical equipment, and progress in perioperative management, the mortality rate of
PD has been reduced to <3% in high-volume academic medical centers[5-8]. However,
the rate of postoperative morbidities, including postoperative pancreatic fistula
(POPF, 3%-45%), delayed gastric emptying (7%-37%), anastomotic stenosis (3.3%30%), infection (2.5%-23.3%), and abdominal bleeding (5%-12%)[9-13], remains as high
as 30%. Among them, POPF is one of the most relevant and harmful complications. It
is defined as leakage of pancreatic secretions from the damaged pancreatic duct after
surgery. POPF can cause abdominal bleeding, infection, anastomotic leakage,
pancreatic pseudocysts, or even enzymatic mediastinitis [10,14-16] . These conditions
increase not only the hospitalization time and related cost, but also the risk of hospital
death[10,14-16].
Pancreaticojejunostomy (PJ) is a major procedure in PD for reconstruction of the
digestive system. The technique used to perform PJ determines the incidence rate of
POPF to some degree[17-19]. The security of PJ and the risk of POPF are considered to be
related to the texture of the pancreas, the diameter of the main pancreatic duct, and
many other factors[17]. The traditional technique that has been used for PJ in PD and
that is still used worldwide involves embedding the resected pancreatic end into the
small intestine in an end-to-end fashion. This allows the anastomotic stoma to be quite
large. In 2000, Blumgart proposed a U-style duct-to-mucosa anastomotic procedure
that was expected to more safely reduce the rate of POPF[18,19]. In this article, we share
our experiences and clinical data regarding PD to identify the differences and
advantages of these two kinds of PJ procedures. We also provide suggestions
regarding pancreatic surgical treatments in the Chinese population, as well as a
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supplement of the risk calculator of POPF, to improve the prevention of POPF after
PD.

MATERIALS AND METHODS
From January 2008 to December 2014, 402 patients underwent PD for benign or
malignant lesions at the pancreatic head at Peking Union Medical College Hospital.
Six experienced surgeons were involved in this study and all of them performed both
Blumgart anastomosis and traditional embedded PJ. The inclusion criteria were: (1) A
history of treatment by standard PD, excluding pylorus-preserving PD, pancreatic
head resection with segmental duodenectomy, and duodenum-preserving pancreatic
head resection; (2) availability of complete preoperative, intraoperative,
postoperative, and follow-up data; (3) and provision of written informed consent for
the operative procedures and related data. The exclusion criteria were: (1) A history of
extensive PD procedures with vascular resection and anastomosis, or combined
resection of other organs; and (2) a history of surgical treatment of any upper
abdominal lesions before the current hospital admission. As a result, 291 patients
were included in our study; 201 underwent Blumgart anastomosis, and 90 underwent
traditional embedded PJ.
Preoperative examinations, including measurement of blood parameters, liver
function, kidney function, and tumor markers as well as the performance of
ultrasound and contrast-enhanced computed tomography, were routinely performed
on all patients. Other auxiliary examinations were performed as necessary to obtain
further information regarding the lesions. Intraoperative information including the
operation time, blood loss, blood transfusion, pancreatic texture, diameter of the
pancreatic duct, and other parameters were collected along with postoperative
information including complications, hospitalization time, reoperation, hospital
death, and other data. Routine biochemical parameters were measured in our
hospital’s clinical laboratory. Postoperative complications were evaluated according
to the modified Clavien-Dindo classification[20], and delayed gastric emptying, biliary
fistula, abdominal bleeding, and intraperitoneal infection were diagnosed according
to the classification of the International Study Group on Pancreatic Surgery
(ISGPS)[21,22]. We regarded Clavien-Dindo grade ≥ 3 complications, and ISGPS grade ≥
B delayed gastric emptying as severe in our study.
According to the definition established by the International Study Group of
Pancreatic Fistula (ISGPF), POPF is an abnormal communication between the
pancreatic ductal epithelium and another epithelial surface containing pancreasderived enzyme-rich fluid[16,23,24]. According to the updated definition of POPF by the
ISGPF in 2016[16], “biochemical leak” is an “increased amylase activity > 3 times upper
limit institutional normal serum value” instead of grade A POPF. Grade B and Grade
C POPF remains the same definition.
The study was reviewed and approved by the Peking Union Medical College
Hospital Institutional Review Board. Fisher’s tests, t-tests, and t’-tests were used in
statistical analyses, which were performed using SPSS 22.0 (IBM Corp., Armonk, NY,
United States) and Prism 7 (GraphPad Software, La Jolla, CA, United States). A Pvalue < 0.05 indicated a statistically significant difference.

RESULTS
Patients’ demographic and clinical characteristics
The basic characteristics of the 291 patients are summarized in Table 1. Overall, 201
patients underwent PD with Blumgart anastomosis; 109 were male and 92 were
female, with an average age of 53.28 years. Ninety patients underwent PD with
traditional embedded anastomosis; 41 were male and 49 were female, with an average
age of 54.54 years. There were no significant differences in these basic characteristics
between the two groups.
With respect to the patients’ medical history and personal history, there were no
significant differences in preoperative diabetes, cholecystolithiasis, cardiovascular
disease, smoking, or drinking between the two groups. No significant differences
were found in the preoperative laboratory parameters (serum albumin, total bilirubin,
direct bilirubin, cancer antigen, and other parameters) or the diameter of the lesion at
the pancreatic head as detected by adjuvant examinations (Table 1).
Although the postoperative pathological diagnoses varied among the patients, the
relative proportion did not show significant differences. Pancreatic ductal
adenocarcinoma was the most common pathological diagnosis of the mass at the
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Table 1 Demographic and clinical characteristics of 291 patients
Blumgart anastomosis
No. of patients

Embedded anastomosis

P-value

201

90

Age, mean ± SE, yr

53.28 ± 1.35

54.54 ± 1.81

0.584

Sex (male/female)

109/92

41/49

0.172

Diabetes mellitus

40 (19.9)

20 (22.2)

0.652

Cholecystolithiasis

39 (19.4)

20 (22.2)

0.582

Cardiovascular disease

50 (24.9)

28 (31.1)

0.269

Smoking

97 (48.3)

50 (55.6)

0.251

Drinking

53 (26.4)

25 (27.8)

0.803

Serum albumin, g/L

41.82 ± 1.54

40.50 ± 1.41

0.552

Total bilirubin, μmol/L

69.53 ± 13.8

54.87 ± 15.1

0.510

Direct bilirubin, μmol/L

49.66 ± 11.0

41.53 ± 13.0

0.653

Cancer antigen 19-9, U/L

239.6 ± 41.9

248.5 ± 53.9

0.896

Diameter of the mass, mean ± SE, cm

3.46 ± 0.23

3.06 ± 0.29

0.314

Past medical history, n (%)

Personal medical history, n (%)

Preoperative lab test, mean ± SE

Type of neoplasms, n (%)
Pancreatic ductal adenocarcinoma

137 (68.2)

65 (72.2)

0.489

Intraductal papillary mucinous neoplasm

6 (3.0)

2 (2.2)

0.714

Cystic lesion

10 (4.9)

4 (4.4)

0.846

Neuroendocrine tumor

6 (3.0)

3 (3.3)

0.875

Solid-pseudopapillary tumor

13 (6.5)

6 (6.7)

0.950

Pancreatitis

10 (4.9)

5 (5.6)

0.837

Others

19 (9.5)

5 (5.6)

0.266

pancreatic head in our study and required adequate tumor resection and lymph node
dissection. Solid-pseudopapillary tumors were usually seen in young patients, while
pancreatitis was related to excessive drinking. No significant differences were found
in the incidence of intraductal papillary mucinous neoplasm, cystic lesions, or
neuroendocrine tumors (Table 1). We also calculated and analyzed the cases of each
anastomosis for each surgeon, and found no statistically significant differences. Thus,
surgeons themselves were not an influential factor in our study.

Perioperative results and long-term follow-up status
The mean operative time was significantly shorter in the Blumgart group than in the
embedded group (343.5 ± 23.0 min vs 450.0 ± 40.1 min, P = 0.028), while the
intraoperative blood loss volume and blood transfusion rate were not significantly
different. The diameter of the pancreatic duct, the texture of the pancreas, and the
insertion of Wirsung duct were not significantly different between the two groups
(Table 2).
Two patients died at the hospital after their surgery. Twelve patients in the
Blumgart group and eleven patients in the embedded group underwent a secondary
operation mainly because of abdominal bleeding. The overall Clavien-Dindo grade ≥
3 complications and the duration of PJ drainage tube placement were significantly
different between the two groups (11.9% vs 26.7%, P = 0.002; and 12.7 ± 0.9 d vs 17.4 ±
1.8 d, P = 0.031, respectively). POPF, as the most important observation point in our
study, indicated the advantages of Blumgart anastomosis. More patients in the
embedded group than in the Blumgart group developed grade B and C POPF (15.6%
vs 8.0%, P = 0.049; and 5.6% vs 1.5%, P = 0.050, respectively). In contrast, there were no
significant differences in abdominal bleeding, intraperitoneal infections, biliary
fistula, or delayed gastric emptying between the two groups. Nevertheless, the
postoperative hospitalization duration was shorter in the Blumgart group than in the
embedded group (21.9 ± 1.3 d vs 28.9 ± 1.3 d, P = 0.020). Consequently, Blumgart
anastomosis was a practicable procedure for PJ, with a safer outcome in terms of
POPF development. Blumgart anastomosis could reduce the duration of PJ drainage
tube placement and the postoperative hospitalization duration (Table 2).
Using the POPF risk score calculator[25-28], we compared all 291 patients according to
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Table 2 Intraoperative and perioperative statuses
Blumgart anastomosis

Embedded anastomosis

P-value

Intraoperative results, n (%)
No. of patients

201

90

Operation time, mean ± SEM, min

343.5 ± 23.0

450.0 ± 40.1

0.028

Blood loss, mean ± SE, mL

641.4 ± 65.9

866.7 ± 102

0.073

76 (37.8)

44 (48.9)

0.077

5.50 ± 0.79

4.85 ± 0.15

0.687

Blood transfusion, n (%)
Diameter of the pancreatic duct, mean ± SE, mm
Insertion of pancreatic duct stent, n (%)
Texture of the pancreas

96 (47.8)

33 (36.7)

0.079

Soft

33 (16.4)

15 (16.7)

0.958

Tough

117 (58.2)

45 (50.0)

0.194

Hard

51 (25.4)

30 (33.3)

0.163

Postoperative results, n (%)
Mortality

1 (0.5)

1 (1.1)

0.560

Reoperation

12 (6.0)

11 (12.2)

0.068

Overall complications (≥Clavien grade 3)

24 (11.9)

24 (26.7)

0.002

Duration of PJ drainage tube placement, mean ± SE, d

12.7 ± 0.9

17.4 ± 1.8

0.031

Postoperative pancreatic fistula

None

105 (52.2)

40 (44.4)

0.220

Biochemical leak

77 (38.3)

31 (34.4)

0.530

Grade B

16 (8.0)

14 (15.6)

0.049

Grade C

3 (1.5)

5 (5.6)

0.050

Abdominal bleeding

14 (7.0)

11 (12.2)

0.140

Intraperitoneal infections

12 (6.0)

7 (7.8)

0.566

Biliary fistula

5 (2.5)

4 (4.4)

0.375

Delayed gastric emptying (≥ISGPS grade B)

34 (16.9)

20 (22.2)

0.284

Others

21 (10.5)

12 (13.3)

0.475

Postoperative hospitalization duration, mean ± SE, d

21.9 ± 1.3

28.9 ± 1.3

0.020

PJ: Pancreaticojejunostomy; ISGPS: International Study Group of Pancreatic Surgery. Others: Thromboembolism, aortic dissection, anastomotic fistula, etc.

their POPF ISGPF grade (<B, 253 patients; ≥B, 38 patients) and summarize their age,
sex, body mass index, method of PJ, pathologic diagnoses, pancreatic texture,
pancreatic duct diameter, and intraoperative blood loss in Table 3. We found that the
PJ technique was a contributory factor to POPF. Patients who underwent Blumgart
anastomosis during PD were more likely to develop mild POPF (only biochemical
leak or no pancreatic fistula) (71.9% vs 50.0%, P = 0.006), while other parameters
showed no significant differences. Therefore, Blumgart anastomosis could be a
decisive protective factor for POPF (Table 3).
The follow-up period was dependent upon the pathological diagnosis of the mass
at the pancreatic head. Overall, the maximum survival period of the patients with
benign or low-grade malignant lesions was > 60 mo after PD. However, the 5-year
survival rate of patients with pancreatic adenocarcinoma was < 10%. No patients in
our study developed delayed POPF. No more than 8% of patients had an anastomotic
stenosis several years after surgery, while the interventional treatments were
beneficial. Blumgart anastomosis did not affect the long-term status.

DISCUSSION
PD has long been the standard technique for treatment of any lesions at the pancreatic
head[1,2,29]. The first two-stage excision procedure was not accomplished until 1909, and
Whipple and Child finally evolved it into a regular operation in 1940 and 1944[3,4]. The
mortality rate associated with PD in the mid-19th century was extremely high, leading
to a strict evaluation of surgeons’ qualifications[30-33]. With the development of modern
surgery, PD is now very safe.
However, because of the substantial surgical damage and high level of difficulty in
PD, the postoperative morbidity is still very high[9-13]. When a patient has undergone a
pancreatic surgery, the most likely cause of POPF is leakage of the pancreatic-enteric
anastomosis[16]. Although the comprehensive conditions and advantages of modern
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Table 3 Information of the patients with postoperative pancreatic fistula
POPF (<ISGPS grade B)
No. of patients

POPF (≥ISGPS grade B)

P-value

253

38

Age, mean ± SE, yr

53.30 ± 1.16

54.79 ± 3.22

0.640

Sex (male/female)

131/122

19/19

0.839

2

Body mass index, mean ± SE, kg/m

23.13 ± 0.40

23.84 ± 0.87

0.486

Blumgart anastomosis, n (%)

182 (71.9)

19 (50.0)

0.006

Hard pancreas, n (%)

75 (29.7)

6 (15.8)

0.076

Pancreatic malignancy, n (%)

179 (70.8)

23 (60.5)

0.204

14 (5.5)

1 (2.6)

0.452

Diameter of the pancreatic duct, mean ± SE, mm

5.42 ± 0.35

4.65 ± 0.30

0.131

Intraoperative blood loss, mean ± SE, mL

681.6 ± 70.8

819.1 ± 140

0.347

Pancreatitis, n (%)

POPF: Postoperative pancreatic fistula; ISGPS: International Study Group of Pancreatic Surgery.

surgery have swiftly developed during the past few decades, POPF still remains one
of the most harmful complications after pancreatic surgery, and its incidence still
ranges from 3%-45% at high-volume centers [27,34-41] . The updated POPF grade is
referenced in the Methods section to provide a clearer understanding of the POPFrelated mortality rate, morbidity rate, hospital stay, and economic impact in this
article[42-45].
The POPF risk score calculator regards the pancreatic texture, pathology, pancreatic
duct diameter, and intraoperative blood loss volume as the most important factors
indicating the severity of POPF[25-28]. A softer pancreas, diseases other than pancreatic
cancer and pancreatitis, a smaller pancreatic duct, and a higher blood loss volume
during the operation will result in a more severe clinical situation and a higher ISGPF
grade of POPF. Preventive therapy is suggested in patients with a higher POPF risk
score before their condition becomes uncontrollable. A good nutritional status, normal
levels of serum albumin and hemoglobin, and the use of somatostatin are necessary to
increase the success rate in treating POPF. Nevertheless, all of these preventive
measures and treatments are dependent upon a reliable PJ procedure during PD.
Assurance of the PJ procedure is an independent protective factor in avoiding
POPF[17,18].
Because many parts of the digestive system are resected during PD, reconstruction
is very important to maintain the vital activity of this system. As the name suggests,
PJ is a procedure that involves reconnection of the remnant pancreas and the jejunum.
After the reconstruction, the pancreatic duct is connected to the jejunum, and enzymerich pancreatic juice is able to enter the intestinal tract to assist with digestion.
Traditionally, PJ is an end-to-end, embedded procedure in which a small part of the
remnant pancreas is placed into the jejunum. In 2000, Blumgart devised a novel ductto-mucosa, U-shaped anastomosis to reconnect the remnant pancreas and the
jejunum[18,19]. In the present article, we share our data and experiences to prove the
superiority of Blumgart anastomosis in reducing the risk of POPF in Chinese
patients[46-51].
In the embedded anastomosis, the end of the jejunum is sutured to cover the end of
the remnant pancreas. This procedure is classic but complicated, greatly increasing
the operative time and causing relatively more blood loss according to our study.
Additionally, the repeated suturing and knotting cause damage to the pancreas and
the end-to-end anastomosis causes an extension of the jejunum wall, resulting in a
thinner wall of protection outside the end of the pancreas. If the remnant pancreas is
thick, the protection will be weaker, and the clinical situation will worsen. Moreover,
because the pancreatic stump is completely exposed in the intestine, the activated
trypsin slows the healing of the anastomotic stoma and increases the incidence rate of
POPF. In 1996, Peng improved this procedure by only placing simple sutures at the
anastomotic stoma to reduce the destructive effect of repetitive placement of sutures
on the end of the pancreas; however, the problems induced by trypsin and an
oversized pancreatic stump still existed, and the intraoperative time was not
shortened. In comparison, none of these issues are problematic in the duct-to-mucosa,
U-shaped Blumgart anastomosis[18,19].
Furthermore, the pancreatic remnant can be tightly fixed to the seromuscular layer
of the jejunum in modified Blumgart anastomosis. Meanwhile, a duct-to-mucosa
suture will reinforce the anastomotic stoma and free the pancreatic tissue from tension
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and shear forces[18,19]. As a result, Blumgart anastomosis was welcomed by many
surgeons once it was reported. Although some studies showed no obvious
advantages of Blumgart anastomosis over other PJ procedures, and other studies did
not compare Blumgart anastomosis with the traditional embedded anastomosis,
Kleespies, Fujii, and Grobmyer supported the excellence of the Blumgart procedure in
their articles[47-52]. Based on the present study, which involved a clear retrospective
analysis of 291 patients and a follow-up period of >5 years, we are able to strongly
recommend Blumgart anastomosis in PD in Chinese patients.
According to our study, the advantages of Blumgart anastomosis were shorter
operative time, shorter duration of PJ drainage tube placement, shorter postoperative
hospitalization time, less postoperative complications, better situation of POPF, and
better postoperative recovery. Besides, Blumgart anastomosis was safe and
accessibility, without disadvantages in patients’ long-term follow-up status, which
indicated its non-inferiority. Consequently, we strongly recommended this PJ
procedure in PD. However, according to the experiences of surgeons, Blumgart
anastomosis may be hard to perform when the main pancreatic duct was too thin.
When the diameter of the main pancreatic duct was less than 1 mm, there may be no
proper stent to be used. In such situation, traditional embedded PJ would be able to
protect the main pancreatic duct from being sewn and closed. On the other hand, if an
applicable stent could be used to sustain the main pancreatic duct, Blumgart
anastomosis was still preferred.
In some other studies, sex, body mass index, and preoperative blood glucose level
were also significant factors associated with POPF[53]. All of these factors can be
related to or result from alcohol intake, resulting in changes in the pancreatic texture.
On the other hand, variations in intraoperative blood loss may be associated with
abdominal adhesions, which is reflected by the serum levels of systemic inflammatory
factors including the erythrocyte sedimentation rate, C-reactive protein level, and
others. Additionally, the diameter of the pancreatic duct can be detected in some
elaborate ultrasonic preoperative adjuvant examinations. As a result, the POPF risk
score calculator could be changed to a preoperative pancreatic fistula risk score
calculator that includes sex, body mass index, alcohol intake, diabetes, pathology (by
preoperative puncture), pancreatic duct diameter (by preoperative examinations), and
levels of serum inflammatory factors (by preoperative laboratory tests). To verify this
hypothesis, a prospective study is ongoing in our hospital with more complete
preoperative details to describe and predict the risk and grade of POPF. Certainly, we
have established Blumgart anastomosis as the standard PJ procedure in our research.
We hope that we can now finally provide valuable advice to our patients to help them
change their living habits before their pancreatic operation. This will increase the
possibility of avoiding this harmful postoperative complication and achieving a better
outcome after pancreatic surgery. More studies, especially prospective randomized
controlled studies, are needed to promote Blumgart anastomosis in PD, and to
improve the risk prediction of POPF after PD.

ARTICLE HIGHLIGHTS
Research background
Postoperative pancreatic fistula (POPF) is a serious complication of pancreaticoduodenectomy
(PD). Surgical procedure of pancreaticojejunostomy (PJ) in PD is closely related to POPF, and the
traditional method is embedding the remnant pancreatic end into the small intestine. Since the
incidence rate of POPF remains high, Blumgart anastomosis, a new U-style duct-to-mucosa
procedure of PJ, was proposed. However, there were no enough data to support the benefits of
Blumgart anastomosis in reducing the rate of POPF. Thus, our present study would give more
evidence, analysis, and suggestions to make the postoperative recovery after PD better.

Research motivation
We analyzed and explained the details and benefits of Blumgart anastomosis compared with
traditional embedded PJ in PD. We proved that a better choice of PJ procedure could certainly
reduce the incidence rate of POPF, and subsequently reduce the mortality of pancreatic surgery.

Research objectives
We suggested to add the surgical methods into the risk calculator of POPF, and the technique of
Blumgart anastomosis should be further promoted.

Research methods
In this observational study, a retrospective analysis was made to compare the preoperative,
intraoperative, perioperative, and long-term follow-up courses between 201 patients with
Blumgart anastomosis and 90 patients with traditional embedded PJ in PD.
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Research results
Blumgart anastomosis took less operative time, less days of PJ drainage tube placement, and less
postoperative hospital stay. The overall complications were reduced, including the incidence rate
of severe POPF. These results indicated the advantages of Blumgart anastomosis in PD, and noninferiority in long-term status. More studies, especially prospective clinical trials, are needed to
confirm our findings.

Research conclusions
The new findings of this study are the detailed benefits of Blumgart anastomosis, and the new
theory, original insights, and new hypotheses are to take surgical methods into the consideration
of the risk calculator of POPF. The appropriate summarizations of this study are the benefits of
Blumgart anastomosis in intraoperative and postoperative courses, as well as its non-inferiority
features in the long-term statuses. There were neither basic experiments nor new statistical
methods used. Blumgart anastomosis needs further promotion in the future.

Research perspectives
To further promote Blumgart anastomosis, more studies, especially prospective randomized
controlled trials, are needed. Besides, since surgical methods are important in reducing
postoperative complications of PD, new PJ procedures could be proposed based on Blumgart
anastomosis.
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Abstract
BACKGROUND
Neoangiogenesis is one of the key pathogenetic mechanisms in hepatocellular
carcinoma (HCC). Modulation of the renin-angiotensin system (RAS) by
angiotensin-converting enzyme inhibitors (ACE-Is) and angiotensin receptor
blockers (ARBs) seems to be a possible adjuvant therapy for HCC, due to the antiangiogenic and anti-fibrogenic activity of these drugs.
AIM
To elucidate the role of ARBs and ACE-Is in HCC.
METHODS
We performed an electronic search of the literature using the most accessed
online databases (PubMed, Cochrane library, Scopus and Web of Science),
entering the query terms "angiotensin-converting enzyme inhibitors" OR "ACE
inhibitors" OR "ACE-I" AND "hepatocarcinoma*" OR "hepatocellular carcinoma;
moreover "angiotensin II type 1 receptor blockers" OR "ARBs" AND
"hepatocarcinoma*" OR "hepatocellular carcinoma". Eligibility criteria were: (1)
prospective or retrospective clinical studies; (2) epidemiological studies; and (3)
experimental studies conducted in vivo or in vitro. Abstracts, conference papers,
and reviews were excluded a priori. We limited our literature search to articles
published in English, in peer-reviewed journals.
RESULTS
Thirty-one studies were selected. Three interventional studies showed that ACEIs had a significant protective effect on HCC recurrence only when used in
combination with vitamin K or branched chain aminoacids, without a significant
increase in overall survival. Of six retrospective observational studies, mainly
focused on overall survival, only one demonstrated a prolonged survival in the
ACE-Is group, whereas the two that also evaluated tumor recurrence showed

https://www.wjgnet.com

2524

May 28, 2019

Volume 25

Issue 20

Barone M et al. RAS inhibitors for HCC
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: January 23, 2019
Peer-review started: January 23,
2019

First decision: February 21, 2019
Revised: March 6, 2019
Accepted: March 24, 2019
Article in press: March 25, 2019
Published online: May 28, 2019
P-Reviewer: Ikura Y, Ocker M,
Streba LAM
S-Editor: Ma RY
L-Editor: A
E-Editor: Zhang YL

conflicting results. All experimental studies displayed beneficial effects of RAS
inhibitors on hepatocarcinogenesis. Numerous experimental studies, conducted
either on animals and cell cultures, demonstrated the anti-angiogenetic and
antifibrotic effect of ACE-Is and ARBs, thanks to the suppression of some
cytokines such as vascular endothelial growth factor, hypoxia-inducible factor-1a,
transforming growth factor-beta and tumor necrosis factor alpha. All or parts of
these mechanisms were demonstrated in rodents developing fewer HCC and
preneoplastic lesions after receiving such drugs.
CONCLUSION
In humans, RAS inhibitors - alone or in combination - significantly suppressed
the cumulative HCC recurrence, without prolonging patient survival, but some
limitations intrinsic to these studies prompt further investigations.
Key words: Cirrhosis; Renin; Angiotensin; Survival; Cancer prevention; Hepatocarcinoma
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: All experimental studies strongly support the ability of renin-angiotensin
system (RAS) inhibitors to counteract carcinogenesis essentially by inhibiting
angiogenesis and possibly fibrogenesis in chemically-induced or xeno-transplanted
hepatocarcinomas, whereas additional pathogenetic mechanisms using animal models
that mimic the progression of liver disease in humans and have been barely considered.
In all randomized clinical trials, RAS inhibitors - in combination with other therapies significantly reduced cumulative hepatocarcinoma recurrence. However, the data on
patient survival obtained by these studies and several observational studies are not
conclusive. The beneficial effect of the early use of RAS inhibitors on the progression of
cirrhosis toward hepatocarcinoma cannot be excluded.

Citation: Barone M, Viggiani MT, Losurdo G, Principi M, Leo AD. Systematic review:
Renin-angiotensin system inhibitors in chemoprevention of hepatocellular carcinoma. World
J Gastroenterol 2019; 25(20): 2524-2538
URL: https://www.wjgnet.com/1007-9327/full/v25/i20/2524.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i20.2524

INTRODUCTION
Liver cancer is the fifth most common cancer and the second most frequent cause of
cancer-related death globally[1]. In particular, it is much more common in men than in
women, and if we refer solely to more developed countries, it is the sixth leading
cause of cancer death in men[2].
Hepatocellular carcinoma (HCC) represents about 90% of primary liver cancers and
usually develops in patients with underlying liver cirrhosis[1]. Etiologic factors are
most frequently represented by chronic viral hepatitis [hepatitis B virus (HBV) and
hepatitis C virus (HCV)], alcohol intake, and non-alcoholic steatohepatitis (NASH),
which all together are responsible for about 80% of HCC[3].
One of the major cancer hallmarks of HCC is the process of neoangiogenesis, which
is thought to occur early in the carcinogenetic process. Even if the pathogenetic
mechanisms responsible for the neoangiogenesis remain to be clarified, it is plausible
that the intervention of proangiogenic growth factors occurs as a result of signals
mediated by hypoxia-inducible transcription factors[4].
As a result of the involvement of angiogenesis, clinical studies have been focused
on anti-angiogenic biological agents in HCC treatment[5-7]. However, this therapeutic
approach to cirrhotic patients has been frequently associated with severe side effects,
and it is burdened by high costs and contraindications to their long-term administration[8]. Inexpensive and easily manageable drugs could represent an alternative
therapy with a proven safety profile on long-term administration. From this point of
view, angiotensin-converting enzyme inhibitors (ACE-Is) and angiotensin II type 1
receptor blockers (ARBs) seem to be a possible candidate for adjuvant therapies for
HCC, as a consequence of their well-known anti-angiogenic and anti-fibrogenic
activity[9-11]. Theoretically, ACE-I and ARBs could also have a role in HCC primary
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prevention since they reduce both neovascularization and the development of liver
fibrosis[10].
We decided to perform this study as the possible role of renin-angiotensin system
(RAS) inhibitors in the prevention of HCC is still an attractive field of research, as
suggested by the recently published experimental and clinical studies. In order to
better clarify this issue, in this systematic review, we performed a search of studies in
this field. Using this method, we selected 31 studies, mainly focused on experimental
data.

MATERIALS AND METHODS
Data sources and searches
Literature was selected in August 2018, focusing on studies regarding ACE-Is, ARBs
and HCCs. For this purpose, an electronic search of the literature was conducted
using the online databases PubMed, Cochrane library, Scopus and Web of Science,
entering the query terms "angiotensin-converting enzyme inhibitors" OR "ACE
inhibitors" OR "ACE-I" AND "hepatocarcinoma*" OR "hepatocellular carcinoma;
moreover "angiotensin II type 1 receptor blockers" OR "ARBs" AND
"hepatocarcinoma*" OR "hepatocellular carcinoma" were used. Further relevant
articles were hand-searched using the references of the selected studies.

Study selection
Eligibility criteria were: (1) prospective or retrospective clinical studies; (2)
epidemiological studies; and (3) experimental studies conducted in vivo or in vitro.
Abstracts, conference papers, and reviews were excluded a priori. We limited our
literature search to articles published in English, in peer-reviewed journals.

Data extraction and quality assessment
We conducted the articles selection using a two-step approach, to evaluate whether
they matched the eligibility criteria. The first phase was based on titles and abstracts,
and the second on full-text examination. This procedure was performed by two of the
authors (Viggiani MT and Principi M), and the percentage of agreement demonstrated
high inter-rater reliability (97.4%). Lastly, discrepancies in data extraction were
resolved by introducing a third, experienced arbitrator (Losurdo G).
In cases of studies analyzing overlapping periods from the same registry/database,
we considered only the study that examined the more extended period and the more
significant number of patients.

RESULTS
As shown in Figure 1, the combined search of electronic databases identified 231
articles. Three additional articles were hand-searched using references of the selected
studies. After removing duplicates, 86 articles were screened. On the basis of the
abstract evaluation, 33 articles were excluded since they did not match the eligibility
criteria. The evaluation of full-text articles led to exclude 15 additional manuscripts.
We found a meta-analysis on the beneficial effects of ACE-I/ARBs against several
tumors[12]; this study was excluded since it took in consideration only a trial on HCC
that we had already included as a single study[13]. Finally, ten reviews were excluded
since they evaluated the same studies on the relationship between ACE-Is or ARBs
already selected. At the end of our selection, only 31 studies were included in the
present review.

Clinical studies
Table 1 reports the characteristics of all clinical studies selected. We found only three
interventional studies, all performed by the same authors, which examined the
influence of a putative antitumoral treatment after randomization of the patients[13-15].
These studies evaluated the influence of ACE-Is, given alone or in combination with
either vitamin K or branched chain aminoacids (BCAA), on HCC recurrence, showing
a significant protective effect of ACE-I only when used in combination with vitamin K
or BCAA. Patients were enrolled when they had a low number and low size tumors
susceptible to radiofrequency ablation (RFA) treatment and were excluded in the
event of early recurrence (within 3 mo). No significant increase in overall survival was
observed in any of the three studies.
Six more recent retrospective observational studies evaluated the effect of ACE-Is
or ARBs on overall survival (OS) and/or time to recurrence in patients who
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Figure 1

Figure 1 PRISMA flow diagram describing the process of study selection. HCC: Hepatocellular carcinoma.

underwent different HCC treatments (Table 1). Ho et al[16] evaluated the effect of ACEI or ARB exposure within the first six months after initiating antiviral agents in a highrisk HBV and HCV large cohorts of patients and did not find any protective effect of
these drugs on HCC development adjusted for potential confounders. Surprisingly, in
HCV patients without cirrhosis, diabetes, and hyperlipidemia, they found an
increased HCC risk associated with ACE-I or ARB use in (HR = 4.53, 95%CI: 1.4614.1). Hagberg et al[17] restricted the study population to patients with hypertension
(both cases and controls). Also, in this case, no protective effect was observed with
ACE-I or ARB use. However, patients were already defined exposed (cases) after
receiving at least two prescriptions for ACE-I and/or ARBs before the index date.
Walker et al[18], included subjects that were exposed to ACE-I treatment 12-24 mo
before the first recorded liver cancer diagnosis without finding any protective effect.
Differently from what observed by the previous authors, Pinter et al[19] found a
prolonged overall survival in HCC patients treated with sorafenib/supportive
therapy and already receiving ACE-I or ARBs for a median duration of treatment of
12.7 mo. Also, Facciorusso et al[20] reported a prolonged overall survival in HCC
patients treated with RFA and already receiving ARBs (but not ACE-I) for at least the
previous two years. In this study, a significantly longer disease-free survival in
patients receiving ARBs (HR = 0.47; 95%CI: 0.27-0.82, P = 0.009)[20] was reported. In the
last clinical study, by Karibori et al[21] the treatment of hypertension with ACE-Is or
ARBs did not improve overall survival after tumor resection in HCV-HCC patients
with or without cirrhosis compared to the related controls. Interestingly, HCC-HCV
cirrhotic patients with hypertension treated with other antihypertensive drugs had a
significantly reduced overall survival compared to HCC-HCV cirrhotic patients
receiving either ACE-Is or ARBs or no antihypertensive treatment (P = 0.029). Finally,
hypertension had no influence on the prognosis of inpatients with HCC related to
other etiologies[21].
An additional study, not listed in Table 1, analyzing the association between the
use of statins in HBV-infected patients and the risk of HCC, reported that the use of
ACE-I for more than one year did not significantly influence the protective effect of
statins against HCC development [22] . However, in this study, a large number of
patients in the statin group (62%) was diabetic and therefore probably using
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Table 1 Clinical studies on the effect of angiotensin-converting enzyme inhibitors or angiotensin II type 1 receptor blockers exposure in
patients affected or at high risk of hepatocellular carcinoma
Interventional studies
Authors

Patients

Yoshiji et al[13]

87 with RFA for prior HCC

Treatment

HCC recurrence after 42-54
mo

P value

I. Control

18/25

I vs II; < 0.01

II. ACE-I + vit. K2

9/25
19/19

III. ACE-I
IV. vit. K2
Yoshiji et al[14]

89 with Insulin resistance and
RFA for prior HCC

I vs III, NS

18/18
I vs IV; NS

I. Control
II. ACE-I + BCAA

16/26

I vs II; < 0.01

9/28

I vs III, NS

11/19
III. ACE-I

9/16

IV. BCAA
Yoshiji et al[15]

54 with HCC randomized in
2 groups, before treatment

I vs IV; NS

I. HCC treatment

77%

II. HCC treatment + ACE-I
and Vit. K

40%

I vs II < 0.01

Observational studies
Authors
Ho et al[16]

Patients

Treatment

OS, HR, OR

P value

7724 HBV-patients

ACE-I or ARB (46.3% in HBV
and 42.5% in HCV) within 6
mo after initiating DAAs

HCC risk after ACE-I and
ARB exposure

NS1

7873 HCV- patients
at high-risk of HCC
development
[17]

Hagberg et al

490 HCC

HR = 0.97, 95%CI: 0.81-1.16
HR = 0.96, 95%CI: 0.80-1.16
respectively

ACE-I or ARBs

OR = 1.14, 95%CI: 0.85-1.55

224 HCC

7% ACE-I users in HCC
group

OR = 1.29, 95%CI: 0.88-1.88

2313 controls

5.9% ACE-I users in control
group

unexposed vs exposed

156, with Sorafenib or
supportive therapy

ACE-I or ARBs in 43 pts.

OS = 11.9 mo vs 6.8 mo

1909 controls
Walker et al[18]

Pinter et al[19]

76, (confirmation cohort) with
sorafenib or supportive
therapy

NS2

users vs non- users
NS3

P = 0.014
P = 0.011

ACE-I or ARBs in 38 pts.

HR = 0.6, 95%CI: 0.4-0.9

P = 0.043

OS = 19.5 mo vs 10.9 mo

P = 0.038

HR = 0.5, 95%CI: 0.3-1.0
Facciorusso et al[20]

153 with RFA for prior HCC

I: Control,73 pts

OS = 48 mo

I vs II, NS

II: ACE-I, 49 pts

OS = 72 mo

I < III, P < 0.002

OS = 84 mo

Kabori et al[21]

185 HCV-HCC pts. without
cirrhosis

4

III. ARBs, 31 pts

HR = 0.39, 95%CI: 0.22-0.66

I. No hypert.

OS at 5 yr (76/106)

II. Hypert. + ACE/ARB

OS at 5 yr (30/37)

III. Hypert. + other

OS at 5 yr (11/42)

I vs II, NS
I > III, P < 0.001
II > III, P < 0.001

anti-hypertensives
141 HCV-HCC pts. with
cirrhosis

I. No hypertension
II. Hypert. + ACE/ARB
III. Hypert. + other

143 pts. with HCC related to
other etiologies

I. No hypertension
II. Hypertension

OS at 5 yr 51.6%

I and II > III, P = 0.029

OS at 5 yr 76.7%
OS at 5 yr 37.3%
OS at 5 yr 59%-74%

NS

OS at 5 yr 60%-62%

1

Adjusted for sex, age, liver cirrhosis, diabetes mellitus, alcohol consumption, hyperlipidemia, malignancies other than hepatocellular carcinoma (HCC),
chronic obstructive pulmonary disease, end-stage renal disease, transplantation, aspirin, metformin, and statins.
2
Adjusted odds ratio for HCC risk factors (body mass index, smoking status, alcohol abuse, hepatitis B virus and/or hepatitis C virus, rare metabolic
disorders, liver disease, diabetes, and use of statins and acetaminophen) and duration of hypertension. The analysis was also repeated to cases and controls
without diabetes and to cases and controls without liver disease demonstrating no significant difference.
3
Adjusted for alcohol use, smoking, cirrhosis, and hepatitis.
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4

Adjusted for age, gender, Child-Pugh class and α-fetoprotein. Time to recurrence was significantly reduced in patients receiving angiotensin II type 1
receptor blockers (P = 0.009). RFA: Radiofrequency ablation; OS: Overall survival; OR: Odds ratio; HR: Hazard ratio; ACE-Is: Angiotensin-converting
enzyme inhibitors; ARBs: Angiotensin II type 1 receptor blockers; Vit.: Vitamine; CI: Confidence interval; HCC: Hepatocellular carcinoma; HBV: Hepatitis
B virus; HCV: Hepatitis C virus; Pts.: Patients. NS: No significance.

metformin or thiazolidinediones, which have been demonstrated to profoundly
reduce HCC risk [23] , and therefore could have also overcome the effect of ACEI/ARBs.
To our knowledge, the only case report that matched our selection criteria describes
the protective effect of an ACE-I used in combination with vitamin K2 in a patient
with a dysplastic nodule on liver cirrhosis. After one year of treatment, the authors
describe a reduction of α-fetoprotein (AFP) and AFP-L3 and the disappearance of the
dysplastic nodule[24].

Experimental data
The most consistent data on the potential role of ACE-Is and ARBs in HCC
prevention/cure come from experimental in vitro and in vivo studies.

Diethylnitrosamine model
Table 2 summarizes all studies performed either in mice or rats using the
diethylnitrosamine (DEN) model. Saber et al[25] showed that sorafenib or fosinopril,
perindopril and losartan, prolonged overall survival of mice. Both ACE-Is and
losartan brought about an improvement in the histological situation, similar to that
determined by sorafenib, with regression of malignant histological features. However,
only sorafenib and perindopril significantly reduced α-fetoprotein levels as compared
to controls. Additionally, sorafenib and anti-hypertensive drugs significantly
decreased the transforming growth factor (TGF)-β, tumor necrosis factor (TNF)-α,
matrix metalloproteinase (MMP)-2 and vascular endothelial growth factor (VEGF)
serum levels compared to controls; however, the administration of perindopril was
even more effective than sorafenib in the reduction TNF-α level. The authors conclude
their study suggesting that the reduction of inflammatory cytokines, in particular,
TNF-α, could have been mediated by the inhibition of phosphorylation-induced
NFκBia degradation and phosphorylation of NFκBp65. Therefore, the RAS inhibition
may have a dual anticancer effect mediated by the suppression of inflammation and
angiogenesis. The same group repeated the same experiment[26] in mice and confirmed
the data about the regression of cellular atypia in HCC, but they did not observe a
positive effect on animal survival using ACE-Is or ARBs alone, or in combination with
sorafenib. In another study [27] , albino DEN-treated mice received perindopril,
leflunomide, curcumin alone or in combination. While all DEN-treated mice
developed HCC, the prevalence of HCC decreased to 37.5% under curcumin, and 25%
under leflunomide and perindopril and no mice developed liver dysplastic lesions in
the combination arm. This finding paralleled with the reduction of angiogenesis,
immunohistochemically evaluated by CD31, an antigen widely used as a marker of
neovascularization[28]. Finally, the authors also demonstrated a dramatic reduction of
hypoxia-inducible factor (HIF)-α. Mansour et al[29] tested captopril, perindopril, and
losartan in male albino rats treated with DEN. Some of the rats receiving DEN plus an
active drug also received carbon tetrachloride to stimulate cell proliferation. The
administration of captopril and losartan induced a marked reduction of α-fetoprotein
and almost halved the levels of VEGF, fibroblast growth factor (FGF) and TGF-β1 only
in rats in which hepatocarcinogenesis was promoted by DEN. On the other hand,
MMP-2 activity was inhibited by all three drugs in HCC-rats while the levels of tissue
inhibitor of metalloproteinase (TIMP)-1, a negative regulator of MMP2, were
increased only by the treatment with losartan and perindopril. This study provided
exciting results since it demonstrated a prophylactic effect on the mechanisms of
hepatocarcinogenesis when ARBs and ACE-Is were given two weeks before DEN
injection and not at the same time.
In another model, in addition to DEN treated standard rats, BALB-c mice
underwent an injection of HCC cell line. In these mice, the administration of
perindopril or 5-fluorouracil alone was not able to reduce the size of HCC[30], while the
combination of the two drugs produced much better results thanks to the increased
apoptotic activity and the reduction of both the CD31-mRNA and VEGF expression in
HCC tissue. Interestingly, the number of preneoplastic lesions was decreased only by
the ACE-I, and the addition of 5-fluorouracil enhanced this effect. Lastly, on the basis
of additional in vitro studies, they concluded that ACE-I and 5-fluorouracil might
reduce the tumor growth by inhibiting neovascularization, which in turn may induce
apoptosis of the tumor cells, rather than via direct inhibition of tumor cell
proliferation.
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Table 2 Studies on the effect of angiotensin-converting enzyme inhibitors or angiotensin II type 1 receptor blockers in
diethylnitrosamine-induced hepatocellular carcinoma animal models

Saber et al[25]

Animal model

Treatment

Results

Comments

DEN-induced HCC in mice

I. Sorafenib

Both treatments improved
liver histology; II. reduced αfeto-protein and VEGF level

Inhibition of proliferation by
involvement of NFкB
pathway and cyclin D1

ACE-Is and ARBs
monotherapy or plus
sorafenib improved liver
histology with regression to
grade 1, almost restoration of
lobular architecture

No survival improvement

vs
II. ACEIs or ARBs
Saber et al[26]

DEN-induced HCC in mice

1 Sorafenib
2 ACE-I ± Sorafenib
3 ARB ± Sorafenib

No additional effect when
combination therapy was
used

Nasr et al[27]

DEN-induced HCC in mice

Leflunomide Perindopril
Curcumin

Mansour et al[29]

DEN + carbon tetra-chloride
in rats

ACE-I ARBs

Significant reduction of
tumor markers and hepatic
growth factors

Liver histology amelioration
correlated with VEGF, CD31
and FGF

DEN-treated rats

combined effect of ACE-I and
5-fluorouracil

Inhibition of HCC growth,
neovascularization (VEGF
and CD31+ vessels
suppression), and marked
increase of apoptosis

In vitro studies on EC tubular
formation confirm the antiangiogenetic effect

Vit. K and ACE-I used
singularly or in combination

Inhibitory effects by each
compound on hepatocarcinogenesis, more potent
when used in combination

Increased apoptosis in the
tumor, w/o any effect on
tumor cell proliferation;
CD31 mRNA suppression

Yanase et al[30]

Male BALB/c mice with
injections of BNL-HCC cells.

Yoshiji et al[31]

DEN-treated mice
Male BALB/c mice with
injections of BNL-HCC cells

All drugs abrogated: hepatic Combination of these agents:
microvessel density, elevated
further inhibited
VEGF; only curcumin
neovascularization
reduced HIF-1α. Nodules
reduced or absent

Yoshiji et al[32]

DEN-treated rats and human
HCC cell lines

Vit. K or ACE-I alone or in
combination

Yoshiji et al[33]

DEN-treated rats

Interferon, ACE-I used
singularly or in combination

IFN or PE, when used
singularly, significantly
attenuated, in combination
nearly abolished HCC

CD31 and VEGF mRNA
expression were reduced;
apoptosis was also reduced;
no change of cell proliferation

DEN-treated rats

Perindopril (ACE-I)

Inhibition of neovascularization and VEGF
expression

Suppression of VEGFinduced tubular formation;
no effect on endothelial cell
proliferation in vitro

Yoshiji et al[34]

Endothelial cells in vitro

Chemopreventive effect on
Inhibition of endothelial cell
pre-neoplastic foci formation
proliferation and tubular
by single compounds, more formation; reduction of CD31
potent when combined.
mRNA expression.

ACE-Is: Angiotensin-converting enzyme inhibitors; ARBs: Angiotensin II type 1 receptor blockers; Vit.: Vitamine; DEN: Diethylnitrosamine; HCC:
Hepatocellular carcinoma; VEGF: Vascular endothelial growth factor; HIF: Hypoxia-inducible factor.

Yoshiji et al[31] analyzed the effect of perindopril, vitamin K or their combination,
both in DEN model and in mice injected with BNL-HCC cell line. They showed that
HCC was significantly inhibited by the treatment with vitamin K and ACE-I, and
their combination produced an even more potent inhibitory effect compared to the
single agents. These results were observed in both models and were associated with
mRNA-CD31 suppression and promotion of apoptosis (the number of TUNELpositive cells was significantly increased by treatment with vitamin K and ACE-I
compared to the control group), while the proliferative activity was not influenced.
The same group replicated this protocol[32] both in rats and HepG2 cells with the aim
of studying proliferation and angiogenesis. They found that vitamin K and ACE-I
inhibited endothelial cell tubule formation and endothelial cell proliferation in a dosedependent manner while only vitamin K inhibited tumor cell proliferation. In another
similar experience[33], BALB/c mice treated with DEN and receiving either perindopril
or interferon-beta or a combination of them experienced a substantial reduction in the
number of nodules/liver that was maximal (less than one nodule/liver) in the group
receiving both drugs. These findings paralleled the reduction of CD31-mRNA and the
increase of the apoptotic index within nodules. In another study of the same group[34]
perindopril, given at low or high doses, did not influence the production of VEGF in
cultured endothelial cells but was able to suppress their migration and formation of
tubules. In the same study, perindopril hampered the development of preneoplastic
liver lesions in DEN-treated animals, probably induced by the suppression of CD31,
which paralleled the reduction of the number of lesions.
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Other models
Several studies (Table 3) adopted a xenograft model in which in BALB/c mice
received an injection of HCC cell lines. Using this model, Fan et al[35] demonstrated an
enhanced immunohistochemical expression of angiotensin receptor 1 (AT1R) in
cancer tissue, which correlated with VEGF receptor A. The administration of
candesartan reduced the mean diameter of tumors and suppressed AT1R expression
and decreased microvascular density. The authors then examined the effects of
angiotensin II and candesartan on the expression of AT1R protein in SMMC-7721 and
HepG2 cell lines using Western blotting and found that candesartan down-regulated
the expression of AT1R protein induced by angiotensin II with a dose-dependent
relationship, as well as angiotensin II-induced production of VEGF-A. On the other
hand, when angiotensin receptor 2 was transduced by an adenoviral vector in HCC
cell lines and murine orthotropic liver graft, it inhibited cell proliferation with a
significant decrease of S-phase cells and an increase of G1-phase cells, probably
mediated by the alteration of expression of CDK4 and cyclinD1[36]. Therefore, it was
hypothesized that apoptosis was secondary to activation of p38 MAPK, pJNK,
caspase-8 and caspase-3 and inactivation of pp42/44 MAPK (Erk1/2). In another
model, using the BNL-HCC cell line transferred into BALB/c mice[37], both perindopril
and interferon-beta reduced the volume of HCC, with an even higher magnitude
when administered together. Additionally, the authors showed that this effect was
mediated by the promotion of apoptosis, the reduction of cell proliferation and the
inhibition of neo-angiogenesis proven by the reduction of CD31 positive cells and the
suppression of VEGF protein within the tumor. Yoshiji et al[38] used a retroviral vector
to enhance the expression of VEGF in the BNL-HCC cell line. In this way, they found
that perindopril reversed the production of VEGF and that the ability of cells to
migrate was directly dependent on VEGF levels. When these manipulated cells were
injected in BALB/c mice, they discovered that VEGF over-expression within HCC did
not modify the angiotensin-2 expression, thus suggesting that, in this model, VEGFmediated tumor growth was not influenced by angiotensin 2. Lastly, similarly to
previous studies, it was reported that perindopril inhibited CD31 expression. The
same group[39] used the BNL-HCC allograft model in BALB/c mice to show that
perindopril, temocapril, and captopril had an inhibitory effect on total HCC volume
burden, although the effect of perindopril was much stronger than other ACE-Is.
Finally, they showed that perindopril reduced mRNA-VEGF expression and ACE
enzyme activity, suppressed microvessel density and inhibited tubule formation in
endothelial cells.
The long-term administration of a choline-deficient/low-methionine diet is another
way of inducing steatohepatitis, liver cirrhosis, and HCC in rodents. Using this
model, Tamaki et al[40] showed that none of the male Wistar rats receiving telmisartan
developed HCC, while 54.6% of the control rats developed the tumor. The latter
condition was associated with an increase of HIF-1α and protein and VEGF mRNA.
Furthermore, telmisartan inhibited the up-regulation of TGF-β1, connective tissue
growth factor (CTGF), and TNF-α mRNA levels. The same diet-induced HCC model
was adopted by Noguchi [41] . In this case, male Fisher-344 rats were treated with
perindopril and eplerenone, a selective aldosterone blocker. Such drugs reduced both
the liver fibrosis index and TGF-β. When administered in combination, they reduced
the density of hepatic stellate cells and inhibited their proliferation through the
reduction of aldosterone and angiotensin 2. Finally, both eplerenone and aldosterone
attenuated the CD31 positive vessels in the liver along with inhibition of preneoplastic lesions (less than 4 foci/cm2vs about 8 foci/cm2 in the control group) and,
even in this report, a suppression of VEGF was recorded. Therefore, authors
concluded that the effects of eplerenone and ACE-I were not simply due to the
suppression of RAS, but other pathways, notably the hampering of the fibrosis
process in this steatohepatitis model, could be involved.
Since insulin resistance status promotes neovascularization and has been associated
with an increased risk of HCC, Yoshiji et al[42] initiated hepatocarcinogenesis by DEN
in obese diabetic Otsuka Long-Evans Tokushima Fatty (OLETF) rats undergoing
partial hepatectomy and used BCAAs and ACE-I, alone or in combination, at
clinically comparable low doses, to assess the antineoplastic activity of these
compounds. Both BCAAs and ACE-I significantly attenuated the development of
dysplastic lesions, along with the suppression of both angiogenesis and VEGF
expression. Used in combination, these two agents exerted an even more potent
inhibitory effect. Finally, BCAAs and ACE-I induced an inhibitory effect on tubule
formation in cultured endothelial cells showing a similar efficacy[42].
In a further three studies[43-45], the effect of ACE-Is or ARBs was tested only on cell
lines. In particular, in HLF, HLE, HuH-7 and PLC/PRF/5 lines, it was demonstrated
that telmisartan, but not valsartan, losartan and irbesartan, was able to arrest cell
proliferation[43]. Similarly, only telmisartan blocked the cell cycle in phase G1 and
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Table 3 Experimental studies on the effect of angiotensin-converting enzyme inhibitors or angiotensin II type 1 receptor blockers in
different hepatocellular carcinoma animal models and in hepatocellular carcinoma cell lines

Fan et al[35]

Model

Treatment

Results

Comments

1 Tumor cell lines

Candesartan

Angiotensin II up-regulated
AT1R and promoted
production of VEGF in vitro.
Candesartan reversed this
process and downregulated
the expression of VEGF-A in
tumor xenografts

AT1R expression was
associated to angiogenic
potential in HCC human
tissues

AT2R over- expression by
AT2R recombinant
adenoviral vector

Overexpression of AT2R in
transduced HCC cell lines
produced apoptosis and
inhibited cell proliferation.
Higher AT2R expression
could increase the growth of
HCC and the prolifera-tion of
HCC cells in vivo

A moderate expression of
AT2R could increase the
growth of HCC and the
proliferation of HCC cells in
vivo. AT2R mechanisms
remain to be elucidated

2 BALB/c nude mice with
injections of HCC cell lines
3 Human HCC specimens

Du et al[36]

1 Tumor cell lines
2 BALB/c nude mice with
intra-liver injections of
human HCC cells

Noguchi et al[37]

BALB/c mice injected with
HCC cell lines

ACE-I and interferon-beta

Combination therapy was
effective even on established
tumors. Suppression of VEGF
and endothelial cell
proliferation and tubular
formation, increase of
apoptosis;

No effect on HCC cell
proliferation.

Yoshiji et al[38]

BALB/c mice injected with
HCC cell lines. Endothelial
cell cultures

Retroviral tetracycline upregulated VEGF gene
expression and Perindopril
(ACE-I)

Perindopril significantly
attenuated VEGF-mediated
tumor growth and
neovascularization. In vitro,
VEGF-induced endothelial
cell migration inhibition

Suppression of VEGF

Yoshiji et al[39]

BALB/c mice injected with
HCC cell lines. BNL CL2 cell
line

Captopril Perindopril
Temocapril Losartan
Candesartan

Tamaki et al[40]

Male Wistar rats receiving
modified choline-deficient
low-methionine diet

Telmisartan

Noguchi et al[41]

Male Fisher-344 rats receiving
modified choline-deficient
low-methionine diet

Perindopril Eplerenone
(selective aldosterone
blocker) Aldosterone

Yoshiji et al[42]

Male OLETF rats
(spontaneous development of
insulin resistance) treated
with Diethylnitrosamine

branched-chain amino acids
perindopril

Five human HCC cell lines
(HepG2, HLF, HLE, HuH-7
and PLC/PRF/5)

Telmisartan

Oura et al[43]

Valsartan
Irbesartan
Losartan

Santhekadur et al[44]
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Reduction of tubular
ACE-Is suppressed the tumor
formation and microvessel
development mainly by a
density in the tumor. Higher
mechanism which was
VEGF mRNA expression
independent from AT1-R
reduction and HCC growth
blockage.
inhibition by perindopril
compared to temocapril and
captopril. Neither
candesartan nor losartan
significantly inhibited the
tumor development
No HCC in telmisartan group
vs 54.6% of HCC in control
group. Telmisartan inhibited
the dietary-induced upregulation of VEGF, TGF-β1,
CTGF, HIF1α and TNF-α
mRNA levels

Telmisartan may prevent
hepatocarcinogenesis
through the inhibition of
hepatic angiogenesis

Significant inhibitory effects Combination of Perindopril +
on the GST-P positive pre- Eplerenone exerted a stronger
neoplastic lesion
suppression than single
development; reduction of
treatment
VEGF expression tubule
formation and
neovascularization
Number/size of
preneoplastic foci were
significantly suppressed by
treatment of both drugs
suppression of CD31- and
VEGF-mRNA

In vitro suppression of tubule
formation, regardless of drug
concentration

Only telmisartan reduced
Arrest of cell cycle in G1, and
proliferation in most of cell
S phase. Effect is doselines. Promotion of apoptosis,
dependent and may be
Enhancement of bFGF
mediated by induction of
reduction of p-ErbB3
MPK/mTOR signaling.
SND1 increases AT1R level
by augmenting AT1R mRNA
stability; Losartan inhibited
both cell migration and
invasion
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SND1 induces TGF-β
expression through AT1R
signaling
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Cook et al[45]

H4-II-E-C3 rat hepatoma cells
transfected with Ang II

Losartan Candesartan

Losartan inhibits Angiotensin
II-induced proliferation

Both losartan and
candesartan are equally
effective in competing with
Ang II/AT1 receptor
interactions on the cell
surface

Ang II: Angiotensin receptor; AT2R: Angiotensin II type 2 receptor; ACE-Is: Angiotensin-converting enzyme inhibitors; ARBs: Angiotensin II type 1
receptor blockers; HCC: Hepatocellular carcinoma; VEGF: Vascular endothelial growth factor; TNF: Tumor necrosis factor; TGF: Transforming growth
factor; OLETF: Otsuka Long-Evans Tokushima Fatty.

reduced the population of cells in phase S, possibly by reducing the expression of
cyclin D1 and cyclin E. Additionally, it was demonstrated that the block of
proliferation could be secondary to the induction of AMPK/mTOR signaling in HCC
cells. Finally, telmisartan increased the levels of phospho-p53 and decreased the levels
of survivin in HLF cells, thus promoting HCC apoptosis, and it also inhibited
angiogenesis by increasing bFGF levels in HLF cells as detected by the protein array.
In Hep3B and QGY-7703 cells[44], it was shown that staphylococcal nuclease domain
containing-1 (SND1) could play a role in promoting hepatocarcinogenesis and cell
migration by triggering TGF-β signaling, a mechanism that was mediated by
increasing activation of angiotensin receptor 1. In this experiment, losartan reduced
the migration and invasive potential of HCC cells. Cook et al[45] transfected Ang(S)Exp/pSVL plasmid, which causes the production of a stable, non-secreted form of
angiotensinogen, in H4-II-E-C3 rat hepatoma cells. Thus, they discovered that this
novel cell clone exhibited enhanced proliferation, which was blocked by losartan, but
not by candesartan, although they were equally effective in competing with Ang
II/AT1 receptor interactions on the cell surface. Furthermore, the addition of
phenylarsine oxide, a molecule that blocks angiotensin receptor internalization,
abolished the effect of losartan. Therefore, the authors concluded that losartan could
be effective mainly on intranuclear angiotensin receptor.

DISCUSSION
The interest in the potential beneficial effects of RAS inhibitors against HCC started
about two decades ago. Since then, several in vitro studies, using either different
tumor cell lines or cell lines manipulated through adenoviral vectors, and numerous
in vivo models have been used to demonstrate the antitumoral effect of RAS inhibitors
on hepatocarcinoma development. We had to wait about 10 years for the first clinical
study on the possible role of ACE-Is administration in the recurrence of HCC[13]. This
study, designed as a randomized trial, was followed within a couple of years by two
similar randomized trials from the same authors, all demonstrating the efficacy of the
ACE-I perindopril in reducing tumor recurrence when used in combination with
other drugs[13-15]. Interestingly, this effect was associated with a significant reduction of
VEGF[13-15] and alpha-fetoprotein[13,14] serum levels. However, a significant effect on
survival was not observed in any of these studies. The latter result requires some
comments: only the first of these three studies reported a survival analysis (reported
as “data not shown” in the other studies), which was interrupted at 42 mo, although
the survival rate in the control group and the group receiving a combined treatment
was 84% and 96%, respectively[13]. In consideration of this trend, we do not really
know whether a longer period of follow-up would have led to significant survival
differences. Moreover, it is plausible that a delayed recurrence in patients prevalently
in Child A class (75%-87.5%) could also prolong their survival.
The more recent human studies are all observational retrospective cohort or casecontrol studies[7,16-21]. All these studies evaluated the effect of ACEIs and/or ARBs on
overall survival. Among them, only one took into consideration tumor recurrence
whereas another evaluated disease-free-survival [ 2 0 , 2 1 ] . With regard to tumor
recurrence, the study of Facciorusso et al [20] was performed on patients with
characteristics very similar to those reported in the randomized trials (patients with a
low number and small-size tumors susceptible to RFA treatment). In addition, only
patients undergoing antihypertensive therapy for at least two years before RFA were
included to allow a reasonable induction period for the antiangiogenic and
antifibrotic effects of such drugs. This study demonstrated a significant beneficial
effect of ARBs, not only on time to recurrence but also on the overall survival after a
period of observation of 96 months, which is twice the one reported in the
randomized trials.
The study on disease-free survival was focused on metabolic factors, including
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obesity, diabetes, and hypertension, on patients undergoing HCC resection[21]. In this
case, patients had a more advanced tumor disease, as demonstrated by the presence
of pulmonary and bone metastasis at the follow-up, and underwent a liver resection
including either one segment, more than one segment or even hemihepatectomy, plus
removal of additional contiguous segments. In this study, neither overall survival nor
disease-survival was improved by the anti-hypertensive treatment. However, the
authors underline the fact that patients receiving angiotensin II-blocking agents had a
better disease-free and overall survival rate than hypertensive patients not treated
with angiotensin II-blocking agents.
The other observational studies conducted only on overall survival rates did not
produce conclusive results since the treatment with RAS inhibitors was beneficial in
one study [19] , did not influence survival in two studies [17,18] , and resulted either
ineffective or even associated with an increased HCC risk in non-cirrhotic HCV
patients in another study[16].
Among the possible explanations for these discrepancies, the different time of
exposure to antihypertensive drugs assumes particular importance if we consider that
RAS inhibitors would require a reasonable induction period to counteract the
carcinogenetic process through their antiangiogenic effects. In the various studies, the
antihypertensive treatment preceded for a variable period the first recorded liver
cancer diagnosis or started at the time of HCC diagnosis, and the comparison of
exposure during the follow up was difficult. Other explanations are the characteristics
of the tumor (susceptible to surgical resection or locoregional therapy or advanced),
the different stages of the underlying liver disease, and the concomitant
pharmacological therapies/comorbidities potentially influencing tumor biology.
All experimental studies lead to concordant conclusions on the beneficial effects of
RAS inhibitors on hepatocarcinogenesis, with some difference within the same drug
class. However, it should be highlighted that this beneficial effect was mainly based
on the demonstration that ACE-Is or ARBs inhibit the process of angiogenesis, the
most studied and extensively exploited biological mechanism. The main aspects
explored included: the involvement of VEGF serum levels or VEGF protein or mRNA
expression [25,28-30,33-35,37-42] in endothelial cell growth and differentiation [46] ; the
contribution of HIF-1[28,40] as a transcription factor for VEGF[47]; the use of CD31[29-33,42]
[also known as platelet endothelial cell adhesion molecule 1 (PECAM-1)] to recognize
endothelial cells[48]; endothelial cell proliferation and tubular formation in vitro and/or
in vivo[30,32,34,37,39,41,42], a multi-step process triggered by VEGF[49].
Inhibition of tumor cells proliferation and induction of apoptosis are two
mechanisms that have also been studied to explain how RAS inhibitors could
counteract hepatocarcinogenesis. Some authors report an inhibitory effect of RAS
inhibitors on tumor cell proliferation[25] or describe a block of proliferation secondary
to the induction of AMPK/mTOR signaling[43], all studies performed by Yoshiji et
al[30-33] and by others[35,37] do not confirm these findings, and one study even describes a
pro mitogenic effect of angiotensin II[45]. Moreover, a complete overview of this aspect
requires a better definition of the role of VEGF as a potential autocrine growth factor
on tumor cells[46] and the relationship between angiotensin receptor 1 (AT1R) and
angiotensin receptor 2 (AT2R)[36,50,51].
More consistent data seem to demonstrate the proapoptotic effect of RAS inhibitors
on hepatic cancer cells[31,33,36,37,43].
Finally, the last possible antitumor mechanism related to the use of RAS inhibitors
could consist of the suppression of inflammation by the reduction of TNF-α[25,40], TGFβ[25,29,40,41] and MMP-2[25,29], and an increase of tissue inhibitor of metalloproteinase
(TIMP)-1, a negative regulator of MMP2[29].
All mechanisms mentioned above supporting the anti-tumor activity of RAS
inhibitors were studied in HCC models, mostly induced by the carcinogenetic agent
DEN or in rodents with xenotransplanted tumors, except in two studies[40,41] that used
choline-deficient/low-methionine diets to induce steatohepatitis related HCC. Viral
hepatitis still represents the principal cause of HCC in humans. The demonstration of
a similar protective effect of ACE-I or ARBs in an animal model that mimics the
progression of viral-related liver disease in humans, such as the HBV transgenic
mouse model[52], would strongly support previous experimental data. In addition,
since ACE-Is have been able to produce a prophylactic effect on hepatocarcinogenesis[29,32,33], this model could be used to test the RAS inhibitor influence on the
expression of genes that are involved early on in the carcinogenesis[53]. In fact, the
adoption of transgenic mouse models is widely used to test the effect of drugs or
nutrients to counteract the process of carcinogenesis[54]. Finally, to clarify if RAS
inhibitors could influence the progression toward overt HCC in humans, it is
necessary to design randomized, controlled trials in which the treatment with these
anti-hypertensive drugs is initiated in patients at high risk of HCC. Cirrhotics with a
low number (≤ 3) of small tumors (≤ 3 cm) or a single larger tumor (≤ 5 cm), with a
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complete tumor ablation would be the ideal patients for this study considering that
HCC recurrence at 3 years is observed in 48%-53% and 28%-33% in the presence of
HCV infection or after HCV eradication, respectively[55,56].
In conclusion, all experimental data strongly support the ability of RAS inhibitors
to counteract HCC development. In humans, this protective effect was confirmed
when RAS inhibitors were used, prevalently in combination with other drugs, to
prevent HCC recurrence. On the other hand, even if the results of RAS inhibitors on
patient survival seem to be inconsistent, these findings are less conclusive. Further
studies are necessary to evaluate whether their prolonged use could influence the
progression of cirrhosis toward HCC.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) represents about 90% of primary liver cancers and usually
develops in patients with underlying liver cirrhosis. One of the major cancer hallmarks of HCC
is the process of neoangiogenesis, which is thought to occur early in the carcinogenetic process.
Theoretically, angiotensin-converting enzyme inhibitors (ACE-Is) and angiotensin II type 1
receptor blockers (ARBs) could have a role in HCC primary prevention since they reduce both
neovascularization and the development of liver fibrosis.

Research motivation
The possible role of renin-angiotensin system (RAS) inhibitors in the prevention of HCC is still
an attractive field of research, as suggested by the recently published experimental and clinical
studies.

Research objectives
To elucidate the role of ARBs and ACE-Is in HCC.

Research methods
Literature was selected in August 2018, focusing on studies regarding ACE-Is, ARBs and HCCs.
For this purpose, an electronic search of the literature was conducted using the online databases
PubMed, Cochrane library, Scopus and Web of Science. Eligibility criteria were: (1) prospective
or retrospective clinical studies; (2) epidemiological studies; and (3) experimental studies
conducted in vivo or in vitro. We conducted the articles selection using a two-step approach, to
evaluate whether they matched the eligibility criteria.

Research results
Thirty-one studies were selected. Three interventional studies showed that ACE-Is had a
significant protective effect on HCC recurrence only when used in combination with vitamin K
or branched chain aminoacids, without a significant increase of overall survival. Among six
retrospective observational studies, mainly focused on overall survival, only one demonstrated a
prolonged survival in ACE-Is group, whereas the two of them that also evaluated tumor
recurrence showed conflicting results. All experimental studies displayed beneficial effects of
RAS inhibitors on hepatocarcinogenesis. Numerous experimental studies, conducted either in
animals and cell cultures, demonstrated the anti-angiogenetic and anti-fibrotic effect of ACE-Is
and ARBs, thanks to the suppression of some cytokines such as vascular endothelial growth
factor, hypoxia-inducible factor-1a, transforming growth factor-beta and tumor necrosis factor
alpha. All or part of these mechanisms were demonstrated in rodents developing less HCC and
preneoplastic lesions after receiving such drugs.

Research conclusions
Our systematic analysis of the literature allowed us to partially reinterpret the data supporting
the ability of RAS inhibitors to counteract HCC. While there is reasonable research supporting
their ability to reduce the HCC recurrence rate, we think that the conclusions of the randomized
clinical trials on overall survival underestimated the potential use of these compounds. These
conclusions are further supported by the solid experimental data on the anti-angiogenetic
activity of RAS inhibitors, which all suggest their clinical use in the prevention of HCC
development.

Research perspectives
We also proposed enlarging the future research on the relationship between RAS inhibitors and
HCC to other possible anti carcinogenetic mechanisms.
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Abstract
Inflammatory bowel disease (IBD) is a chronic and heterogeneous intestinal
inflammatory disorder. The medical management of IBD aims for long-lasting
disease remission to prevent complications and disease progression. Early
introduction of immunosuppression forms the mainstay of medical IBD
management. Large inter-individual variability in drug responses, in terms of
both efficacy and toxicity, leads to high rates of therapeutic failure in the
management of IBD. Better patient stratification is needed to maximize patient
benefit and minimize the harm caused by adverse events. Pre-treatment
pharmacogenetic testing has the potential to optimize drug selection and dose,
and to minimize harm caused by adverse drug reactions. In addition, optimizing
the use of cheap conventional drugs, and avoiding expensive ineffective drugs,
will lead to a significant reduction in costs. Genetic variation in both TPMT and
NUDT15, genes involved in thiopurine metabolism, is associated to an increased
risk of thiopurine-induced myelosuppression. Moreover, specific HLA
haplotypes confer risk to thiopurine-induced pancreatitis and to immunogenicity
to tumor necrosis factor-antagonists, respectively. Falling costs and increased
availability of genetic tests allow for the incorporation of pre-treatment genetic
tests into clinical IBD management guidelines. In this paper, we review clinically
useful pharmacogenetic associations for individualized treatment of patients with
IBD and discuss the path from identification of a predictive pharmacogenetic
marker to implementation into IBD clinical care.
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Core tip: In recent years, strong pharmacogenetic associations for drugs used in the
management of inflammatory bowel disease (IBD) have been identified. However, the
implementation of pre-treatment pharmacogenetic testing into clinical guidelines has
been challenging. Particular groups of patients are needlessly exposed to (expensive)
drugs that are either ineffective or harmful. Pre-treatment screening for TPMT and
NUDT15 genetic variation should be incorporated into clinical IBD management
guidelines. Therapeutic recommendations based on HLA genetic variants, conferring risk
for thiopurine-induced pancreatitis and immunogenicity to tumor necrosis factorantagonists, respectively, should be further evaluated.
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INTRODUCTION
Inflammatory bowel disease (IBD), including Crohn’s disease and ulcerative colitis, is
a chronic inflammatory disorder of the gastrointestinal tract. The therapeutic
armamentarium for IBD has rapidly expanded over the last two decades. Beyond
conventional therapies such as amino-salicylates, corticosteroids and thiopurines, the
development of biological therapies has revolutionized the management of IBD.
Although all of these therapies are effective, it is well known that the inter-individual
variability in therapy response is high with respect to both efficacy and toxicity. In
consequence, particular groups of patients are needlessly exposed to (expensive)
drugs that are either ineffective or harmful. This in turn causes a therapeutic delay
and is associated with increased morbidity and costs. Ultimately, therapeutic failure
may necessitate surgical treatment[1].

Personalized management in patients with IBD
To optimize patient outcomes and better utilize resources, it is crucial to be able to
appropriately select the correct initial therapy for each patient; that means we need to
determine the predictive factors of beneficial response without adverse events to
therapy. In fact, many physicians have been practicing personalized medicine with
their IBD patients for many years. It has been demonstrated, for example, that young
age, isolated colonic Crohn’s disease and elevated C-reactive protein levels at the
initiation of therapy are variables that favor a short-term response to infliximab[2,3].
Conversely, smokers are less likely to respond than nonsmokers, and those with
disease duration longer than 2 years are less likely to respond than those with a
shorter disease duration[4,5]. These clinical factors, however, explain only a small
proportion of inter-individual variability in therapy response.

Pharmacogenetics
Genetic variation can affect individual responses to drugs in terms of both therapeutic
effects and adverse effects. In fact, pre-treatment genetic testing has already been
implemented in clinical practice outside the management of IBD. In metastatic
colorectal cancer patients, for example, pre-treatment screening for mutations in the
KRAS gene is recommended to predict the efficacy of anti-EGFR-targeted drugs such
as cetuximab[6]. Likewise, the human leukocyte antigen (HLA) class I allele HLAB*57:01 has been shown to be a major determinant of hypersensitivity to abacavir, a
drug used in the management of HIV. In Europe, the United States and Australia,
HLA-B*57:01 testing is now mandatory before prescribing abacavir[7].

PHARMACOGENETICS IN THE MANAGEMENT OF IBD
Within the context of IBD, implementation of pharmacogenetic (PGx) testing has the
potential to maximize patient benefit by optimizing drug selection and dose and
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minimize harm caused by adverse events, as several PGx associations have been
identified for drugs used in the management of IBD. This will lead to a significant
reduction in costs by several means. First of all, the use of relatively safe and cheap
conventional therapies can be optimized. Secondly, the prescription of expensive,
potentially ineffective or harmful drugs can be avoided. Finally, achieving optimal
dosing as early as possible will prevent morbidity during a dose-finding period.
In this opinion article, we focus on robust PGx associations identified in wellcharacterized cohorts of patients treated for IBD. Unfortunately, many PGx
associations proposed in small retrospective candidate-gene studies have failed
replication in independent cohorts[8]. Therefore, we will only consider genome-wide
significant associations that have been replicated in independent cohorts (Table 1).
Next, we will discuss challenges and future perspectives associated with the implementation of PGx testing in clinical care of IBD.

Aminosalicylates
5-Aminosalicylates (5-ASA), such as mesalazine and olsalazine, are the most
frequently prescribed class of drugs to induce and maintain remission in patients with
mild to moderately active ulcerative colitis[9]. 5-ASA treatment is considered safe,
cheap and effective treatment to achieve long-term sustained steroid-free remission in
patients with mild to moderately active ulcerative colitis. Common side effects
associated with 5-ASA include flatulence, abdominal pain, nausea, diarrhea,
headache, dyspepsia and nasopharyngitis, which may occur in up to 10% of patients
using these drugs[9]. Rare adverse events include, among others, pancreatitis (1%) and
nephrotoxicity (approximately 0.2%). While 5-ASA induced nephrotoxicity is rare,
70% of these patients will develop irreversible renal injury and 10% require
permanent renal replacement therapy[10]. A recent genome-wide association study
identified HLA-DRB1*03:01 as a determinant of 5-ASA-induced nephrotoxicity[10].
Carriership of the risk allele is associated with a 3-fold increased risk of renal injury
after 5-ASA administration. However, the high frequency of this risk allele and the
low frequency of the adverse event limits its clinical utility, and it is therefore
currently not recommended to consider it in guiding treatment choice or monitoring
intervals.

Thiopurines
Thiopurines, consisting of azathioprine and its analogues 6-mercaptopurine and 6thioguanine, are the most commonly prescribed immunosuppressive agents used to
maintain corticosteroid-free remission and prevent postoperative recurrence in
patients with IBD[11]. Although thiopurines are an effective and cheap therapeutic
option for maintenance of remission, its use is limited by commonly occurring
adverse events. It has been estimated that 17% of European patients with IBD using
thiopurines develop adverse events that necessitate drug withdrawal[12]. Thiopurine
adverse events can be divided into dose-independent events, like pancreatitis and flulike illness, and dose-dependent events, such as myelosuppression and
hepatotoxicity. Although the standard doses of thiopurines in Asian countries are
lower than in Europe, the incidence of dose-dependent adverse events is much higher
in Asian populations than in Europeans[13,14]. Genetic polymorphisms, both in the HLA
region and in genes encoding enzymes involved in thiopurine metabolism, have been
identified as important determinants of adverse events. Large international initiatives
to identify genetic variants associated to the other common thiopurine adverse events,
such as flu-like illness and hepatotoxicity, are currently ongoing (e.g., the UK IBD
PRED4 and Helmsley IBD Exome studies)[15,16].

Thiopurine-induced myelosuppression
Thiopurine-induced myelosuppression (TIM) occurs in 4% of European individuals
and in up to 15% of individuals of Asian descent[12,14]. TIM usually occurs within a few
weeks of starting the drug but can happen at any time during the treatment course.
Most patients are asymptomatic, but serious opportunistic infection may occur and
there is an estimated mortality of 1% [17] . There is substantial evidence linking
thiopurine S-methyltransferase (TPMT) and nudix hydrolase 15 (NUDT15) enzyme
activity to TIM[18,19]. TPMT is a well-known enzyme that inactivates azathioprine and
6-mercaptopurine through methylation, leaving less parent drug available for
eventual anabolism to cytotoxic thioguanine metabolites. Genetic variants in the
TPMT gene may lead to reduced or absent TPMT enzyme activity levels, which in
turn leads to high levels of cytotoxic thioguanine metabolites[20]. NUDT15 catalyzes
the conversion of cytotoxic thioguanine metabolites to non-toxic thioguanine
metabolites. Genetic variants in the NUDT15 gene lead to deficient NUDT15 enzyme
activity levels, which also results in excessive levels of cytotoxic thioguanine [21] .
Cytotoxic thioguanine metabolites contribute to the therapeutic effects of thiopurines
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Table 1 Pharmacogenetic associations in inflammatory bowel disease
Class of drugs

Response

Gene

Clinical utility

5-Aminosalicylates1

Nephrotoxicity

HLA-DRB1

No (low incidence, high allele frequency)

Thiopurines

Myelosuppression

TPMT NUDT15

Yes

Alopecia

NUDT15

Yes

Pancreatitis

HLA-DQA1-HLA-DRB1

Yes

Immunogenicity

HLA-DQA1

Yes

TNF-antagonists

1

No attempt has been made to replicate this association in an independent cohort because of the scarcity of cases. Gene refers to the genes within genetic
variants that have been associated to specific drug responses. HLA: Human leukocyte antigen; TPMT: Thiopurine S-methyltransferase; NUDT15: Nudix
hydrolase 15.

but may lead to myelosuppression.
TPMT and NUDT15 act independently, and the likelihood of an individual having
deficient enzyme activities depends upon allele frequencies within the population.
Approximately 10% of individuals of European descent carry TPMT genetic variants.
Three TPMT genetic variants account for 90% of the TPMT deficiency in Europeans,
which together explain 25% of TIM[22,23]. In contrast, only 3% of Asians carry TPMT
genetic variants despite a higher incidence of TIM in Asians populations[14,24]. This
difference is largely explained by common genetic variation in NUDT15 in Asian
populations, which has been identified as a strong genetic determinant of TIM[25]. The
most common NUDT15 genetic variant, R139C, is present in approximately 10% of
individuals of Asian descent [25] . More recent studies have identified additional
NUDT15 genetic variants predictive for TIM that are also present outside Asian
populations[26,27]. Although rare, these variants are associated with very large effect
sizes. For example, a recently identified rare NUDT15 genetic variant, present in
approximately 2% of individuals of European descent, is associated with a 38-fold
increased risk of TIM[27].
Patients with loss-of-function TPMT and NUDT15 genetic variants are at excessive
risk of TIM if they receive standard thiopurine dosing. Genetic variation within TPMT
or NUDT15 is defined by so-called star (*) alleles. Each star allele is defined by the
genotype at one or more loci within the gene, and these star alleles are used for the
annotation of enzyme activity levels of TPMT and NUDT15, respectively. These
annotations can then be used for dosing recommendations based on pre-treatment
genotyping. The Clinical Pharmacogenetics Implementation Consortium (CPIC) has
recently published detailed dosing recommendations based on TPMT and NUDT15
genotypes[28]. In short, reduced starting doses (30%-80% of target dose) should be
considered for TPMT or NUDT15 intermediate metabolizers, while substantially
reduced doses (10% of target dose) or the use of an alternative agent should be used
for TPMT or NUDT15 poor metabolizers[28].

Thiopurine-induced pancreatitis
Thiopurine-induced pancreatitis (TIP) complicates thiopurine therapy in about 4% of
patients exposed[12]. TIP usually occurs within the first few weeks after initiation of
therapy. The pathogenesis of this potentially life-threatening, idiosyncratic adverse
event remains poorly understood. Genetic variants in HLA-DQA1-HLA-DRB1 have
recently been identified as strong genetic determinants of TIP in European patients
with IBD [29,30] . Carriership of a HLA-DQA1*02:01-HLA-DRB1*07:01 haplotype is
associated with a 2.5-fold increased risk of TIP[29]. Given the risk allele frequency of
27% in European populations, homozygous patients would be subject to a risk of
approximately 17% of developing TIP[29]. Development of TIP is independent of the
thiopurine dose administered. To avoid administration of thiopurines to patients with
IBD who are homozygous at the HLA-DQA1-HLA-DRB1 haplotype, clinical utility
estimates indicate that 76 patients need to be genotyped to prevent one case of TIP[29].
Although these data show the potential of pre-treatment HLA-DQA1-HLA-DRB1
genotyping, it has not yet been incorporated in clinical treatment protocols.

Thiopurine-induced alopecia
Thiopurine-induced alopecia (TIA) is a well-recognized, dose-dependent, adverse
event in Asian populations, with an incidence around 1.5%[14,31]. In contrast, this
adverse event is rare in individuals of European ancestry [12] . Although not lifethreatening, severe alopecia may cause cosmetic problems requiring a long recovery.
Small case-control studies reported co-occurrence of severe TIA with severe TIM in
patients homozygous for NUDT15 R139C[32,33]. A recent genome-wide association
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study in Japanese patients with IBD has shown that carrying the NUDT15 R139C risk
allele is associated with a 10-fold increased risk of TIA[13]. Avoidance of thiopurines in
patients homozygous for NUDT15 R139 to reduce the risk of TIM would similarly
reduce the risk of TIA.

TNF-antagonists
Tumor necrosis factor (TNF)-antagonists, mainly infliximab and adalimumab, are the
most commonly prescribed biologicals in the management of IBD [34] . Biological
therapy has transformed the management of IBD, and has become the largest
contribution to IBD healthcare expenditure[35]. Despite their established efficacy, up to
a third of patients with IBD will have no response at all to these agents (primary nonresponse) [36] . An additional third of patients will eventually fail TNF-antagonist
therapy after initial response (loss-of-response)[36]. Small hypothesis-driven studies
into genetic determinants of primary non-response have reported conflicting data or
have been underpowered to identify genetic variants worth translating into clinical
practice[8,37].

Immunogenicity of TNF-antagonists
The formation of anti-drug antibodies, referred to as immunogenicity, is the most
important cause of the loss-of-response and hypersensitivity reactions that often lead
to treatment failure[38]. Although concomitant use of immunosuppressive therapy
reduces immunogenicity, up to 65% of patients treated with infliximab and 38% of
patients treated with adalimumab will eventually develop anti-drug antibodies[38].
Moreover, many patients are still treated with TNF-antagonist monotherapy because
of adverse events, infections and possibly malignancies associated with immunosuppressive therapy[39,40]. Recently, the HLA-DQA1*05 haplotype was identified
as a genetic determinant of immunogenicity to TNF-antagonists. Carriership of the
HLA-DQA1*05 haplotype is associated with a 2-fold increased risk of immunogenicity
to TNF-antagonists, regardless of the type of drug used [i.e., infliximab (Remicade,
CT-P13) or adalimumab][41]. Pre-treatment HLA-DQA1*05 genetic testing has not yet
been considered for clinical implementation. TNF-antagonist therapy is a major driver
of IBD healthcare expenditure, and im-munogenicity often leads to therapeutic failure
and adverse events. Pre-treatment HLA-DQA1*05 genetic testing thus has the
potential to personalize TNF-antagonist therapy and allow targeted use of
concomitant immunosuppressive therapy to minimize risk and maximize response[41].

From identification to implementation
Patients with IBD need life-long adherence to drugs to maintain disease remission,
improve quality of life and reduce the need for surgery. Although the outcomes of
medical therapies have greatly improved over the last decades, substantial interindividual variability remains in terms of both efficacy and toxicity. Many patients
with IBD do not achieve disease remission, lose response after initial successful
treatment, or develop severe drug-induced adverse events. Indeed, IBD experts will
agree that there is no such thing as “one-size-fits-all“ in the management of IBD.
However, there is still an unmet need for patient stratification to guide this
personalized care.
Several genetic markers have been identified as strong determinants of (adverse)
response to drugs used in the management of IBD. However, the uptake of routine
pre-treatment genetic testing to better stratify patients with IBD has been slow. For
example, the association between TPMT genotypes and severe TIM was established
nearly three decades ago[18]. Although the American Gastroenterological Association
and the British Society of Gastroenterology now recommend routine TPMT testing
(enzymatic activity or genotype) prior to initiating thiopurine therapy, the European
Crohn’s and Colitis Organisation guidelines still do not [42-44] . Likewise, TPMT
screening is used in IBD clinical practice on a limited scale in many European
countries. No other PGx tests are currently implemented in IBD clinical care.
This slow uptake of pre-treatment genetic testing in the management of IBD is a
reflection of the challenges associated with the path from identification of a genetic
marker to clinical implementation. First, idiosyncratic adverse events are often
notoriously difficult to characterize due to the small number of cases available to
individual researchers. Recent efforts led by the United Kindom IBD Genetics
Consortium have successfully conducted both prospective (e.g., PANTS) and
retrospective (e.g., PRED4) PGx studies in the context of IBD management[15,29,41,45]
.However, additional large international consortia are needed to facilitate the
collection of rigorously characterized cohorts of patients who develop (rare) adverse
events. Stringent phenotype definitions should be established to prevent
heterogeneity, which significantly reduces the power to find consistent associations[46].
Then, the clinical validity of a PGx test has to be established. Clinical validity refers to
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the performance of the test, such as the discriminative ability and predictive value[47].
Key to this is replication in independent cohorts. Failure to replicate a PGx association
makes it difficult to establish clinical validity estimates. The implementation of a pretreatment PGx test into clinical care, however, is generally motivated by more than
the discriminative ability of a test. Clinical utility takes assessment of the test a step
further and focuses on the likelihood that the test concerned will lead to an improved
health outcome[48,49]. Therefore, the clinical utility of a given test is dependent upon
parameters such as whether or not an effective alternative therapy is available and the
relative risk of the predicted outcome (i.e., response or adverse event). The
development of novel therapies, although more expensive, provides alternatives for
patients with IBD genetically at risk for adverse events. This adds to the clinical utility
of pre-treatment PGx testing in IBD care. Finally, the incidence of the predicted
outcome and prevalence of the risk allele may differ between different ethnic
populations, and both affect the clinical utility of a given test within a specific
population. In the context of IBD, for example, the incidence TIM is much higher in
Asian populations compared to European populations, which can be largely
attributed to trans-ethnic differences in TPMT and NUDT15 risk allele frequencies[24].
This renders the clinical utility of PGx tests before the start of thiopurine treatment
higher in Asian populations than in European populations.
Like most diagnostic or therapeutic interventions, clinical implementation of pretreatment PGx tests has traditionally demanded a randomized controlled trial (RCT)
to assess its clinical utility and cost-effectiveness. RCTs are, however, very expensive,
require large sample sizes and often fail to produce consistent results. Primary
outcomes of RCTs are often averaged across the entire population per study arm. This
is, of course, the exact opposite of personalized medicine, where a particular
treatment is not chosen based on the “average patient”, but on characteristics of an
individual, for example, a genetic profile. A good example in the context of IBD is a
recently performed RCT to determine whether pre-treatment TPMT genotyping
would affect outcomes of patients with IBD[50]. In this study, pre-treatment TPMT
genotyping did not reduce overall incidence of TIM in the intervention group.
However, there was a 10-fold reduction in TIM in TPMT variant carriers who received
dose reduction, compared with variant carriers who did not. While 609 patients with
IBD were enrolled in this study, post-hoc analysis showed that 42,556 patients should
have been enrolled to show a reduction in TIM for the entire intervention group. It is
unlikely that there will be much interest from industry and academia to conduct (and
fund) these large clinical trials for drugs already approved. Indeed, decisions to use
PGx tests will probably need to be based on other types of evidence, including casecontrol studies, cohort studies and retrospective analyses of data[51].
Greater availability and falling costs of genetic testing means that increasingly the
question is not whether to genotype, but how to best utilize genetic data. Future
studies should focus on the cost-effectiveness of different means of genotyping for
different ethnic populations. Targeted sequencing of NUDT15 and TPMT would cost
approximately $300 per patient, while genome-wide genotyping arrays are available
for less than $40 per patient[52]. Custom genotyping arrays could be designed that
include known pharmacogenetic variants, extensive coverage of areas with a high
likelihood of pharmacogenetic associations and medium coverage of the rest of the
genome. Clinical genetic testing requires accredited pipelines with a genetic assay of
high accuracy, consistent quality of data analysis and interpretation, and a short
overall turnaround time. These pipelines take genetic data as input, functionally
annotate the genetic data via curated databases such as PharmGKB, and translate
these data into individual therapeutic recommendations for all well-known gene-drug
pairs, including TPMT and NUDT15[53]. These individual reports are referred to as
pharmacogenetic passports (Figure 1). Once a patient has been genotyped, novel PGx
associations could be automatically added via continuous annotation to curated
databases. Worldwide, many PGx implementation programs have already been
initiated[54]. The use of a custom genotyping array, in contrast to sequencing, limits
opportunities for the identification of novel PGx associations to a degree, but makes
the required quality control, quick data interpretation and global registration of
known PGx associations more easily achievable.

CONCLUSION
We have discussed several clinically useful genetic determinants of response to IBD
drugs. Given the enormous potential it has for the care of patients with IBD, pretreatment genetic tests should be incorporated into clinical IBD management
guidelines. Detailed thiopurine-dosing recommendations based on TPMT and
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Figure 1

Figure 1 Example of an automated computational pipeline that creates an individual pharmacogenetic
passport based on an individual’s genotype. In this case, the individual is a heterozygous carrier of the loss-offunction TPMT*3A allele and homozygous carrier of the NUDT15*1 allele. Heterozygous carriers of TPMT*3A are at
risk for thiopurine-induced myelosuppression due to intermediate TPMT enzyme activity levels. Hence, a reduced
dose (30%-80% of target dose) is strongly recommended. Patients with a NUDT15*1/*1 genotype are considered as
NUDT15 normal metabolizers[28]. TPMT: Thiopurine S-methyltransferase; NUDT: Nudix hydrolase.

NUDT15 genotypes, provided by CPIC, can be easily adopted. Follow-up studies are
required to assess how to translate genetic variation in HLA into therapeutic
recommendations regarding the risk of TIP and ITA, respectively. It is likely that
future pharmacogenetic studies will identify more predictive genetic variants. For
clinical implementation of pre-treatment genetic tests, we suggest a custom
genotyping array that can be easily deployed across centers of secondary care around
the globe and adjusted if more predictive variants are identified.
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Abstract
Gastrointestinal angiodysplasias (GIADs), also called angioectasias, are the most
frequent vascular lesions. Its precise prevalence is unknown since most of them
are asymptomatic. However, the incidence may be increasing since GIADs affect
individuals aged more than 60 years and population life expectancy is globally
increasing worldwide. They are responsible of about 5% to 10% of all
gastrointestinal bleeding (GIB) cases. Most GIADs are placed in small bowel,
where are the cause of 50 to 60% of obscure GIB diagnosed with video capsule
endoscopy. They may be the cause of fatal severe bleeding episodes;
nevertheless, recurrent overt or occult bleeding episodes requiring repeated
expensive treatments and disturbing patient’s quality-of-life are more frequently
observed. Diagnosis and treatment of GIADs (particularly those placed in small
bowel) are a great challenge due to insidious disease behavior, inaccessibility to
affected sites and limitations of available diagnostic procedures. Hemorrhagic
causality out of the actively bleeding lesions detected by diagnostic procedures
may be difficult to establish. No treatment guidelines are currently available, so
there is a high variability in the management of these patients. In this review, the
epidemiology and pathophysiology of GIADs and the status in the diagnosis and
treatment, with special emphasis on small bowel angiodysplasias based on
multiple publications, are critically discussed. In addition, a classification of
GIADs based on their endoscopic characteristics is proposed. Finally, some
aspects that need to be clarified in future research studies are highlighted.
Key words: Angiodysplasias; Angioectasias; Vascular malformations; Epidemiology;
Pathogenesis; Endoscopic treatment; Somatostatin analogues
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Core tip: Gastrointestinal angiodysplasias (GIADs) are the most frequent vascular
malformations. They cause 10% of all gastrointestinal bleeding and 50% of small bowel
bleeding cases. In most patients, they manifest with frequent bleeding episodes,
requiring expensive treatments and disturbing patient’s quality of life. In this review, we
summarize the main aspects related to epidemiology, risk factors and pathophysiology of
GIADs. The diagnostic challenge of causality and the efficiency of different treatment
modalities available are critically discussed. A novel classification of GIADs based on
endoscopic characteristics is proposed and future research directions that may improve
diagnostic and therapeutic results will be highlighted.
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INTRODUCTION
Gastrointestinal angiodysplasias (GIADs), also called angioectasias, are vascular
malformations composed of dilated and tortuous arterial or venous capillaries, which
are usually smaller than 5 mm in diameter and located in the mucosal and
submucosal layers of the gastrointestinal tract. They are part of a group of vascular
aberrations, some of which are hereditary, such as hereditary hemorrhagic
telangiectasia and others are acquired, such as gastric antral vascular ectasia,
radiation-induced vascular ectasia, Dieulafoy’s lesion and GIADs[1]. GIADs are the
most frequent vascular lesions. They are responsible for approximately 10% of
gastrointestinal bleeding (GIB) cases and are difficult to diagnose, particularly those
placed in the small bowel. Current treatment is very diverse (since therapeutic
guidelines have not been established) and bleeding recurrences remain frequent in
most cases[2].
In this review, we will address the epidemiology and pathophysiology of the
lesions and critically discuss the status in the diagnosis and treatment of GIADs with
special emphasis on small bowel angiodysplasias (SBADs). In addition, we will
propose a simple classification of angiodysplasias based on their endoscopic
characteristics and will discuss the clinical manifestations and bleeding recurrence
frequency probably associated to different types of angiodysplasias. Finally, we will
point out some aspects that need to be clarified in future research studies.

EPIDEMIOLOGY
The prevalence of GIADs is difficult to determine because most of them are
asymptomatic. They are incidentally found in 1% to 5% of patients who underwent
endoscopic studies and remain asymptomatic in a period of 3 years of follow-up[3,4].
These vascular lesions are mostly detected in patients older than 60 years, so it is
thought that they have a degenerative component[4,5]. This association may indicate
that its globally incidence is increasing, as the population is becoming older,
particularly in developed countries.
GIADs can be found in any segment of the digestive tract. Before the introduction
of the video capsule endoscopy (VCE) and the device-assisted enteroscopy (DAE), it
was thought that GIADs occurred more frequently in the caecum and ascending
colon. In recent studies, in which the entire digestive tract is reviewed, it has been
found that these lesions are more frequent in the small bowel (57%-80%), particularly
in the proximal segment, followed by the colon (44%) and the stomach (32%)[6,7]. These
lesions are located in more than one segment of the digestive tract in 60% of cases[8]. It
is reported that they can be responsible of 4% to 7% of nonvariceal upper GIB cases[8,9].
Moreover, 77% of patients with GIADs experience at least one episode of visible
bleeding (hematemesis or melena) with or without hemodynamic instability, while
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the remaining ones have transfusion-dependent or intravenous iron infusiondependent chronic anemia due to occult bleeding. In the colon, 3% to 40% of the
bleeding cases are caused by GIADs[10,11]. In the 2% of such cases, bleeding may be a
cause of death, particularly in elderly patients presenting cardiovascular disease or
chronic renal failure (CRF)[12].

RISK FACTORS
Several morbid conditions associated with the presence of bleeding GIADs have been
identified. The causal relationship between such morbid conditions and the GIADs is
difficult to elucidate, since they could be confounding factors because angiodysplasias
are more frequent in elderly individuals. In addition, the use of anticoagulant,
antithrombotic and platelet antiaggregant drugs are only involved in the induction of
bleeding from preexistent vascular lesions.
The association between bleeding GIADs and aortic stenosis has been extensively
described. This condition is known as Heyde's disease[13]. Similar association has not
been found in other valvular heart diseases[14]. The most accepted explanation of this
association is that aortic stenosis could cause the destruction of high-molecularweight von Willebrand factor (vWF) multimers, leading to acquired von Willebrand
disease with a tendency to bleed [15] . Improvement of anemia and reduction or
disappearance of bleeding recurrences from GIADs have been described in many
patients who underwent aortic valve replacement[16,17]. However, this issue has not
been conclusively resolved and currently, the indication of this surgical treatment for
GIADs is controversial [18] . The association of bleeding SBADs and low-flow left
ventricular assist devices implantation in patients with advanced heart failure has
been recently reported. A similar pathogenic mechanism that was described for aortic
stenosis, may be involved in this association[19].
On the other hand, GIADs are very common in patients with CRF, and their
incidence is further increased by the duration and severity of the renal disease[20].
GIADs are responsible for 19% to 32% of episodes of lower GIB in patients with CRF
compared to 5% to 6%, observed in the general population. The most constant factor
in the induction of bleeding in CRF patients is platelet dysfunction, which include
impaired platelet adhesion and aggregation, produced by extrinsic and intrinsic
factors[21,22]. It is not clear if the CRF induces generation of vascular lesions, or if only
induces the bleeding due to the hemorrhagic diathesis or both. The risk of bleeding is
even greater in patients undergoing hemodialysis where the use of anticoagulants is
frequent and uremia is higher[23]. Recently, a significant association between SBADs
and other comorbidities such as chronic obstructive pulmonary disease, venous
thromboembolism, cardiovascular disease, and liver cirrhosis has been found[24,25]
(Table 1).

PATHOPHYSIOLOGY
The pathophysiology of GIADs is not precisely known. Currently, several theories
have been proposed, which have different points of contact among them:

Intestinal smooth muscle contraction
it has been suggested that a repeated and sustained increase in smooth muscle
contractions of the muscularis propria would cause intermittent obstruction of the sub
mucosal veins of the intestinal wall, which would lead to capillary congestion and
insufficiency of the precapillary sphincters with the formation of arteriovenous
collaterals[26]. This theory might explain the presence of these lesions in the cecum and
the ascending colon, where the intraluminal pressure is higher and the walls are
thinner than in other segments of the digestive tract. However, it does not explain the
presence of such lesions in other segments thereof such as the stomach.

Mucosal ischemia and chronic hypoxemia
It has been proposed that muscular contractions of the muscularis propria would
trigger a chronic hypoxemia, which would lead to angiogenesis mediated by chemical
agents, of which the most important is the vascular endothelial growth factor
(VEGF)[27]. This chemical mediator is released in response to tissue hypoxia and is a
central active agent in the early stages of angiogenesis[28]. A similar mechanism could
also explain the association between GIADs and aortic stenosis[29].

Induction of angiogenesis
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Table 1 Risk factors for gastrointestinal angiodysplasias
Risk factors for gastrointestinal angiodysplasias
1 Age > 60 yr
2 Chronic obstructive pulmonary disease
3 Aortic stenosis (Heyde´s disease)
4 Low-flow left ventricular assist devices
5 Von Willebrand disease
6 Venous thromboembolism
7 Ischemic heart disease
8 Liver cirrhosis
9 Drugs1: Anti-platelet
Anti-coagulant
Anti-thrombotic

1

Related with bleeding induction.

The proliferation of blood vessels (a process known as angiogenesis) could be induced
by the primary or secondary reduction of high-molecular-weight vWF multimers,
which increases VEGF-dependent angiogenesis and reduces platelet adhesion and
aggregation. Finally, a decrease in platelet adhesion and aggregation by drug-induced
inhibition of erythropoietin has been observed in CRF[30] (Figure 1).
In support of these angiogenesis theories, elevated tissue expression and serum
VEGF levels have been found in patients with GIADs compared to normal
subjects[30,31]. Another recent study has found a significant association between GIADs
and abnormality of the metabolic pathway of angiopoietins suggesting the potential
role of angiopoietin-1 (Ang-1) and Ang-2 in the development of vascular lesions[32].

BLEEDING CAUSALITY
The finding of non-bleeding GIADs by endoscopy in patients with GIB confronts the
clinician with the dilemma of the bleeding responsibility of such lesions. Most authors
suggest that in the absence of other evident actively bleeding source, the
responsibility of GIAD may be accepted [33] . However, this assumption may be
reasonably questioned. On the other hand, clinical or endoscopic systems for
estimating probability of bleeding causality of GIADs have not been assessed. This
issue is complicated by the fact that a significant number of GIADs are asymptomatic
and most of them have a very low probability of bleeding in a period of 3 years after
detection[4,34].

SMALL BOWEL ANGIODYSPLASIAS
GIADs are more common in the small bowel than in other segments of the digestive
tract (57%-80%), where they are the cause of 5% of all GIB cases. Before the 2000s, the
detection of SBADs was very difficult, since the available diagnostic procedures
[scintigraphy, simple angiography, computed tomography (CT), magnetic resonance
imaging (MRI)] had low sensitivity and specificity[35,36], therefore multiple diagnostic
procedures and hospitalizations were usually performed to these patients before
diagnosis, thus increasing the costs of medical care [37] . CT or MRI angiography
moderately improved these numbers [38] . Push enteroscopy, which was the only
available deep endoscopic method, allowed the revision of only the proximal third of
the small bowel[39]. In the last decade, with the introduction of VCE and DAE, the
detection of SBADs as the cause of GIB has increased[40-42]. There are three types of
DAE: Double-balloon, single-balloon and spiral enteroscopy, which allow the
complete or partial revision of SB through retrograde and /or anterograde access[43-45].
These methods are as efficacious as VCE for SBADs detection [46,47] and have the
advantage that allow the application of endoscopic therapies to vascular lesions.
However, they are invasive and expensive procedures, requiring sedation
administration and expertise operating personal; therefore, they are reserved
exclusively for endoscopic treatment of lesions, leaving the VCE as first-line
diagnostic procedure in obscure GIB (OGIB) patients.
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Figure 1

Figure 1 Pathogenesis of gastrointestinal angiodysplasias. VEGF: Vascular endothelial growth factor; vWF: Von
Willebrand factor; CRF: Chronic renal failure.

Multiple studies have reported that OGIB is the most frequent indication of VCE,
representing from 70% to 75% of cases [48,49] . The presence of GIADs has been
demonstrated in about 50% to 60% of such cases[50-52]. In 40% to 60% of cases, SBADs
are multiple and 20% coexists with lesions located outside the small bowel,
particularly in the colon[53]. From 50% to 80% of the lesions is located in the jejunum
and duodenum, 5% to 20% in the ileum and 60% of patients is over 60 years of age[54].
Despite the achievement of recent advances in the diagnosis of SBADs, some
important points must be taken into account for interpretation of procedure results.
(1) Limitations of the VCE in detection of lesions due to accelerated peristalsis,
presence of intestinal detritus or the concealment of lesions by the mucosal folds; (2)
The incomplete revision of small bowel with VCE and DAE, which is observed in
10%-16% and 40%-50% of cases respectively [55] ; (3) Observer experience in the
recognition of lesions. Detection of GIADs is usually easy when they present as
typical bright red spots; however, mucosal erosions or erythema may be confounded
with GIADs and conversely, pale red angiodysplasias may be unnoticed[56,57].

NATURAL HISTORY
The bleeding recurrence of SBADs is greater than that of the colon and stomach[58]. In
a retrospective study that involved 56 patients with SBADs, the bleeding recurrence
occurred in 80% of the cases, the first bleeding episode was observed in an average of
10.7 mo of follow-up, 70% of the cases required transfusions, 67% hospital
readmissions and 50% endoscopic, pharmacological or surgical therapy. Deaths
related to bleeding occurred in 3.5% of cases. Multiple lesions and cardiovascular
diseases were independent predictors of bleeding[59].
Another study showed that SBADs, in presence of simultaneous angiodysplasias in
other segments of the digestive tract (colon or stomach), are 4 times more likely to
have a bleeding recurrence in one year after diagnosis[60]. SBADs were the cause of
severe visible bleeding in 35% of cases[58].

CLASSIFICATION OF GIADs
Based on the endoscopic characteristics determined with VCE or DAE, SBADs may be
classified in several types, possibly related with different extent of bleeding causality
and bleeding recurrence (Table 2).

Type 1
Punctuate or patchy lesions with non-pulsatile active bleeding (which correspond to
type 1a and 1b lesions of Yano-Yamamoto classification)[61] (Figure 2A). Patients may
have hemodynamic instability and overt GIB. The bleeding recurrence may be very
high in the absence of a hemostatic treatment.

Type 2
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Table 2 Stratification of small bowel angiodysplasias based on endoscopic characteristics by video capsule endoscopy or deviceassisted enteroscopy, clinical manifestations, bleeding causality and hemorrhagic recurrence probability (García-Compeán D et al)
Endoscopic
characteristics

Type

Bleeding causality

Clinical manifestations

Certain

Overt bleeding; high
frequency of hemodynamic
instability

Bleeding recurrence
probability

Type 1

Punctuated or patchy lesions
with non-pulsatile active
bleeding

Very high, without
hemostatic treatment

Type 2

Non-actively bleeding lesion; High
stigmata of hemorrhage
(ulcer, adherent clot, digested
blood debris)

Frequently overt bleeding;
Highly likely
lower frequency of
hemodynamic instability than
Type 1 lesions

Type 3

Bright red spots; typical
images

Moderate or mild

Overt or occult bleeding; low
or null frequency of
hemodynamic instability Iron
deficiency anemia

Moderate rate; frequently
IDA is dependent on iron
supplements or blood
transfusion

Type 4

Pale red spots

Low or null

Generally occult bleeding
Chronic IDA; extra digestive
cause of bleeding should be
ruled out

When other sources of
bleeding have been excluded,
re-bleeding is low

IDA: Iron deficient anemia.

Non-actively bleeding lesions showing bleeding stigmata (adherent clot, ulceration or
digested blood debris)[62] (Figure 2B). Patients may be hemodynamically stable and
may present overt bleeding. Bleeding causality is highly probable and the bleeding
recurrence may be high.

Type 3
Bright-red color patchy spots due to intense vascular congestion (Figure 2C). In the
absence of other sources of bleeding, it is moderately likely that such lesions may be
the cause of bleeding. Patients with this type of lesions may have occult or overt
bleeding in similar proportions and moderate frequency of bleeding recurrence
leading to blood transfusion or intravenous iron infusions-dependent anemia.

Type 4
Pale-red color patchy spots. These lesions are sometimes difficult to discern from
erythema or artefacts in VCE studies (Figure 2D). Patients have iron deficiency
anemia due to occult bleeding more frequently than overt bleeding. However, in some
cases, anemia may be dependent on intravenous iron infusions or blood transfusions.
These lesions have a low probability of being responsible of GIB. Therefore, any other
source of digestive or extra-digestive bleeding should be ruled out by measuring
serum iron levels, screening fecal occult blood by the immunological test or a
hematologic evaluation. The frequency of bleeding recurrence may be the lowest
compared to the other type of lesions.
In non-actively bleeding lesions (types 2 to 4), the influence of the number and
extent of lesions on bleeding causality and bleeding recurrence rate is unknown. The
stratification of GIADs in combination with the presence or absence of comorbidities
and with the concomitant use of pharmacologic anticoagulant agents may be helpful
for selecting patients in whom, aggressive hemostatic invasive procedures (radiologic,
endoscopic or surgical treatment), long-term prophylactic pharmacological therapy or
only clinical observation must be prescribed.

TREATMENT
Bleeding SBADs are more difficult to treat than gastric or colonic angiodysplasias due
to their inaccessibility. GIB due to angiodysplasias is a frequent therapy challenge, no
treatment guidelines are currently available, and so there is a high variability in the
management of these patients[63,64].
There are three treatment modalities: (1) Hemostatic; (2) Prophylactic; and (3)
Rescue therapy. The former is applied to patients in whom continuous or intermittent
persistent-active bleeding has been demonstrated and who frequently have
hemodynamic instability, such condition is observed in around 10% of cases [65] .
Prophylactic treatment aims to prevent bleeding recurrence in a long-term and rescue
treatment is used when other modalities have failed. Whichever the treatment used, it
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Figure 2

Figure 2 Endoscopic characteristics of small bowel angiodysplasias by video capsule endoscopy. A: Patchy lesion with non-pulsatile active bleeding (arrow)
(Type 1 lesion); B: Non-bleeding lesion with central excavated ulcer (circle) (Type 2 lesion); C: Bright red patchy spot (arrow) (Type 3 lesion); D: Pale red spot (arrow)
(Type 4 lesion). (García-Compeán D et al).

is mandatory to stop the use of antithrombotic, antiaggregant or anticoagulant drugs.

Hemostatic treatment
Selective embolization by angiography: This procedure has a high hemostatic
effectiveness from 80% to 90%[66-68]. It is performed by selective catheterization of the
vessel nourishing the bleeding lesion and subsequent injection of embolizing agents[69]
(Figure 3). The most commonly used agents are biodegradable sponges and
microcoils. This procedure is associated with complications in 5% to 9% of cases, of
which 2% are severe[70,71] and include hematomas, bowel infarction, arterial dissection,
thrombosis, and pseudoaneurysms. Although this procedure has more complications
than endoscopic therapy, it is more frequently used in patients with actively bleeding
SBADs due to their inaccessibility. However, it is a complex procedure, which
requires special technical equipment and highly trained operators in endovascular
radiology.
Endoscopic treatment: It consists of the direct coagulation of the vascular lesions with
several methods of which, the most used and clinically evaluated, is the argon plasma
coagulation (APC)[72-75]. This procedure uses a mixture of electric current and argon
gas that is applied through a non-contact endoscopic probe to the vascular lesion
(Figure 4). This method has low penetration in the mucosa thus, the risks of
perforation are quite low [75] . Other endoscopic contact-probe methods such as
monopolar electrocoagulation (Heat Probe, Olympus, Japan) and bipolar electrocoagulation (Gold Probe, Boston Scientific) as well as photo coagulation with
Nd:YAG (Neodymium: Yttrium- Aluminium-Garnet) and Argon Laser have been
used for long time [76-79] . The endoscopic contact-probe methods such as electrocoagulation and laser photocoagulation techniques have similar hemostatic
effectiveness compared to APC for bleeding GIADs[80], conversely, they have higher
incidence of perforation particularly when they are used in the colon, where intestinal
thin walls are present. Laser photocoagulation is a high cost technique that requires
specialist expertise to deliver the treatment[81].
Hemoclipping[82-83] and multiple endoscopic band ligation[84,85] have been reported to
be effective as hemostatic therapy of bleeding vascular lesions. Nevertheless, reports
are anecdotal with low number of patients; therefore, these techniques may be only
used in selected cases, probably as rescue therapy. In conclusion, the first line
recommended endoscopic treatment for bleeding GIADs is APC[86].
Endoscopic therapy is indicated for patients with few vascular lesions confined to
one digestive tract segment and accessible to the endoscope. It has similar hemostatic
effectiveness to that observed in selective angiographic embolization; however,
bleeding recurrences are very frequent[33]. In a study of 183 with GIADs patients who
underwent endoscopic treatment, there was a one-year bleeding recurrence rate of
34.5%, while recurrence rate at 2 years or more was 42% to 60%[74,87,88]. In a systematic
review of 24 articles involving 490 patients with GIADs treated with endoscopic
therapy, the bleeding recurrence rate was similar to that observed in patients without
treatment (42.7% vs 49.2%)[89].
The complication rate of endoscopic therapy is lower than that observed in
selective embolization by angiography (1.7%), with intestinal perforation being the
most frequent one. Sub mucosal saline injection (with or without adrenaline) to form a
fluid cushion in the colon before APC therapy, has been demonstrated to be effective
for reducing this complication[90,91].
Explosion of colonic gas is a rare complication that has been observed with the use
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Figure 3

Figure 3 Selective embolization of small bowel vascular bleeding lesion by angiography. A: Selective catheterization of jejunal branch of superior mesenteric
artery revealed a bleeding angiodysplasia (arrow); B: Super selective catheterization of bleeding-vessel using micro catheter; C: Angiogram after embolization
revealed complete disappearance of active bleeding (arrow).

of APC and electrocoagulation techniques. It is thought to be secondary to
accumulation of combustible gases in the colon due to poor bowel preparation. So, a
full colonic cleansing with oral purgatives is highly recommended before performing
these techniques[92,93]. The results in the treatment of the SBADs are poorer than those
from the colon, with a higher bleeding recurrence rate being observed (78%)[59].
The high recurrence of bleeding in GIADs patients after endoscopic treatment
could be due to the presence of untreated lesions, not endoscopically detected
(particularly in small bowel) or the neoformation of lesions. Due to the long-term
ineffectiveness of endoscopic therapy, we think that it should be followed with a longterm prophylactic pharmacological treatment or it can be performed “on demand”,
when bleeding recurrences occur[94]. In this context, combination therapy (endoscopic
or radiological as hemostatic methods followed by pharmacological treatment as
prophylactic therapy) has not been systematically evaluated. In a study with 52
patients with bleeding GIADs, treatment with APC followed by monthly administration of lanreotide during one year, proved to be more effective than isolated
endoscopic treatment since it significantly reduced the recurrence of bleeding and the
long-term requirements for blood transfusions[95].

Prophylactic treatment
Currently, highly effective prophylactic treatment for GIADs is not available for
clinical use. Nevertheless, several pharmacological agents have been evaluated
recently; some of them have shown promising results (Table 3).
Hormonal drugs: This therapy (a mixture of estrogens and progestogens) began to be
used in the 80s. Initial studies reported a favorable effect on the recurrence of
bleeding[96-99]. However, they were retrospective and non-controlled studies with few
patients. A good quality, multicenter, prospective, controlled, double-blind, placebocompared study involving 72 patients with acute and chronic bleeding treated with
hormonal drugs for 1 to 3 years showed no therapeutic benefit[100]. This study was key
to abandon the use of these drugs for GIADs therapy.
Somatostatin analogues: In the 90s, octreotide and lanreotide began to be used in the
treatment of bleeding GIADs. These drugs are somatostatin analogues and their
mechanism of action on GIADs is probably multiple. It is suggested that they have a
hemodynamic effect on the splanchnic circulation; they inhibit angiogenesis-promoter
chemical-factors such as VEGF, b-FGF and IGF-1 k. In addition, these drugs may
stimulate relaxation of intestinal smooth muscle thus reducing the chronic obstruction
of sub mucosal veins[101,102].
Initially, a beneficial effect of subcutaneous octreotide administration on bleeding
recurrence was reported in isolated cases or short series of patients with bleeding
GIADs refractory to other treatments [103-105] . A study involving 17 patients, who
received 300 µg/day for 6 mo, showed a reduced requirement for treatment of anemia
in 82.3% of the patients[106]. Another long-term placebo-compared study involving 70
patients treated with 100 µg daily for 1 to 2 years demonstrated a 1- and 2-year
effectiveness of 77 and 68% vs 55 and 36% of the control group, respectively (P = 0.03).
In this study, octreotide therapy and the number of previous episodes of bleeding
were independent predictors of efficacy[107].
In the 2000s, the first studies with lanreotide (which is a drug used in the treatment
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Figure 4

Figure 4 Treatment of actively bleeding angiodysplasia (Type 1) in gastric fundus with argon plasma coagulation. A: Before coagulation; B: During
coagulation, note the jet of ionized argon gas from the probe without contact with the vascular lesion (arrow); C: After coagulation (García-Compeán D et al).

of acromegaly and the symptoms caused by carcinoid syndrome) were published. The
monthly parenteral administration of this drug facilitates the patient's treatment
compliance. In three publications, monthly administration of 10 to 20-mg to patients
with bleeding GIADs, showed a beneficial effect of 75% to 90% of cases. This
effectiveness was measured by reduction of blood transfusion and iron infusions
requirement as well as bleeding episodes and bleeding-related hospitalizations
reduction. However, almost all the studies published to date are retrospective, with a
small number of patients, and non-comparative[108-113]. A meta-analysis and systematic
review of 24 studies involving 831 individuals with GIADs showed that octreotide
and lanreotide treatment is more effective than endoscopic therapy in reducing
recurrence of bleeding in the short and long term[72].
Finally, treatment with somatostatin analogues is associated with a low frequency
of adverse effects. Most of them are digestive (diarrhea, abdominal pain) and are
tolerable, rarely necessitating interruption of treatment. However, these drugs should
be cautiously used in patients with asymptomatic cholecystolithiasis or difficult-totreat diabetes mellitus[114].
Thalidomide: A series of isolated reports on the beneficial effect of thalidomide in the
treatment and prevention of bleeding recurrence of GIADs[115-119] has been recently
published. It is thought that thalidomide acts by inhibiting angiogenesis by
suppressing VEGF[120]. In a randomized controlled trial involving 52 patients who
received orally 100 mg daily of thalidomide vs 400 mg of iron for 4 mo, it was
observed that the therapeutic response, which was measured by a 50% reduction in
bleeding episodes during one year, was significantly higher in the patients who
received the drug (71% vs 4%). Thalidomide reduced the number of transfusiondependent patients (11 vs 48%) and re-hospitalizations due to bleeding (39% vs 100%).
However, patients treated with thalidomide showed more adverse reactions than
controls (71.4% vs 33.3%, respectively) of which fatigue, constipation, dizziness and
peripheral edema were the most frequent[121].
In conclusion, prophylactic therapy with somatostatin analogues or thalidomide
seems to be an effective alternative of GIADs. However, prospective, controlled,
randomized studies with a sufficient number of patients are required in order to
confirm this issue. A cost-benefit ratio assessment should be included in these studies,
since these are high-cost drugs at present, especially somatostatin analogues.

Rescue therapy
This therapy is used in patients with acute bleeding or recurrent chronic bleeding
refractory to initially administered measures. There is no defined rescue treatment
strategy, so radiological, endoscopic and pharmacological treatments have been
sequentially or combinedly used with this aim[75,122,123]. Notwithstanding, the most
effective rescue treatment is surgical resection[124]. However, it is associated with high
perioperative morbidity and mortality rates of 23% and 12%, respectively[125], since
most patients with GIADs are of advanced age and frequently suffer diverse
comorbidities. After the introduction of technically advanced non-surgical methods
for GIADs, as those previously described in this review, the number of patients
undergoing surgery has significantly reduced. Nonetheless, surgery remains a valid
therapeutic alternative, which must be considered when the other therapeutic
modalities have failed, in patients with acceptable operative risk, who have focalized
lesions in any segment of the digestive tract and bleeding causality of vascular lesions
is confirmed[126]. The Figure 5 describe a practical guide for the treatment of GIADs
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Table 3 Prospective and controlled trials evaluating the efficacy of hormonal therapy, somatostatin analogues and thalidomide in
patients with recurrent bleeding due to gastrointestinal angiodysplasias confirmed by endoscopy
Author (yr)

Design

n

Treatment

Follow–up (mo)

Results

Van Cutsem et al[98],
1990

DB, Cr Ov, Rx vs P,

10

Oral Ethinyloestradiol
6
and norethisterone for 6
mo

Significant reduction of
transfusion requirement
in Rx patients vs
controls (P < 0.003).
Non-significant side
effects in treated
patients

Barkin and
Ross[99],1998

Cohort

25

Oral Mestranol and
norethynodrel or
norethinidrone

None patients rebled
during Rx. Side effects
in 44% of patients

Rx = 33 P = 35

Oral Norethisterone and 12 (12-36)
ethinylstradiol for 1-2 yr

Bleeding recurrence: Rx
= 39% vs P = 46%; P =
NS

17

SC Octreotide 100 µg/8
h for 6 mo

12

Rates of complete,
partial and nonresponse were 59%, 23%
and 18% respectively;
non-significant side
effects

Junquera et al[107], 2007 Cohort, Rx vs P

Rx = 32 P = 38

SC Octreotide 50 µg/12
h for 12-24 mo

13 (12-36)

Bleeding recurrence: Rx
= 23% vs P = 48% (P =
0.04); major adverse
effects: Rx = 3.1% vs P =
2.6%

Scaglione et al[111], 2007 Cohort

13

IM Lanreotide 10
mg/mo for 12 mo

33 (12-60)

Rates of complete,
partial and nonresponse were 70% and
23% respectively; nonsignificant side effects
were observed

Molina et al[111], 2009

Cohort

11

IM Lanreotide 20
mg/mo

15 (5-48)

Patients with serious
comorbidities; treatment
reduced transfusion
requirements and
bleeding related
hospitalizations

Bon et al[113], 2012

Cohort

15

IM Lanreotide 20
mg/mo for 12 mo

14 (10-36)

Rx significantly reduced
bleeding recurrences,
transfusion
requirements and
increased serum Hb
levels; side effect were
rare

Holleran et al[108], 2016

Cohort

24

IM Lanreotide 20
mg/mo for 3 mo

8 (3-17)

Rates of complete,
partial and nonresponse were 70%, 20%
and 10% respectively;
adverse events: 30%

Ge et al[121], 2011

Cohorts Rx vs C

R = 28 C: 27

Oral thalidomide 100
mg/day for 4 mo; oral
iron 400 mg/day for 4
mo

39 (8-52)

Rate of response; Rx =
71.4 vs 3.7%; nonsignificant side effects

Garrido et al[119], 2012

Cohort

12

Oral 200 mg/day for 4
mo

4

Increase of serum Hb
levels; severe side effects
requiring Rx
discontinuation in 17%

Hormonal therapy

Junquera et al[100], 2001 R, DB, Rx vs P

18 (1-52)

Somatostatin analogues
Nardone et al[106], 1999

Cohort

Thalidomide

R: Randomized; DB: Double blind; Cr Ov: cross over; Rx: Treatment; P: Placebo; C: Controls; IM: Intramuscular; SC: Subcutaneous; NS: Non-significant.

based on the place where they are located, the clinical manifestations and the
endoscopic type of lesions.
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Figure 5

Figure 5 Practical guide for treatment of gastrointestinal angiodysplasias based on their localization, clinical manifestations and endoscopic type lesion.
Small bowel angiodysplasias are separately considered due to their difficult accessibility. 1Hemostatic treatment; 2Prophylactic treatment; 3Consider adequate surgical
risk patients with focalized lesions; 4Type 1 (actively bleeding) and Type 2 (with bleeding stigmata); 5Type 3 (bright red spots); 6Alternate use of procedures.

FUTURE OF RESEARCH
The genesis of GIADs is closely linked to angiogenesis. This is a complex process, in
which multiple chemical mediators participate [VEGF, endoglin, Ang-1, Ang-2,
platelet derived growth factor, and tumor necrosis factor alpha (TNFα)]. An increase
in VEGF has been found in response to tissue hypoxemia[30]. Endoglin is a transmembranal glycoprotein that is strongly expressed in endothelial cells during the
process of angiogenesis[127]. Ang-2, (which is a member of the angiopoietin family),
rises rapidly in response to angiogenic stimuli and it is thought to induce the
formation of immature and unstable blood vessels[128]. vWF stores in endothelial cells
and regulates the release of Ang-2 and integrin by a complex interaction with the
VEGF receptor[32].
A recently published study with GIAD patients showed a significantly lower serum
of Ang-1/Ang-2 ratio compared to subjects without GIADs. In angiodysplastic tissue,
significant differences in the messenger RNA expression of Ang-1 and Ang-2 and its
Tyrosine kinase receptor 2 were found[32]. Another recent prospective study showed
high Ang-2 levels and low tendency of Ang-1 and TNF-α levels in patients with
SBADs compared to individuals who had bleeding from other causes[129].
Despite the progress achieved in this field, the clinical use of chemical markers of
angiogenesis as diagnostic tools is still in early stage. However, it is a promising area
of research. Biological markers of angiogenesis may be useful tools for evaluation of
severity of lesions, prediction of bleeding recurrence, and therapeutic response. It
must be remembered that the somatostatin analogues and thalidomide have an antiangiogenic effect. The deeper knowledge of the pathogeneses of GIADs, particularly
in relation to angiogenesis, will possibly contribute to the identification of more
highly specific angiogenesis mediators and stimulate the development of highly
selective antagonist agents directed against specific targets in order to improve
therapeutic results.
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Abstract
Colorectal cancer incidence and mortality in patients younger than 50 years are
increasing, but screening before the age of 50 is not offered in Europe. Advancedstage diagnosis and mortality from colorectal cancer before 50 years of age are
increasing. This is not a detection-bias effect; it is a real issue affecting the entire
population. Three independent computational models indicate that screening
from 45 years of age would yield a better balance of benefits and risks than the
current start at 50 years of age. Experimental data support these predictions in a
sex- and race-independent manner. Earlier screening is seemingly affordable,
with minimal impediments to providing younger adults with colonoscopy.
Indeed, the American Cancer Society has already started to recommend screening
from 45 years of age in the United States. Implementing early screening is a
societal and public health problem. The three independent computational models
that suggested earlier screening were criticized for assuming perfect compliance.
Guidelines and recommendations should be derived from well-collected and
reproducible data, and not from mathematical predictions. In the era of
personalized medicine, screening decisions might not be based solely on age, and
sophisticated prediction software may better guide screening. Moreover, early
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screening might divert resources away from older individuals with greater
biological risks. Finally, it is still unknown whether early colorectal cancer is part
of a continuum of disease or a biologically distinct disease and, as such, it might
not benefit from screening at all. The increase in early-onset colorectal cancer
incidence and mortality demonstrates an obligation to take actions. Earlier
screening would save lives, and starting at the age of 45 years may be a robust
screening option.
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Core tip: Colorectal cancer is a significant public health threat to individuals younger
than 50 years of age, but they currently do not receive any screening. We discuss the
advantages and disadvantages of screening from 45 years of age.
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INTRODUCTION
Over 1.8 million new colorectal cancer (CRC) cases and 881000 deaths were estimated
to occur in 2018, accounting for approximately 1 in 10 cancer cases and deaths.
Overall, CRC ranks third in terms of incidence but second in terms of mortality[1].
Assessing incidence and mortality, three distinct global temporal trends were
described in the most recent decade: (1) Increasing incidence and mortality (Baltic
countries, Russia, China and Brazil); (2) Increasing incidence but decreasing mortality
(Canada, the United Kingdom, Denmark and Singapore); and (3) Decreasing
incidence and decreasing mortality (the United States, Japan and France)[2]. In the
United States and Europe combined, in 2018, CRC was responsible for over 200000
deaths, making it the second most lethal cancer in men and women[3-5].
Lifestyle determines approximately 57.2% and 50.2% of incident CRCs in men and
women, irrespective of age[6]. Studies have inconsistently determined how much
single foods or nutrients increase the risk for CRC, but the revised World Cancer
Research Fund/American Institute for Cancer Research convincingly lists processed
and red meat[7], alcoholic beverages[8], and obesity[9] among the CRC risk factors, and
physical activity among the protective factors[10]. Thus, there is a great opportunity to
reduce risk across the population via lifestyle modifications. However, age is one of
the most important risk factors for CRC[11,12], and evidence supports that it might be
considered the most powerful predictor of CRC[13].
CRC diagnosed before the age of 50 is denoted early-onset CRC (eoCRC), and it
used to be considered uncommon. Currently, eoCRC accounts for 11% of all male
CRCs and 10% of all female CRCs[14], and recent reports even suggest that 7% of all
CRCs occur before 40 years of age[15-17]. These reports come from many high-income
countries (Canada, Germany, Australia and Norway[18-22]). Indeed, eoCRC incidence
has increased by 51% since the mid-1990s[14,16,23-25] and even more for rectal neoplasms.
In 2015, one rectal cancer in every six was diagnosed before the age of 50, and
predictions from the MD Anderson Center indicate that by 2030, one in four will
affect individuals who will not have received screening[24]. The incidence of rectal
cancers for young adults doubled from 1991 to 2014 [data from Surveillance,
Epidemiology and End Results program (SEER)], and it is estimated to rise by up to
270% by 2030[3]. An adult born in the 1990s has twice the risk of colon cancer and four
times the risk of rectal cancer than an adult born in the 1950s[14]. In contrast, incidence
rates among individuals older than 50 years have dropped from a peak of 225.6 (per
100000) in 1985 to 119.3 in 2013[3].
Mortality from eoCRC has likewise increased by 11% in the period 2005-2015 (SEER
data)[26]. This has made CRC a serious threat to this young population, and it is the
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most commonly diagnosed and the most common cause of cancer death among men
younger than 50 in the United States[27-29]. A lack of screening in this age group implies
that screening might significantly improve the burden of disease.
Because of the slow progression from adenoma to adenocarcinoma, a substantial
proportion of CRC cases and deaths might be preventable. Increased understanding
of the oncogenesis and development of screening technologies has supported the
implementation of CRC screening in clinical practice and public health programs[30].
Colonoscopy remains an effective screening modality to provide long-term protection
against CRC occurrence and death[31-33]. Screening programs reduce CRC risk by
detecting and removing adenomas[31,32,34], and increase survival and cure rates by
earlier diagnosis[35,36]. Most individuals are counseled to start screening at 50, unless
family history supports an earlier start. This strategy produced a temporal decline in
CRC incidence and mortality among individuals older than 55 for several decades.
The large declines in incidence and mortality since 2000 are largely attributable to
increased screening and improved treatment for mortality reduction[14,15,37-39]. However,
adherence to CRC screening is often suboptimal, especially among ethnic minorities[40,41].

THESIS: WHY SCREEN BEFORE THE AGE OF 50?
Burden of disease
Advanced-stage diagnosis and mortality from eoCRC are increasing, and it has been
urged that it is time to take action[42]. CRC is becoming a health threat for young
adults, especially because it is often diagnosed in advanced stages. In fact, incidence
has increased mostly for metastatic disease[43,44].
Some have argued that the increasing incidence results from increased use of
endoscopy. There is little evidence supporting this claim because negligible screening
had been observed in younger cohorts [28] . This makes a detection bias unlikely,
especially considering that it should yield a greater increase in early-stage, rather than
late-stage, diagnosis or at least a similar increase. Instead, advanced-stage eoCRC
cases are increasing faster, a phenomenon that a detection bias cannot account for[23,45].
Mortality is also increasing, contrary to what a supposed increased screening would
produce, and the median overall survival of eoCRC is indeed lower than that of the
older counterpart[46]. These results imply that implementing screening at younger ages
might actually have an impact on the CRC burden. Similarly, Chen et al demonstrated
that advanced-stage eoCRC is not associated with a longer duration of symptoms or
time to diagnosis[47]; therefore, timely screening might be a useful intervention.
The incidence of CRC in the 40-49 age group is lower than that in the 50-55 age
group (31.4 vs 58.4:100000)[3,14], but this is heavily influenced by a lead-time bias and
older age. Indeed, data from the National Health Interview Survey revealed that 45%
of 50-54-year-old adults have undergone screening colonoscopy, compared to only
17.8% of those aged 40-49 years[48]. Thus, the intrinsic risk in the 45-49 age group is
likely closer to that in the 50-55 age group than apparent, and this might support
extending the age for screening.
Selected groups of people are known to be at increased risk for CRC, including
inflammatory bowel disease patients (relative risk 2.6-2.8)[49-51] and hereditary cancer
gene carriers. However, the proportion of eoCRC attributable to these diseases is
relatively small, and most eoCRCs are sporadic; thus, interventions are needed for the
general population. Only one in six individuals with eoCRC has an inherited
predisposition to cancer, while the other five have the same risk factors as the general
population[52]. Lynch syndrome accounts for most hereditary cancer syndromes[52].
Genetic counseling must always be offered for those who develop eoCRC[53], but from
a prevention perspective, actions should consider the general population[52,54], because
75%-80% of all eoCRC belong to the average-risk population, and they would benefit
from screening.

Expected benefits
Years of potential life lost (YPLL) is an estimate of the average years a person would
have lived if he or she had not died prematurely. Measuring the impact of disease in
terms of YPLL, this young population is severely compromised. This has been shown
very recently by Chen et al[55]. They analyzed the YPLL of a hypothetical unscreened
50-year-old German population, and inferentially extended the analysis to a younger
45-year-old cohort. Their data support earlier screening: preventing a younger person
from CRC occurrence and death spares more future productive years, and this is more
heavily weighted in the analysis, as opposed to simply counting deaths. They ran
different simulations, separately for men and women, as once-, twice- or thrice-in-a-
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lifetime endoscopy procedures at different ages. In the scenario of repeated
colonoscopies, the proportion of prevented YPLL declined with delayed screening,
while extending the age of screening below 50 proved useful in maximizing YPLL
prevention. Men were estimated to obtain maximal YPLL benefit from the age of 45
years, and women from the age of 47 years. This analysis considered colonoscopies
until the age of 65 years, not 75 years, which might provide further benefits.
The expected benefits and harms of screening from 45 years of age have also been
estimated by three separately developed simulation software programs. The Cancer
Intervention and Surveillance Modeling Network (CISNET) employed three
simulations to predict the optimal ages of start, ages of stop, intervals, and methods of
screening. These models (SimCRC, CRC-SPIN, and MISCAN-Colon) are sophisticated
softwares that simulate the individual lives of a large cohort of people. Each
simulated person may develop adenomas that progress to stage I through IV CRC. At
each step, adenomas and CRCs may become symptomatic or remain silent in the
absence of screening. Screening can detect and remove adenomas and diagnose CRC
earlier. The outcomes of these studies were expected benefits (life-years gained, LYG,
an estimate of the number of years of life gained compared to no screening) and
expected risks (burden of colonoscopies) for each combination of age of start, age of
stop, and interval. The optimal strategy was determined from the ratio of incremental
benefit-to-burden (Table 1).
Only two of these models initially supported starting colonoscopies at the age of 45
years (SimCRC and CRC-SPIN), because MISCAN-Colon was based on data from
1975-1979 [56] . At the end of the 1970s, little to no screening was employed, and
MISCAN had assumed that CRC incidence had remained stable. Noticing the bias, the
American Cancer Society (ACS) requested the analysis to be rerun with the updated
incidence data by Siegel et al[15]. After including a 1.591-fold increased risk, finally all
models unanimously supported starting colonoscopy at the age of 45 years.
MISCAN alone evaluated 145 screening strategies (132 unique) and developed an
efficiency frontier based on the largest increase in LYG per additional colonoscopy[56].
Emphasis was placed on reducing the number of colonoscopies per LYG. The
efficiency ratio (ER) measured the incremental number of colonoscopies over the
incremental number of LYG. By measuring each strategy against the next less effective
strategy, the model predicted that screening every 10 years from the age of 45 to 75
years would increase the ER by 9 points. These recommendations are expected to
provide 25 additional LYG (+ 6.2%) and 810 additional colonoscopies (+ 17%) per 1000
45-year-old individuals. Other viable options included annual fecal immunochemical
testing (FIT), sigmoidoscopy every 5 years or computed colonoscopy every 5 years,
from ages 45-75 years. They all held an ER lower than the benchmark strategy and
LYG within 90% of the benchmark option. The MISCAN model also attempted the
analysis from age 40 years with current incidence. The incremental burden of
colonoscopies, in this case, was not matched with a sufficient increase in LYG and the
number of averted deaths. In fact, CRC incidence in the 40-44 age group is half that of
the 45-49 age group (17.6 vs 31.4 per 100000, respectively)[3,14]. A fascinating aspect of
this analysis is that cancer biology and behavior can be modulated. For example,
assuming a faster adenoma-to-carcinoma progression, instead of a simple increase in
adenoma incidence, screening should start at the age of 40 years[56]. In eoCRC patients,
compelling pathology reports point to more aggressive behavior with biologically
more ominous characteristics [45,57] , including a faster adenoma-carcinoma sequence [58,59] . Authors of the simulation did not explain how much faster the
progression was assumed, and this renders comparisons with collected data difficult.
Overall, the most important message of these studies is that screening should be
recommended before the age of 50 years, or even as early as at 40 years, in the
majority of simulated scenarios. Therefore, screening at 45 years appears to be not
only a robust screening option, but also a potentially conservative one. The present
approach has estimated today’s incidence rate ratio as 1.5, but as soon as it crosses 1.7,
screening at 40 years will become the most efficient strategy. Especially considering
the increasing incidence with each subsequent birth cohort, this approach may soon
become inefficient. Starting at the age of 45 years is a reasonable option today, and as
the gradual increase in CRC continues, an even earlier screening should be
considered.
Additional expected benefits to the 50-55 age group: It is worth considering the
additional benefits that early screening would yield for adults beyond 45-49 years of
age. Lowering the starting age is likely to favorably impact the incidence and
incidence-based mortality of the 50-54 age group, whose incidence and mortality are
increasing.
Disease-predisposing factors have been changing. This is proven by the increase in
incidence among white adults aged 50-54 years since 2005, after decades of decline in
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Table 1 Model-estimated benefits and burden of colorectal cancer screening starting at age 45 vs 50 per 1000 screened over a lifetime[27]
Screening test

Age of start and stop

Life years gained

Number of colonoscopies

Recommendable?

Colonoscopy every 10 yr

45-75

429

5646

Yes

50-75

404

4836

No

CTC every 5 yr

45-75

390

2666

Yes

50-75

368

2430

No

Flexible sigmoidoscopy every 5 yr

45-75

403

3761

Yes

50-75

380

3426

No

45-75

403

2698

Yes

50-75

377

2402

No

45-75

403

3364

No

50-75

377

2956

No

45-75

376

2640

No

50-75

350

2331

No

FIT every year

HSgFOBT every year

mt-sDNA every 3 yr

The model predicted better suitability for fecal immunochemical testing over high sensitivity guaiac fecal occult blood testing (HSgFOBT) because the latter
has higher false positive rates (nonsteroidal anti-inflammatory drugs causing upper gastrointestinal bleeding, red meat, dietary peroxidases contained in
fruits and vegetables). Thus, it increases the number of unnecessary colonoscopies. However, HSgFOBT is less expensive, making it an attractive option in
low-resource settings. Colonoscopy every 10 years from the age of 45 to 75 years provides the greatest reduction of mortality and incidence, as well as more
life-years gained and deaths averted, with twice as many colonoscopies as stool-based tests. CTC: Computed tomography colonoscopy; FIT: Fecal
immunochemical testing; HSgFOBT: High sensitivity guaiac fecal occult blood testing; mt-sDNA: Multitarget stool DNA.

an age group where screening is already recommended[15]. This is primarily the result
of a strong birth cohort effect since the 1950s. This generation, along with the later
ones, will carry an escalated risk as they age[15].
It is compelling to consider that adenomas develop over approximately 10 years;
therefore, the same adenomas detected at 50-55 years might be detectable at 45-49
years. This might imply a similar adenoma detection rate. From a different
perspective, polypectomy could benefit the same individual approximately 10 years
later[60-62], so a polypectomy at 45 years would reduce the years of life lost for a 55year-old individual. In fact, trials indicate that a negative sigmoidoscopy or
colonoscopy provides long-term protection from CRC for 17 and 20 years, respectively (the longest duration of completed follow-up)[60,62].
Expected benefits are matched by collected data: Model data are supported by real
data from the SEER: of all YPLL from CRC in 2010-2014, 10% came from the 45-49 age
group and another 13% from the 50-54 age group. Young individuals combined (45-54
age group) account for almost a quarter of the overall CRC burden. Thus, YPLL and
mortality from CRC could be drastically reduced by using 10-year (or less) intervals of
colonoscopy from the age of 45 years in men and 47 years in women[55].
Moreover, it has been estimated that the risk of developing CRC in the 45-49-yearold cohort is analogous to the risk in the 50-55-year-old cohort: although the incidence
rate is higher for the 50-55 age group, the increase in the rate of screening is over twice
that of the 45-49 age group[63]. In fact, the annual percentage change in the incidence
rate for adults aged 40-49 years is twice that of the 50-54 age group in recent years[14].
Finally, today’s incidence of eoCRC is similar to the CRC incidence of people aged
50 in 1992 and 1993, which was the prescreening era (28 and 32 per 100000, respectively)[3]. Assuming the same principles as those that guided screening decisions
at the end of the 20th century, screening in the 21st century should start from the age of
45 years.
These data pertain to invasive diseases, but some limited studies have considered
the prevalence of adenomas across age groups. Comparing individuals younger than
50 years of age to the 50-59 age group, the prevalence of large adenomas (9 mm or
more) was similar, and this finding was replicable in both white and black
individuals[64].

Sustainability
Repeated testing and frequent surveillance after positive findings generate great
demands for colonoscopy and might be a challenge. In the United States, there is
evidence that endoscopic services can provide for an additional 10 and a half million
colonoscopies[65], so this should not be a problem. Moreover, younger adults have a
lower rate of complications, so morbidity should be a smaller issue than expected in
older populations[66]. However, compliance with screening colonoscopy in younger
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individuals needs to be further evaluated, and, at present, it is unpredictable how
compliant younger individuals will be.
However, in Europe, a shortage of gastroenterologists has been denounced. For
example, in Italy, the Società Italiana di Gastroenterologia ed Endoscopia (SIGE) has
recently been in the news, urging the training of more specialists[67].

Society guidelines
Some scientific societies have started to explore and recommend screening from 45
years of age. In May 2018, the American Cancer Society (ACS) initiated a qualified
recommendation for average-risk adults to begin screening at 45 years[68]. This comes
from the new evidence from predictive models. The results of this approach are much
awaited in terms of the number needed to diagnose a case and number needed to save
a life. Previous recommendations by the ACS were based on joint analysis of risks by
ACS, United States Preventive Service Task Force (USPSTF) and American College of
Radiology (ACR) in 2008. Since 2008, evidence has accumulated on the changing risks
of CRC[69]. Moreover, 2008 recommendations prioritized mortality reduction over
incidence reduction, unlike the 2018 edition. However, the work by Siegel et al[14] and
prior reports showing the persistence of an increasing eoCRC incidence [16,23,24,45]
prompted the ACS to extend the recommendation and evaluate earlier screening.
The American College of Gastroenterology (ACG) and the American Society of
Gastrointestinal Endoscopy (ASGE) have started to support colonoscopies from 45
years of age for nonwhite individuals[70]. The American College of Physicians and the
Institute for Clinical Systems Improvement have already recommended screening in
selected younger patients as well[71,72].
European guidelines similarly recommend screening from the age of 50 years[73],
and, with some variation across European countries, most screenings begin between
50 and 60 years of age[74,75]. Following ACS recommendations, some countries have
adjusted their screening start age. For example, Germany has decreased the start age
from 55 to 50 years, and England lowered the start age from 60 to 50 years.
In 2016, the USPSTF determined that “for all modalities, strategies with screening
beginning at age 45 years provided additional LYG at a lower number of additional
colonoscopies than strategies with screening beginning at later ages”[56]. Ultimately,
the USPSTF did not recommend starting at 45 because they judged the benefit to be
modest and because one model (MISCAN) did not agree in the first edition.
Correction of the assumptions beneath the MISCAN models then resulted in its
agreement with the other two models. This might prompt the USPSTF to change their
recommendations accordingly in the near future.
Expected benefits of earlier screening are race- and sex-independent: In spite of the
higher relative risk for eoCRC in nonwhites (OR = 1.37)[76], the overall incidence
between whites and nonwhites is superimposable, and this further supports the use of
screening colonoscopy in the 45-49 age group. While the incidence rates in whites
younger than 50 years of age have risen, the incidence rates for nonwhites younger
than 50 years of age have remained substantially stable, making the two groups
comparable since 2013[14]. However, nonwhite individuals with eoCRC are reported to
have a worse stage-matched survival than nonhispanic white individuals[77]. The
reason for this difference is still being investigated.
Across all races combined, CRC incidence is not significantly different in males and
females until age 35, and then the incidence in males increases, and the disparity
widens progressively[3].
Others have suggested that CRC age-specific incidence and mortality are lower for
females[55]. In fact, the lifetime risk is comparable across sexes only because women
have a longer life expectancy[3] and tend to develop CRC later in life. The cumulative
10-year incidence and mortality are comparable to those of men only 4 to 8 years
later[78].
Therefore, the ACS recently requested Meester and colleagues to investigate sexand race-specific characteristics to optimize test burden and test results. Adjusting for
race and sex, the predictive models (MISCAN and SimCRC) still recommended
screening from 45 years[79] every 10 years, except for white men who might benefit
from screening every 5 years instead.

ANTITHESIS: WHY NOT SCREEN BEFORE THE AGE OF 50?
Burden of disease
Many European countries have reported an increasing incidence in eoCRC, but one
recent report has combined epidemiologic data from most European countries and
has seemingly denied such trends[5]. Across all ages, age-standardized CRC mortality
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has been declining since 2012[5]. In Europe, CRC mortality below the age of 50 is not
increasing, but the rates have leveled off since 2012 for both sexes[5]. This raises a
fundamental question: could this earlier approach be generalized? Furthermore, if
countries are experiencing different epidemiological traits, it is imperative to
understand why. Exploring differences across countries is a logical task, although
monumental.
Furthermore, although the relative risk for eoCRC is increasing in the United States,
the absolute incidence of eoCRC is still moderate, reaching 31.4:10000 in the 45-49 age
group, compared to 58.4:100000 in the 50-55 age group[3,14,15,68].
Additionally, the effectiveness of screening among the 45-year-olds is debatable
because expert opinion in the past century resulted in screening starting at 50
years[80,81]. As a consequence, most of the randomized controlled trials demonstrated
survival benefits from 50 years of age. However, three European studies from the
1980s and 1990s enrolled individuals 45-75 years old and demonstrated an overall
mortality reduction using guaiac fecal occult blood testing[82-84]. Unfortunately, they
were largely underpowered for age subgroup analysis, and age-specific outcomes
were not reported[69]. Much of the available evidence for eoCRC screening therefore
comes from sophisticated modeling. As soon as evidence from the implementation of
the new guidelines becomes available, the outcomes will accrue.
However, colonoscopies are expected to obtain survival benefits at all ages[85-87]. The
rationale is that colonoscopies directly alter the adenoma-carcinoma sequence by
removing adenomas, which reduces cancer incidence, and by detecting cancers
earlier, which increases curability and survival. This last observation is crucial
because the increasing incidence of eoCRC pertains to stage III and stage IV diseases,
which account for the greatest mortality burden [23,43-45].

Expected benefits
Some have also criticized how the MISCAN-Colon model was reanalyzed. The model
assumes an unrealistic 100% adherence rate to screening, follow up and surveillance.
Realistic data demonstrate a compliance of 40-60% to screening [88-90] and of
approximately 80% for diagnostic follow up and surveillance [90-92] in European
countries and the United States. It is worth noting that all available guidelines
similarly assume perfect adherence. If one uses lower adherence, the model ultimately
recommends excessive screening to compensate for those who do not partake in
screening. The ACS acknowledges the importance of patient preference to improve
adherence and recommends either a stool-based test or a morphological assessment at
age 45, according to the patient’s preference[68]. Fecal immunochemical testing remains
a valuable alternative to colonoscopy, but it confers a smaller predicted LYG
advantage[27]. Chen and colleagues investigated what would happen when using realworld compliance in a hypothetical cohort of 45-year-old individuals undergoing
screening programs. They conducted a sensitivity analysis using 25%, 50%, and 75%
rates, and they could still indicate robust sensitivity, even with lower compliance. The
absolute mortality reduction and YPLL prevention became progressively smaller with
lower compliance, as expected[55].
Perhaps even more importantly, these models predict one’s risk of CRC solely
based on age. From a population perspective, age is a strong determinant of risk, but
on an individual’s basis further information must be collected. There are several more
risk factors for CRC, including male sex, family history, obesity, smoking, alcohol
consumption, diet, and medication use. In the age of “personalized/precision
medicine”, using solely age as a decision strategy is short-sighted, and it is worth
exploring further strategies. For example, software could help predict one’s risk for
CRC, and decisions might be based on them. Some have attempted to develop
predictors of one’s risk for advanced adenomas and advanced neoplasia before
colonoscopy, with unexceptional results and a moderate discriminative capacity[93-95].
Another scoring system implemented Fecal Immunochemical Testing results (FIT)[96],
and others merged risk factors with laboratory results[97-99]. Three studies enrolled
subjects younger than 50 years of age[99-100]. The most commonly included risk factors
include sex, age, family history, body mass index (BMI), smoking, alcohol, aspirin,
physical activity, red meat and vegetable consumption, cardiovascular diseases and
hypertension. A recent systematic meta-analysis [13] evaluated the discriminatory
power of these studies and found that only 7 had a moderate discriminatory capacity
(AUC > 70%)[95,97-99,101-103]. One was developed and validated on two large cohorts
(24726 and 24724 individuals)[97]. These models might be used to tailor screening
modalities, for example preferring colonoscopies over FIT when the risk is high. Riskadapted strategies might decrease the number of colonoscopies while keeping the
LYGs within range. This might enhance efficiency, compliance, and cost-effectiveness.
Despite appealing and logical, this approach must not be taken too enthusiastically.
A recent study demonstrated that a model based exclusively on age had C-statistics of
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0.663 and 0.685 for men and women, respectively. Adding another 14 variables
generated C-statistics of 0.694 and 0.687 only, and this statistic never crossed the 0.7
threshold. Age still remains the greatest determinant of CRC risk[104]. This proves that
additional information conveys little value in predicting one’s risk of CRC. Screening
could be reduced to 45 years of age, regardless of one never having lit a cigarette.
Most importantly, additional risk factors and predictive models can only anticipate
screening from 45 years of age, not postpone it. All risk factors only make the
recommendation for earlier screening stronger because they increase risks. The
absence of risk factors, by definition, is not a protective factor and should not be used
to postpone screening.
The starting age, however, is not an absolute value and should be made to fit an
individual’s personal and family history. Other organizations have updated their
guidelines for individuals with inflammatory bowel diseases, hereditary CRC
syndromes, a history of abdominopelvic radiation, a history of adenomatous polyps,
and/or CRC[105-108], but these topics are beyond the scope of this dissertation. It is
nonetheless crucial to recommend appropriate family history collection in all
individuals as a fundamental moment of cancer risk assessment [109] . Accurate
pedigrees can finely predict one’s risk: For example, having one single first degree
relative with CRC confers a relative risk of 2.11, reaching 3.9 if that relative was
diagnosed before 45 years of age[110]. The ACG recommends all individuals with a
family history of one first-degree relative with CRC or advanced adenoma to start
screening from the age of 40 years, or 10 years younger than the youngest diagnosed
relative[72]. However, few individuals with eoCRC report CRC in first (11.9%) and
second degree (32.1%) relatives[111]. Indeed, eoCRC is mostly a sporadic disease[52,54],
and this encourages a population-wide intervention. All eoCRC should prompt
genetic counseling and then either tumor testing for Lynch syndrome or comprehensive genetic panel testing. The two approaches are not comparable, but it is
feasible to test all tumors with “universal tumor testing” [112] , and then direct
individuals with negative results to germline assessment[46].

Sustainability
Implementing early CRC screening is a societal and political decision, and it must
consider public health issues, including societal costs and the relative monetary costs
compared to other health care expenditures.
Infrastructural problems include implementation and resource diversion. First,
changing recommendations might create confusion and uncertainty among clinicians
and patients as to the best course of action, leading to conflicting recommendations.
Second, this might unduly strain health care infrastructures and divert resources from
other as important tasks. A screening program is only as effective as the number of
people participating, and in most countries, the ideal 80% coverage rate is still lagging
behind[88], especially in some racial minorities[113]. There is concern that implementing
screening before the age of 50 years will shift the focus from a population at high risk
to a population at relatively lower risk. It might be more cost-effective to implement
more comprehensive screening programs, and focus should be directed to increasing
screening rates in those at higher biological risk. However, these two facets are not
mutually exclusive. Expanding screening and increasing compliance rates should be
two parallel tasks to pursue independently. It is very likely that there are resources
and ability within current health care infrastructures to allow for both.
Even if the benefits of earlier screening will be fully attained, they will impose a
heavy economic burden on society. No study has yet explored the economic costs and
savings of this recommendation. CRC diagnosis and treatment have different costs
across countries. It is estimated that CRC diagnosis and treatment can exceed $ 100000
in the United States [114] , or €23500-36600 in stages I-IV in the Netherlands [115] . In
Europe, the economic burden of CRC encompasses over €13 billion [116] , after
considering the direct and indirect costs; Luengo-Ferndandez and colleagues
employed the human capital approach to estimate these costs, by including the costs
of temporary disability, reduced hours, and permanent departure from the workforce,
alongside premature mortality costs. It is anticipated that this approach imputes a
greater cost per capita for the earlier diagnoses. However, a false-positive from stoolbased analysis and colonoscopy surveillance for non-advanced adenomas will
produce a substantial increase in health-care expenditures. This has raised the concern
of whether earlier screening is an economically viable option.

Society guidelines
Two other authoritative organizations on CRC screening in the United States (United
States Preventive Service Task Force and United States Multi-Society Task Force of
Colorectal Cancer) still recommend screening from 50 years of age. This conclusion
comes from a different perspective than the ACS. The ACS valued the YPLL more
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than the absolute number of diagnoses, while they emphasized the absolute number
of individuals with eoCRC. Furthermore, the latter two warn that further analysis
must be conducted on benefits, costs and harms, and on understanding why incidence
is increasing.
Moreover, a significant concern is how guidelines should be written. It stands to
reason that they should be modeled after collecting solid experimental data from welldesigned and replicated clinical trials. Recommendations should avoid simulations as
the level of evidence cannot be as valid. Nonetheless, it should be noted that longterm outcomes are lacking in terms of evidence for the different screening options;
therefore, modeling studies are necessary to compare the potential effectiveness of
different screening strategies. In fact, even past editions of the USPSTF were based on
them[117,118].
After the ACS decision, other guidelines are presumed to follow the lead and add
to the earlier recommendation. In Europe, the ACS stance has already caused a trend
toward lowering the age of screening, but no country has recommended starting at
the age of 45 yet. However, it cannot be assumed that other societies will simply
match the ACS position. The ACS recommendation is mainly rooted in computational
evidence, which might be accurate but could not reflect reality. Data on screening
outcomes are scarce in this age group, and results from this recommendation are
much awaited.

Is eoCRC a different disease?
Finally, the last argument against eoCRC screening comes from molecular biology
studies. It is still unknown whether eoCRC is caused by the same risk factors as CRC
in older age groups[68], and many observations suggest that eoCRC is possibly a
biologically distinct cancer than the older counterpart. This raises a fundamental
question of whether eoCRC is part of a continuum of disease with later-diagnosed
CRC or a biologically distinct disease. As such, it might not benefit from screening. If
the adenoma-carcinoma sequence unravels faster than the older counterpart,
screening is predicted to yield positive outcomes. However, models have not
predicted the benefit that would result from other behaviors, such as faster CRC
stage-progression, earlier metastatic spread, and/or chemoresistance. In fact, eoCRC
has distinctive clinical features, including more advanced stage at diagnosis[43,44],
worse overall survival but better response rates to either chemotherapy or surgery.
All these questions need answers.

SYNTHESIS
Many Western and Asian countries reported an increasing incidence and mortality in
eoCRC at an alarming rate in the last three decades[14,16,18,20,21,25], mainly for rectal
cancers. This has sparked the debate on whether young adults could be better
managed, and scientific societies engaged in argument in favor of or against lowering
the age for screening colonoscopy[119]. The central reasons in favor of and against
earlier screening are broadly summarized in Table 2.
In the context of insufficient scientific evidence from population studies, we cannot
recommend lowering the age of screening in all cohorts. More epidemiological studies
are urgently needed to accurately describe the impact and burden of eoCRC across
countries. We consider adequate lowering of the age of first screening colonoscopy
where the incidence of eoCRC has been reported to be increasing. This intervention
might represent a momentary decision, while clinical and research studies deepen our
understanding of eoCRC physiopathology and oncogenesis. Among many questions,
it is essential to clarify whether eoCRC differs from late-onset CRC.
Social awareness actions are indispensable to increasing adherence to the screening
and availability of gastroenterology units to face this new epidemic. Therefore, action
must be carried out not only from the laboratory bench to the bedside but also from
the social to the political environment.
Finally, we advocate scientific societies to comprehensively analyze the rate of
eoCRC incidence and mortality in their country and incorporate epidemiological and
computational data to reliably predict benefits. Provided there are expected benefits,
clinical trials should be started for public health officials to optimize screening
strategies.
The ACS has been a pioneer in favor of lowering the age of screening[27], and it
eventually recommended all adults to start screening at the age of 45[68]. After the ACS
intervention, perhaps sufficient data will accumulate to gauge others’ position
statements and guidelines, but decisions may be delayed for years. In Europe, the
incidence of eoCRC has remained stable overall since 2012, although some European
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Table 2 Reasons in favor of and against colorectal cancer screening from 45 years of age
Reasons favoring earlier screening

Reasons against earlier screening

Burden of disease
The incidence of eoCRC is increasing, and metastatic diseases are
increasing faster. 11% and 10% of all males’ and females’ CRC cases occur
before the age of 50; of all years of potential life lost from CRC, 10% were
from the 45-49 age group

The absolute risk of eoCRC is still considerably smaller than the older
counterpart; incidence reaches 34 vs 60:100000, respectively

Expected benefits
In the absence of data from randomized controlled studies, three
computational models predicted a benefit from lowering the age of
screening

Computational models have several limits. They assume an unrealistic 100%
adherence rate; they failed to consider CRC as a multifactorial disease where
other risk factors influence one’s risk (i.e., sex, diabetes, diet, lifestyle and
others)

Sustainability
Earlier screening is economically feasible in the United States, and it might
be similarly feasible in most European countries; some European countries
have also reported a shortage of gastroenterologists

Earlier screening will create care costs that may not balance the reduced
incidence and mortality; implementing earlier screening might produce
resource diversion. Enhancing compliance rates to colorectal screening is an
equally important task that might be overlooked if excessive emphasis is
placed on earlier screening

Society guidelines
The ACS recommends screening from 45 years of age. ACG and ASGE
support screening from 45 years of age for African Americans, whose
incidence of eoCRC is superimposable on Caucasians

USPSTF, USMSTF and ECCSGWG support screening from 50 years of age

eoCRC: Early-onset colorectal cancer; CRC: Colorectal cancer; ACS:American Cancer Society; ACG: American College of Gastroenterology; ASGE:
American Society of Gastrointestinal Endoscopy; USPSTF: United States Preventive Service Task Force; USMSTF: United States Multi-Society Task Force on
colorectal cancer; ECCSGWG: European Colorectal Cancer Screening Guidelines Working Group.

countries reported an increase. Probing into differences across populations might not
produce immediate results, while the increasing incidence and mortality demand
action now. Moreover, the incidence is expected to grow in most countries[24]; under
such circumstances, lowering the age of starting colonoscopy might be considered a
straightforward solution to a mounting problem.
The biology of eoCRC is also insufficiently understood, but compelling evidence
suggests faster development and more aggressive behavior[57-59]. One computational
model has explored the hypothesis of a faster adenoma-carcinoma transition, and it
concluded that the benefits persisted. However, this is speculative and must be
judged cautiously. After all, further knowledge must be gathered on the oncogenesis.
No single risk factor has yet satisfactorily explained why eoCRC is increasingly
common[69]. Prediction models all lacked sufficient predictive power in estimating an
individual’s risk for CRC by incorporating age and risk factors (smoking, diet,
exercise, and diabetes among others)[93-102]. The starting age is not an absolute value
and should be made to fit an individual’s personal and family history. Furthermore,
risk factors could anticipate one’s first colonoscopy but probably not postpone it.
Among the many risk factors, the importance of accurately recorded family history
can never be overstated as a crucial part of risk assessment.
Moreover, we urge researchers not to consider crude mortality data that fail to
consider the impact of the disease. The most recent approaches have emphasized the
larger benefit from reducing years of potential life lost[55,56]. Saving a premature death
is more heavily weighted because it spares more productive years, making the
tradeoff against the increasing colonoscopy burden favorable[68].
Epidemiological data support earlier screening even without sophisticated
predictive tools and cost-benefit analysis. Today’s incidence of CRC in 45-year-old
individuals is similar to that of 50-year-old individuals in the 1990s[80,81]. It is also
noteworthy that the current incidence in the 45-49 and 50-55 age groups might be
comparable after accounting for the lead-time bias and the difference in screening
rate[48,63]. This indicates that the underlying risk for CRC is similar across the two
groups.
Lowering the age of the first colonoscopy is a drastic and needed approach, but
other measures must accompany this decision. Screening programs work best when
compliance rates reach 80%. This must increase across ages[91,92], but there is some
concern that earlier screening could divert resources and attention. The two goals
(increased adherence and earlier screening) should be separately pursued with equal
effort. However, resource allocation might, after all, give privilege to one over the
other. Patients’ advocacy groups can weigh-in by demanding the expansion of
coverage and actively promoting social campaigns in favor of both. Campaigns
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should involve patients and their doctors, and gather political interest and support.
Younger populations should also be advised on healthier living and eliminating
cancer-predisposing behavior. Incorrect alimentary habits and excessive sedentarity
contributed to the epidemic increase in diabetes and obesity in Europe[120]. Specifically,
obesity has been recently associated with a higher risk for eoCRC in young women[121].

CONCLUSION
Finally, previous recommendations were adequate for the 20 th century, but as
population characteristics change, clinical recommendations must be adapted for
optimal management. In light of the increase of eoCRC incidence and mortality, it is
imperative that actions are taken; an earlier screening from age 45 might represent a
robust screening option for all countries experiencing an increased incidence of
eoCRC.
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Abstract
Gastroparesis, or symptomatic delayed gastric emptying in the absence of
mechanical obstruction, is a challenging and increasingly identified syndrome.
Medical options are limited and the only medication approved by the Food and
Drug Administration for treatment of gastroparesis is metoclopramide, although
other agents are frequently used off label. With this caveat, first-line treatments
for gastroparesis include dietary modifications, antiemetics and promotility
agents, although these therapies are limited by suboptimal efficacy and
significant medication side effects. Treatment of patients that fail first-line
treatments represents a significant therapeutic challenge. Recent advances in
endoscopic techniques have led to the development of a promising novel
endoscopic therapy for gastroparesis via endoscopic pyloromyotomy, also
referred to as gastric per-oral endoscopic myotomy or per-oral endoscopic
pyloromyotomy. The aim of this article is to review the technical aspects of the
per-oral endoscopic myotomy procedure for the treatment of gastroparesis,
provide an overview of the currently published literature, and outline potential
next directions for the field.
Key words: Gastroparesis; Gastric per-oral endoscopic myotomy; Per-oral endoscopic
pyloromyotomy; Myotomy; Endoscopic myotomy; Peroral endoscopic myotomy; Gastric
emptying
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Core tip: While data regarding the role of per-oral endoscopic pyloromyotomy (GPOEM) for the treatment of gastroparesis are still emerging, it is a promising technique
that may significantly benefit specific gastroparesis subtypes with functional gastric
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outlet obstruction. More data are needed, however, to determine exactly where G-POEM
falls in the armamentarium of gastroparesis treatment strategies.
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INTRODUCTION
Gastroparesis, characterized by the symptom constellation of early satiety, nausea,
vomiting, bloating, postprandial fullness, and upper abdominal pain in the presence
of delayed gastric emptying, is an increasingly recognized cause of significant foregut
morbidity. Initially thought to be an uncommon disease entity, gastroparesis has
experienced a marked increase in prevalence over the past decade; with a growing
number of reports indicating increasing emergency room visitations, hospitalizations
and health care utilization[1-4].
Gastroparesis is a heterogeneous condition most commonly idiopathic in nature,
but also frequently identified in diabetes, connective tissues disease, neurologic
disorders, and as a complication of intrathoracic or intrabdominal procedures[5,6].
Numerous underlying pathophysiologic mechanisms have been proposed, but the
true pathophysiology of gastroparesis is not well elucidated [5,6] . Because of this
limitation, the medical treatment for gastroparesis is largely empiric with the goal of
increasing upper gastrointestinal (GI) motility and providing supportive symptomatic
relief[5-8]. The only medication that is approved by the Food and Drug Administration
for the treatment of gastroparesis at present is metoclopramide; although other agents
are frequently used off label. Other medical treatments for gastroparesis includes the
use of prokinetic agents such as dopaminergic antagonists like domperidone, utilizing
the antibiotic erythromycin’s effects on motilin receptors in the gut to stimulate
gastric motility, employment of anti-emetics, or use of neuromodulators [5-9] .
Unfortunately, the efficacy of these agents has been limited by the presence of
tachyphylaxis, or significant cardiovascular or neurologic side effect profiles that
restrict the ability to continue these medical therapies long term[5-9].
In 1986, Mearin et al[10] published a landmark paper that demonstrated abnormally
prolonged, high-amplitude pyloric contractions within a subset of patients with
gastroparesis. Since that publication, suspected “pylorospasm”, has been the target of
a multitude of surgical and endoscopic therapies. These therapies include pyloric
injection of botulinum toxin, endoscopic dilatation, placement of trans-pyloric stents,
and surgical pyloroplasty or pyloric myotomy[11-18]. However, widespread application
of these modalities has been dampened by either the invasiveness of the procedure or
a failure to demonstrate consistent long-term efficacy [5,6,11-18] . However, recent
advances in endoscopic submucosal dissection have led to the development of novel
endoscopic tunneling techniques that have been associated with significant
therapeutic potential. Pasricha et al [19] in 2007 incorporated these submucosal
tunneling techniques along with an endoscopic myotomy in pigs for treatment of
achalasia and subsequently Inoue et al[20] in 2010 first reported the initial clinical
experience of these techniques in humans. Since publication of these experiences,
these techniques have been increasingly applied to good effect for the treatment of
functional esophageal disease[21,22]. Utilizing this successful model as a template, the
technical feasibility of per-oral endoscopic pyloromyotomy (G-POEM or POP) was
initially described in 2012 by Kawai et al [23] in a porcine model. Following this
publication, the first successful G-POEM in humans was described by Khashab et al[24]
in 2013. This report details a patient with refractory debilitating gastroparesis who
underwent a successful endoscopic pyloromyotomy with marked improvement in
symptoms 12 weeks following the procedure[24]. After this initial report, over a dozen
published reports of successful G-POEM procedures have been identified in the
English literature indicating that we have now entered an era of increased utilization
of per-oral endoscopic myotomy for the treatment of gastroparesis[25-34]. The aim of this
article is to review the technical aspects of the G-POEM procedure for the treatment of
gastroparesis, provide an overview of the currently published literature, and outline
potential next directions for the field.
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TECHNICAL ASPECTS OF THE PER-ORAL ENDOSCOPIC
PYLOROMYOTOMY PROCEDURE
In our experience, G-POEM for the treatment of gastroparesis is divided into 5 stages:
(1) The initial endoscopic inspection; (2) Initial mucosotomy; (3) Submucosal tunnel
formation; (4) Pyloric myotomy; and (5) Mucosal Closure (Figure 1).

Step 1: Initial endoscopic inspection
In stage 1, the initial endoscopic inspection is performed to clear the surgical field of
food or residual debris and to identify any contraindications such as mass or
ulceration which would preclude continuation of the procedure. At our institution,
we commonly assess pyloric distensibility utilizing a 325/8 cm sized endoscopic
Functional Lumen Imaging Probe (FLIP, EndoFlip, Medtronic, Sunnyvale, California)
during this step (Figure 1A).

Step 2: Mucosotomy
The submucosa is injected with 4-6 mL of lifting solution [0.25% indigo carmine into
500 mL HESPAN (6% Hetastarch in 0.9% Sodium Chloride solution)] 4-5 cm proximal
to the pyloric channel along the greater curvature of the stomach. We utilize a triangle
tip (TT) endoscopic knife (KD640L, Olympus, Tokyo, Japan) using EndoCut Q setting
at 50 W, effect 2 (VIO300D, ERBE, Tϋbingen, Germany) to create a 1-1.5 cm transverse
mucosal incision above the submucosal injection (Figure 1B and C).

Step 3: Submucosal tunnel formation
Upon creation of the mucosotomy, the endoscope is advanced into the submucosal
space. Submucosal dissection is performed using either the TT or IT-nano (KD 604L or
KD 612L, Olympus, Tokyo, Japan) endoscopic knifes, based on anatomic orientation.
The submucosal fibers are dissected using spray coagulation mode (50-80 W, effect 2)
or forced coagulation mode (50-80 W, effect 2). The submucosal tunnel is extended
until the pyloric ring is visualized (Figure 1D). Frequent orientation by exiting the
tunnel and visualizing the pylorus is performed throughout creation of the
submucosal tunnel to ensure appropriate directionality. Lifting solution is
intermittently applied via a spray catheter to aid visualization of the submucosal
plane and better demarcate the mucosa and submucosal layers. Any obstructing
submucosal vessels are cauterized using coagulation graspers (FD 410 LR, Olympus,
Tokyo, Japan) in soft coagulation mode (80 W, effect 3).

Step 4: Myotomy
Upon visualization of the pyloric ring, a full thickness pyloromyotomy down to the
serosal layer is performed using either the TT or IT-nano endoscopic knifes with an
EndoCut Q current (50 W, effect 2). The myotomy is extended approximately 1-2 cm
proximal to the pyloric ring to ensure that the pyloric sphincter has been completely
cut (Figure 1D and E).

Step 5: Closure
The mucosal defect is then closed with endoscopic sutures using the OverStitch™
Endoscopic Suturing System (Apollo Endosurgery Inc, Austin, Texas) (Figure 1E). In
our practice all patients with medically refractory gastroparesis or with symptom
severity sufficient to justify endoscopic intervention are considered for the procedure.
Nausea and vomiting are subjectively the symptoms we feel most respond to
intervention and we focus on people with these symptoms specifically, rather than
those that present primarily with pain. Our practice is to perform a baseline gastric
emptying, symptom assessment and assessment of pyloric distensibility (FLIP) prior
to (or during) the G-POEM procedure.
Patients are kept nil per os the night before the procedure. If there is a history of
gastric food remnant in the stomach, a longer period of a liquid diet is employed to
ensure that the stomach is empty for the procedure. Anesthesia is employed to ensure
that the patient is kept motionless during the procedure.
Following the procedure, the patient is admitted to the hospital for post procedural
observation, initiated on post procedural IV antibiotics and keep on gut rest until a
follow up upper GI gastrografin study is obtained the following morning. If no
extraluminal contrast is identified the patient’s diet is advanced to a full liquid diet,
and the patient is discharged on 5 d of oral antibiotic therapy and acid suppression via
twice daily proton pump for 4-8 wk. Our average length of hospitalization is 1-2 d.
Repeat gastric emptying, pyloric distensibility and symptom assessment is typically
obtained 12 wk post procedure.
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Figure 1

Figure 1 Per-oral endoscopic pyloromyotomy procedure in 5 steps. A: Initial inspection; B and C: Mucosotomy; D: Submucusal tunnel dissection with
identification of pyloric ring; E: Pyloromyotomy; F: Mucosal closure.

CURRENT DATA
Table 1[25-34] depicts the preclinical, procedural and post-procedural outcomes in the
largest reported G-POEM or POP reports published to date. When the data are
aggregated, a total of 325 patients underwent the G-POEM procedure with 100%
noting technical success. Major complications were noted in 8.3% of all patients noted,
the most common of which were capnomediastinum or capnoperitoneum followed by
antral or prepyloric ulceration and GI bleeding. Only 3 perforations were reported,
and all healed with supportive care. The mean length of stay ranged from 1-5 d with a
mean procedural length ranging from 37-120 min. Rodriguez et al[29] noted decreased
procedural times with increased familiarity with the procedure. The majority of
patients were female in their 5th to 6th decade of life and the etiology of gastroparesis
was noted to be idiopathic in 45%, diabetic in 28%, and post-surgical in 22%. Other
than medical therapy, a wide range of previous treatments for gastroparesis were
reported with botulinum toxin and gastric stimulator placement being the two most
commonly reported.
Clinical success was noted in 68%-90% of patients. 3 studies defined clinical success
as any symptomatic improvement[25,27,34], with 4 studies identifying any decrease in
Gastroparesis Cardinal Symptom Index (GCSI) or Clinical Patient Grading
Assessment Scale score as clinical success[26,30,32,33]. Only one study utilized an absolute
GCSI decrease (0.75 points) as a marker for success[31]. Two studies did not define
parameters for clinical success[28,29]. An improvement in gastric emptying scores at 4
hours was reported in 67%-90% of all patients with follow up Gastric Emptying Study
(GES) studies. Normalization of the GES at 4 h was noted in 0-66% of all gastric
emptying studies, although significant drop out rates were reported. Eight studies
reported follow up intervals of less than 7 mo.
No clinical parameters were identified that reliably predicted G-POEM success.
Gonzalez et al[26] noted that female gender and diabetes were associated with a higher
rate of failure in a univariant analysis; however, these results were not corroborated in
a multivariate analysis. Malik et al[30] and Jacques et al[31] were the only authors to
study the pre- and post-pyloric distensibility with FLIP. While Malik et al[30] identified
a larger cross sectional area at 40 mL balloon in those that improved with G-POEM,
Jacques et al[31] identified that at 50 ml a Distensibility Index of < 9.2 mm2/mmHg was
100% specific and 72.2% sensitive with regards to clinical efficacy of G-POEM. No
other parameters were identified that predicted success or failure of the G-POEM
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Table 1 Depicts pre-clinical demographic and clinical data and post-operative changes to symptoms and gastric emptying

Article

Shlomovitz Gonzalez
et al[25],
et al[26],
2014
2017

Rodriguez Rodriguez
Kahaleh et
Malik et
et al[28],
et al[29],
al[27], 2018
al[30], 2018
2017
2018

Jacques et Dacha et
al[31], 2017 al[32], 2017

Mekaroonk
Khashab et
amol et
al[34], 2017
[33]
al , 2018

n

7

29

33

47

100

13

20

16

30

Female (%) 100

65.50

66

78.70

85.00

53.58

—

81.25

86.70

57

Age (mean) 51

52.8

52

43.7

45

45.7

—

44.76

47

47

Previous
—
gastric stim

4 (13.8%)

2 (6%)

16 (34.0%)

20 (20%)

3 (23%)

0

4 (25%)

4 (13.3%)

0

Previous
botox
treatment

—

1 (3%)

4 (12%)

28 (59.6%)

46 (46%)

11 (84.6%)

2 (10%)

0

1 (3%)

12 (40%)

Pre GES 4 21
h (mean %)

40 ± 34

45

37.2 ± 25.1

39 ± 26.5

49 ± 24

57

62.5

63.0 ± 25.5

37

Pre GCSI

3.3 ± 0.9

4.61

3.8 ± 0.86

2.2 ± 0.8

3.5

3.41

3.5 ± 0.6

Gastropare 4
-sis:
Idiopathic

15

12

27

56

4

4

5

12

7

Gastropare 0
-sis:
Diabetes

7

7

12

21

1

10

9

12

11

Gastropare 2
-sis: Postsurgical

5

12

8

19

8

1

1

5

12

Gastropare 0
-sis:
Scleroderma

2

2

—

—

—

1

0

0

0

Total of
4/7
major postoperative
complications

5/29

1/33

0/47

10/100

1/13

3/20

0/16

1

2/30

Post GES
Residual 4
hours

4%

28 ± 45

17% ± 17

20.4 ± 26.1

16.3 ± 21.4

33 ± 28

15

25.4

22.2 ± 20.5

17% ± 16

Symptom
improvement

85.70%

69%

86%

—

—

73%

90%

81%

76.70%

86%

How
defined
improvement

Clinical
improvement

Decrease in
GCSI

Clinical
improvement1

Not defined Not defined CPGAS
score

GCSI
decrease by
0.75

Decrease in
GCSI

Decrease in
GCSI2

Clinical
improvement

Length of
follow up
(mo)

6.5

6

6

3

3

3

3

12

6-18

6

Timing of 84
F/u GES in
days

56

—

90

90

84

84

56

42-56

81-105

GES
improvement

23/29
(79.3%)

—

—

78% α

4/6 (66.7%)

19/20 (95%) 12/12
(100%)

78.3%α

14/17, 82.3%

16/29

4/6

—

57% α

0

6/20

47.8%α

8/17

4/5 (90%)

Normaliza- 0/5
tion of GES

9/12

30

1

And lack of hospitalizations;
Defined as 1 averaged point in total Gastroparesis Cardinal Symptom Index with more than 25% decrease in 2 subscales;
α
Total number not provided. GCSI: Gastroparesis Cardinal Symptom Index; GES: Gastric Emptying Study; CPGAS: Clinical Patient Grading Assessment
Scale.
2

procedure. Table 2 depicts the procedural variability across the studies. Note the large
variation between studies in regard to the site of mucosotomy, endoscopic equipment
used, and post-operative testing and care including antibiotics and acid suppression.
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Table 2 Demonstrates procedural data including equipment used and post-operative practice reported across the studies

Article

Shlomovitz Gonzalez
et al[25],
et al[26],
2014
2017

Rodriguez Rodriguez
Kahaleh et
Malik et
et al[28],
et al[29],
al[27], 2018
al[30], 2018
2017
2018

Jacques et Dacha et
al[31], 2017 al[32], 2017

Mekaroonk
Khashab et
amol et
al[34], 2017
[33]
al , 2018

n

7

29

33

100

13

20

16

30

30

Procedure
length
(min)

90-1201

47 ± 22

77.6 (37-255) 41.2 ± 28.5

33.8 ± 21.6

119 ± 23

56.5

49.7 ± 22.1

48.3 ± 16.5

72 ± 42

Length of
2.3
stay (mean)

—

5.4 (1-14)

1.09 ± 0.6

1.3 ± 1.05

2.5 ± 1.4 d

3.75

2.46

2.4 ± 1.0

—

Pre ABX

Yes, IV

Gentamicin
wash

None

None

Gentamicin
wash

None

Yes, IV

Yes

Post-Op

Site of
5
mucosotomy (cm
proximal to
pylorus)

5

5-6

5

4

5

4-5

5

5-7

5

Mucosal
entry
location

greater
curvature in
31, 2
patients
lesser
curvature.

Greater
curvature
19, anterior
wall 9,
posterior
wall 2

greater
curvature

—

95 lesser
greater
curvature, 4 curvature
greater, 1
posterior

greater
curvature

lesser
curvature

—

—

Lift
Solution

5-10 mL 1:
10000 Epi

—

5 mL
methylene
methylene
blue6
blue and 500
saline
mixture

methylene
blue

Not used

glycerol

5 mL
—
methylene
blue and 500
saline
mixture

saline and
0.25% indigo
carmine
solution or
methylene
blue
solution2

Size of
mucsoal
incision
(cm)

1-2

—

2

2

—

—

—

2

3-4

1.5-2

Knife Used T Knife

Triangle
knife

Hybrid
knife or IT2

Triangular
knife

triangle tip
knife

I-Type
Hybrid
knife

T-Type for
initial
incision,
Hybrid
knife for
tunnel,
Hook Knife
for
myotomy

Hook Knife
or I-type
knife

I hybrid
knife

Triangular
tip knife

Size of
myotomy
mean (cm)

2

3.34 (2-6)

—

—

3.5 ± 0.8

—

3.94

2-3

—

POD 1-2

—

POD 1

POD 1

POD 1

BID for 8 wk

Yes, IV

47

Upper GI
series

—

—

—

POD 1

POD 1

Use of PPI

BID PPI for
6 wk

BID PPI for
4 wk

—

PPI BID for
4 wk
w/Sucralfate

BID PPI and —
QID
sucralfate
for at least 2
wk

—

—

Antibiotics —
on
discharge

—

—

—

—

—

—

5 d oral Abx —

IV Abx
following
procedure

Dietary
Clear liquid
restrictions immediately
,
pureed/soft
diet for 2
wk,

observed for
1 d NPO,
then
advanced to
clears,
observed for
5 d and sent
home on

Clear liquid
diet 2-3 d,
advanced to
gastroparetic diet

advanced to liquid diet
clears with for 2-4 wk
liquid diet
for 2 wk

Clear liquid
diet,
advance as
tolerated

Liquid diet
day after
procedure

advance to
liquid after
upper GI
and ADAT

clear liquid
and
advanced
diet over 4
wk course

liquid diet
started then
advanced to
soft then to
gastroparetic diet.

Total of
major post
operative
complications

5/29

1/33

0/47

1/13

3/20

0/16

1

2/30

4/7
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1

Time to myotomy;
No specified amount; GCSI: Gastroparesis Cardinal Symptom Index; GES: Gastric Emptying Study; CPGAS: Clinical Patient Grading Assessment Scale; GPOEM: Per-oral endoscopic pyloromyotomy; BID Twice daily; PPI: Proton Pump Inhibitor; ABX: Antibiotics; IV: Intravenous; POD: Post operative day;
NPO: Nil per os; ADAT: Advance diet as tolerated.
2

LIMITATIONS
There are several limitations to these published studies. Mainly there is significant
heterogeneity between the studies with regards to demographic data, patient
selection, pre- and post-operative testing, and in determination and assessment of
clinical response. Additionally, the published reports are largely retrospective in
nature with no true control groups; moreover, they experienced significant drop out
rates in regard to follow up assessment and testing without inclusion of any intention
to treat analysis. There was no standard approach towards type or duration of premyotomy medications or interventions and no standard approach in determining preprocedural symptom severity. Furthermore, as highlighted in Table 2, there was no
standardized technique with regards to the G-POEM procedure itself, with significant
differences in location of myotomy position, myotomy size, equipment used and postprocedural medications and testing.

WHERE DO WE GO FROM HERE?
The above heterogeneity highlights a need for validated formalized pre- and postoperative testing, and careful stratification of symptoms. This would allow objective
measurement of gastroparesis severity, which could allow subsequent accurate
determination of optimal procedural candidates. Additionally, concurrent or perioperative use of novel assessments of pyloric pressure and distension via FLIP[35-37],
classification of gastric contractile patterns via electrogastrography[38], or response to
previous pyloric-directed therapies including pyloric botulinum toxin injection or
pyloric stent placement[11-18] could prove useful in identifying a subgroup of patients
that would be best served by G-POEM. Moreover, identifying and classifying patients
based on emerging histopathologic features of gastroparesis such as loss of intestinal
cells of Cajal, degree of collagen fibrosis, smooth muscle abnormalities, or alterations
in the gastric muscle macrophage population[39-42] all may prove useful in further
stratifying patients into subgroups that may provide further clarity into which
patients would best benefit from endoscopic pyloromyotomy.
While the current published literature demonstrates significant optimism regarding
the efficacy of G-POEM for the treatment of gastroparesis, gastroparesis itself is a
markedly heterogeneous disease entity and caution should be used in interpretation
of short term follow-up data in a disease that has demonstrated significant placebo
response in the past[43]. Based on this, there is a clear need for a randomized blinded
prospective trial, although overall the design of this trial remains unclear.
Consideration for G-POEM vs sham procedure is ideal but may have ethical and
blinding considerations. Alternative options including randomized crossover studies
utilizing G-POEM vs other pyloric-directed therapies, including botulinum toxin
injection, pyloric stenting, or surgical pyloromyotomy, is an attractive option that may
help mitigate some of the ethical and blinding concerns. Regardless of the approach,
these studies are likely best served via multicenter investigation secondary to the total
numbers required to power such a study.
Questions including the optimal number of training cases prior to competency also
require consideration. Previously published literature in POEM has identified a wide
range of conflicting reports for the number of required cases prior to accepted clinical
competency, with ranges from 20-100[21-44], and it is not clear if the learning curve for
G-POEM follows a similar pattern to POEM. Other potential procedural issues that
require future attention include determination/comparison of the various technical
aspects of the procedure (i.e., type or location or myotomy) and determination of the
optimal timing of G-POEM either sequentially or in combination with other
therapeutic modalities for gastroparesis.
Additionally, it is not clear if the ultimate therapeutic efficacy of G-POEM is
secondary to pyloric disruption alone or if pyloric disruption results in yet
undetermined physiologic alterations. Rao et al[45] previously established that fundic
distension via balloon insufflation led to increases in phasic motor activity within the
antrum and duodenum. It is unclear whether similar adaptive changes in the fundus
or duodenum are seen following endoscopic pyloromyotomy.
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CONCLUSION
Gastroparesis is a chronic disease with significant associated morbidity. G-POEM
demonstrates an exciting potential therapeutic addition to a limited armamentarium
and may ultimately be a safer option than many of the medical options currently
available. However, more investigation is needed to identify optimal candidates,
including a standardized approach to pre- and post-operative testing, developing a
standard endoscopic approach and further studies into the physiologic effects of GPOEM. Ultimately, we suspect that GPOEM may be an excellent candidate for a
subgroup of gastroparesis patients with pyloric dysfunction; however, standardization and data are needed to ensure that this procedure is best positioned to
help those patients who may most benefit from pyloric intervention.
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Abstract
Hepatocellular carcinoma represents an important cause of morbidity and
mortality worldwide. It is the sixth most common cancer and the fourth leading
cause of cancer death. Liver transplantation is a key tool for the treatment of this
disease in human therefore hepatocellular carcinoma is increasing as primary
indication for grafting. Although liver transplantation represents an outstanding
therapy for hepatocellular carcinoma, due to organ shortage, the careful selection
and management of patients who may have a major survival benefit after
grafting remains a fundamental question. In fact, only some stages of the disease
seem amenable of this therapeutic option, stimulating the debate on the
appropriate criteria to select candidates. In this review we focused on current
criteria to select patients with hepatocellular carcinoma for liver transplantation
as well as on the strategies (bridging) to avoid disease progression and exclusion
from grafting during the stay on wait list. The treatments used to bring patients
within acceptable criteria (down-staging), when their tumor burden exceeds the
standard criteria for transplant, are also reported. Finally, we examined tumor
reappearance following liver transplantation. This occurrence is estimated to be
approximately 8%-20% in different studies. The possible approaches to prevent
this outcome after transplant are reported with the corresponding results.
Key words: Hepatocellular carcinoma; Liver transplantation; Bridging; Down-staging;
Milan Criteria
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents the most prevalent primary liver tumor
in the world and is consequently a relevant health issue. With 841080 diagnosed cases
and 781631 deaths in 2018, and an age-adjusted worldwide incidence of 9.3 cases per
100000 people/year, HCC is the sixth most frequent tumor and the fourth leading
cause of cancer death[1]. HCC occurs mostly in the setting of chronic liver disease and
cirrhosis, and its incidence is growing[2-4].
In general, liver transplantation (LT) is the best treatment for early-stage HCC,
since it simultaneously treats the tumor and the underlying liver disease (the main
risk factor for the development of new tumors); thus, the number of patients
transplanted for HCC is increasing, with LT for HCC representing 15-50% of all LT
performed in most centres[5-7]. Although LT is an outstanding therapy for HCC, due to
organ shortage, the careful selection and management of patients who may have a
major survival benefit after LT remains a fundamental question. Indeed, the limitation
of tumor recurrence after LT is a way to optimize a scarce resource. The present
review focuses on current strategies of selection, organ allocation, and management of
patients transplanted for HCC.

SELECTION CRITERIA AND SURVIVAL
The milestone study by Mazzaferro in 1996 established deceased donor LT as an
important therapeutic strategy for HCC [8] . The study showed that when transplantation was performed in the early-stage of the disease (one nodule ≤ 5 cm or ≤ 3
lesions, none > 3 cm and absence of gross vascular invasion, metastases or lymph
nodes involvement), the four-year survival accounted for 75%, with a recurrence rate
< 10%-15%. These LT outcomes are not different from those observed in non-HCC
cirrhotic subjects. The so called Milan criteria were then widely applied to indicate LT
in patients with HCC[8]. However, the Milan criteria are seen as too restrictive and
exclude many patients from the transplant list; thus, considerable interest has arisen
in their extension[9-13].
As demonstrated by a study held at the University of California in San Francisco
(UCSF), HCC patients transplanted with extended criteria corresponding to: (1) Single
nodule ≤ 6.5 cm; or (2) ≤ 3 nodules with the largest ≤ 4.5 cm and total sum of
diameters ≤ 8cm (UCSF criteria), had an outcome similar to those transplanted within
Milan criteria[9]. Nevertheless, a retrospective study by Decaens et al[14], showed that
the five-year survival was 45.6% for patients who met the UCSF criteria but not the
Milan criteria, and 60.1% for patients who met both criteria. Even if this difference
was not statically significant, possibly for a lack of power in the analysis, the trends
observed suggest that selection on the base of USCF criteria could be associated with a
lower success rate.
In another study, data on 1112 patients who underwent LT for HCC at different
centres worldwide, despite exceeding the Milan criteria, were recorded via a webbased survey. Data were analyzed in order to identify tumor features exceeding the
Milan criteria but not affecting survival rates. The so-called up-to-seven criteria were
identified with this approach. With these criteria the cut-off value is set to seven and
the score is calculated by considering the total number of lesions plus the diameter (in
cm) of larger nodule (for instance: 4 nodules + larger diameter 3 cm, up-to-seven score
= 7). The comparison between patients (n = 283) matching the up-to-seven criteria
with subjects (n = 444) transplanted within the canonical Milan criteria did not show
significant difference in term of five-year survival after grafting[12]. However, the
prognostic value of up-to-seven criteria was inadequate in the presence of
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microvascular invasion, since the survival rate was significantly worse in comparison
with what predicted by the score. Unfortunately, in common clinical practice, the
presence of microvascular invasion is not assessable before grafting, thus limiting the
routine application of up-to-seven criteria in everyday LT activity.
An interesting way to select LT candidates is based on a composite of the total
tumor volume (TTV) and alpha-fetoprotein (AFP) level. Indeed, Toso et al[11] showed
in a prospective study that HCC LT candidate selection could be expanded to patients
with TTV ≤ 115 cm 3 and AFP ≤ 400 ng/mL, without macrovascular invasion or
extrahepatic disease. An increased risk of dropout from the waiting list can be
expected for these patients, but with a post-transplant survival equivalent to that of
patients within the Milan criteria.
Since 2004, the University of Toronto has adopted their proper extended Toronto
criteria (ETC). According to this system, transplantation is offered in disregard of any
HCC size or number providing that patient does not present extra-hepatic disease
extension or a very large tumor poorly differentiated at the pathological examination.
In a validation cohort of patients transplanted according to the ETC, the five-year
actuarial patient survival from the time of LT was 68%, which is slightly decreased in
comparison with that of patients transplanted according to the Milan criteria, but not
statistically different. However, HCC recurrence rate was higher in the ETC group[10].
A group from Kyoto proposed the following Kyoto criteria of LT for HCC: ≤ 10
tumors; ≤ 5 cm; and des-gamma-carboxy prothrobine (DCP) ≤ 400 mAU/mL[15]. Using
this system, 5 year survival and recurrence rates were 80% and 7%, respectively, when
all patients (Milan-in or Kyoto-in) were analysed[13]. Examining the different survival
rates according to the adopted heterogeneous selection systems, a question comes to
mind: What is the minimum acceptable five-year survival rate in patients undergoing
LT for HCC? An expected 50% survival rate at 5 years was suggested as the lowest
cut-off for inclusion of a patient on the waiting list[16,17]. However, in a study regarding
the competitive allocation of grafts between HCC and non-HCC patients, using a
Markow model, a minimal five-year survival rate of 61% for HCC LT was proposed to
avoid disadvantage to non-HCC patients on the waiting list[18]. In fact, at a 2010
conference on HCC and transplantation, held in Zurich, a 50% five-year survival was
regarded as unsatisfactory[19]. Milan criteria are, at present, the gold standard to select
HCC patients for a successful LT and the reference to assess the validity of other
suggested criteria[20].
Alternative expanded criteria for HCC LT did not reach a consensus nowadays,
and the question remains outstanding and closely linked to the length of the waiting
list, the system of allocation of organs, and availability of alternative sources of grafts
(such as living donors, domino LT, and marginal organs). Characteristics and results
of the different allocation systems adopted for LT in HCC are summarized in Table 1.

ALLOCATION OF ORGANS TO HCC PATIENTS
The limited availability of donor livers has determined the adoption of criteria,
whereby LT priority is based on the risk of wait-list mortality. The model for endstage liver disease (MELD) score[21], a statistical model that considers the international
normalized prothrombin ratio and bilirubin and creatinine serum levels, has been
adopted in most allocation systems worldwide. According to this scoring system,
higher scores identify patients with a worse short-term prognosis[22].
For patients with HCC, the traditional MELD score is of scarce utility. The original
criteria were in fact designed to predict mortality in subjects with end-stage liver
cirrhosis rather than subjects affected by a liver neoplasm. Many HCC patients have
well-compensated liver disease, characterized by a low MELD score, and their
dropout risk from the waiting list is mainly related to progression of the tumor rather
than occurrence of liver failure. For these reasons, modified scoring systems with
respect to HCC have been developed and adopted by different centres. This policy
was engaged to include the same waiting list patients with neoplasm and patients
with liver failure without disadvantage to one group or the other. Prioritization scores
for patients with HCC are based mainly upon the characteristics of the tumor (size,
number, and AFP level) and the waiting time (additional points are given to patients
who have had longer waiting periods)[23].
All allocation systems should undergo a constant assessment and revision during
time, in order to accomplish their targets with respect to transplant benefits[24]. The
system for HCC allocation can be regarded as a “dynamic issue” to be modified in the
various geographic areas over time according to the candidate, type of disease, and
donor pool characteristics.
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Table 1 Characteristics and results of the different allocation systems adopted for liver transplantation in hepatocellular carcinoma
Selection system

Year of proposal

Criteria

Survival/years of follow-up

Milan criteria

1996

Single lesion ≤ 5 cm; up to three
separate lesions, none larger than 3
cm; no evidence of gross vascular
invasion; and no regional nodal or
distant metastases

85%/4[8]

University of California, San
Francisco criteria

2007

Single nodule up to 6.5 cm or up to
three lesions, the largest of which is
4.5 cm or smaller and the sum of the
diameters no larger than 8 cm

80.9%/5[9]

Up-to-seven criteria

2009

Sum of size (in cm) of larger tumor
plus number of tumors ≤ 7

71.2%/5[12]

Total tumor volume and alphafetoprotein criteria

2009

Total tumor volume ≤ 115 cm3 and
alpha-fetoprotein ≤ 400 ng/mL,
without macrovascular invasion or
extrahepatic disease

74.6%/4[11]

Kyoto criteria

2013

≤ 10 tumors; ≤ 5 cm; and des-gamma- 65%/5[13]
carboxy prothrobine ≤ 400 mAU/mL

Extended Toronto criteria

2016

Any size or number of tumors,
without systemic cancer-related
symptoms, extrahepatic disease,
vascular invasion, or a poorly
differentiated largest lesion at
percutaneous tumor biopsy.

68%/5[10]

BRIDGING THERAPY
Management of patients with HCC on the waiting list aims to avoid disease
progression with possible exclusion from grafting. Despite the lack of data from
randomized placebo-controlled trials, the recent European guidelines recommend
neoadjuvant therapies to reduce the dropout risk due to tumor progression. This
strategy is especially suggested when the expected waiting time is six months or
longer[20].
Updated guidelines from the American Association for the Study of Liver Disease
(AASLD) suggest some form of bridging therapy in patients listed for LT within T2
(Milan criteria) without considering the estimated time on the waiting list; however,
there is no recommendation for one particular form of neoadjuvant therapy. For
patients with cirrhosis awaiting LT who develop a T1 HCC (a single nodule ≤ 1.9 cm),
observation with follow-up imaging is suggested prior to any bridging treatment[25].
The rationale for bridging therapy is evident, since the dropout rate from list,
related to tumor extension, is reported to occur in 10%-20% of cases[26-28]. Moreover,
further positive effects of neoadjuvant therapy may be expected in this clinical
setting[29]. In fact, in patients with HCC response (intended as complete or ≥ 60%
tumor necrosis) after locoregional therapy, an improved LT outcome has been
described by uncontrolled studies [30,31] . The possible beneficial effect of bridging
therapy, in HCC patients waiting a short time in list, remains however, to be
established [32] . Given the heterogeneity of populations and therapeutic criteria
observed in the different research protocols, is not possible to draw a definitive
conclusion on the net effect of bridging therapy for HCC. On the other hand, since
beneficial effects were frequently reported, it seems wise to consider this option in
HCC patients on waiting list[33,34].
Unfortunately, no randomized controlled trials are available regarding this issue.
Bridging therapy depends on the tumor location, size, number, and hepatic function
and includes liver resection, percutaneous ethanol injection (PEI), radiofrequency
ablation (RFA), microwave ablation, trans-arterial chemoembolization (TACE), radioembolization, and stereotactic radiotherapy.
The overall results of bridging with TACE are rather inconsistent. Some studies
described a clinical benefit without a negative impact on post-transplantation
survival[35,36]. One of the most positive studies enrolled 48 patients within the Milan
criteria; none of the patients treated with TACE had tumor progression or were
withdrawn from the waiting list. Furthermore, the five-year survival after LT was
93%. One hundred and seventy-eight days was the mean waiting time for grafting[35].
In contrast, TACE benefit resulted uncertain in other studies[37,38]. A systematic review
concluded that good quality evidence was not available to indicate that TACE: (1)
Improved post-LT survival; or (2) Modified LT complication; or (3) In–list dropout
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rates[39].
For selected patients with small tumors and adequate liver function, another
strategy may be pursued, consisting of initial surgical tumor resection followed by
close surveillance, and "salvage" transplantation if tumor recurrence or deterioration
of liver function occur. In a retrospective analysis of HCC patients undergoing LT as
compared with others submitted to initial resection and then LT (due to recurrent
HCC, or progression to end-stage liver disease), the surgical procedure, the
postoperative course and the overall or disease-free survival were not different[40].
Conversely, a French observational study on salvage LT after initial resection
reported an increase in operative mortality and HCC recurrence. Moreover, a worse
five-year overall and disease-free survival, as compared with primary LT, was
observed. The authors concluded that, even when HCC is amenable of resection, LT
still remains the ideal option for a cirrhotic patient with HCC[41]. For all the above,
even if a definitive indication should not be drawn, initial tumor resection in patients
with well-preserved liver function appears to be a reasonable approach[42-44].
PEI, RFA, and microwave ablation have also been studied as bridging
therapies[45-47]. When RFA was employed in fifty-two patients as a bridging therapy,
encouraging results were observed. Three patients only (5.8%) dropped out from list,
due to tumor progression (mean time in list in the study = 13 mo). Forty-one patients
underwent LT with one- and three-year survival rates of 85% and 76%, respectively.
HCC recurrence during follow-up did not occur in any patient[45]. Microwave ablation
has also been successfully applied as a bridging therapy, although less data are
available[48].
Few data are available on radioembolization with yttrium 90-labeled microspheres
in comparison with other techniques, however, this procedure has been shown to
limit tumor progression and dropout from transplantation programs [49] . The
experience with stereotactic body radiotherapy (SBRT) as a bridging therapy is
limited, but encouraging. One study compared SBRT with TACE and RFA with
respect to dropout rate, postoperative complications, and one-, three- and five-year
survival rates after LT. The results were similar among the groups[50].

DOWNSTAGING THERAPY
The majority of treatments used as bridging therapies have also been employed as
downstaging therapies. For a comparison see Table 2. “Downstaging” describes
treatment used to bring patients within acceptable criteria when their tumor burden
exceeds the standard criteria for LT.
Several studies have demonstrated that successful downstaging of HCC to within
Milan criteria reduces tumor recurrence with a survival rate, after grafting,
comparable with those meeting the Milan criteria at the beginning[51-54]. Regarding this
setting, a recent study in 276 patients undergoing locoregional treatment prior to LT
showed that a remnant vital tissue ≥ 2 cm was an important predictor of post-LT
recurrence[55,56].
There is no universal agreement on the optimal method for downstaging; most of
the data have been gathered on TACE or radioembolization. A systematic review on
downstaging for HCC, including the data of 950 patients, showed an overall success
rate of 48% (95% confidence interval 39%-58%). The difference between TACE and
radioembolization was not statistically significant[57]. Other reports have achieved
higher success rates (60%) combining different strategies (TACE plus either RFA or
radioembolization)[58]. Interestingly, the response to downstaging is an important
indirect marker of the biological aggressiveness of the tumor[59].
There is no consensus regarding list-priority of patients re-entering the accepted
criteria for LT after downstaging. An Italian consensus conference on liver allocation
proposed prioritization according to the risk of progression and the response to
bridging/downstaging therapies [60] . Guidelines for treatment of HCC from the
AASLD suggest that patients beyond the Milan criteria (≥ T3) should be considered
for grafting after an effective downstage of the disease[25].

TUMOR RECURRENCE
HCC tumor recurrence following LT is estimated to be approximately 8%-20%[8,10,61,62].
A multicentre study on explant pathology staging showed that the risk of HCC
recurrence is higher when the criteria for size or number of HCC are more
expanded[12]. Tumor recurrence is mostly extrahepatic (lungs and bones) [63,64] and
likely due to the growth of occult metastases[65]. Tumor-related variables appear to be
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Table 2 Techniques employed for bridging or downstaging patients with hepatocellular
carcinoma before liver transplantation and their efficacy
Bridging

Downstaging

TACE

0-35% (39)

24%-77% (57)

Radioembolization

NA (49)

11%-43% (57)

RFA

16.8% (50)

NA

SBRT

16.7% (50)

NA

Resection

NA (40, 42)

NA

Combined approach (TACE + RFA or radioembolization)

NA

56% (58)

Bridging column: Percentages (when present) indicate the drop-out rate from list despite bridging therapy;
corresponding reference between commas. Downstaging column: Percentages (when present) indicate the
success rate with downstaging; corresponding reference between commas. TACE: Trans-arterial chemoembolization; RFA: Radiofrequency ablation; SBRT: Stereotactic body radiotherapy; NA: Not assessed.

associated with prognosis following LT. Size and number of tumors[9,11], tumor marker
serum levels, such as AFP[66] and DCP[67], and inflammation index (neutrophil-tolymphocyte ratio)[68] have been related to recurrence.
Several studies have analyzed the tumor features in the explanted livers that could
influence the development of HCC recurrence; unfortunately, these parameters
cannot be used in the pre-transplant setting. In fact, in current clinical practice, the
majority of HCC diagnoses are obtained based on radiological findings. The most
relevant characteristics of explant pathology are micro- and macroscopic vascular
invasion, satellite lesions, and tumor differentiation[69,70].
Investigators at the University of California, San Francisco, have developed a
prognostic scoring system [Risk Estimation of Tumor Recurrence After Transplant
(RETREAT)] using data from 721 patients who met the Milan criteria. Three variables
were independently associated with disease recurrence: microvascular invasion,
serum AFP level at the time of transplantation, and diameter of the largest nodule
plus the total number of nodules on the explanted liver. These parameters defined a
scoring system with the aim of predicting the one- and five-year HCC recurrence risk.
The RETREAT score was able to estimate the probability of recurrence, with a risk <
3% corresponding to a score = 0 and ≥ 75% with a score ≥ 5[71].
Concern was raised by a Spanish study in which a temporal association between
hepatitis C virus (HCV) therapy employing direct-acting antivirals (DAAs) and
recurrent disease was noted in patients previously resected or ablated for HCC[72].
However, more recently, a large prospective study in HCV patients with
compensated or decompensated cirrhosis found that the sustained virological
response after DAA treatment decreases the incidence of HCC after a mean follow-up
time of 14 mo[73]. Therefore, based on these findings, treatment of HCV infection is
presently recommended in HCC patients waiting for LT.
A role in HCC recurrence is also played by immunosuppressive regimens
containing calcineurin inhibitors, such as tacrolimus and cyclosporine (CSA)[74,75]. It is
possible to hypothesize that over-exposure to these drugs soon after LT may inhibit
the immune system and prevent the detection and elimination of residual HCC
cells[76]. In a retrospective review of HCC patients (n = 70) undergoing transplant and
receiving CSA as immunosuppressant, increased serum CSA levels were observed in
those who had recurrent disease in comparison with the others[74].

PREVENTION OF TUMOR RECURRENCE
Inhibitors of the mammalian target of rapamycin (mTOR) pathways, sirolimus and
everolimus, are immunosuppressive agents that display intriguing properties in the
setting of HCC. In vitro and in vivo studies suggest that this class of drug counteracts
HCC proliferative activity, probably interfering with vascular endothelial growth
factor. Sirolimus has been demonstrated to inhibit the growth and metastatic
progression of HCC[77,78]. Several single-institution retrospective and case-control
studies reported a reduced tumor recurrence in patients with HCC treated with
sirolimus in comparison with those treated with other types of immunosuppressive
agents[79-81].
A meta-analysis based on the available data, stated that the use of a sirolimusbased immunosuppression significantly decreases overall tumor recurrence and
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recurrence-related mortality [82] . However, a prospective phase III international
multicentre randomized-controlled trial has given negative results. In this
randomized study, HCC patients were allocated to a sirolimus or a sirolimus-free
regimens following LT. The five-year disease-free survival was not different between
groups[83].
Adjuvant therapy may theoretically represent a benefit for HCC subjects
undergoing LT. In fact LT surgery requires extensive manipulation of recipient graft
thus exposing the patient to a significant risk of tumor cells seeding. Moreover, after
LT immunosuppressed state may enhance tumor growth; when this occurs, posttransplantation recurrence tends to develop more rapidly following LT rather than
after resection [84] . However, chemotherapy with drugs, such as cisplatin or 5fluorouracil, did not show any clear benefit[85-87].
Sorafenib, an oral multitargeted tyrosine kinase inhibitor counteracting HCC neoangiogenesis, cell proliferation and tumor survival, is the recommended therapy for
advanced tumor[88]. A small retrospective case-control match analysis appeared to
demonstrate the safety and a potential effect of this molecule in reducing HCC
recurrence after grafting thus improving disease-free and overall survival rates when
administered in high-risk LT subjects[89]. Nevertheless, a phase III double-blinded
placebo-controlled trial of sorafenib versus placebo as an adjuvant therapy for HCC
after resection or ablation, did not show any significant effect[90]. Several other active
agents have been identified, and in some cases approved, for the treatment of
advanced HCC, such as regorafenib, nivolumab, and lenvatinib[91-93], but none of these
drugs have been investigated as adjuvant therapies.

CONCLUSION
LT is an important curative option for patients with early-stage HCC; nevertheless,
organ shortage imposes careful selection of patients. Although a growing interest in
admitting patients with larger tumors to LT is understandable, the Milan criteria
remains the cornerstone to select HCC patients for transplant. Bridging and
downstaging therapies are useful for limiting the dropout of patients awaiting LT,
even if the benefit has not been proven in controlled trials. The role of immunosuppressive regimens using inhibitors of mTOR in the prevention of recurrence
after LT remains controversial. Currently, though several biomarkers have been
proposed, no one has proved strong validity to predict tumor recurrence. Extensive
research into predictors of recurrence, such as microvascular invasion, could make
refinement of selection criteria possible. Encouraging data are coming from molecular
analysis of HCC in regard to disease features. A study evidenced a genetic pattern
(genetic signature composed by 35 genes) with a negative predictive value of 0.77 for
HCC microvascular invasion[94]. Another recent research proposed two prognostic
molecular subtypes among patients with HCC with different vascular invasion and
tumor differentiation[95]. However, given the heterogeneity of HCC, efforts are to be
commended in future to identify consistent prognostic biomarkers before and after
LT.
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Abstract
BACKGROUND
Given the complex pathogenesis of ulcerative colitis (UC), the conventional
therapeutic methods are not fully curative. As a sort of systematic
complementary and alternative medicine, traditional Chinese medicine (TCM)
provides new options for the standard therapy. Nevertheless, there are still
numerous problems with the promotion of TCM attributed to its complexity, and
consequently, new research approaches are urgently needed. Thus, we explored
the protective effects of Jian-Pi Qing-Chang (JPQC) decoction on UC based on
systems pharmacology approach, which might fill the current innovation gap in
drug discovery and clinical practice pertaining to TCM.
AIM
To investigate the protective mechanisms of JPQC decoction on UC based on
systems pharmacology approach.
METHODS
We performed systems pharmacology to predict the active ingredients, the
matched targets, and the potential pharmacological mechanism of JPQC on UC.
In vivo, we explored the effects of JPQC in a colitis model induced by dextran
sulfate sodium. In vitro, we adopted the bone marrow-derived macrophages
(BMDMs) as well as BMDMs co-cultured with Caco2 cells to verify the
underlying mechanisms and effects of JPQC on UC under TNF-α stimulation.
RESULTS
Systems pharmacology revealed 170 targets for the 107 active ingredients of JPQC
and 112 candidate targets of UC. Protein-protein interaction networks were
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established to identify the underlying therapeutic targets of JPQC on UC. Based
on enrichment analyses, we proposed our hypothesis that JPQC might have a
protective effect on UC via the NF-κB/HIF-1α signalling pathway. Subsequent
experimental validation revealed that treatment with TNFα activated the NFκB/HIF-1α signalling pathway in BMDMs, thereby damaging the epithelial
barrier permeability in co-cultured Caco2 cells, while JPQC rescued this situation.
The findings were also confirmed in a dextran sulfate sodium-induced colitis
model.
CONCLUSION
JPQC could improve the mucosal inflammatory response and intestinal epithelial
barrier function via the NF-κB/HIF-1α signalling pathway, which provides new
perspectives on the pharmaceutical development and clinical practice of TCM.
Key words: Systems pharmacology; Ulcerative colitis; Jian-Pi Qing-Chang decoction;
Inflammation; Intestinal epithelial barrier function
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Given the complex pathogenesis of ulcerative colitis (UC), the conventional
therapeutic methods are not fully curative. As a sort of systematic complementary and
alternative medicine, traditional Chinese medicine (TCM) provides new options for the
standard therapy. Nevertheless, there are still numerous problems with the promotion of
TCM attributed to its complexity, and consequently, new research approaches are
urgently needed. Thus, we explored the protective effects of Jian-Pi Qing-Chang
decoction on UC based on systems pharmacology approach, which might fill the current
innovation gap in drug discovery and clinical practice pertaining to TCM.
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INTRODUCTION
Ulcerative colitis (UC) is a common chronic disease of the gastrointestinal tract that
often presents with diarrhoea, bloody purulent stools, fatigue, and unexplained
weight loss[1]. As the vital pathogenic factor of UC, intestinal mucosal inflammation
mediates impairment of epithelial barrier function, which is associated with a range of
disease states, both intestinal and extra-intestinal disorders[2,3]. Given its persistent and
recurrent nature, UC may also present patients with enormous psychological
disturbance and financial burden, which poses a tremendous challenge for public
health worldwide[4].
Mounting evidence highlights inflammation as the initiating factor in the
development of UC, which can lead to a series of inflammatory cascades, thus causing
profound changes in the intestinal microenvironment[5,6]. Such imbalanced intestinal
epithelial homeostasis during mucosal inflammation can damage intercellular
adhesions in a direct or indirect manner, which may result in increased barrier
permeability, ultimately contributing to disordered systemic metabolism [6-8] . In
addition, various studies in different fields, such as irritable bowel syndrome, obesity,
and metabolic diseases[9-11], have set their sights on intestinal homeostasis; however,
the underlying mechanism appears to be more complex than formerly thought.
Considering the routine therapeutic tactics for UC including aminosalicylic acid,
steroids, and biological agents are not fully curative, treatment guidelines propose the
recommendation of multimodality therapy, which is an emerging concept for most
chronic inflammatory diseases [12,13] . As a sort of systematic complementary and
alternative medicine, traditional Chinese medicine (TCM), which provides new
options for the standard therapy, has attracted widespread attention and has
gradually been accepted by an increasing number of people throughout the world[14].
Nevertheless, there are still numerous problems with the promotion of TCM
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attributed to its complexity, and consequently, new research approaches are urgently
needed.
Systems pharmacology, an emerging systems-oriented methodology, which
provides a promising avenue for holistically understanding mechanisms of drug
actions by means of active compound screening, target matching, and network
construction and analysis, may fill the current innovation gap in drug discovery and
clinical practice of TCM [15,16] . In recent years, series of investigations of systems
pharmacology on TCM have been delivered; however, studies on compound
prescription are still rare [17] . Here, a preliminary exploration was conducted via
systems pharmacology analysis of Jian-Pi Qing-Chang (JPQC) decoction, which has
been demonstrated to be effective in previous clinical and experimental studies[18-20],
and experimental validations were conducted subsequently.

MATERIALS AND METHODS
Systems pharmacology
Chemical compounds information was retrieved from the Traditional Chinese
Medicine System Pharmacology (TCMSP) database for all the nine medicinal herbs.
Compounds with oral bioavailability (OB) ≥ 20 % and drug-likeness (DL) ≥ 0.18 were
obtained, and others with lower OB or DL values were manually selected owing to
their extensive biological and pharmacological activities[21,22]. The Genetic Association
Database (GAD), Therapeutic Target Database (TTD), and Online Mendelian
Inheritance in Man database (OMIM) were screened to collect the known UC-related
targets. We constituted protein-protein interaction (PPI) networks for candidate
targets of JPQC and UC, respectively, and an intersection was performed to identify
the putative targets of JPQC against UC. We applied the Cytoscape plugin, CytoNCA,
and ClueGO, to calculate the degree centrality (DC) values as well as to perform the
enrichment analyses, respectively[23,24].

Animal models
For this study, we used age-matched (8 wk) male C57BL/6 mice purchased from
SLAC Animal Laboratories. The mice were randomly divided into three groups (n =
10 in each group). Colitis was constructed by administration of 3.5 % dextran sulfate
sodium (DSS), while the control group received water only. Subsequently, normal
saline or JPQC (15 g/kg/d) was given intra-gastrically daily for the control/DSS
groups and JPQC group, respectively. The disease activity index (DAI) scores used in
this study to calculate the severity of colitis are described in
Supplementary Table S5[25]. By the end of the trial, serum and colon samples were
collected for further detection.
The animal experiment was conducted in accordance with the Laboratory Animal
Regulations of the Institutional Animal Care and Use Committee of Shanghai
University of Traditional Chinese Medicine, and was approved by the Institutional
Animal Care and Use Committee of Shanghai University of Traditional Chinese
Medicine.

Cell isolation, culture, and stimulation
For preparation of bone marrow-derived macrophages (BMDMs), the femur and tibia
bones were isolated from 6-8 wk mice and bone marrow was flushed out into cold
PBS + 2 % FBS with a 1 mL syringe. Next, the cells were filtrated through a 70 μm cell
strainer, and three volumes of Red Blood Cell Lysis Buffer was added. After
incubation on ice for 10 min, the cell pellet was resuspended and centrifuged at 500 g
for 5 min twice. Finally, the isolated bone marrow cells were resuspended in IMDM
containing 10 ng/mL M-CSF (2 × 105 cells/mL)[26]. Seeded cells in 6-well plates and
changed fresh BMDM growth medium on day 3. To stimulate mature BMDMs, cells
were incubated with IMDM containing TNF-α (20 ng/mL) alone or together with
JPQC (100 μg/mL) or rapamycin (RAP) (2 μM) for 24 h, or pre-treated with
pyrrolidinedithiocarbamate (PDTC; 50 μM) for 30 min.
For the co-culture assay, Caco2 cells were obtained from Shanghai Academy of Life
Sciences. BMDMs were co-cultured in the upper chamber of a trans-well plate, with
Caco2 cells placed in the lower chamber on day 5. Mature BMDMs were incubated
with IMDM (the BMDM growth medium) containing TNF-α (20 ng/mL) alone or
together with JPQC (100 μg/mL) or RAP (2 μM) for 24 h, or pre-treated with PDTC
(50 μM) for 30 min on day 7.

RNA isolation and quantitative RT-PCR
We extracted total RNA according to protocols with TRIzol (Invitrogen, United States)
and RT-PCR was conducted based on the Eppendorf PCR system. Actin was used to
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normalize the samples. Primer sequences are presented in Supplementary Table S6.

Western blot analysis
Primary antibodies against NF-κB, HIF-1α, p-mTOR (phospho S2448), TRAF2, p-IκB
(Ser32), IκB, p-Akt (phospho S473), Akt, ZO-1, and Actin were obtained from CST,
and antibodies against mTOR, p-PI3K (phospho Y607), and Claudin-1 were obtained
from Abcam. The groupings were cut off from different blots under the same
conditions and each protein band was extracted from a continuous part.

Immunofluorescence staining
BMDMs and Caco2 cells were incubated with anti-HIF-1α (1:500), anti-NF-κB (1:500),
anti-Tublin (1:1000), and anti-Claudin-1 (1:500). Secondary antibodies conjugated with
488/594 (1:1000) were used in this study. Hoechst (1:1000) was used to detect nuclei.
Colon sections were incubated with anti-HIF-1α (1:100) and anti-Claudin-1 (1:100).
Secondary antibodies conjugated with 488 (1:500) were used in this study. DAPI
(1:500) was used to detect nuclei.

Histological staining
Colon samples were processed and stained with haematoxylin and eosin as well as
immunohistochemical staining using anti-TNF-α as described previously[27].

ELISA
Serum was detected through mouse-specific ELISA using anti-TNF-α and anti-IL-1β
following the manufacturer’s protocols.

Statistical analysis
All data are expressed as the mean ± SD. Statistical differences between different
groups were measured through one-way ANOVA, with P < 0.05 considered
statistically significant. Data analyses were conducted using GraphPad Prism 7.0.

RESULTS
Candidate compound screening and corresponding target matching for JPQC
To holistically analyse the mechanisms of drug actions of JPQC, we retrieved the
compounds information on the TCMSP database for all nine medicinal herbs, namely,
Astragali mongholicus (AM), Codonopsis pilosula (CP), Portulaca oleracea L (POL), Radix
sanguisorbae (RS), Panax notoginseng (PN), Bletillae rhizoma (BR), Radix aucklandiae (RA),
Coptis chinensis (CC), and Radix glycyrrhizae (RG). As key indicators for selecting the
drug-like compounds of bioactive molecules in traditional Chinese herbal drugs, OB
and DL were used here to predict the active substances in JPQC[21,22]. A total of 101
potential compounds with OB ≥ 20 % and DL ≥ 0.18 were obtained from the herbal
constituents of JPQC; moreover, six typical compounds with lower OB or DL values
were manually selected owing to their extensive biological and pharmacological
activities. Finally, 107 compounds were considered putative for further analyses, and
the numbers of candidate compounds in AM, CP, POL, RS, PN, BR, RA, CC, and RG
were 17, 27, 12, 15, 17, 14, 8, 17, and 17, respectively (Figure 1A and
Supplementary Table S1). Among these, 37 compounds overlapped, indicating
synergistic effects as a result of similar ingredients shared by the herbs.
Given that the integrated effects of TCM formulas rely on their complex
compound-target interactions, we next predicted the therapeutic targets for all these
107 compounds[28]. In total, 170 potential targets were collected, and the numbers in
AM, CP, POL, RS, PN, BR, RA, CC, and RG were 130, 101, 135, 114, 121, 47, 49, 62, and
61, respectively (Figure 1A and Supplementary Table S2 and Table S3), which also
suggested synergistic effects by virtue of similar targets regulated by these different
compounds. To further elucidate the complex interactions, we constructed a network
consisting of 277 nodes and 2703 edges for all the 107 compounds and their
corresponding targets (Figure 1B). The compound-target network revealed that most
compounds exerted multi-targets effects, representing multifarious therapeutic
effects.

PPI network constitution and putative target identification for JPQC against UC
To explore the interpretation of the mechanisms of JPQC on UC, we screened the
GAD, TTD, and OMIM to collect the known UC-related targets. One hundred and
twelve candidate targets were harvested (Supplementary Table S4), and subsequently
a PPI network for known UC-related targets (3415 nodes and 77543 edges) was
constituted (Figure 2A). The PPI network was also constructed for the putative targets
of JPQC (3267 nodes and 78750 edges); furthermore, an intersection of these two
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Figure 1 Candidate compound screening and corresponding target matching for Jian-Pi Qing-Chang. A: Compound-targets networks were constructed for the
candidate compounds of each Chinese herb of Jian-Pi Qing-Chang (JPQC) and their corresponding targets; B: An integrated compound-targets network was
constructed for all the putative compounds of JPQC and their corresponding targets. JPQC: Jian-Pi Qing-Chang; AM: Astragali mongholicus; CP: Codonopsis pilosula;
POL: Portulaca oleracea L; RS: Radix sanguisorbae; PN: Panax notoginseng; BR: Bletillae rhizoma; RA: Radix aucklandiae; CC: Coptis chinensis; RG: Radix
glycyrrhizae.

networks (1542 nodes and 42358 edges) was constructed to find the putative targets of
JPQC on UC (Figure 2A). The DC value, an indicator representative of the correlation
coefficient among targets, was calculated by CytoNCA in this article to filter the
potential targets[23]. Finally, 652 putative targets with DC > 37 (the median value) were
selected for the following analyses (Figure 2A).
In order to further comprehend the potential mechanisms of biological processes
and signalling pathways of JPQC against UC, we performed ClueGO analyses for the
targets using the Cytoscape plugin[24]. Specifically, the biological processes were
largely related to regulation of protein modification by small protein conjugation or
removal, glycogen biosynthetic process, telomere maintenance, regulation of
oxidative stress-induced cell death, and activation of innate immune response (Figure
2B); whereas the signalling pathways mainly consisted of RANKL/RANK [Receptor
activator of NF-κB (ligand)] signalling pathway, Leptin signalling pathway, and PI3KAKT-mTOR signalling pathway (Figure 2C). Evidence shows that the NF-κB and
PI3K-AKT-mTOR signalling pathways share the same downstream event of HIF-1α,
while NF-κB and HIF-1α are both critically involved in the activation of inflammation
as well as the deficiency of intestinal epithelial barrier function during the development of UC[29,30]. Herein, we proposed a hypothesis that JPQC inhibited the NFκB/HIF-1α signalling pathway to protect against UC.

JPQC inhibits the HIF-1α signalling pathway in DSS-induced colitis mice
A murine model of colitis induced by DSS was used here to validate our previous
presumption; the specific experiment flow is shown in Figure 3A. In general, DSS
gave rise to considerable reductions in body weight and colon length as well as a
dramatic increase in DAI scores, whereas JPQC provided protective therapeutic
effects (Figure 3B-D). To evaluate the extent of the intestinal inflammatory response,
HE staining was performed here and the result revealed leukocyte infiltration, crypt
loss, and muscularis thickening in the colons under DSS stimulation (Figure 3E).
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Figure 2 Protein-protein interaction network constitution and putative target identification for Jian-Pi Qing-Chang against ulcerative colitis. A: Proteinprotein interaction networks were constituted for the candidate targets of Jian-Pi Qing-Chang (JPQC) and ulcerative colitis (UC), respectively, and an intersection was
performed to identify the putative targets of JPQC on UC based on the degree centrality value; B and C: Enrichment analyses of biological processes and signalling
pathways of JPQC were performed by ClueGO. JPQC: Jian-Pi Qing-Chang; UC: Ulcerative colitis. DC: Degree centrality.

Meanwhile, the expression levels of inflammatory factors, including TNF-α, IL-1β,
and IL-10, were examined by ELISA and PCR analyses, and the outcomes also
presented pro-inflammatory changes induced by DSS (Figure 3F-H). Fortunately,
JPQC could distinctly improve all the DSS-induced inflammation, which was also
confirmed by the immunohistochemical staining for TNF-α (Figure 3E).
Based on systems pharmacology analyses, we then examined the expression levels
of HIF-1α, NF-κB, and mTOR. Western blot analyses revealed that the relative
expression of HIF-1α/actin, NF-κB/actin, and p-mTOR/mTOR was all increased in
the DSS group, while JPQC alleviated the DSS-induced elevations as expected (Figure
3I-K). PCR analyses of NF-κB and HIF-1α mRNA levels yielded similar results (Figure
3H), indicated that NF-κB, HIF-1α, and mTOR were all involved in the mecha-nisms
by which JPQC ameliorated UC. As a common downstream factor, immunofluorescence staining for HIF-1α was performed, and the result presented that JPQC could
depress HIF-1α expression in DSS-induced colitis mice (Figure 3L).

JPQC restrains the NF-κB/HIF-1α signalling pathway in BMDMs
Next, BMDMs were extracted from wild-type C57BL/6 mice according to previously
reported protocols[26]; the experimental method is illustrated in Figure 4A. Mature
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Figure 3 Jian-Pi Qing-Chang inhibits the HIF-1α signalling pathway in dextran sulfate sodium-induced colitis mice. A: The animal experimental flow. An
experimental colitis model was induced by administration of 3.5% dextran sulfate sodium (DSS) in drinking water for 7 d in male C57BL/6 mice. Normal saline or JianPi Qing-Chang (JPQC) (15 g/kg/d) was given intragastrically daily for the control/DSS groups and JPQC group, respectively. n = 7-10; B and C: The body weight and
disease activity index scores were gauged every day; D: The length of colons and statistical graph; E: Haematoxylin and eosin staining and immunohistochemical
staining for TNF-α; F and G: Serum concentrations of TNF-α and IL-1β were measured by ELISA; H: The relative mRNA expression in colon tissues was measured by
PCR; I-K: The relative protein expression in colon tissues was measured by Western blot; L: Immunofluorescence staining for HIF-1α in colon tissues. Data are
presented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. JPQC: Jian-Pi Qing-Chang; DSS: Dextran sulfate sodium.

BMDMs were incubated with TNF-α (20 ng/mL) alone or together with JPQC (100
μg/mL), and the relative expression levels of NF-κB, HIF-1α, TNF-α, IL-1β, and IL-10
were measured by PCR analyses. The results showed that TNF-α stimulation raised
the levels of all these indicators and JPQC mitigated the elevations as previously
observed (Figure 4B). In addition, the ratios of HIF-1α/actin, NF-κB/actin, and pmTOR/mTOR expression were also measured by Western blot analyses, and the
results were corresponding to those in vivo (Figure 4C-E). These data indicated that
JPQC restrained the HIF-1α signalling pathway in BMDMs, and the immunofluorescence staining for HIF-1α confirmed that finding (Figure 4F).
Here, PDTC and RAP, the inhibitors of NF-κB and mTOR, respectively, served as
positive control agents, and both provided NF-κB and HIF-1α results similar to those
of JPQC (Figure 4B-D and F); in contrast, PDTC had no influence on the phosphorylation of mTOR (Figure 4E). As researches have demonstrated that the phosphorylation of Akt can modulate the degradation of IκB, it appears that mTOR may
play an important role in the process[31]. Thus, we further detected the upstream
events of the NF-κB and mTOR signalling pathways mentioned previously.
Interestingly, Western blot analyses presented similar results, showing that PDTC had
no influence on Akt phosphorylation, whereas RAP significantly decreased IκB
phosphorylation (Figure 5B and D). No changes in TRAF2 or p-PI3K expression were
observed (Figure 5A and C). Immunofluorescence staining also revealed that JPQC
and positive control agents offered therapeutic effects on NF-κB (Figure 5E),
suggesting that JPQC could inhibit the NF-κB/HIF-1α signalling pathway in BMDMs.

JPQC regulates tight junctions via the NF-κB/HIF-1α signalling pathway in Caco2
cells
Considering that epithelial barrier plays an important role in the pathogenesis of UC,
Caco2 cells were co-cultured with BMDMs to evaluate the relevance between mucosal
inflammation and intestinal barrier permeability in this study; the experimental
procedure is shown in Figure 6A. We first examined the relevant inflammatory
factors, and all the results of the relative mRNA expression levels of NF-κB, HIF-1α,
TNF-α, IL-1β, and IL-10 as well as the ratios of NF-κB/actin and HIF-1α/actin
expression displayed that JPQC could inhibit inflammation through the NF-κB/HIF1α signalling pathway in Caco2 cells (Figure 6B-D). Next, we performed Western blot
analyses for the tight junction protein. The results showed that the expression of
Claudin-1 and ZO-1 was down-regulated in the TNF group and that JPQC improved
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Figure 4 Jian-Pi Qing-Chang restrains the HIF-1α signalling pathway in bone marrow-derived macrophages. A: The isolating method and culturing conditions
of bone marrow-derived macrophages (BMDMs) from wild-type C57BL/6 mice. Mature BMDMs were treated with TNF-α (20 ng/mL) in the presence or absence of
either Jian-Pi Qing-Chang (100 μg/mL) or rapamycin (2 μM) for 24 h, or pre-treated with pyrrolidinedithiocarbamate (50 μM) for 30 min; B: The relative mRNA
expression in BMDMs was measured by PCR; C-E: The relative protein expression in BMDMs was measured by Western blot; F: Immunofluorescence staining for
HIF-1α in BMDMs. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. BMDMs: Bone marrow-derived macrophages; JPQC: Jian-Pi Qing-Chang;
PDTC: Pyrrolidinedithiocarbamate; RAP: Rapamycin.

this situation (Figure 6E and F), indicating that JPQC could regulate tight junctions in
Caco2 cells. Double immunofluorescence staining for HIF-1α/Tublin and NFκB/Claudin-1 confirmed the previous findings (Figure 6G and H). Taken together,
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Figure 5 Jian-Pi Qing-Chang depresses the mTOR and NF-κB signalling pathways in bone marrow-derived
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macrophages. A-D: The relative protein expression in bone marrow-derived macrophages (BMDMs) was measured
by Western blot; E: Immunofluorescence staining for NF-κB in BMDMs. Data are presented as the mean ± SD. aP <
0.05, bP < 0.01, cP < 0.001. BMDMs: Bone marrow-derived macrophages; JPQC: Jian-Pi Qing-Chang; PDTC:
Pyrrolidinedithiocarbamate; RAP: Rapamycin.

JPQC could modulate tight junctions via the NF-κB/HIF-1α signalling pathway in
Caco2 cells.

JPQC improves intestinal epithelial barrier function via the NF-κB/HIF-1α signalling
pathway in DSS-induced colitis mice
To verify the abovementioned findings, we examined the upstream events of the NFκB/HIF-1α signalling pathway in a murine model. Western blot analyses showed that
the ratios of TRAF2/actin and p-IκB/IκB expression were obviously reduced in the
JPQC group compared with those in the DSS group, whereas the changes of pPI3K/actin and p-Akt/Akt between the two groups were mild (Figure 7A-D). In the
meantime, JPQC ameliorated the declined expression of Claudin-1 and ZO-1 induced
by DSS (Figure 7E and F), suggesting that JPQC could improve intestinal epithelial
barrier function in DSS-induced colitis mice, and the subsequent immunofluorescence
staining for Claudin-1 further strengthened this finding (Figure 7G). Taken together,
all these data suggested that JPQC could improve the mucosal inflammatory response
and intestinal epithelial barrier function via the NF-κB/HIF-1α signalling pathway
during the development of UC, and the specific pathway diagram is described in
Figure H.

DISCUSSION
In the field of medical research, pharmaceutical development has consistently been an
urgent challenge, especially for TCM attributed to the multi-target interactions of the
complex ingredients of its herbal drugs [32] . One major dilemma is that the exact
therapeutic tactics are hardly defined in conventional studies due to the mild curative
effects for most individual targets. Fortunately, the synergistic effects exerted by
multi-targets of many Chinese herbal compounds are prominent, which are
responsible for the integral pharmacodynamics of TCM[33]. Thus, we tried to explore a
promising approach to obtain a comprehensive and systematic cognization of drug
action in the present study. By dint of systems pharmacology, we screened candidate
compounds, matched putative targets, and constructed PPI networks to harvest the
potential therapeutic targets of JPQC against UC, subsequently predicted the specific
signalling pathway, and finally validated our hypothesis through experiments in vivo
and in vitro.
First, we performed compound screening and target matching based on opensource initiatives and free web-based tools. Ultimately, 107 candidate compounds and
170 corresponding targets were obtained from JPQC, and then, PPI networks were
constructed to identify the underlying therapeutic targets of JPQC on UC. ClueGO
analyses revealed the RANKL/RANK signalling pathway and PI3K-AKT-mTOR
signalling pathway for the potential therapeutic targets, both of which have been
reported to be crucially involved in the inflammatory response. In our previous
studies, JPQC has been proved protective for UC by inhibiting inflammation as well
as by repairing intestinal epithelial barrier function, while HIF-1α, the common
downstream event of the NF-κB and mTOR signalling pathways, was also
demonstrated to be associated with those processes[19,20,29]. Hence, we proposed our
hypothesis that JPQC might have a protective effect on UC via the NF-κB/HIF-1α
signalling pathway.
HIF-1α, as a central link to regulate the expression of many transcription factors
that impact inflammation, angiogenesis, and cancer, has been considered to mediate
many diseases [34] . Evidence shows that the activation of the NF-κB and mTOR
signalling pathways in inflammation can trigger the nuclear translocation and
transcription of HIF-1α, leading to a series of inflammatory cascades[35,36]. Specifically,
during the development of UC, the expression of HIF-1α can result in perpetual
inflammation, causing deficiency of the intestinal epithelial barrier function[29,37].
First, we evaluated the curative effects of JPQC on DSS-induced colitis mice and
confirmed that HIF-1α was involved in the process. Subsequently, considering the
pivotal role of macrophages in intestinal inflammation, BMDMs were isolated from
wild-type C57BL/6 mice to monitor the changes in the indicators of the NF-κB/HIF1α signalling pathway in the inflammatory reactions induced by TNF-α and the
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Figure 6 Jian-Pi Qing-Chang regulates tight junctions via the NF-κB/HIF-1α signalling pathway in Caco2 cells. A: The cell co-culture assay. Bone marrowderived macrophages (BMDMs) were co-cultured in the upper chamber of a trans-well plate, with Caco2 cells placed in the lower chamber on day 5. Mature BMDMs
were treated with TNF-α (20 ng/ml) in the presence or absence of either Jian-Pi Qing-Chang (100 μg/mL) or RAP (2 μM) for 24 h, or pre-treated with
pyrrolidinedithiocarbamate (50 μM) for 30 min; B: The relative mRNA expression in Caco2 cells was measured by PCR; C-F: The relative protein expression in Caco2
cells was measured by Western blot; G and H: Double immunofluorescence staining for HIF-1α/Tublin and NF-κB/Claudin-1 in Caco2 cells. Data are presented as the
mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. BMDMs: Bone marrow-derived macrophages; JPQC: Jian-Pi Qing-Chang; PDTC: Pyrrolidinedithiocarbamate; RAP:
Rapamycin.

pharmacological actions of JPQC. In addition, to better simulate the physiological
environment in vivo, Caco2 cells were co-cultured with BMDMs to explore the
protective effects of JPQC on intestinal epithelial mucosal barrier function. The results
showed that treatment with TNFα activated the mTOR and NF-κB/HIF-1α signalling
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Figure 7 Jian-Pi Qing-Chang improves intestinal epithelial barrier function via the NF-κB/HIF-1α signalling pathway in dextran sulfate sodium-induced
colitis mice. A-F: The relative protein expression in colon tissues was measured by Western blot; G: Immunofluorescence staining for Claudin-1 in colon tissues; H:
The schematic diagram of therapeutic mechanism by which Jian-Pi Qing-Chang improves the mucosal inflammatory response and intestinal epithelial barrier function
during the development of ulcerative colitis. Data are presented as the mean ± SD. aP < 0.05, bP < 0.01, cP < 0.001. JPQC: Jian-Pi Qing-Chang; DSS: Dextran sulfate
sodium.
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pathway in BMDMs, thereby damaging the epithelial barrier permeability in cocultured Caco2 cells, while JPQC rescued this situation. Interestingly, we found that
the indicators in the NF-κB signalling pathway were obviously restrained by RAP,
whereas PDTC presented no similar influence on the indicators in the mTOR
signalling pathway, suggesting that the phosphorylation of mTOR might regulate the
NF-κB signalling pathway in some way, which has also been reported in latest
investigations[38]. Furthermore, a murine model induced by DSS was used in this
research to confirm our previous findings, and the results revealed that the mTOR
and NF-κB/HIF-1α signalling pathways were highly involved in the therapeutic
mechanism of JPQC against UC. Taken together, all the data in our present study
demonstrated that JPQC could improve UC via the NF-κB/HIF-1α signalling
pathway.
Limitations should be acknowledged that bioinformatics-based systems
pharmacology is an analytical methodology based on the existing data network
platform, where the bioinformatics is derived from massive existing studies.
However, as an emerging research field, there are still many gaps in the current
bioinformatics, which might bring about biases in our systematic pharmacological
analyses. Beyond that, our research has proven the feasibility of systematic
pharmacology in the pharmaceutical development of TCM. Hence, further
interdisciplinary research and integrated analyses are necessary, and they may
provide new perspectives on the development and clinical practice of TCM.

ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) is a kind of common chronic disease with complex etiology, and it is
difficult to achieve a satisfactory curative effect by conventional drug treatments. Meanwhile,
pharmaceutical development has always been an urgent dilemma in the field of medical
research. Thus, promising and novel research methods are urgently needed to be explored for
UC.

Research motivation
Mucosal inflammation and impairment of epithelial barrier function were thought to mediate the
pathogenesis of UC. HIF-1α was also demonstrated to be associated with those processes. Thus,
we explored the potential pharmacological mechanism of Jian-Pi Qing-Chang (JPQC) on UC,
which might provide a novel complementary tactic to the standard treatment.

Research objectives
To explore the potential pharmacological mechanism of JPQC on UC based on systems
pharmacology approach.

Research methods
Systems pharmacology was used in this research to explore the potential pharmacological
mechanism of JPQC on UC, and cell co-culture assay was applied to better simulate the
physiological environment in vivo.

Research results
The study showed the protective effect of JPQC on UC through cell and animal experiments.

Research conclusions
JPQC could improve the mucosal inflammatory response and intestinal epithelial barrier
function via the NF-κB/HIF-1α signalling pathway.

Research perspectives
The feasibility of systematic pharmacology was proved in this research, and further
interdisciplinary research and integrated analyses are necessary in the pharmaceutical
development of traditional Chinese medicine (TCM), which might provide new perspectives on
the development and clinical practice of TCM.
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Abstract
BACKGROUND
Laparoscopic resection of the pancreatic body and tail is the predominant
methodology to remove lesions in these locations; its safety and surgical planning
are relatively mature, but it remains a complex and high-precision surgical
operation, requiring abundant experience and skills in laparoscopic surgery, with
a 10% rate of complications.
AIM
To verify the feasibility and safety, as well as to examine the complications of
endoscopic pancreatectomy and healing mechanisms of pancreatic wounds after
endoscopic resection.
METHODS
Transgastric endoscopic resections of varying sizes of pancreases were performed
in 15 healthy Bama miniature pigs. The technical success rate, the incidence of
serious complications, and the survival of the animals were studied. The healing
of the wounds was evaluated by sacrificing the animals at various time points.
Finally, the expression of transforming growth factor-β1 and Smad3/Smad7 in
the surgical site was examined by immunohistochemistry to explore the role of
these factors in wound healing of the pancreas.
RESULTS
Partial and total resections were successfully performed in two groups of
animals, respectively. The technical success rate and the survival rate of the pigs
were both 100%. We obtained 12 pancreatic tissue samples by endoscopic
resection. The pancreatic wounds were closed with metal clips in one group and
the wounds healed well by forming scars. There was a small amount of
pancreatic leakage in the other group, but it can be fully encapsulated. The level
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of transforming growth factor-β1 (TGF-β1) in the wounds increased during the
inflammatory and fibrous hyperplasia phases, and decreased in the scar phase.
The expression of Smad3 paralleled that of TGF-β1, while the expression of
Smad7 had an inverse relationship with the expression of TGF-β1.
CONCLUSION
Purely transgastric endoscopic resection of the pancreas is a safe, effective, and
feasible procedure, but the incidence of pancreatic leakage in total pancreatic tail
resection is high. The expression of TGF-β1 and Smad3/Samd7 is related to the
progression of pancreatic wound healing.
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Core tip: Purely transgastric endoscopic resection of the pancreas is a safe, effective, and
feasible procedure. Endoscopic partial resection of the pancreatic tail is safe, but the
incidence of pancreatic leakage in total pancreatic tail resection is high. Wound closure
with metal clips is effective in reducing pancreatic leakage and in helping to form scar
tissue at the wound site. The expression of transforming growth factor-β1 and
Smad3/Samd7 varies in different phases of pancreatic wound healing, illustrating the
relation of these factors to the progression of wound healing.
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INTRODUCTION
In recent years, natural orifice transluminal endoscopic surgery (NOTES) has
attracted increasing attention as a new technique for minimally invasive treatment.
Compared with traditional surgery, it has the advantages of less trauma, faster
recovery, and no external postoperative scar. At present, endoscopic doctors globally
are performing a large number of experimental animal studies and a small amount of
clinical research about NOTES. Most of the results demonstrate the promising
application prospects of this technology. However, some experts still question the
safety and feasibility of NOTES technology. Therefore, the application of NOTES
technology must be further investigated. The initial outcome of interest is the
feasibility and safety of the procedure. We aimed to evaluate its complications in
animal experiments to provide a theoretical basis for further clinical application of
NOTES and to accumulate more operative experience in this technique.
At present, the resection of the pancreatic body and tail generally requires invasive
surgical treatment. Laparoscopic resection of the pancreatic body and tail is the
predominant methodology to remove lesions in these locations; its safety and surgical
planning are relatively mature, but it remains a complex and high-precision surgical
operation, requiring abundant experience and skills in laparoscopic surgery, with a
10% rate of complications. Therefore, invasive surgery is predominantly applied to
cases with refractory symptoms or an unclear diagnosis[1]. Can we use an endoscopic
treatment to remove lesions in the pancreatic body and tail directly and expedite
recovery after treatment? In this study, we explored this question through animal
experiments.

MATERIALS AND METHODS
Animals
In the study, 15 healthy Bama miniature pigs weighing 15 kg to 20 kg were provided
and raised by the Laboratory Animal Department of Shengjing Hospital of China
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Medical University. The experiment was conducted at the Endoscopy Center and the
Experimental Animal Center of Shengjing Hospital of China Medical University. The
experimental animals were divided into a control group with three pigs and two
experimental groups with six pigs each. In the control group, the pancreases were
only examined via endoscopy in the abdominal cavity. In experimental group one, the
pancreatic tail was partially resected by the endoscopic operation, while in
experimental group two, the pancreatic tail was completely removed by the
endoscopic operation.
One pig in the control group, two pigs in experimental group one, and two pigs in
experimental group two were sacrificed at 3 d, 7 d, and 14 d after the exploration or
endoscopic resection.

Methods
Preoperative preparation and anesthesia: The pigs were fasted for 2 d prior to
surgery and given a full-liquid diet consisting of approximately 10% of sugar in 3000
mL of water. The pigs were given an intramuscular injection of 0.3 mL/kg
Shuangmianxin II (846 doses) preoperatively, with a venous needle retained. An
intravenous injection of propofol (2 mg/kg) was administered to induce anesthesia
and a single repeated dosing regimen was used to maintain anesthesia. A bedside
monitor was used to track vital signs.
Endoscopic ultrasound to determine the site of intragastric incision: Because the
pig's stomach cavity was large and the pancreas was relatively small, we used
endoscopic ultrasound to locate the pancreas. First, we used a 19G puncture needle to
reach the tail of the pancreas through the stomach wall. We injected approximately 1
mL of methylene blue liquid to facilitate the endoscope to determine the location of
the pancreas in the abdominal cavity (Figure 1). During withdrawal of the puncture
needle, we continued to inject methylene blue slowly to indwell the melanin-stained
channel, especially when the puncture needle passed through the stomach wall. At
that time, we injected 3 mL of methylene blue under the mucous membrane of the
stomach wall to determine the appropriate incision position in the stomach.
Endoscopic incision of the posterior wall of the stomach: The gastroscope with a
transparent cap fixed on the front end was used to localize the marked point. The
mucosal, submucosal, and muscular layers were sequentially cut with a triangular
knife until the retroperitoneum was reached (Figure 2). A longitudinal or transverse
incision could be selected. The incision size was approximately 1 cm to 1.5 cm, which
was adequate for the endoscope to pass, could be closed easily, and avoided the
stomach contents flowing into the abdominal cavity during the treatment.
Finding and isolating pancreatic tissue: The pancreas could be localized using
methylene blue, and the pancreas could be rapidly identified after entering the
peritoneum. Exploring in both directions distinguished the head and tail of the
pancreas; generally, the tail was located to the right, close to the splenic tissue. The
pancreatic membrane of the pancreatic body and tail was separated with a triangular
knife to reveal approximately 2 cm of pancreatic parenchyma, avoiding damage to the
pancreatic parenchyma.
Resection of the pancreatic tail and closure of the wound: In experimental group
one, approximately 2 cm of parenchyma of the pancreatic tail (approximately 1/3 of
the width of the pancreas) was resected, avoiding the parenchyma around the main
pancreatic duct. Hemostatic forceps were used to stop bleeding. In experimental
group two, the entire parenchyma of the pancreatic tail was removed, and the
parenchyma of the pancreas was transected with a triangular knife (Figure 2).
Electrocoagulation was used for hemostasis. Finally, the pancreatic tissue was
removed by a snare. The wound was clipped with one or more metal clips to ensure
that the end was completely closed (Figure 3). Then, we withdraw the gastroscope
into the stomach and observed whether there was bleeding at the gastric incision.
After full hemostasis, the wound was sutured along the incised axis with metal clips.
An inflation experiment was conducted to determine whether it was completely
closed (Figure 3).

Postoperative management and specimen collection
Postoperative management: After resuscitating from anesthesia, the experimental
animal was sent to the animal department. The pig was fasted for 24 h, with the
exception of water. Postoperative survival, signs of infection, eating conditions,
weight changes, and complications were observed.
Endoscopic reexamination: According to the experimental design, endoscopy was
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Figure 1

Figure 1 Endoscopic ultrasound-guided fine needle puncture of the pancreatic tail through the stomach wall
and injection of a small amount of methylene blue liquid.

performed to observe wound healing of the stomach and to determine whether there
was any infection, perforation, or displacement of metal clips. Endoscopic ultrasound
was performed to observe the remaining pancreatic tissue and to evaluate whether
there was any effusion around the pancreatic wound, as well as to locate the metal
clips in the wound.
Animal sacrifice and specimen collection: The animals were sacrificed by air
embolism and then dissected. We first observed whether there was free gas, fluid, or
other findings in the abdominal cavity. Then, the serosal side of the stomach wall of
the incision, wound healing, and the residual metal clips of the gastric mucosal
incisions, and whether there was exudate, leakage, effusion, or residual metal clips at
the pancreatic wound were observed. After this, we removed the remaining
pancreatic body and pancreatic head tissue, and retained the pancreatic wound tissue.
The specimens were fixed with formalin for subsequent experiments.
Immunohistochemistry: The qualitative expression of transforming growth factor
(TGF)-β1, Smad3, and Smad7 in the pancreas was predominantly localized in the
cytoplasm. Semi-quantitative grading could be divided into three levels according to
the degree of positive staining of the cells: Weak (+), medium (++), and strong (+++),
corresponding to the light-stained brown, distinct brown, and deep-stained brown
cytoplasm, respectively. The percentage of positive area was divided into negative (-,
positive cells below 5%), weakly positive (+, positive cells among 5% to 30%),
moderately positive (++, the total number of positive cells at 30% to 50%), and
strongly positive (+++, more than 50% of positive cells). Each area of the section was
randomly observed for five high magnification fields to evaluate the positive area.

Statistical analysis
SPSS 20.0 was used for statistical analyses. The data are expressed as the median, and
the Kruskal-Wallis H test was used to compare the significant differences between the
groups. P-values < 0.05 represent a statistically significant difference.

RESULTS
Overview
Fifteen animals were successfully operated under endoscopy. All animals in the two
experimental groups were able to successfully undergo partial or total removal of the
pancreatic tail through endoscopy. Postoperatively, the animals recovered well.
Endoscopic reexamination, sacrificing, and specimen collection of all experimental
animals were performed postoperatively based on the study design. In this
experiment, a total of 12 pancreatic tissues were removed by endoscopy, in which the
resection size of experimental group one was approximately 2.2 ± 0.8 cm and the
resection size of experimental group two was approximately 4.5 ± 1.2 cm. All animals
had five to six metal clips placed on the closed gastric wound. After the pancreas was
removed in experimental group one, three to five metal clips were used to seal the
pancreatic wound. After the pancreas was removed in experimental group two, five
to seven metal clips were used to close the pancreatic wound.

Endoscopic observation and general observation of sacrificed animals
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Figure 2

Figure 2 The mucosal, submucosal, and muscular layers were sequentially cut with a triangular knife until the retroperitoneum was reached. A: The
incising of the mucosa of the gastric wall; B: The incising of the submucosa of the gastric wall; C: The incising of the muscular layer of the gastric wall; D: The incising
of the serosal layer of the gastric wall; E: The separation of the pancreatic capsule; F: The incision of the parenchyma of the pancreatic body and tail; G: Cutting the
pancreatic tail; H: The residual pancreatic body wound after removal of the pancreatic tail.

The results of gastroscopy and endoscopic ultrasound at 3 d, 7 d (Figure 4), and 17 d
after operation are shown in Table 1.
The experimental animals were sacrificed after endoscopic observation according to
the study design. All animals had no free gas or free fluid after laparotomy. The
serosal side of the posterior gastric wall was observed and there was local hyperemia.
Adhesion bands were found between the gastric wall and the retroperitoneum. The
band was thick in animals 3 d after surgery and the band was the thinnest in animals
14 d postoperatively (Figure 5). The anterior wall of the stomach was incised to look
for gastric mucosal incisions, to observe wound healing and to evaluate for residual
metal clips. Gastroscopes allow to observe at a magnification of 40 times. These
observation results are thus more accurate than normal observation with the naked
eye.
For the control group and experimental group one, no free liquid was seen in the
wounds. There were no pancreatic leaks or fluid collections and all metal clips were
present. The experimental animals sacrificed 14 d postoperatively had white scars
surrounded by metal clips tightly attached to the pancreas seen with the naked eye.
No definite scar was visible to the naked eye in animals sacrificed at 3 d and 7 d
postoperatively, and the metal clips were visible outside the pancreas (Figure 6). In
experimental group two, the local wounds of the animals sacrificed 3 d after surgery
were the same as those of experimental group one. In the experimental animals
observed at the 7th and 14th days postoperatively, the local swelling of the wound was
apparent. The metal clips were covered with scar tissue and needed to be incised to
expose the surface. There was a small amount of partially encapsulated liquid, which
was a colorless and cool liquid totaling less than 5 mL (Figure 7). An amylase analysis
was performed and the value exceeded 2000 U/L.

Complications
All experimental animals survived after surgery without severe infection or bleeding.
In the control group and experimental group one, there were no complications such as
pancreatic leakage or abdominal cavity and wound infections.
In experimental group two, the animals sacrificed 3 d after surgery had no
complications. The animals sacrificed 7 d and 14 d postoperatively showed a liquid
area with hyperechoic metal clips on endoscopic ultrasonography. However, there
was no obvious fluid leakage after the laparotomy. Localized scar tissue wrapped in
metal clips and a colorless liquid with congestive changes could be seen, suggesting a
small amount of pancreatic fistula.

Hematoxylin and eosin (HE) staining and immunohistochemistry
HE staining: HE staining of the pancreatic sections of the control group revealed
normal pancreatic tissue. Microscopically, the pancreatic lobules were intact, the
connective tissue between the lobules was diminished, the interstitium was loose, and
no inflammatory cell infiltration was seen.
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Figure 3

Figure 3 An inflation experiment was conducted to determine whether the wound was completely closed. A:
Using multiple metal clips to close the pancreatic wound; B: Closure of the gastric wound with metal clips.

In experimental groups one and two, HE staining of the sections obtained at
baseline from the pancreatic head revealed normal pancreatic tissue. The changes
revealed by HE staining at 3 d, 7 d and 14 d after operation in experimental groups
one and two are shown in Figure 8 and Table 1.
Expression of TGF-β1, Smad3, and Smad7 in pancreatic tissue of the control group
and pancreatic wounds: As observed by immunohistochemical staining, the
expression of these factors in the pancreatic tissue of the wounds varied over time.
The details are shown in Figure 9.
We processed the results of immunohistochemistry and scored the degree of cell
positive staining: Negative for 1 point, weakly positive for 2 points, moderately
positive for 3 points, and strongly positive for 4 points. We also scored the positive
area percentages: Negative for 1 point, weakly positive for 2 points, moderately
positive for 3 points, and strongly positive for 4 points. The total score was calculated
as the score of positive staining multiplied by the score of percentage of positive area.
The scores for specific expression of TGF-β1, Smad3, and Smad7 at different time
points are shown in Figure 10.

DISCUSSION
At present, the common problems of NOTES predominantly involve the following
aspects: First, it is essential to select an approach with an excellent visual field suitable
for the procedure and to allow for appropriate wound closure[2-6]. This experiment
confirmed that the metal clip is safe and effective in the closure of the gastric wound.
Second, to avoid intra-abdominal infection, we should minimize the operative time
and reduce any factors that can introduce bacteria into the abdominal cavity[7]. For the
NOTES of the pancreas, we chose the upper gastrointestinal approach, as the stomach
is a relatively clean area of the digestive tract that can be controlled. We controlled the
animal's digestive tract by using a 2 d fluid/food method to ensure cleanliness of the
digestive tract preoperatively. We used a small incision ensuring that only the
endoscope can pass in order to avoid the stomach contents flowing into the
abdominal cavity. Third, the method of identifying intra-abdominal anatomy is
difficult in NOTES due to insufficient experience[8]. In our study, methylene blueguided endoscopic ultrasound guidance with fine needle aspiration (EUS-FNA) was
used, which can help us to quickly and accurately identify the target organ. The
function of EUS-FNA has been fully used[9-13]. Finally, some NOTES procedures are
relatively complicated. Existing endoscopes and auxiliary instruments may not be
able to complete the procedure in some medical centers[14]. In this study, we used
existing devices to minimize procedural difficulty and to achieve effective resection.
The predominant complication following pancreatic resection is pancreatic leakage.
The incidence of pancreatic fistula after surgery averages approximately 5% to 10%.
Pancreatic leakage may cause many other serious complications and may eventually
lead to multiple organ failure and death[15]. Pancreatic leakage predominantly consists
of the leakage of pancreatic fluid from the ruptured pancreatic duct or from sutures to
the abdominal cavity. A small amount of pancreatic leakage enclosed by tissue can
form a pseudocyst and secondary infection can result in the formation of abscesses.
We observed that when a small amount of pancreatic tissue was removed and there
was no damage to the main pancreatic duct, we could close the wound with metal
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Table 1 Results of endoscopic observation of the stomach, endoscopic ultrasound observation of the pancreas, and histological
changes of pancreatic wound at 3 d, 7 d, and 14 d after operation
3 d after operation
Results of endoscopic observation of No shift of metal clips; local mucosa
the stomach
surrounding the wounds converged
and the wounds healed well

7 d after operation

14 d after operation

Detachment of 1-3 metal clips; local
mucosa surrounding the wounds
converged and red scars on the
wound surfaces could be seen

Detachment of all clips; ulcers
formed locally and a small amount of
white moss was found on the surface

The presentation was the same as
that at 3 d after operation

Results of endoscopic ultrasound
observation of the pancreas
Experimental group one

A small amount of hypoechoic
effusion around the pancreatic
wound; the metal clips at the wound
site

The presentation was the same as
that at 3 d after operation

Experimental group two

A small amount of hypoechoic
effusion around the pancreatic
wound; the metal clips at the wound
site

There were visible effusions in the
There were visible effusion and
tail of the pancreas and its
accumulation; the metal clips at the
boundaries were clear; the metal clips wound site
at the wound site

Experimental group one

More inflammatory cells infiltrating
in the interstitium, a small amount of
fibroblasts, and a small amount of
neovascularization can be seen

Numerous inflammatory cells
infiltrating the interstitium, more
fibroblasts, and more
neovascularization can be seen

Experimental group two

Numerous inflammatory cells
infiltrating the interstitium, fewer
fibroblasts, and fewer
neovascularization

Numerous inflammatory cells
Fewer inflammatory cells infiltrating
infiltrating in the interstitium, more
the interstitium, more fibroblasts, and
fibroblasts, more neovascularization, more neovascularization can be seen
and a small amount of necrotic tissue
on the margin can be seen

Histological changes of pancreatic
wound
Fewer inflammatory cells infiltrating
in the interstitium, numerous
fibroblasts, and numerous areas of
neovascularization

clips without leakage. For the pancreatic tail excision, there was injury to the main
pancreatic duct. There was no evidence of pancreatic leakage initially, but this
complication occurred one week after surgery and continued for two weeks
postoperatively. In view of this finding, we believe that the metal clip can close the
pancreatic parenchyma without damaging the main pancreatic duct and can play a
role in closing the damaged branch of the pancreatic duct. If there is damage to the
main pancreatic duct, a small amount of pancreatic leakage may occur. This can be
explained as follows: First, it may be due to necrosis of the edge of the pancreatic
wound after electrocoagulation, leading to the metal clip no longer remaining firmly
affixed. Second, the necrotic pancreatic tissue will release digestive enzymes and
relaxation of the metal clip will expose more pancreatic tissue and cause more
exudation. However, due to the protection of the metal clip in the initial stage,
pancreatic leakage could be encapsulated within a week, not leading to pancreatic
ascites, infection, etc. This illustrates the efficacy and relative safety of endoscopic
resection of the pancreas. More studies are needed to verify the efficacy of this
treatment modality and to further examine complications. When a fluid collection
does develop, we cannot do abdominal drainage like surgery. Further studies should
evaluate whether the fluid can be absorbed and whether it can be controlled with a
pancreatic stent preoperatively. To evaluate the possibility of promoting the healing
of wounds, we conducted a follow-up basic experimental study.
We can observe obvious scar repair with the naked eye on the experimental
specimens. HE staining also confirmed this result. We next focused on the scar
formation process. TGF-β1 is the most commonly used index in the wound repair
process, which involves various processes including cell proliferation, differentiation,
and apoptosis. This factor plays an important regulatory role in the process of
inflammation and fibrosis [16-18] . It has been reported that TGF-β1 also plays an
important role in the repair of pancreatic tissue and can participate in many aspects
such as wound healing, cell growth, cell cycle regulation, angiogenesis, and immune
regulation[19-21]. Studies have shown that the expression of TGF-β1 in wound scar cells
is significantly increased compared with normal fibroblasts. In addition, multiple
factors including smad3 are also increased[12], suggesting that TGF-β1/Smad signaling
plays an important role in the repair of scar tissue. However, the role of TGF-β1 is
complex and its role is dose-dependent, cell cycle-dependent, and cell typedependent, while the synergy between different cytokines impacts the biological
effects of TGF-β1. We selected TGF-β1 at different time points for observation. We
compared it in the wound repair process and we also examined its role in signal
transduction pathways.
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Figure 4

Figure 4 Results of gastroscopy and endoscopic ultrasound at 7 d. A: Endoscopic ultrasonographic image obtained 7 d after surgery in experimental group one
shows that a hyperechoic light mass near the pancreas is visible with the "comet tail sign.” B: Endoscopic ultrasonographic image obtained 7 d after surgery in
experimental group two reveals effusions around the pancreas with a hyperechoic mass with the "comet tail sign”.

How does TGF-β1 impact signal transduction and how does it regulate tissue
repair? Previous studies have suggested that the key mediator of transduction of this
signal from outside the cell into the nucleus is the Smad protein family, which acts as
a signal downstream from protein molecules of TGF-β1 and plays varied roles in the
repair process[22-24]. We detected TGF-β1 and Smad3/Smad7 at different time points by
immunohistochemistry and found that while TGF-β1 was not normally expressed in
normal pancreatic tissues, its expression began in the pancreatic wound, which
demonstrates that it participates in wound repair. As time following surgery
increases, the expression of TGF-β1 increases, reducing the inflammatory response of
the tissue while also promoting the formation of scar tissue. At this later time, we can
visualize the inflammatory cells and fibroblasts in the tissue sections stained with HE.
In the final stage of the experiment, the body no longer needs to repair the wound
due to the formation of scar tissue, so TGF-β1 begins to decline. As a downstream
reaction to proteins of TGF-β1, Smad3 and Smad7 also have various changes. We
observed that the change of Smad3 paralleled that of TGF-β1. It was shown that
during the process of tissue repair, the increase of TGF-β1 promoted the expression of
Smad3. Although the changing trend was the same, the time of peak value was
slightly different and Smad3 expression lagged slightly behind TGF-β1. The Smad7
highly expressed in normal pancreatic tissues declined with the progression of the
study inversely to the changes of TGF-β1, particularly when the pancreas tissues were
repaired. After the formation of scar tissue, Smad7 expression began to rise to regulate
the expression of TGF-β1 so that excessive tissue repair is avoided. Therefore, the
expression of TGF-β1 in pancreatic wounds paralleled that of Smad3 and is inversely
correlated with the expression of Smad7, suggesting that TGF-β1 may contribute to
fibrosis of pancreatic wounds through the TGF-β1/Smad signaling pathway. Smad3
may play a role in the signal transduction of TGF-β1, while Smad7 may antagonize
receptor-activated Smad protein-mediated signaling, forming a negative feedback
loop. The interaction of multiple factors achieves wound healing without excessive
fibrosis. The mechanisms need be further studied.
The transgastric endoscopic route is a safe, effective, and feasible method for
pancreatic tail resection in pigs. Partial resection of the pancreatic tail is very safe,
while total pancreatic tail resection has a high incidence of pancreatic leakage. Metal
clips are effective for closure of the pancreatic parenchymal wound and can create
optimal conditions for scar formation of pancreatic wounds while reducing pancreatic
leakage. The changes of TGF-β1 and Smad3/Smad7 expression in different stages of
pancreatic wound healing indicate that TGF-β1 participates in the occurrence and
development of fibrosis of pancreatic wound healing through the TGF-β1/Smad
signaling pathway.
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Figure 5

Figure 5 Adhesive bandages between the posterior wall of the stomach and the retroperitoneal tissues at 3 d, 7 d, and 14 d postoperatively, respectively.
Figure 6

Figure 6 No definite scar was visible to the naked eye in animals sacrificed at 7 d and 14 d postoperatively, and the metal clip was visible outside the
pancreas. A: In group one, the metal clips were all present and exposed in the pancreatic wound of the experimental animals sacrificed 7 d after the operation. B and
C: The pancreatic wounds enclosed by visible white scar tissue and metal clips were seen in the exposed wound in experimental animals sacrificed 14 d after surgery.
Figure 7

Figure 7 In the group two experimental animals sacrificed 14 d after surgery, the pancreatic wound surface was locally swollen and the metal clips were
covered with scar tissue to form a cystic cavity. The surface of the pancreas was incised to expose the wound.
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Figure 8

Figure 8 Hematoxylin and eosin staining. A: Hematoxylin and eosin (HE) staining of the normal pancreas in the control group (40×); B: HE stained image (40×) on
the 3rd day postoperatively in experimental group one; C: HE stained image (40×) on the 7th day postoperatively in experimental group one. D: HE stained image
(40×) on the 14th day postoperatively in experimental group one. E: HE staining of the normal pancreas in the control group (40×); F: HE stained image (40×) on the
3rd day postoperatively in experimental group two; G: HE stained image (40×) on the 7th day postoperatively in experimental group two. H: HE stained image (40×) on
the 14th day postoperatively in experimental group two.
Figure 9

Figure 9 Immunohistochemical staining. A: Immunohistochemical staining for transforming growth factor (TGF)-β1 at baseline (400×); B: Expression of TGF-β1 on
the 3rd day postoperatively (400×), C: Expression of TGF-β1 on the 7th day postoperatively (400×). D: Expression of TGF-β1 at 14 d after surgery (400×). E:
Immunohistochemical staining for Smad3 at baseline (400×), F: Expression of Smad3 at 3 d postoperatively (400×). G: Expression of Smad3 at 7 d postoperatively
(400×). H: Expression of Smad3 at 14 d postoperatively (400×). I: Immunohistochemical staining for Smad7 at baseline (400×). J: Expression of Smad7 at 3 d
postoperatively (400×). K: Expression of Smad7 at 7 d postoperatively (400×). L: Expression of Smad7 at 14 d postoperatively (400×).
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Figure 10

Figure 10 Immunohistochemical scores of transforming growth factor-β1, Smad3, and Smad7. Transforming growth factor-β1 was negatively expressed in the
control group and began to rise after pancreatic resection. The expression was the highest at 7 d after surgery and then decreased; Smad3 showed negative
expression in the control group and began to rise after pancreatic resection. The highest level occurred at 7 d after surgery, followed by a downward trend; Smad7
was highly expressed in the control group, gradually decreased after surgery, and was expressed the least on the 7th day after surgery, then showing a trend of
recovery. TGF-β1: Transforming growth factor-β1.

ARTICLE HIGHLIGHTS
Research background
The resection of the pancreatic body and tail generally requires invasive surgical treatment.
Laparoscopic resection of the pancreatic body and tail is the predominant methodology to
remove lesions in these locations; its safety and surgical planning are relatively mature, but it
remains a complex and high-precision surgical operation, requiring abundant experience and
skills in laparoscopic surgery, with a 10% rate of complications. Natural orifice transluminal
endoscopic surgery has attracted increasing attention as a new technique for minimally invasive
treatment. Compared with traditional surgery, it has the advantages of less trauma, faster
recovery, and no external postoperative scar. Can we use an endoscopic treatment to remove
lesions in the pancreatic body and tail directly and expedite recovery after treatment? In this
study, we explored this question through animal experiments.

Research motivation
Based on this study, we may provide a micro-invasive therapy for the lesions in the pancreatic
tail.

Research objectives
To verify the feasibility and safety, as well as to examine the complications of endoscopic
pancreatectomy and healing mechanisms of pancreatic wounds after endoscopic resection.

Research methods
Transgastric endoscopic resections of varying sizes of pancreases were performed in 15 healthy
Bama miniature pigs. The technical success rate, the incidence of serious complications, and the
survival of the animals were studied. The healing of the wounds was evaluated by sacrificing the
animals at various time points. Finally, the expression of transforming growth factor-β1 and
Smad3/Smad7 in the surgical site was examined by immunohistochemistry to explore the role of
these factors in wound healing of the pancreas.

Research results
Partial and total resections were successfully performed in two groups of animals, respectively.
The technical success rate and the survival rate of the pigs were both 100%. We obtained 12
pancreatic tissue samples by endoscopic resection. The pancreatic wounds were closed with
metal clips in one group and the wounds healed well by forming scars. There was a small
amount of pancreatic leakage in the other group, but it can be fully encapsulated. The level of
transforming growth factor-β1 (TGF-β1) in the wounds increased during the inflammatory and
fibrous hyperplasia phases, and decreased in the scar phase. The expression of Smad3 paralleled
that of TGF-β1, while the expression of Smad7 had an inverse relationship with the expression of
TGF-β1.

Research conclusions
Purely transgastric endoscopic resection of the pancreas is a safe, effective, and feasible
procedure, but the incidence of pancreatic leakage in total pancreatic tail resection was high. The
expression of TGF-β1 and Smad3/Samd7 is related to the progression of pancreatic wound
healing.

WJG

https://www.wjgnet.com

2633

June 7, 2019

Volume 25

Issue 21

Wang S et al. Endoscopic resection of pancreatic tail

Research perspectives
Further studies should be conducted to confirm the safety and effectiveness of endoscopic
resection for lesions in the pancreatic tail and wound healing mechanism.
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Abstract
BACKGROUND
Although important for determining long-term outcome, pathologic stage of
hepatocellular carcinoma (HCC) is difficult to predict before surgery. Current
state-of-the-art magnetic resonance imaging (MRI) using gadoxetic acid provides
many imaging features that could potentially be used to classify single HCC as
pT1 or pT2.
AIM
To determine which gadoxetic acid-enhanced MRI (EOB-MRI) findings predict
pathologic stage T2 in patients with solitary HCC (cT1).
METHODS
Pre-operative EOB-MRI findings were reviewed in a retrospective cohort of
patients with solitary HCC. The following imaging features were examined:
Hyperintensity in unenhanced T2-weighted images, hypointensity in
unenhanced T1-weighted images, arterial enhancement, corona enhancement,
washout appearance, capsular appearance, hypointensity in the tumor tissue
during the hepatobiliary (HB) phase, peritumoral hypointensity in the HB phase,
hypointense rim in the HB phase, intratumoral fat, hyperintensity on diffusionweighted imaging, hypointensity on apparent diffusion coefficient map, mosaic
appearance, nodule-in-nodule appearance, and the margin (smooth or irregular).
Surgical pathology was used as the reference method for tumor staging.
Univariate and multivariate analyses were performed to identify predictors of
microvascular invasion or satellite nodules.
RESULTS
There were 39 (34.2%; 39 of 114) and 75 (65.8%; 75 of 114) pathological stage T2
and T1 HCCs, respectively. Large tumor size (≥ 2.3 cm) and two MRI findings,
i.e., corona enhancement [odds ratio = 2.67; 95% confidence interval: 1.101-6.480]
and peritumoral hypointensity in HB phase images (odds ratio = 2.203; 95%
confidence interval: 0.961-5.049) were associated with high risk of pT2 HCC. The
positive likelihood ratio was 6.25 (95% confidence interval: 1.788-21.845), and
sensitivity of EOB-MRI for detecting pT2 HCC was 86.2% when two or three of
these MRI features were present. Small tumor size and hypointense rim in the HB
phase were regarded as benign features. Small HCCs with hypointense rim but
not associated with aggressive features were mostly pT1 lesions (specificity,
100%).
CONCLUSION
Imaging features on EOB-MRI could potentially be used to predict the pathologic
stage of solitary HCC (cT1) as pT1 or pT2.
Key words: Tumor invasiveness; Gadolinium ethoxybenzyl diethylenetriaminepentaacetic
acid; Hepatobiliary; Contrast agent; Magnetic resonance imaging; Hepatocellular
carcinoma
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Gadoxetic acid-enhanced-magnetic resonance imaging (EOB-MRI) has been
shown to outperform other hepatocellular carcinoma (HCC) diagnostic tools. Our aim
was to determine whether EOB-MRI findings could be used to predict pathologic stage
T2 in patients with solitary HCC, clinical stage T1 (cT1). EOB-MRI was performed in
114 patients with solitary HCC [39 with pathologic stage T2 (pT2) and 75 with pT1].
Large tumor size, corona enhancement, and peritumoral hypointensity in hepatobiliary
phase images were associated with high risk of pT2 HCC. The sensitivity of EOB-MRI
for detecting pT2 HCC was 86.2% when two or three of these MRI features were
present.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most common malignancies worldwide, and its occurrence is highly related to hepatitis B and C virus infection. The
TNM staging system of the American Joint Committee on Cancer seventh edition and
Union for International Cancer Control defines T1 HCC as a solitary tumor without
vascular invasion and defines T2 HCC as a solitary tumor with either gross or
histologic involvement of vessels (microvascular or microscopic invasion)[1] or as
multiple tumors (including satellite nodules), none more than 5 cm in greatest
dimension. Therefore, clinical stage T1 (cT1) HCC on imaging studies can be either
pathologic stage T1 or T2 (pT1 or pT2).
Methods of non-invasive prediction of pathologic stage of HCC, such as those
using laboratory tests[2], have been investigated but not widely validated. Only a few
imaging findings are widely accepted as prognostic biomarkers for HCC: tumor size,
multifocal tumors, and vascular invasion[3-5]. The relative risk of HCC recurrence
when patients present with macrovascular or microvascular invasion is 15- and 4.4fold, respectively[6]. Patients with microvascular invasion or satellite nodules have
higher rates of early and late recurrence and shorter overall survival after curative
resection or liver transplantation[7-12]. Therefore, more extensive treatments, including
wider surgical margin (if liver reserve is adequate) and more frequent follow-up
examinations should be considered in such cases.
However, microvascular invasion and satellite nodules are difficult to detect
preoperatively, even by current state-of-the-art imaging studies. Gadolinium ethoxybenzyl diethylene-triaminepentaacetic acid (Gd-EOB-DTPA) is a commercially
available hepatocyte-specific magnetic resonance (MR) contrast agent that on
intravenous administration can enhance the contrast of the liver parenchyma[13]. GdEOB-DTPA can be added to conventional dynamic MR imaging (MRI) for
hepatobiliary (HB) phase imaging. EOB-MRI outperforms dynamic contrast-enhanced
computed tomography and other MRI techniques as a tool for establishing a diagnosis
of HCC[14-16]. Kim et al[17] reported that detection of more HCCs by EOB-MRI improved
overall survival of patients initially evaluated by computed tomography. However,
unlike conventional MRI, which uses extracellular contrast agents, EOB-MRI has
some limitations, such as weaker arterial enhancement, a narrower window of peak
arterial enhancement, and severe respiratory motion artifacts in some cases [18-21] .
Moreover, the usefulness of EOB-MRI for predicting the presence of microvascular
invasion or satellite nodules has not yet been well established.
The purpose of our study is to investigate whether the imaging features of solitary
HCC on preoperative EOB-MRI can be used to predict pT2 HCC and whether the
finding of more than one aggressive imaging feature could increase the reliability of
this prediction.

MATERIALS AND METHODS
Study population
This single-center retrospective study was conducted from January 2012 to December
2017. We retrospectively reviewed records from the pathology database in our
institute. In total, 376 patients with HCC received liver resection and had pT1 or pT2.
The criteria for inclusion were: First, newly diagnosed solitary HCC on preoperative
imaging without obvious vascular invasion, lymphadenopathy, or extrahepatic
metastasis; second, a preoperative Gd-EOB-DTPA MRI study; and third, no other
treatment besides surgery. We excluded patients with recurrent HCC (n = 31), with
combined tumors (intrahepatic cholangiocarcinoma) (n = 5), with no preoperative
EOB-MRI study (n = 69), with only a preoperative computed tomography imaging
study (n = 104), with ruptured HCC and hemoperitoneum (n = 4), undertaking other
preoperative treatments (radiofrequency ablation, transarterial chemoembolization,
intra-arterial infusion chemotherapy, and stereotactic radiosurgery) (n = 10), with no
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imaging study in our imaging archiving system (n = 1), with HCC on biopsy but only
tumor necrosis postoperatively (n = 2), with two HCCs on EOB-MRI (clinical stage T2)
(n = 28), and receiving segmentectomy limited to removal of only one tumor due to
poor liver reserve (n = 8) (Figure 1).

Methods
We used Gd-EOB-DTPA (Primovist®, Bayer Healthcare, Berlin, Germany) as MRI
contrast agent for these patients. Bolus injection of 10 mL of Gd-EOB-DTPA at the rate
of 1 mL/s was immediately followed by a normal saline flush of 10-20 mL. In order to
optimize hepatic arterial-phase timing, MRI was performed by using a 1.5-T system
(Avanto, Siemens Healthineers, Erlangen, Germany) with 32 independent RF
channels or another 1.5-T system (Aera, Siemens Healthineers) with 64 independent
RF channels and body coils. A rectangular field of view of 32 cm × 24 cm to 29 cm × 22
cm was tailored for each patient.
The standard liver MRI protocol in our hospital consisted of a respiration-triggered
fat-saturated T2-weighted fast spin-echo or turbo spin-echo sequence [repetition time
(TR), 4175 ms; echo time (TE), 76 ms; acceleration factor, 2; number of excitation, 1;
slice thickness, 5 mm], double-echo T1-weighted gradient-echo sequence (in-phase:
TR, 164 ms; TE 4.76 ms; opposed-phase: TR, 164; TE 2.38 ms; acceleration factor, 2;
number of excitation, 1; slice thickness, 5 mm), and a dynamic contrast-enhanced T1weighted gradient-echo sequence with chemically selective fat suppression. The
dynamic contrast-enhanced 3D MRI was performed using a volumetric interpolated
breath-hold examination sequence (TR, 4.45 ms; TE, 1.60 ms; flip angle, 10° for arterial
to transitional phase, 30° for HB phase; acceleration factor, 2; number of excitation, 1;
slice thickness, 3 mm) with bolus-tracking protocol. Image acquisition began with the
volumetric interpolated breath-hold examination sequence (arterial phase) and was
initiated when the contrast medium was visible at the level of the celiac trunk of the
abdominal aorta. We also acquired images of the portal venous phase at about 60-70
seconds, transitional phase at about 3 minutes, and HB phase at 20 min after the start
of contrast medium injection. Diffusion-weighted imaging (with b values as 50, 400,
and 800 s/mm2) was performed using a respiratory-triggered single-shot echo-planar
imaging sequence; then an apparent diffusion coefficient map was generated.

Characteristic MRI features
We measured the largest outer-edge-to-outer-edge dimension of the tumor including
the capsule in the HB phase according to version 2017 of the Liver Imaging Reporting
and Data System of the American College of Radiology[22]. The following imaging
features were examined: hyperintensity in unenhanced T2-weighted images,
hypointensity in unenhanced T1-weighted images, arterial enhancement, corona
enhancement, washout appearance, capsular appearance, hypointensity in the tumor
tissue during the HB phase, peritumoral hypointensity in the HB phase, hypointense
rim in the HB phase, intratumoral fat, hyperintensity on diffusion-weighted imaging,
hypointensity on apparent diffusion coefficient map, mosaic appearance, nodule-innodule appearance, and the margin (smooth or irregular)[3,14,23-29]. Corona enhancement
was defined according to the Liver Imaging Reporting and Data System version 2017
as an uneven area of hyper-enhancement surrounding the hypervascular HCC in the
late arterial phase or early portal venous phase. Peritumoral hypointensity in the HB
phase was defined as irregular, wedge-shaped or a ﬂame-like ring of enhancement
surrounding the tumor and outside of the tumor margin usually with a lower
intensity than liver parenchyma but a higher intensity than the tumor[27]. According to
the Liver Imaging Reporting and Data System version 2017, the hypointense rim
formed a discrete boundary between the tumor and its surroundings. Presence or
absence of these findings in each individual set of images was recorded by two
radiologists independently. Discrepancies were resolved by consensus.

Pathology evaluation
The pathology was analyzed by experienced pathologists after the surgery. The
macroscopic and microscopic characteristics of the resected specimen included:
Number and size of the HCC nodules, degree of histologic differentiation of HCC,
status of microvascular invasion, presence or absence of satellite nodules, presence or
absence of tumor necrosis, capsule formation with or without disruption, and stage of
background liver parenchyma fibrosis. Microvascular invasion was identified on
microscopic examination as tumor emboli in endothelial cell-lined vascular spaces.
Satellite nodules were detected on microscopic examination as small HCCs separated
from the main HCC by tumor-free liver parenchyma[8].

Statistical analysis
Continuous variables are presented as mean and standard deviation and were
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Figure 1

Figure 1 Flow chart of the study population selection process and the inclusion and exclusion criteria. HCC: Hepatocellular carcinoma; EOB-MRI:
ethoxybenzyl magnetic resonance imaging; CT: Computed tomography.

analyzed statistically with the Student t-test. Categorical variables are presented as
frequency and percentage and were analyzed with the Pearson chi-square test or
Fisher exact test. The association (measured by odds ratio) of pathologic stage T2
HCC with all selected potential risk factors was assessed using univariate logistic
regression analysis. In addition, the diagnostic accuracy of imaging findings for
predicting pathologic stage T2 HCC was assessed using the ROC curve. SAS 9.4 for
Windows (SAS Institute, Cary, NC, United States) and Prism 6 (GraphPad Software
Inc., La Jolla, CA, United States) were used to perform these analyses. Statistical
significance was considered as P < 0.05.

RESULTS
There was no significant difference in age, gender, hepatitis virus type, serum tumor
biomarkers (alpha-fetoprotein and CA19-9), interval between imaging and surgery,
and METAVIR score of liver fibrosis between the pT1 and pT2 groups (Table 1).
There were 114 patients included in our study (75 with pT1 HCC and 39 with pT2
HCC). In the pT2 group, 28 patients had a tumor with microvascular invasion, eight
had a tumor with one or more satellite nodules, and three had a tumor with both
microvascular invasion and one or more satellite nodules (Figure 1).
Regarding the imaging features, there was no significant between-group difference
in T2 hyperintensity, T1 hypointensity, arterial enhancement, washout appearance,
capsular appearance, hypointensity in the HB phase, intratumoral fat, hyperintensity
on diffusion-weighted imaging, hypointensity on the apparent diffusion coefficient
map, mosaic appearance, and the margin (smooth or irregular). Fourteen patients
(35.9%) in the pT2 group and 13 patients (17.3%) in the pT1 group showed corona
enhancement, with an odds ratio of 2.671 and 95% confidence interval (CI) of 1.1016.480 (P = 0.030). HCCs with this imaging feature were more likely to be stage pT2.
We also noted differing tendencies for peritumoral hypointensity to occur in the HB
phase between the pT2 group (n = 16; 41.0%) and pT1 group (n = 18; 24%), with an
odds ratio of 2.203 and 95%CI of 0.961-5.049 (P = 0.062), suggesting HCCs with this
imaging feature also tend to be stage pT2 tumors (Tables 2 and 3) (Figures 2 and 3).
Three patients (7.7%) in the pT2 group and 24 patients (32%) in the pT1 had tumors
smaller than or equal to 2 cm, with an odds ratio of 0.149 and 95%CI of 0.033-0.674 (P
= 0.013). Tumors smaller or equal to 2 cm in diameter tended to be stage pT1. The
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Table 1 Comparison of demographic and other characteristics between the pathologic stage T2 and T1 groups, n (%)
Characteristics

pT2, n = 39

pT1, n = 75

P value

Age, mean ± SD

60.54 ± 11.17

58.32 ± 10.95

0.3101

Male

26 (66.7)

57 (76.0)

Female

13 (33.3)

18 (24.0)

HBV

21 (53.8)

50 (66.7)

0.223

HCV

15 (38.5)

21 (28.0)

0.292

HBV and HCV

3 (7.7)

3 (4.0)

0.385

AFP

415.3 ± 1536.1

812.3 ± 5922.0

0.5683

CA-19-9

116.2 ± 606.2

14.1 ± 15.6

0.2998

Interval between the dates of imaging and surgery, mean ± SD

17.69 ± 30.80

18.09 ± 20.58

0.9419

F0-F3

28 (71.79)

52 (69.33)

F4

11 (28.21)

23 (30.67)

Gender

0.375

Hepatitis virus subtype

Tumor marker

METAVIR score of liver fibrosis

0.7852

HBV and HCV: Hepatitis viruses B and C; AFP: Alpha-fetoprotein; CA-19-9: Cancer antigen 19-9; pT1: Pathologic stage T1; pT2: Pathologic stage T2.

occurrence of another HB phase imaging feature, i.e., the hypointense rim, differed
between the pT2 group (n = 5, 12.8%) and pT1 group (n = 21, 28%), with an odds ratio
of 0.378 and 95%CI of 0.130-1.098 (P = 0.074), indicating that HCC with this imaging
feature tends to be stage pT1 (Tables 2 and 3) (Figures 4 and 5).
In our study using the Youden index, the optimal cut-point of tumor size was 2.3
cm. The area under the ROC curve (not shown) was 0.5745, which was not good
enough for pT2 HCC prediction based only on tumor size. Other imaging findings
suggesting pT2 in our study were corona enhancement and peritumoral hypointensity in the HB phase. Tumors had an odds ratio for being stage pT2 of 1.037
(95%CI: 0.285-3.766) in the presence of one aggressive feature (i.e., tumor size larger
than 2.3 cm in diameter, corona enhancement, or peritumoral hypointensity). The
odds ratio further increased to 6.25 (95%CI 1.788-21.845) in the presence of two or
three aggressive features. The sensitivity of EOB-MRI for detecting pT2 HCC was
86.2% (25/29) when the HCCs had two or three of these MRI features (Table 4).
Large HCCs (size ≥ 2.3 cm) tended to be pT2, but in the absence of corona
enhancement or peritumoral hypointensity in the HB phase, a significant number of
them were pT1. Large HCCs with a hypointense rim were less likely to be pT2 (odds
ratio = 0.26; 95%CI: 0.0086-0.7810; P = 0.016) than large HCCs without this feature.
Small HCCs (less than 2.3 cm) tended to be pT1 lesions, were likely to be pT2 in the
presence of aggressive imaging features on EOB-MRI (odds ratio: 34.00; 95%CI: 3.251355.6; P = 0.0006), and were pT1 in the presence of an HB phase hypointense rim.
Large HCCs with aggressive imaging features and without hypointense rims were
most likely to be pT2 lesions (Figure 6).

DISCUSSION
In our study, tumor size and the “aggressive” imaging features corona enhancement
and peritumoral hypointensity tended to predict the pathologic stage of solitary HCC
as pT2. However, tumor size alone was not a good predictor.
Tumor size is an important factor affecting the incidence of occult vascular invasion
and advanced histologic grade in HCC. The incidence of microscopic vascular
invasion increases with tumor size[5]. However, there is still no consensus about the
best tumor cutoff size to predict microinvasion. The odds ratio for HCC with
microvascular invasion was 7.1 (95%CI: 2.6-19.8) when preoperative tumor size was ≥
5 cm in the study by Kaibori et al[30] and 3 (95%CI: 1.2-7.1) when tumor size was
greater than 4 cm in the study by Esnaola et al[31]. In our study, the tumor cutoff size
(measured on MRI) was 2.3 cm, which was close to that proposed by the American
Joint Committee on Cancer[32,33].
Corona enhancement and peritumoral hypointensity were also considered as
predictive factors of microvascular invasion in a study conducted by Miyata et al[34].
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Table 2 Imaging characteristics compared between the pathologic stage T2 group and T1 group,
n (%)
Characteristics

pT2, n = 39

pT1, n = 75

P value

T2 hyperintensity

37 (94.9)

68 (90.7)

0.716

T1 hypointensity

35 (89.7)

69 (92.0)

0.733

Arterial enhancement

38 (97.4)

70 (93.3)

0.662

Corona enhancement

14 (35.9)

13 (17.3)

0.037

Washout appearance

36 (92.3)

69 (92.0)

1.000

Capsular appearance

14 (35.9)

38 (50.7)

0.167

Hypointensity of tumor in the HB phase

37 (94.9)

74 (98.7)

0.269

Peritumoral hypointensity in the HB phase

16 (41.0)

18 (24.0)

0.084
0.099

Hypointense-rim in the HB phase

5 (12.8)

21 (28.0)

Intratumoral fat

8 (20.5)

18 (24.0)

0.815

Hyperintensity on DWI

39 (100.0)

72 (96.0)

0.550

Hypointensity on ADC map

16 (41.0)

32 (42.7)

1.000

Mosaic architecture

27 (69.2)

48 (64.0)

0.679

Smooth

27 (69.2)

57 (76.0)

Irregular

12 (30.8)

18 (24.0)

AJCC v.7

39 (100.0)

75 (100.0)

Margin type

0.503

AJCC v.8

0.005

cT1a (≤ 2 cm)

3 (7.7)

24 (32.0)

cT1b (> 2 cm)

36 (92.3)

51 (68.0)

HB: Hepatobiliary; DWI: Diffusion weighted imaging; ADC: Apparent diffusion coefficient; AJCC: American
Joint Committee on Cancer; pT1: Pathologic stage T1; pT2: Pathologic stage T2.

Satellite nodules were found to occur more commonly when HCC invades adjacent
vessels[35,36]. Our results support these previous findings and are consistent with other
previous studies showing greater micro-metastasis occurrence in areas of coronal
enhancement[37,38].
The cause of peritumoral hypointensity on HB phase images is still not clear. One
possibility is that tumor microinvasion into small portal branches results in
hemodynamic and perfusion changes. Perfusion change may be associated with
change in the levels of organic anion-transporting polypeptide and multidrugresistant protein expressed on hepatocytes[27,39]. Our findings are consistent with the
study conducted by Kim et al[27], which identified peritumoral hypointensity in the HB
phase of EOB-MRI as a predictor of HCC microvascular invasion.
The imaging features with predictive value might also reflect tumor biology.
Previous studies have shown that during hepatocarcinogenesis the arterial supply
system gradually shifts from intranodular portal to intranodular arterial, and the
venous drainage system shifts from hepatic venous to hepatic sinusoidal and then to
portal venous [40] . These changes are observable on MRI studies. We found that
regardless of size, tumors were more likely to be pT2 lesions when corona
enhancement and peritumoral hypointensity are present in the HB phase. However,
the relationship between these two features remains unclear. In our study, not all
HCCs had both corona enhancement in the arterial/portal phase and peritumoral
hypointensity in the HB phase. These features might reflect different stages of
hepatocarcinogenesis. Further studies are mandatory to confirm this hypothesis.
Nevertheless, identifying these imaging findings before treatment might have clinical
implications, particularly because many HCCs can now be diagnosed based on typical
imaging findings and be treated with local ablation techniques, such as radiofrequency ablation[41,42].
The hypointense rim in the HB phase was not only an ancillary feature favoring
diagnosis of HCC over other malignancies in a previous study[22], but also a relatively
“protective” imaging biomarker in our study. Even large HCCs with hypointense rim
in the HB phase tended to be pT1 lesions (P = 0.0155). In our study, hypointense rim
might also have had a protective effect in patients with a large HCC in the presence of
aggressive imaging features. In previous studies, the prognosis of encapsulated HCC
was considered to be better than that of more advanced HCC but worse than that of
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Figure 2

Figure 2 Images in a 73-year-old woman with a solitary hepatocellular carcinoma (tumor size 2.6 cm) in segment VI. A and B: Axial view of T2- and T1weighted magnetic resonance images with fat suppression before administration of gadolinium ethoxybenzyl diethylene-triaminepentaacetic acid; C: Arterial phase
and D: Portal venous phase showing hyperenhancing mass in segment VI with washout appearance, which is the typical appearance of hepatocellular carcinoma, as
well as corona enhancement (arrow); E: Hepatobiliary phase, axial view of T1-weighted three-dimensional gradient-echo magnetic resonance image with fat
suppression. The faint low signal intensity around the tumor is the peritumoral hypointensity (arrow); F: The tumor is identifiable postoperatively as a pT2
hepatocellular carcinoma because a satellite nodule surrounds the main tumor.

non-encapsulated HCC diagnosed at an earlier stage of hepatocellular carcinogenesis[43].
The tumor margin status of HCCs is controversial. Kim et al[44] concluded from
univariate analysis but not multivariate analysis that non-smooth tumor margin is a
risk factor for microvascular invasion. However, the odds ratio for smooth versus nonsmooth tumor margin was not significantly different between the pT1 and pT2 groups
in our study. Our findings are consistent with the results of Chandarana et al[45] who
identified tumor multifocality on MRI and not tumor margin as the predictor of
microvascular invasion.
A capsule or pseudocapsule is indicated by the presence of a “hypointense rim in
the HB phase.” However, one study concluded that the “capsule appearance” as
indicated by HB phase hypointense rim could improve capsule detection[28]. This may
explain why no significant difference in “capsule appearance” was found between the
pT1 and pT2 groups in our study. In previous studies on HCCs, a better prognosis
was indicated by the presence rather than the absence of a capsule[46,47]. Witjes et al[48]
reported a greater frequency of microvascular invasion in those with enhanced
capsular appearance on enhanced MR images than in those without it. This might also
indicate a histological difference between the “capsule appearance” on dynamic
contrast-enhanced MRI study and the presence of hypointense rim in the HB phase of
EOB-MRI.

Limitations
Our study had some limitations. First, our study was a single-institute study with a
relatively small sample size. Second, selection bias could not be avoided because of
the retrospective nature of our study design. In it, the radiologists evaluating these
features were blind to pathologic stage but not pathologic diagnosis. Prospective
studies with larger population sizes should be performed to further validate our
findings. Third, the time interval between MRI and surgery was about 18 d, and
tumor progression during this interval may have confounded our correlation analysis
between MRI and pathology. Fourth, because insurance reimbursement was an issue,
we did not adjust contrast medium dose according to the body weight of each patient.
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Table 3 The odds ratios for imaging features favoring a diagnosis of pathologic stage T2 over
pT1
Features

Crude OR

95%CI

P value

T2 hyperintensity

1.904

(0.376-9.639)

0.436

T1 hypointensity

0.761

(0.201-2.874)

0.687

Arterial enhancement

2.714

(0.306-24.085)

0.370

Corona enhancement

2.671

(1.101-6.480)

0.030

Washout appearance

1.043

(0.246-4.419)

0.954

Capsular appearance

0.545

(0.246-1.208)

0.135

Hypointensity of tumor in the HB phase

0.250

(0.022-2.847)

0.264

Peritumoral hypointensity in HB phase

2.203

(0.961-5.049)

0.062

Hypointense-rim in the HB phase

0.378

(0.130-1.098)

0.074

Intratumoral fat

0.817

(0.319-2.093)

0.674

Mosaic architecture

1.266

(0.553-2.895)

0.577

Hyperintensity on DWI

N/A

N/A

N/A

Hypointensity ADC map

0.935

(0.426-2.050)

0.866

1.407

(0.594-3.333)

0.437

cT1a (baseline)

1.00

Reference

cT1b

6.727

(1.483-30.517)

Tumor margin
Smooth (baseline)
Non-smooth
AJCC v.8

0.014

Because all patients in the study group demonstrated hyperintensity on diffusion weighted imaging, we were
not able to calculate the odds ratio and P value. HB: Hepatobiliary; DWI: Diffusion weighted imaging; ADC:
Apparent diffusion coefficient; AJCC: American Joint Committee on Cancer; pT1: Pathologic stage T1; pT2:
Pathologic stage T2; OR: Odds ratio; CI: Confidence interval.

This might affect the appearance of MR images. In addition, because prognosis was
not assessed in this study, we did not determine whether these EOB-MRI imaging
features could be used as biomarkers to predict clinical outcome.

CONCLUSION
Tumor size is an important prognostic factor, but in and of itself not good enough for
classifying a single HCC lesion as pT1 or pT2 preoperatively. Imaging features of
EOB-MRI might be useful to further stratify patients with solitary HCC. A large
solitary HCC with corona enhancement and peritumoral hypointensity in the HB
phase tends to be pT2, particularly in the absence of HB phase hypointense rim.
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Table 4 Logistic regression estimates of odds ratios for pathologic stage T2 hepatocellular carcinoma in patients with solitary tumor on
Gd-EOB-DTPA-enhanced magnetic resonance imaging
Combinations of aggressive features

Number of pT2 patients

OR (95%CI)

A = 0 and B = 0 and C = 0

4

Reference

Only A or Only B or Only C

10

1.037 (0.285-3.766)

A + B or B + C or A + C or A + B + C

25

6.250 (1.788-21.845)

Gd-EOB-DTPA: Gadolinium ethoxybenzyl diethylene-triaminepentaacetic acid; A = 0: Tumor size < 2.3 cm; B = 0: No peritumoral hypointensity on
hepatobiliary phase; C = 0: No corona enhancement; A: Tumor size ≥ 2.3 cm; B: Presence of peritumoral hypointensity on hepatobiliary phase; C: Presence
of corona enhancement; OR: Odds ratio; CI: Confidence interval.

Figure 3

Figure 3 Images in a 64-year-old man with a solitary hepatocellular carcinoma (tumor size 5.5 cm) in segment VIII. A and B: Axial view of T2- and T1-weighted
magnetic resonance images with fat suppression before administration of gadolinium ethoxybenzyl diethylene-triaminepentaacetic acid; C: Arterial phase and D:
Portal venous phase showing hyperenhancing mass in segment VIII with partial washout appearance and corona enhancement (arrow); E: Subtracted images of the
portal venous phase with more obvious corona enhancement; F: Hepatobiliary phase, T1-weighted three-dimensional gradient-echo magnetic resonance image (axial
view) with fat suppression. The obvious flame-like peritumoral hypointensity (arrow) is noted. This tumor was identified postoperatively as a pT2 hepatocellular
carcinoma owing to its microvascular invasion.
Figure 4

Figure 4 Images in a 65-year-old woman with a solitary hepatocellular carcinoma (tumor size 2.1 cm) in segment VII. A and B: Axial view of T2- and T1weighted magnetic resonance images with fat suppression before administration of gadolinium ethoxybenzyl diethylene-triaminepentaacetic acid; C: Arterial phase
showing hyperenhancing mass in segment VII; D: Portal venous phase with notable washout appearance of the hepatocellular carcinoma; E: Hepatobiliary phase,
axial view of T1-weighted three-dimensional gradient-echo magnetic resonance image with fat suppression. The hypointense rim (arrow) is noted. Postoperatively,
pT1 hepatocellular carcinoma was diagnosed.
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Figure 5

Figure 5 Images in a 60-year-old man with a solitary hepatocellular carcinoma (tumor size 5.5 cm) in segment VII. A and B: Axial view of T2- and T1-weighted
magnetic resonance images with fat suppression before administration of gadolinium ethoxybenzyl diethylene-triaminepentaacetic acid; C: Arterial phase. Note the
hyperenhancing hepatocellular carcinoma in segment VII; D: Portal venous phase. Note the capsular appearance (arrow) of the hepatocellular carcinoma; E:
Hepatobiliary phase, axial view of T1-weighted three-dimensional gradient-echo magnetic resonance image with fat suppression. The tumor has an obvious
hypointense rim (arrow). pT1 hepatocellular carcinoma was diagnosed postoperatively.
Figure 6

Figure 6 Solitary hepatocellular carcinomas on gadoxetic acid-enhanced magnetic resonance imaging. Large (≥ 2.3 cm) (A) and small (< 2.3 cm) (B) solitary
hepatocellular carcinomas (HCCs) with aggressive imaging findings tend to be stage pT2 tumors (P < 0.001). Large (≥ 2.3 cm) HCCs with hypointense rims on MRI in
the HB phase tend to be a stage pT1 tumors (P = 0.0155); C: Large HCCs with aggressive imaging features are more likely to be stage pT2 tumors if a hypointense
rim is absent rather than present in the hepatobiliary phase; D: HCC: Hepatocellular carcinoma; HB: Hepatobiliary; pT1: Pathologic stage T1; pT2: Pathologic stage
T2.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is one of the most common malignant tumors worldwide.
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Higher pathologic stage of HCC has higher risk of recurrence and shorter survival. However,
accurate prediction of pathologic stage from current pre-treatment imaging features is still
difficult.

Research motivation
Modern magnetic resonance imaging (MRI) techniques using tissue-specific contrast agents
provide many imaging features. We hypothesize that these imaging features may help to
determine or predict pathologic stage of HCC.

Research objectives
To analyze the relationship between imaging features and the pathologic stage of HCC.

Research methods
There were 114 patients [75 with pathologic stage T1 (pT1) HCC and 39 with pathologic stage T2
(pT2) HCC] in this study. We reviewed each patient’s imaging features on preoperative
gadoxetic acid-enhanced (EOB) MRI. These included: hyperintensity in unenhanced T2weighted images, hypointensity in unenhanced T1-weighted images, arterial enhancement,
corona enhancement, washout appearance, capsular appearance, hypointensity in the tumor
tissue during the hepatobiliary (HB) phase, peritumoral hypointensity in the HB phase,
hypointense rim in the HB phase, intratumoral fat, hyperintensity on diffusion-weighted
imaging, hypointensity on apparent diffusion coefficient map, mosaic appearance, nodule-innodule appearance, and the margin. All of these patients underwent surgery and sections of
their tumor specimens were analyzed microscopically by an experienced pathologist. Univariate
and multivariate analyses were performed to identify predictors of microvascular invasion or
satellite nodules.

Research results
We found that large tumor size (≥ 2.3 cm) and two MR findings, i.e., corona enhancement [odds
ratio = 2.67; 95% confidence interval: 1.101-6.480) and peritumoral hypointensity in HB phase
images (odds ratio = 2.203; 95% confidence interval: 0.961-5.049) were associated with high risk
of pT2 HCC. The positive likelihood ratio was 6.25 (95% confidence interval: 1.788-21.845) and
sensitivity of EOB-MRI for detecting pT2 HCC was 86.2% when two or three of these MRI
features were present. Small tumor size and hypointense rim in the HB phase were regarded as
benign features. Small HCCs with hypointense rim but not associated with aggressive features
were mostly pT1 lesions (specificity, 100%).

Research conclusion
Imaging features on EOB-MRI could potentially be used to predict the pathologic stage of
solitary HCC as pT1 or pT2.

Research perspectives
Imaging biomarkers of HCC are not yet well established. This study further identified imaging
features of EOB-MRI that can be used to predict pathologic stage. This should be further
validated in prospective studies. Research should be carried out to determine whether these MRI
biomarkers help improve the clinical outcome of patients with HCC.
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Abstract
BACKGROUND
The available prediction models for clinically relevant postoperative pancreatic
fistula (CR-POPF) do not incorporate both preoperative and intraoperative
variables.
AIM
To construct a new risk scoring system for CR-POPF that includes both
preoperative and intraoperative factors.
METHODS
This was a retrospective study of patients who underwent
pancreaticoduodenectomy (PD) or pylorus-preserving PD (PPPD) between
January 2011 and December 2016 at the First Affiliated Hospital of Soochow
University. Patients were divided into a study (01/2011 to 12/2014) or validation
(01/2015 to 12/2016) group according to the time of admission. POPF severity
was classified into three grades: Biochemical leak (grade A) and CR-POPF
(grades B and C). Logistic regression was used to create a predictive scoring
system.
RESULTS
Preoperative serum albumin ≥ 35 g/L [P = 0.032, odds ratio (OR) = 0.92, 95%
confidence interval (CI): 0.85-0.99], hard pancreatic texture (P = 0.004, OR = 0.25,
95%CI: 0.10-0.64), pancreatic duct diameter ≥ 3 mm (P = 0.029, OR = 0.50, 95%CI:
0.27-0.93), and intraoperative blood loss ≥ 500 mL (P = 0.006, OR = 1.002, 95%CI:
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1.001-1.003) were independently associated with CR-POPF. We established a 10point risk scoring system to predict CR-POPF. The area under the curve was
0.821 (95%CI: 0.736-0.905) and the cut-off value was 3.5. Including drain amylase
levels improved the predictive power of the model.
CONCLUSION
This study established a 10-point scoring system to predict CR-POPF after
PD/PPPD using preoperative and intraoperative parameters. Ultimately, this
system could be used to distinguish between high- and low-risk populations in
order to facilitate timely interventions after PD.
Key words: Postoperative; Pancreatic fistula; Pancreaticoduodenectomy; Risk factor;
Predictive model; Complications; Scoring system
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study established a 10-point scoring system to predict clinically relevant
postoperative pancreatic fistula after pancreaticoduodenectomy or pylorus-preserving
pancreaticoduodenectomy using preoperative and intraoperative parameters. Ultimately,
this system could be used to distinguish between high- and low-risk populations in order
to facilitate timely interventions after pancreaticoduodenectomy.
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INTRODUCTION
Despite recent advances in surgical technique and perioperative management, the
morbidity rate after pancreaticoduodenectomy (PD) remains high at 30%-65%[1,2].
Postoperative pancreatic fistula (POPF) is one of the most common complications
after PD and is the most prevalent cause of intra-abdominal abscesses or hemorrhages
in these patients[3-5]. According to the 2016 edition of the International Study Group of
Pancreatic Surgery (ISGPS), POPF occurs in 15%-45% of patients who undergo PD,
and is subsequently associated with a mortality rate of up to 9%[3]. POPF can be
classified by severity according to the 2016 ISGPS guidelines. The original grade A, or
biochemical leak (BL), has no clinical impact. On the other hand, clinically relevant
POPF (CR-POPF) has serious consequences and the clinical management strategy has
changed from a passive “wait and see” approach to a proactive strategy that requires
early prediction and timely intervention[6-9].
Many risk factors have been independently associated with POPF, including age,
body mass index (BMI), preoperative serum total bilirubin (STB), operative time,
operative blood loss, pancreatic duct diameter, and pancreatic texture [ 1 0 - 1 2 ] .
Nevertheless, accurate predictions of CR-POPF require the successful integration of
preoperative, intraoperative, and postoperative variables [13] . Currently, POPF
prediction tools incorporate only preoperative or intraoperative variables[7,11,13-16].
Therefore, the aim of the present study was to construct a new risk scoring system
for CR-POPF that included both preoperative and intraoperative variables. We
hypothesized that this risk scoring system would effectively predict CR-POPF. A
complementary measure was also determined using the level of postoperative drain
amylase to enhance the predictive power of this scoring system.

MATERIALS AND METHODS
Patients
This was a retrospective study of patients who underwent PD or pylorus-preserving
PD (PPPD) between January 2011 and December 2016 at the First Affiliated Hospital
of Soochow University. The study was approved by the ethics committee of the First
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Affiliated Hospital of Soochow University. The need for individual consent was
waived by the committee because of the retrospective nature of the study.
The inclusion criteria were: (1) Patients who met the indications for PD or PPPD; (2)
No history of radiotherapy or chemotherapy; and (3) No distant metastasis at the time
of diagnosis. The exclusion criteria were: (1) Total pancreatectomy; (2) Emergency
operation for trauma; or (3) Incomplete medical records.
The patients were divided into a study or a validation group according to the time
of admission. Patients admitted from January 2011 to December 2014 were included
in the study group and used to evaluate the risk factors for POPF and to develop the
risk scoring system. Patients admitted from January 2015 to December 2016 were
included in the validation group and used to validate this system.

Data collection
Variables that might be associated with POPF were analyzed. Preoperative variables
included patient characteristics and the results of laboratory tests (STB, pre-albumin,
serum albumin, serum globulin, hemoglobin, white blood cells, and platelets).
Intraoperative variables included pancreas texture, main pancreatic duct diameter,
pancreatojejunostomy anastomosis, pancreatic duct stent, vascular invasion, operative
time, and estimated blood loss. Postoperative variables included serum albumin,
serum globulin, hemoglobin, and drain amylase level.

Surgical procedures and perioperative management
The operation was performed by four pancreatic surgeons. The main surgeon and the
first assistant were two senior surgeons with > 20 years of surgical experience.
Resection and reconstruction of the mesenteric or portal vein were performed when
the tumor was located close to the portal vein and locally invaded the portal vein or
superior mesenteric vein. Pancreatic anastomosis was performed using the duct-tomucosa method or by the dunking method when the pancreatic duct could not be
found or had a diameter < 3 mm.
Pancreaticojejunostomy was performed using the duct-to-mucosa method and by
the dunking method. For the duct-to-mucosa method, the antimesenteric
seromuscular layer at the site on the jejunum loop was selected for the anastomosis
and incised to expose an area identical to the section of the pancreas. A small hole was
made at the middle of the jejunum mucosa for the anastomosis with the pancreatic
duct. Then, a 5-0 absorbable thread was used for the interrupted suturing of the
pancreatic parenchyma at the section to the posterior wall of the seromuscular layer of
the jejunum. Interrupted suturing of the pancreatic duct and the posterior wall of the
jejunal mucosa was conducted using 2-4 stitches. The pancreatic duct supporter was
implanted (or not in some cases), and interrupted suturing of the pancreatic duct and
the anterior wall of the jejunal mucosa was conducted using 2-4 stitches. Interrupted
suturing of the pancreatic parenchyma at the section and seromuscular layer of
jejunum was conducted. Finally, strengthening suturing using one stitch each at the
upper and lower ends of the pancreaticojejunostomy was conducted.
For the dunking method, end-to-side anastomosis was performed. The antimesenteric seromuscular layer at the site on the jejunum loop was selected for the
anastomosis and incised to expose an area identical to the section of the pancreas. An
atraumatic thread (4-0) was used for the continuous suturing of the pancreatic
parenchyma at the section and the posterior wall of the full layer of the jejunum.
Afterwards, a 4-0 atraumatic thread was used for the continuous suturing of the
pancreatic parenchyma at the section and the anterior wall of the full layer of the
jejunum. Then strengthening suturing for one stitch each at the upper and lower end
of the pancreaticojejunostomy was conducted.
Two soft drainage tubes were placed near the pancreatic anastomosis. After
operation, an antibiotic (third generation cephalosporin, 3 g bid for 5 d) and a H2
blocker (Losec, 40 mg qd for 5 d) were used routinely through postoperative day
(POD) 5.
Laboratory tests and the levels of drain amylase were routinely monitored at POD
1, 3, and 5. Drainage tubes were removed at POD 5 in patients without POPF. An
abdominal computerized tomography scan was performed at POD 7 and the
replacement of tubes was performed as necessary when encapsulated effusion was
found.
Regarding prophylactic jaundice reduction in the patients with jaundice, the
practice at our center is that preoperative jaundice reduction should only be
conducted for the patients with total bilirubin > 400 μmol/L. Percutaneous
transhepaticcholangial drainage (PTCD) and plastic stents were the preferred choice
for the prophylactic jaundice reduction, which could reduce the inflammation in the
surgical area. Implantation of a metal stent under PTCD or ERCP was conducted for
jaundice reduction only for the jaundice patients with local progression and in whom
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the lesions could not be resected, or those who refuse radical operations.

Definition of POPF
POPF was defined according to the 2016 ISGPS guidelines as a drain output of any
measurable volume of fluid with amylase levels greater than three times the upper
institutional limit of normal for serum amylase, and associated with clinically relevant
development. POPF was classified into three grades: A-C. BL implied that there was
no deviation in the normal postoperative procedure and no effect on the postoperative duration of stay. Grade B POPF required a change in the management of
the expected postoperative pathway, including persistent drainage > 3 wk,
percutaneous or endoscopic drainage, and angiographic procedure for bleeding.
Grade C POPF led to organ failure, a secondary operation, or subsequent POPFrelated mortality. Grades B and C were defined as CR-POPF.

Statistical analysis
Statistical analyses were performed using SPSS 17.0 for Windows (IBM, Armonk, NY,
United States). Categorical variables are described using frequencies and percentages,
and were analyzed using the Fisher exact test. Continuous variables are reported as
the mean ± standard deviation, and were analyzed using the independent samples ttest. P values < 0.05 were considered statistically significant. Variables with a
significant difference in univariate analyses were entered in a multivariate logistic
regression model to determine the independent risk factors for POPF. A predictive
scoring system was developed using each independent risk factor, based on the
regression coefficient of the logistic regression model. The performance of the
predictive scoring system was evaluated using the receiver operating characteristic
(ROC) curve and the corresponding area under the curve (AUC). The Youden index
(sensitivity + specificity - 1) was used to determine the optimal cut-off value to divide
the risk strata.

RESULTS
Characteristics of the patients
A total of 298 consecutive patients were included in this study. Their mean age was
62.1 ± 10.1 years (range, 19-86 years) and the male-to-female ratio was 176:122. Of
these patients, 158 (53.0%) underwent classic PD and 140 (47%) underwent PPPD. The
baseline characteristics and intraoperative status of the patients are shown in Tables 1
and 2. According to the 2016 ISGPF classification, the study group included 34 (18.0%)
BL cases, 32 (17.0%) grade B POPF, six (3.2%) grade C POPF, and 117 (61.9%) without
POPF. In the validation group, 18 (16.5%) patients were BL cases, 20 (18.3%) were
grade B POPF, three (2.8%) were grade CPOPF, and 68 (62.4%) had no POPF. Six
patients died in hospital, four in the study group and two in the validation group.
Hemorrhage after POPF was the primary cause of death. There were no significant
differences in baseline and clinical data between the study and validation groups (P >
0.05 for all) (Table 1).
The baseline and clinical data of the CR-POPF and the non-CR-POPF groups are
shown in Table 2. There were no significant differences in baseline and clinical data
between the two groups (P > 0.05 for all), except that the non-CR-POPF group had
higher preoperative albumin levels (P = 0.002), higher frequency of hard pancreas (P <
0.001), larger main pancreatic duct (P = 0.001), and less blood loss (P = 0.001).

Preoperative and intraoperative risk factors for CR-POPF
The univariate and multivariate analyses identified risk factors that could predict CRPOPF (Table 3). The univariate analyses revealed that preoperative serum albumin (P
< 0.001), pancreatic texture (P < 0.001), pancreatic duct diameter (P < 0.001), and
estimated blood loss (P = 0.001) successfully predicted CR-POPF. The forest plot of
the odds ratio (OR) of predictive factors for CR-POPF is shown in Figure 1. Preoperative serum albumin ≥ 35 g/L, hard pancreatic texture, and pancreatic duct
diameter ≥ 3 mm were associated with lower CR-POPF occurrence. Estimated blood
loss ≥ 500 mL was the primary risk factor for CR-POPF, based on ROC analysis. The
multivariate analysis revealed that preoperative serum albumin ≥ 35 g/L [P = 0.032,
OR = 0.92, 95% confidence interval (CI): 0.85-0.99], hard pancreatic texture (P = 0.004,
OR = 0.25, 95%CI: 0.10-0.64), pancreatic duct diameter ≥ 3 mm (P = 0.029, OR = 0.50,
95%CI: 0.27-0.93), and estimated blood loss ≥ 500 mL (P = 0.006, OR = 1.002, 95%CI:
1.001-1.003) were independently associated with CR-POPF.

Risk scoring system for CR-POPF
Based on the regression coefficient of the logistic regression model, a predictive model
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Table 1 Demographic and clinical characteristics of the study and validation groups, n (%)
Variable

Study group (n = 189)

Validation group (n = 109)

No POPF

117 (61.9)

68 (62.4)

Grade A (BL)

34 (18.0)

18 (16.5)

Grade B

32 (16.9)

20 (18.3)

Grade C

6 (3.2)

3 (2.8)

Age (yr)

61.8 ± 9.9

62.4 ± 10.3

Male

116 (61.4)

60 (55.0)

Female

73 (38.6)

49 (45.0)

P-value

POPF

0.976

0.650

Sex

0.284

Surgery

0.595

PD

98 (51.9)

60 (55.0)

PPPD

91 (48.1)

49 (45.0)

BMI (kg/m2)

22.1 ± 2.9

22.4 ± 2.9

0.431

Diabetes mellitus

0.164

Yes

31 (16.4)

25 (22.9)

No

158 (83.6)

84 (77.1)

Location of tumor

0.493

Pancreas

105 (55.6)

65 (59.6)

Non-pancreas

84 (44.4)

44 (40.4)

Benign

11 (5.8)

7 (6.4)

Pancreatic myxoid cystadenoma

7 (3.7)

5 (4.6)

Pancreatic serous cystadenoma

4 (2.1)

2 (1.8)

Malignant

178 (94.2)

102 (93.6)

Pancreatic cancer

92 (48.7)

56 (51.4)

Biliary duct cancer

29 (15.3)

21 (19.3)

Ampullary cancer

33 (17.5)

16 (14.7)

Duodenal cancer

24 (12.7)

9 (8.3)

Preoperative STB (μmol/L)

111.4 ± 120.4

116.0 ± 144.9

0.767

Preoperative pre-albumin (mg/L)

141.2 ± 57.1

142.4 ± 56.8

0.861

Preoperative serum albumin (g/L)

38.4 ± 5.7

37.5 ± 4.7

0.137

Preoperative serum globulin (g/L)

26.9 ± 4.2

27.2 ± 4.9

0.606

Preoperative hemoglobin (g/L)

121.4 ± 19.9

119.9 ± 19.5

0.533

Preoperative white blood cells (109/L)

7.0 ± 8.1

6.4 ± 2.6

0.465

Preoperative platelets (109/L)

233.7 ± 78.5

237.6 ± 73.7

0.671

Pathologic type

0.834

Pancreatic texture

0.725

Soft

81 (42.9)

49 (45.0)

Hard

108 (57.1)

60 (55.0)

Main pancreatic duct diameter (mm)

3.1 ± 1.0

3.2 ± 1.1

0.496

Biliary tract compression

23 (12.2%)

15 (13.8)

0.691

Duct-to-mucosa

153 (81.0)

78 (71.6)

Dunking method

36 (19.0)

31 (28.4)

Internal stent

85 (45.0)

50 (45.9)

External stent

68 (36.0)

35 (32.1)

None

36 (19.0)

24 (22.0)

Yes

32 (16.9)

22 (20.2)

No

157 (83.1)

87 (79.8)

Operative time (min)

269.5 ± 70.3

255.4 ± 64.7

0.088

Estimated blood loss (mL)

320.3 ± 269.3

326.6 ± 267.5

0.846

Pancreaticojejunostomy anastomosis

0.061

Pancreatic duct stent

0.735

Vascular invasion
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Serum albumin POD 1 (g/L)

33.01 ± 5.4

33.4 ± 5.7

0.623

Serum globulin on POD 1 (g/L)

23.4 ± 10.9

26.1 ± 27.2

0.233

Hemoglobin on POD 1 (g/L)

112.0 ± 16.8

112.4 ± 15.8

0.849

POPF: Postoperative pancreatic fistula; BL: Biochemical leak; BMI: Body mass index; PD: Pan-creaticoduodenectomy; PPPD: Pylorus-preserving
pancreaticoduodenectomy; POD: Postoperative day; STB: Serum total bilirubin.

was established to assess the risk of CR-POPF. The risk rate was calculate using the
formula Y = ex/(1+ex), where X = 4.881-0.08*ALB (g/L)-1.375*(Texture: soft, 1; hard,
2)-0.7*Diameter (mm)+2*EBL/1000 (mL). The ROC curve of this predictive model
showed that the AUC was 0.808 (95%CI: 0.724-0.893) and the cut-off value was 0.252,
with a sensitivity and specificity of 76.3% and 80.8%, respectively (Figure 2A).
For simplicity, we developed the risk scoring system by adding up the scores for
each of the four identified risk factors (Table 4). The possible scores ranged from 0 to
10. The AUC of this risk scoring system was 0.821 (95%CI: 0.736-0.905) (Figure 2B).
The optimal cut-off value was a score of 4 points, with a sensitivity of 81.5% and
specificity of 76.1%. Then, we tested this risk scoring system in the validation group of
109 patients. The AUC was 0.835 (95%CI: 0.736-0.936) (Figure 2C), and using a score of
4 points as the cut-off value, the sensitivity of this risk scoring system was 78.3% and
the specificity was 82.6%. The AUC of this risk scoring system was 0.824 (95%CI:
0.759-0.889) in all 298 patients (Figure 2D). As shown in Table 5, in the study group,
the risk scoring system successfully distinguished between the low-risk patient group
represented by a 5.7% (7/122) CR-POPF rate and the high-risk group with a
corresponding 46.3% (31/67) CR-POPF rate. The risk scoring system also correctly
distinguished between the low- and high-risk patient populations for the validation
and overall patient groups.

Elevated serum total bilirubin, pancreatic duct stent, and drain amylase levels
The univariate and multivariate analyses revealed that STB was not a risk factor for
CR-POPF in all groups. Using our risk scoring system, 33 of the 48 patients with
elevated STB were classified as high-risk CR-POPF (P < 0.05)
(Supplementary Table 1). Similarly, in patients with normal STB, 14 of 20 patients
with CR-POPF were predicted as high-risk (P < 0.05) (Supplementary Table 1). The
analyses showed that having a pancreatic duct stent did not protect against CR-POPF
(OR = 1.71). Nevertheless, subgroup analysis revealed that there were 36 patients with
grade B/C POPF in the internal stent group and 15 patients in the external stent
group (Supplementary Table 2). Specifically, significantly fewer patients (P = 0.024) in
the external stent group had CR-POPF relative to the internal stent group.
Twelve patients classified as low-risk developed CR-POPF (seven in the study
group and five in the validation group). Therefore, to refine the model, drain amylase
levels were investigated (Table 6). On POD 1, there was no significant difference in
the drain amylase levels between grade B/C and none/BL POPF. On POD 3 and 5,
the drain amylase levels were significantly higher for patients with grade B/C POPF
relative to those with none/BL POPF. The ROC curves of drain amylase levels on
POD 3 and 5 are shown in Figure 3A. The AUC were 0.859 and 0.748 for POD 3 and 5,
respectively. Based on these results, the value of drain amylase levels on POD 3 was
the best indicator for the low-risk group to identify patients with potential CR-POPF.
The optimal cut-off value for drain amylase level on POD 3 was 4021.5 U/L, which
corresponded to a sensitivity and specificity 77.8% and 95.4%, respectively.
In the high-risk group, there was no significant difference in the drain amylase
levels between grade B/C POPF and none/BL POPF on POD 3 and 5. On POD 1, the
mean drain amylase levels were significantly higher for patients with grade B/C
POPF relative to none/BL POPF (P < 0.001). These results indicate that for the highrisk CR-POPF group, the drain amylase levels on POD 1 can further distinguish
patients with a lower risk of B/C grade POPF. The ROC curve of drain amylase level
on POD 1 is shown in Figure 3B. The AUC was 0.850 and the optimal cut-off value for
drain amylase level was 921.7 U/L, which corresponded to a sensitivity and
specificity of 78.9% and 82.8%, respectively.

DISCUSSION
CR-POPF is the most serious complication of PD and can induce intra-abdominal
infection, hemorrhage, and even death without early and proper treatment[8,17]. The
early identification of patients with a high risk of CR-POPF or potential development
is critical to improving perioperative management. In the present study, we
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Table 2 Demographic and clinical characteristics of the clinically relevant postoperative
pancreatic fistula and non-clinically relevant postoperative pancreatic fistula groups, n (%)
Variable

non-CR-POPF (n = 237)

CR-POPF (n = 61)

P-value

Age (yr)

61.8 ± 10.1

62.2 ± 9.4

0.804

Male

135 (57.0)

41 (67.2)

Female

102 (43.0)

20 (32.8)

Sex

0.095

Surgery

0.445

PD

123 (51.9)

35 (57.4)

PPPD

114 (48.1)

26 (42.6)

BMI (kg/m2)

22.0 ± 2.9

22.5 ± 2.8

Yes

42 (17.7)

14 (23.0)

No

195 (82.3)

47 (77.0)

Diabetes mellitus

0.352
0.351

Location of tumor

0.131

Pancreas

130 (54.9)

40 (65.6)

Non-pancreas

107 (45.1)

21 (34.4)

Benign

13 (5.5)

5 (8.2)

Malignant

224 (94.5)

56 (91.8)

Preoperative STB (μmol/L)

106.0 ± 120.0

132.8 ± 120.9

0.221

Preoperative pre-albumin (mg/L)

143.1 ± 56.2

133.7 ± 60.7

0.364

Preoperative serum albumin (g/L)

39.1 ± 5.4

35.9 ± 6.3

0.002

Preoperative serum globulin (g/L)

26.9 ± 4.3

27.2 ± 3.3

0.675

Preoperative hemoglobin (g/L)

122.1 ± 18.3

118.6 ± 25.2

0.339

Preoperative white blood cells (109/L)

7.0 ± 8.9

6.7 ± 2.1

0.833

236.3 ± 83.5

223.2 ± 54.1

0.358

Soft

80 (33.8)

50 (82.0)

Hard

157 (66.2)

11 (18.0)

Main pancreatic duct diameter (mm)

3.2 ± 1.0

2.6±0.7

0.001

Biliary tract compression

31 (13.1)

7 (11.5)

0.738

Pathologic type

0.428

9

Preoperative platelets (10 /L)
Pancreatic texture

< 0.001

Pancreaticojejunostomy anastomosis

0.201

Duct-to-mucosa

180 (75.9)

51 (83.6)

Dunking method

57 (24.1)

10 (16.4)

Internal stent

99 (41.8)

36 (59.0)

External stent

88 (37.1)

15 (24.6)

None

50 (21.1)

10 (16.4)

Yes

40 (16.9)

14 (23.0)

No

197 (83.1)

47 (77.0)

Operative time (min)

267.9 ± 68.7

275.9 ± 76.9

0.531

Estimated blood loss (mL)

287.4 ± 229.3

451.3 ± 365.1

0.001

Serum albumin POD 1 (g/L)

33.03 ± 5.2

32.9 ± 5.9

0.918

Serum globulin on POD 1 (g/L)

23.5 ± 11.9

23.0 ± 4.9

0.832

Hemoglobin on POD 1 (g/L)

111.2 ± 17.3

114.9 ± 14.3

0.236

Pancreatic duct stent

0.052

Vascular invasion

0.272

CR-POPF: Clinically relevant postoperative pancreatic fistula; BMI: Body mass index; PD: Pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy; POD: Postoperative day; STB:
Serum total bilirubin.

established a scoring system based on preoperative and intraoperative parameters to
predict the risk of CR-POPF after PD. Additionally, postoperative drain amylase was
verified as an efficient postoperative supplement to the scoring system. The risk
scoring system incorporated multiple independent risk factors and satisfactorily
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Figure 1

Figure 1 Forest plot of the predictive factors for clinically relevant pancreatic fistula in the study group by univariate analysis. Group 1: Factors with no
statistical significance; Group 2: Factors with statistical significance. BMI: Body mass index; PD: Pancreaticoduodenectomy; PPPD: Pylorus-preserving
pancreaticoduodenectomy; POD: Postoperative day; CI: Confidence interval; OR: Odds ratio.

predicted CR-POPF.
Previous studies have reported associations between POPF and many independent
variables including sex[14], age[11,18], BMI[14,15,18,19], main pancreatic duct diameter[7,14,15,20],
texture of the pancreatic parenchyma[7,19,20], estimated blood loss[7,21], pathology of the
pancreatic tumor[7,14], drain amylase[18,22], and postoperative C-reactive protein[23,24]. In
this study, the univariate and multivariate analyses revealed that preoperative serum
albumin ≤ 35 mg/L, soft pancreatic texture, pancreatic duct diameter ≤ 3 mm, and
intraoperative estimated blood loss ≥ 500 mL were independent risk factors for CRPOPF. As a result, our risk predictive scoring system included both preoperative and
intraoperative factors. Of these factors, pancreatic duct diameter and pancreatic
texture were inherent characteristics of the patients and were associated with
difficulty of pancreatojejunostomy anastomosis. Several studies have confirmed that
soft pancreatic texture and narrowed pancreatic duct diameter increase the incidence
of POPF[9,12]. Moreover, soft pancreatic texture and narrowed pancreatic duct diameter
indicate that the exocrine function of pancreas is nearly normal. These patient
characteristics indicate increased secretion of pancreatic juices after pancreatectomy[7,24].
In our risk predictive scoring system, preoperative serum albumin ≤ 35 mg/L was
considered an independent risk factor for CR-POPF. Serum albumin maintains a
stable plasma colloid osmotic pressure and transports endogenous and exogenous
compounds [25] . Although transfusing human blood albumin cannot enhance the
immune response and resistance to CR-POPF, low serum albumin is usually
associated with poor nutritional status and is considered an independent risk factor
for increased mortality and severity complications in patients[26]. In contrast, some
studies have shown that a low level of preoperative serum albumin does not increase
the incidence of POPF[27,28]. These discrepancies might be related to the relatively long
time required for hypo-albuminemia to affect the occurrence of POPF. Furthermore,
our risk predictive scoring system identified estimated blood loss as an intraoperative
risk factor for CR-POPF. The amount of blood loss is associated with the experience
level of the operating surgeons and the extent of vascular invasion. Blood loss also
cause ischemia and tissue edema and may directly affect healing of the pancreatic
anastomosis[7,29].
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Table 3 Univariate and multivariate analyses of predictive factors for clinically relevant pancreatic fistula in the study group (n = 189)
Univariate analysis

Multivariate analysis

Factor
OR

95%CI

P-value

Age (≥ 65 yr/< 65 yr)

1.07

0.52-2.21

0.848

Sex (male/female)

0.58

0.27-1.14

0.107

BMI (≥ 24/< 24 kg/m )

0.99

0.44-2.22

0.983

Diabetes mellitus (yes/no)

0.73

0.26-2.04

0.546

Location of tumor (pancreas/non-pancreas)

0.66

0.32-1.35

0.256

Preoperative STB (≥ 22 μmol/L vs < 22 μmol/L)

1.07

0.50-2.30

0.857

Preoperative pre-albumin (≥ 170 mg/L vs < 170 mg/L)

0.84

0.38-1.88

0.672

Preoperative serum albumin (≥ 35 g/L vs < 35 g/L)

0.19

0.09-0.40

< 0.001

Preoperative serum globulin (≥ 22 g/L vs < 22 g/L)

2.59

0.58-11.65

0.201

Preoperative hemoglobin (≥ 110 g/L vs < 110 g/L)

0.61

0.27-1.40

0.241

Preoperative WBC (≥ 3.5 × 109/L vs < 3.5 × 109/L)

0.75

0.14-3.85

0.725

Preoperative PLT (≥ 150 × 109/L vs < 150 × 109/L)

1.08

0.74-3.41

0.898

Pancreatic texture (hard/soft)

0.05

0.02-0.12

< 0.001

Surgery (PD/PPPD)

1.04

0.51-2.12

0.914

Pathologic type (benign/malignant)

2.42

0.67-8.74

0.166

Main pancreatic duct diameter (≥ 3 mm vs < 3 mm)

0.26

0.12-0.54

< 0.001

Pancreaticojejunostomy anastomosis (duct-to-mucosa/dunking method)

0.58

0.25-1.34

0.202

Pancreatic duct stent (yes/no)

1.71

0.62-4.73

0.301

Vascular invasion (yes/no)

0.90

0.34-2.38

0.834

Operative time (≥ 300 min vs < 300 min)

0.74

0.36-1.65

0.466

Estimated blood loss (≥ 500 mL vs < 500 mL)

3.63

1.65-7.98

0.001

Serum albumin POD 1 (≥ 35 g/L vs < 35 g/L)

0.74

0.34-1.65

0.466

Serum globulin POD 1 (≥ 22 g/L vs < 22 g/L)

0.93

0.46-1.91

0.851

Hemoglobin POD 1 (≥ 110 g/L vs < 110 g/L)

2.07

0.96-4.46

0.062

OR

95%CI

P-value

0.92

0.85-0.99

0.032

0.25

0.10-0.64

0.004

0.50

0.27-0.93

0.029

1.002

1.001-1.003

0.006

Patient characteristics

2

Preoperative status

Intraoperative status

Postoperative status

BMI: Body mass index; PD: Pancreaticoduodenectomy; PPPD: Pylorus-preserving pancreaticoduodenectomy; POD: Postoperative day; WBC: White blood
cells; PLT: Platelets; STB: Serum total bilirubin; OR: Odds ratio; CI: Confidence interval.

The relationship between the use of pancreatic duct stents and CR-POPF incidence
is highly controversial[30,31]. Some studies demonstrated that internal pancreatic duct
stenting does not reduce the incidence of pancreatic fistula and related complications [30,32] . Others have shown that the use of an external stent through the
pancreatic anastomosis reduces the pancreatic fistula rate[31,33]. In the present study,
the use of pancreatic duct stents did not significantly protect against or reduce the
occurrence of CR-POPF. Nevertheless, the subgroup analysis revealed that external
stenting reduced the incidence of CR-POPF relative to internal stenting. This suggests
that pancreatic external stents might be more effective among this subgroup, but
future studies are necessary to investigate this hypothesis. We compared the
diagnostic value of our risk scoring system to three previously established scoring
tools using all 298 patients (Figure 4). The first tool[19], Test1, included two risk factors
(BMI and pancreatic duct diameter), while the second[9], Test2, included four risk
factors (BMI, pancreatic duct diameter, pancreatic texture, and blood loss). Test3,
included four risk factors (pancreatic texture, main pancreatic duct diameter,
extended lymphadenectomy and POD 1 serum albumin)[34]. Supplementary Table 3
describes the sensitivity, specificity, positive predictive value, negative predictive
value, positive likelihood ratio, and negative likelihood ratio of the three scoring
systems and our risk scoring system. The AUCs of Test1, Test2, and Test3 were 0.668,
0.760, and 0.749, respectively (Figure 4). This analysis shows that our risk scoring
system is at least not worse in predicting CR-POPF than the previously established
systems. Other risk systems are also available. Callery et al[7] created a model that
included pancreatic duct size, pancreatic texture, and certain pathologies and that
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Figure 2

Figure 2 Receiver operating characteristic curves. A: Receiver operating characteristic (ROC) curve for the logistic regression model. The area under the curve
(AUC) was 0.808; B: ROC curve for the risk scoring system in the study group. The AUC was 0.821; C: ROC curve for the risk scoring system in the validation group.
The AUC was 0.835; D: ROC curve for the risk scoring system in all patients. The AUC was 0.824. ROC: Receiver operating characteristic; AUC: Area under the
curve; CI: Confidence interval.

correlated with the occurrence of CR-POPF. Hence, additional factors should be
explored.
Nevertheless, compared with the three previous predictive systems, our risk
scoring system has its superiority. First, our research is based on a single center
analysis. Thus, the perioperative management and surgical methods had a unified
standard. Second, our predictive scoring system included both preoperative and
intraoperative factors, with the postoperative factor, drain amylase level, applied as a
beneficial supplement. To the best of our knowledge, our study is the first to report
that “double-checks” could predict CR-POPF more accurately. That is, our risk
scoring system evaluated the risk of CR-POPF according to the preoperative and
intraoperative indicators of the patients, and the patients were divided into high-risk
group and low-risk group. Then a secondary evaluation was done according to the
post-drainage amylase levels. Finally, our predictive scoring system predicted POPF
more accurately than previous systems for high-risk POPF patients. Our novel scoring
system renders the following improvements to current perioperative management
after PD: (1) The ability to select low-risk patients for early removal or retention of
drainage based on the threshold of drain amylase level on POD 3; and (2) The ability
to identify high-risk patients for early intervention, such as application of
somatostatin and analogues or the performance of continuous low pressure suction.
There were several limitations in this study. First, pancreatic texture was classified
as either hard or soft simply based on the surgeon’s subjective judgments. Second, the
use of pancreatic duct stents depended on the surgeon’s clinical experience. Third,
this was a retrospective study and the sample size was small. Finally, the levels of
drain amylase were not examined every day. Therefore, further prospective studies
are necessary to validate these risk factors and evaluate the predictive value of this
risk scoring system for CR-POPF after PD.
In conclusion, this study established a scoring system to predict the risk of CRPOPF after PD. This system incorporates both preoperative and intraoperative
parameters, with the levels of postoperative drain amylase included as a supplement
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Table 4 Risk scoring system for clinical relevant pancreatic fistula
Risk factor

Points contributed

Texture of pancreas (3 points)
Hard

0 points

Soft

3 points

Main pancreatic duct diameter (2 points)
≥ 3 mm

0 points

< 3 mm

2 points

Preoperative serum albumin (2 points)
≥ 35 g/L

0 points

30-35 g/L

1 point

< 30 g/L

2 points

Estimated blood loss (3 points)
< 500 mL

0 points

500-1000 mL

1 point

≥ 1000 mL

3 points

Sun score

10 points

High-risk score

4-10 points

Low-risk score

0-3 points

to this system. This risk scoring system significantly predicted CR-POPF and
ultimately, may be used to distinguish between high- and low-risk CR-POPF
populations and facilitate timely therapeutic interventions after PD.
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Table 5 Correlation between risk score and postoperative pancreatic fistula
Study group (n = 189)

Validation group (n = 109)

All (n = 298)

Risk score

Risk score

Risk score

POPF grade

Low

High

Low

High

Low

High

No POPF

97

20

60

8

157

28

Grade A (BL)

18

16

11

7

29

23

Grade B

7

25

5

15

12

40

Grade C

0

6

0

3

0

9

CR-POPF rate

5.7%

46.3%

6.6%

54.6%

6.1%

49.0%

r = 0.542

r = 0.586

r = 0.557

P < 0.001

P < 0.001

P < 0.001

POPF: Postoperative pancreatic fistula; CR: Clinically relevant; BL: Biochemical leak.

Table 6 Relationship between postoperative drain amylase levels and clinically relevant postoperative pancreatic fistula
Low risk group

High risk group

P-value

AUC

Cut-off value

P-value

AUC

Cut-off value

POD 1

> 0.05

POD 3

0.003

--

--

0.001

0.850

921.7 U/L

0.859

4021.5 U/L

0.05

--

--

POD 5

0.042

0.748

4533.5 U/L

0.05

--

--

P-value: Grade B/C postoperative pancreatic fistula vs none/biochemical leak. AUC: Area under the curve; POD: Postoperative day.

Figure 3

Figure 3 Receiver operating characteristic curves of drain amylase levels for low and high-risk groups. A: Receiver operating characteristic (ROC) curves of
drain amylase levels on postoperative day (POD) 3 and POD 5 in the low risk group. The areas under the curve (AUCs) were 0.859 and 0.748, respectively; B: ROC
curve of drain amylase level on POD 1 in the high-risk group. The AUC was 0.850. ROC: Receiver operating characteristic; POD: Postoperative day; AUC: Area under
the curve; CI: Confidence interval.
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Figure 4

Figure 4 Comparison with three other predictive scoring tools (Test1, Test2, and Test3). The area under the curve (AUC) of Test1 was 0.688 [95% confidence
interval (CI): 0.575-0.762]. The AUC of Test2 was 0.760 (95%CI: 0.675-0.846). The AUC of Test3 was 0.749 (95%CI: 0.665-0.833). The AUC of our risk scoring
system was 0.824 (95%CI: 0.759-0.889). AUC: Area under the curve; CI: Confidence interval.

ARTICLE HIGHLIGHTS
Research background
Pancreaticoduodenectomy (PD) is associated with significant postoperative morbidity. Clinically
relevant postoperative pancreatic fistula (CR-POPF) is among the most common complications
after PD and may have serious consequences for the patients. Factors such as age, body mass
index, preoperative serum total bilirubin, operative time, operative blood loss, pancreatic duct
diameter, and pancreatic texture are known to influence the occurrence of CR-POPF.

Research motivation
Both preoperative and intraoperative variables should be included in the same model for the
prediction of CR-POPF, but the available models do not incorporate both preoperative and
intraoperative variables.

Research objectives
This study aimed to construct a new risk scoring system for CR-POPF that include both
preoperative and intraoperative factors.

Research methods
This was a retrospective study of patients who underwent PD or pylorus-preserving PD (PPPD)
between January 2011 and December 2016 at the First Affiliated Hospital of Soochow University.
Patients were divided into a study (01/2011 to 12/2014) or validation (01/2015 to 12/2016)
group according to the time of admission. POPF severity was classified into three grades:
Biochemical leak (grade A) and CR-POPF (grades B and C). Logistic regression was used to
create a predictive scoring system.

Research results
Preoperative serum albumin ≥ 35 g/L [P = 0.032, odds ratio (OR) = 0.92, 95% confidence interval
(CI): 0.85-0.99], hard pancreatic texture (P = 0.004, OR = 0.25, 95%CI: 0.10-0.64), pancreatic duct
diameter ≥ 3 mm (P = 0.029, OR = 0.50, 95%CI: 0.27-0.93), and intraoperative blood loss ≥ 500 mL
(P = 0.006, OR = 1.002, 95%CI: 1.001-1.003) were independently associated with CR-POPF. We
established a 10-point risk scoring system to predict CR-POPF. The area under the curve was
0.821 (95%CI: 0.736-0.905) and the cut-off value was 3.5. Including drain amylase levels
improved the predictive power of the model. Taken together, these results suggest that this 10point risk scoring system could predict CR-POPF after PD/PPPD.

Research conclusions
The present study established a 10-point scoring system to predict CR-POPF after PD/PPPD
using preoperative and intraoperative parameters. Ultimately, this system could be used to
distinguish between high- and low-risk populations in order to facilitate timely interventions
after PD.

Research perspectives
This system is original and has not been proposed before. Nevertheless, this scoring system will
have to be validated prospectively. We hypothesize that this risk scoring system will effectively
predict CR-POPF in clinical practice.
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Abstract
BACKGROUND
Current guidelines do not address the post–sustained virological response
management of patients with baseline hepatitis C virus (HCV) cirrhosis and
oesophageal varices taking betablockers as primary or secondary prophylaxis of
variceal bleeding. We hypothesized that in some of these patients portal
hypertension drops below the bleeding threshold after sustained virological
response, making definitive discontinuation of the betablockers a safe option.

Supported by RIS (Red Temática de

AIM
To assess the evolution of portal hypertension, associated factors, non-invasive
assessment, and risk of stopping betablockers in this population.

Investigación Cooperativa en
SIDA) RD16/0025/0018
(translation and statistical
analysis);the RIS is funded by the
Instituto de Salud Carlos III as part
of the Plan Nacional R + D + I and
cofinanced by ISCIII-Subdirección
General de Evaluación and the
Fondo Europeo de Desarrollo

METHODS
Inclusion criteria were age > 18 years, HCV cirrhosis (diagnosed by liver biopsy
or transient elastography > 14 kPa), sustained virological response after directacting antivirals, and baseline oesophageal varices under stable, long-term
treatment with betablockers as primary or secondary bleeding prophylaxis. Main
exclusion criteria were prehepatic portal hypertension, isolated gastric varices,
and concomitant liver disease. Blood tests, transient elastography, and upper
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gastrointestinal endoscopy were performed. Hepatic venous pressure gradient
(HVPG) was measured five days after stopping betablockers. Betablockers could
be stopped permanently if gradient was < 12 mmHg, at the discretion of the
attending physician.
RESULTS
Sample comprised 33 patients under treatment with propranolol or carvedilol:
median age 64 years, men 54.5%, median Model for End-Stage Liver Disease
(MELD) score 9, Child-Pugh score A 77%, median platelets 77.000 × 103/µL,
median albumin 3.9 g/dL, median baseline transient elastography 24.8 kPa, 88%
of patients received primary prophylaxis. Median time from end of antivirals to
gradient was 67 wk. Venous pressure gradient was < 12 mmHg in 13 patients
(39.4%). In univariate analysis the only associated factor was a MELD score
decrease from baseline. On endoscopy, variceal size regressed in 19/27 patients
(70%), although gradient was ≥ 12 mmHg in 12/19 patients. The elastography
area under receiver operating characteristic for HVPG ≥ 12 mmHg was 0.62.
Betablockers were stopped permanently in 10/13 patients with gradient < 12
mmHg, with no bleeding episodes after a median follow-up of 68 wk.
CONCLUSION
Portal hypertension dropped below the bleeding threshold in 39% of patients
more than one year after antiviral treatment. Endoscopy and transient
elastography are inaccurate for reliable detection of this change. Stopping
betablockers permanently seems uneventful in patients with a gradient < 12
mmHg.
Key words: Hepatitis C virus; Oesophageal varices; Portal hypertension; Betablocker;
Variceal bleeding
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Approximately 1/3 of the patients with baseline cirrhosis and bleeding-risk
oesophageal varices, satisfactorily evolve below the bleeding-risk threshold, after
curation of chronic hepatitis C. In these patients, the definitive interruption of the
preventive medication taken to avoid bleeding seems to be safe.
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INTRODUCTION
Sustained virological response (SVR) after treatment implies substantial changes in
many aspects of chronic hepatitis C virus (HCV) infection such as liver histology and
biochemistry[1], risk of decompensation[2], development of hepatocellular carcinoma[3],
as well as in quality of life and comorbidities[4]. These benefits are independent of the
drugs used to reach the SVR [5] and have been well known since the interferon
(IFN)–based treatment era[6,7].
However, less information is available about the evolution and management of
portal hypertension (PH) after SVR[8,9]. In patients with cirrhosis who have already
developed oesophageal varices, IFN-based treatments led to low SVR rates at the risk
of severe adverse effects[7,10], and their applicability was scant and therefore limiting
with respect to data collection in this population. The fact that IFN-free, direct-acting
antivirals (DAA) are not subject to these limitations means that they can be used in
this patient population [5] . As a result, new data on the evolution of PH and
oesophageal varices after SVR show a benefit in some but not all patients, mainly
depending on the severity of baseline PH[9].
Simultaneously, the guidelines of the main hepatological associations and
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consensus reports are starting to provide some-albeit incomplete-recommendations
on optimal management of oesophageal varices after SVR [8,11] . The Baveno VI
Consensus on PH[8] provides recommendations after successful cure of the etiologic
agent only for patients with small or no varices at baseline. Specifically, current
guidelines do not address post-SVR management of cirrhosis patients receiving
betablockers with baseline oesophageal varices. Stopping betablockers inappropriately could provoke a life-threatening bleeding episode. On the other hand,
prolonging therapy with betablockers unnecessarily exposes patients to uncomfortable, long-term adverse effects[12,13]. In this study, we analyse the progress of
PH after SVR in a population of patients with HCV cirrhosis and baseline
oesophageal varices under prophylaxis with betablockers. We also assess associated
factors, non-invasive assessment, and the risk of permanently stopping betablockers.

MATERIALS AND METHODS
Study population
We performed a prospective, single-center study (Hospital Universitario La Paz,
Madrid, Spain) of patients attending the Gastroenterology and Internal Medicine
Departments. The inclusion criteria were age > 18 years, HCV cirrhosis, baseline
oesophageal varices under stable long-term treatment with carvedilol or propranolol
as primary or secondary bleeding prophylaxis, and SVR after treatment with DAA.
The exclusion criteria were pre-hepatic PH (portal or splanchnic vein thrombosis,
portal cavernoma), isolated gastric varices, liver disease other than that caused by
HCV (including alcohol consumption > 30 g daily), active hepatocellular carcinoma,
need for betablockers for other reasons, any limitation to the scheduled study
procedures, and pregnancy or breastfeeding.
Cirrhosis was diagnosed before treatment with DAA by means of liver biopsy or
transient elastography (TE; > 14 kPa)[14]. Baseline medical charts and video records of
endoscopies were reviewed to confirm the indication of betablockers. Varices > 5 mm
in size were considered large[15]. All patients under carvedilol were receiving 12.5 mg
daily. Propranolol was adjusted to ensure a resting heart rate below 55 beats per
minute. Patients taking betablockers as secondary prophylaxis were also periodically
undergoing endoscopic band ligation for eradication of varices[11]. SVR was defined as
undetectable HCV RNA by means of a sensitive polymerase chain reaction–based
technique (Abbott Real-Time HCV assay, Abbott Molecular, Des Plaines, United
States; lower limit of detection < 12 IU/mL) at least 12 wk after the end of DAA
treatment. The DAAs administered were standard combinations of sofosbuvir,
ledipasvir, simeprevir, daclatasvir, ombitasvir, ritonavir-boosted paritaprevir, and
dasabuvir, with or without ribavirin. Treatments were administered according to
clinical guidelines[16,17].

Study assessments
The data recorded were age, sex, body mass index, baseline characteristics of liver
disease before DAA treatment [Child-Pugh score, Model for End-stage Liver Disease
(MELD) score, TE value, primary or secondary prophylaxis with betablockers], and
date of DAA treatment.
After SVR, we performed routine blood testing, abdominal ultrasound, liver
elastography, and upper gastrointestinal endoscopy (UGE) and measured the hepatic
venous pressure gradient (HVPG) measurement. The blood test included a complete
blood count, albumin, bilirubin, creatinine, international normalized ratio,
electrolytes, transaminases, and gamma-glutamyl transpeptidase. Undetectability of
HCV RNA was reconfirmed. Ultrasound (Aplio 500 ® , Toshiba Medical Systems,
Japan) was performed to verify portal and splanchnic vein patency, absence of
hepatocellular carcinoma, and detection of ascites. Measurement of liver stiffness was
performed by TE (Fibroscan®, Echosens, France), as previously described[18]. UGE and
baseline video records were reviewed by 2 experienced endoscopists (> 10 years).
Oesophageal varices were classified on UGE as absent, small (≤ 5 mm), or large (> 5
mm)[15]. HVPG was determined in accordance with a standardized procedure[19,20]. The
dose of betablockers was halved for 1 wk and then completely stopped 5 days before
HVPG measurement. Statins and spironolactone were also stopped if taken. HVPG
measurements were classified as normal (< 6 mmHg), subclinical PH (SPH; 6-9
mmHg), non-bleeding-risk clinically significant PH (NBR-CSPH; 10-12 mmHg), and
bleeding risk CSPH (BR-CSPH; ≥ 12 mmHg)[11,21].
Betablockers could be stopped permanently at the discretion of the attending
physician if HVPG < 12 mmHg. Patients were followed every 3 mo and contacted to
confirm absence of bleeding in the case of nonattendance at a programmed visit. The
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remaining patients were followed every 6 mo.

Clinical outcome measures
The primary endpoint was the proportion of patients with HVPG < 12 mmHg.
Secondary endpoints were disease- and patient-associated factors for HVPG < 12
mmHg, correlation between UGE classification and BR-CSPH, non-invasive
assessment of CSPH and BR-CSPH by elastography techniques in this specific
scenario, and bleeding risk associated with permanently stopping betablockers.

Statistical analysis
Continuous variables were reported as mean ± SD or median (25th percentile/75th
percentile), while categorical variables were reported as absolute number and
percentages. Group comparisons of continuous variables were made using the t test
or Mann-Whitney test, depending on the normality of distributions. Intra-individual
comparisons were performed using the t test for paired samples or Wilcoxon
matched-pairs signed rank test. Group comparisons of categorical variables were
performed using the chi-square or Fisher’s exact test. We evaluated the relationship
between TE and PH using the Pearson or Spearman correlation coefficients, as
appropriate. The diagnostic performance of liver stiffness was assessed using receiver
operating characteristic curves constructed to compare the absence and presence of
clinically significant PH and the absence and presence of PH with oesophageal varices
bleeding risk. We also determined optimal cut-off values of TE to rule out HVPG < 12
mmHg based on the highest sensitivity and with an acceptable specificity higher than
70%, and to rule in HVPG ≥ 12 mmHg based on the highest specificity with an
acceptable sensitivity higher than 70%. Univariable and multivariable logistic
regression analyses were performed to identify significant predictors of HVPG < 12
mmHg and < 10 mmHg. All statistical tests were 2-sided, and P values < 0.05 were
considered to be significant. All analyses were conducted using SPSS Version 24.0
(IBM Corp., Armonk, NY, United States).

Ethics
Written informed consent was obtained from each patient included in the study. The
study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki
and was approved by the Human Research and Ethics Committee at Hospital
Universitario La Paz (Madrid).

RESULTS
The study population comprised 33 patients, whose main characteristics are shown in
Table 1. Median time from the end of DAA treatment to HVPG measurement was 67
wk (56-83).

HVPG results
Median HVPG was 14 mmHg (10-16); this was < 12 mmHg in 13 patients [39.4%; 95%
confidence interval (CI): 24.2-56.4]: NBR-CSPH in 6 (18.2%), SPH in 6 (18.2%), and
normal in 1 (3%). In the 20 patients with HVPG ≥ 12 mmHg, the median value was 16
mmHg (14-19). Univariable analysis showed that the only factor significantly
associated with an HVPG < 12 mmHg was a decrease in the MELD score of at least 1
point (P = 0.045, Table 2).

HVPG-UGE correlation
The correlation between UGE and HVPG as a predictor of bleeding risk was assessed
in 27 patients receiving betablockers as primary prophylaxis: Two patients refused to
undergo endoscopy, and the four patients receiving betablockers as secondary
prophylaxis were excluded from the analysis because of the variceal modifications
induced by band ligation. Variceal size had regressed in 19/27 (70%). The correlation
with HVPG is shown in Table 3.

Non-invasive assessment by TE
TE was feasible in 28 patients (84.8%). Per protocol, the area under the receiver
operating characteristic curve (AUROC) was 0.62 (95%CI: 0.40-0.84; P = 0.27) for
BRPH and 0.83 (95%CI: 0.66-1; P = 0.01) for CSPH. The best TE cut-off to predict
CSPH was 19.8 kPa, with a sensitivity of 68%, specificity of 83%, positive predictive
value of 94%, negative predictive value of 42%, positive likelihood ratio of 4.1,
negative likelihood ratio of 0.38, and accuracy of 0.71. A TE value ≤ 14.9 kPa was
sufficient to rule out CSPH with a sensitivity of 90.9%. A TE value ≥ 22.7 kPa was
sufficient to rule in CSPH with a specificity of 100%. BRPH values were not calculated
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Table 1 Patients characteristics
n = 33
Age (yr), median (P25-P75)

64 (59-73)

Males, n (%)

18 (54.5)

BMI > 25 kg/m2, n (%)

26 (78.8)

ALT (UI/L), median (P25-P75)

21 (18-26)

Platelets (× 103/μL), median (P25-P75)

77 (58-100)

Total bilirubin (mg/dL), median (P25-P75)

1.1 (0.8-1.6)

Albumin (g/dL), median (P25-P75)

3.9 (3.8-4.1)

Baseline Child-Pugh A/B/C, n (%)

25 (75.8)/8 (24.2)/0

HVPG Child-Pugh A/B/C, n (%)

30 (90.9)/3 (9.1)/0

Baseline MELD score, median (P25-P75)

10 (9-11)

HVPG MELD score, median (P25-P75)

9 (8-12)

Baseline TE (kPa), median (P25-P75)

24.8 (17.3-34.3)

HVPG TE (kPa), median (P25-P75)

21.7 (16.6-26.8)

Baseline ascites, n (%)

12 (36.4)

HVPG ascites, n (%)

3 (9.1)

Propranolol/Carvedilol, n (%)

14 (46.7)/16 (53.3)

Primary prophylaxis indication, n (%)

29 (88)

Large oesophageal varices

26 (79)

Small oesophageal varices + Child-Pugh B

3 (9)

Secondary prophylaxis, n (%)

4 (12)

Baseline refers to data before direct-acting antivirals treatment. Hepatic venous pressure gradient (HVPG)
refers to results on the day of the haemodynamic study. Baseline ascites or under diuretic treatment for
previous ascites. The most recent ligations had been performed at least 10 mo before HVPG. BMI: Body mass
index; ALT: Alanine-aminotransferase; HVPG: Hepatic venous pressure gradient; MELD: Model for EndStage Liver Disease; TE: Transient elastography.

taking into account the absence of a statistically significant association in AUROC.
Using these CSPH criteria, 19/28 HVPG measurements (67.9%) could have been
avoided.

Bleeding risk after permanent discontinuation of betablocker
Betablockers were permanently discontinued in 10/13 patients with HVPG < 12
mmHg. In the remaining three patients, treatment was reintroduced immediately
after HVPG at the discretion of the attending physicians. All patients attended their
scheduled visits. After a median follow-up of 68 wk (62-86), no variceal bleeding
episodes were recorded, and no patients developed de novo ascites. One episode of
variceal bleeding was recorded in a patient who continued with betablockers as
primary prophylaxis 72 wk after HVPG and 4.2 years after the end of DAA treatment.
Her gradient was 14 mmHg.

DISCUSSION
Post-SVR management of HCV cirrhosis patients with baseline oesophageal varices
receiving prophylaxis with betablockers has not been classified in guidelines or
reports. According to our results, more than one third are below the bleeding risk
threshold, and permanently stopping betablockers seems to be uneventful.
Other studies have shown a decrease in HVPG to < 12 mmHg after DAA-based
SVR in some patients with baseline values above this figure, albeit at a lower rate than
in ours. In the study of Afdhal et al[22], 4 of the 33 (12%) patients with baseline HVPG ≥
12 mmHg had HVPG < 12 mmHg at the end of treatment. Mandorfer et al[23] found
that 29/60 patients with baseline HVPG ≥ 12 mmHg were reassessed a median of 16
wk after the end of treatment, although the authors do not provide specific data on
evolution. In the study of Lens et al[24], improvement was seen in 142/176 patients
(19.2%) at SVR24. In the study by Afdhal et al[22], HVPG was determined 48 wk after
the end of treatment in 9 patients; in 3 patients (33.3%), HVPG decreased to < 12
mmHg. We observed this decrease in 39.4% (13/33) of the patients in our study a
median of 67 wk after the end of treatment. Taken together, these data show a trend
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Table 2 Univariable analysis of factors associated factors with hepatic venous pressure
gradient ≥ 12 mmHg
< 12 mmHg (n = 13)

≥ 12 mmHg (n = 20)

P

Age (yr), median (P25-P75)

63 (55-70)

66 (59-73)

0.44

Males, n (%)

8 (61.5)

10 (50)

0.72

BMI > 25 kg/m2, n (%)

11 (84.6)

15 (75)

0.67

Baseline albumin (g/dL), median (P25-P75)

3.7 (3.4-3.8)

3.6 (3.2-3.8)

0.54

HVPG albumin (g/dL), median (P25-P75)

3.9 (3.8-4.3)

3.9 (3.8-4.1)

0.33

∆ Albumin (g/dL), median (P25-P75)

0.4 (0.1-0.8)

0.3 (0.1-0.5)

0.59

∆ Albumin (%), median (P25-P75)

11.8 (2.6-21.6)

9 (2.5-18.2)

0.58

Baseline platelets (× 103/μL), median (P25-P75)

88 (58-92)

58 (44-82)

0.19

HVPG platelets (× 103/μL), median (P25-P75)

79 (62-100)

74 (57-101)

0.59

∆ Platelets (× 103/μL), median (P25-P75)

5000 (-5000-17000)

6500 (-4000-17000)

0.89

∆ Platelets (%), median (P25-P75)

7.1 (-7.5-17.2)

10.9 (-8.4-28.3)

0.50

Baseline Child-Pugh A/B/C, n (%)

10 (76.9)/3 (23.1)/0 (0)

15 (75)/5 (25)/0 (0)

1

HVPG Child-Pugh A/B/C, n (%)

11 (84.6)/2 (15.4)/0 (0)

19 (95)/1 (5)/0 (0)

0.54

∆ Child Pugh

0 (-1-0)

-0.5 (-1-0)

0.59

Baseline MELD score, median (P25-P75)

10 (9-11)

10 (8-11)

0.58

HVPG MELD score, median (P25-P75)

9 (8-10)

10 (8-12)

0.50

∆ MELD score, median (P25-P75)

-1 (-1-0)

0 (-1-1.5)

0.045

Baseline TE (kPa), median (P25-P75)

21.1 (15.6-32)

27.7 (18.4-34.3)

0.39

HVPG TE (kPa), median (P25-P75)

20.3 (14.1-24.5)

23.3 (17.9-29.9)

0.31

∆ TE (kPa), median (P25-P75)

-6.2 (-10.7-2.1)

-4.3 (-7.8-3.4)

0.51

∆ TE (%), median (P25-P75)

-26.7 (-40.7-12.4)

-13.8 (-29.6-21.8)

0.69

Baseline ascites, n (%)

4 (30.8)

8 (40)

0.72

HVPG ascites, n (%)

1 (7.7)

2 (10)

1

Primary

13 (100)

16 (80)

Secondary

0

4 (20)

BB prophylaxis, n (%)

0.13

Baseline refers to data before direct-acting antivirals treatment. Hepatic venous pressure gradient refers to
results on the day of the haemodynamic study. Baseline ascites or under diuretic treatment for previous
ascites. BMI: Body mass index; HVPG: Hepatic venous pressure gradient; MELD: Model for End-Stage Liver
Disease; TE: Transient elastography; BB: Betablockers; ∆: delta.

toward an increasing number of patients with baseline BRPH below this threshold
depending on the time between the end of DAA treatment and measurement of
HVPG. The findings seem to indicate that regression of PH after SVR is a dynamic
process. Univariable analysis showed that the only factor associated with a decrease
below the bleeding risk threshold was a ≥ 1-point decrease in the MELD score. We
found no association with the Child-Pugh score, liver stiffness, or albumin, as
reported elsewhere [22-24] , probably because we analysed an absolute value (< 12
mmHg), whereas other authors used a percentage result (10%-20% decrease from
baseline).
One of our aims was to evaluate the accuracy of nonhemodynamic assessment of
these patients, that is, without cumbersome, invasive HVPG measurements. Other
studies have used endoscopy to evaluate the progress of varices after SVR but without
performing HVPG[25,26]. Based on our results, endoscopy does not seem to be reliable.
Variceal size regressed in 70% of patients, although HVPG remained above 12 mmHg
in 12/15 patients with small or no varices. This would have led to an inaccurate and
dangerous underestimation of bleeding risk. On the other hand, since 2/12 patients
with HVPG < 12 mmHg had large varices, stratification was, once again, inaccurate.
TE results were also disappointing for evaluation of the bleeding risk threshold, with
a non–statistically significant AUROC of 0.62 for ≥ 12 mmHg. The poor performance
for this cut-off has been reported elsewhere[27], thus supporting the notion that TE
performs worse as PH increases[28]. Results are more reliable for a cut-off of ≥ 10
mmHg, with an AUROC of 0.82 (P = 0.01). Evaluating the 10-mmHg threshold by TE
can be used to establish bleeding risk, since it is obviously below 12 mmHg and
possesses high predictability for ruling in and ruling out risk, although patients with
PH between 10-12 mmHg would go undetected. Two thirds of HVPG measurements
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Table 3 Correlation between upper gastrointestinal endoscopy and hepatic venous pressure
gradient
n = 27 (%)

No varices

Small varices

Large varices

Total

HVPG < 12 mmHg

1 (3.7)

91 (33.3)

2 (7.4)

12

HVPG ≥ 12 mmHg

1 (3.7)

112 (40.7)

3 (11.1)

15

2

20

5

27

1

Two patients with baseline small oesophageal varices + Child-Pugh B;
One patient with baseline small oesophageal varices + Child-Pugh B. HVPG: Hepatic venous pressure
gradient.
2

could have been avoided with high reliability using this threshold. Our results agree
with those reported elsewhere[23,24,27]. Finally, betablockers were stopped in 10/13
patients with HVPG < 12 mmHg, with no bleeding episodes after more than one year
of follow-up. Since this is a firmly established cut-off, no bleeding is expected in
patients below this threshold[11,29,30]. Our results reinforce this as a valid criterion not
only in patients with active HCV disease, but also after SVR. In contrast with reports
from other authors [31] , we did not record ascites in this group after stopping
betablockers.
Our study is subject to two main limitations. Firstly, the number of patients is
relatively small. However, to our knowledge, ours is the only report that comprehensibly evaluates such a specific group of patients. For instance, only seven
patients with large oesophageal varices were included for HVPG measurement in the
study of Mandorfer et al[23] and 38 in that of Afdhal et al[22]. The correlation between
UGE and HVPG and permanent withdrawal of betablockers was not evaluated either
of these studies or in that of Lens et al[24]. Our second limitation is the lack of a baseline
hemodynamic study. HVPG measurement is not compulsory in clinical practice for
betablockers to be started[8,11]. Virtually all patients with large oesophageal varices or
with small varices and decompensated cirrhosis have an HVPG > 12 mmHg[24,32-35]. The
percentage decrease in PH was not evaluated and was therefore not available. This is
a good prognostic factor of future variceal bleeding[11,29,30,36], although patients with a >
10%-20% decrease in HVPG still maintain some bleeding risk [29] . Therefore, a
percentage decrease only is an inadequate criterion for safe discontinuation of
betablockers and an absolute result above or below 12 mmHg is necessary to ensure
accurate decision-making.
In conclusion, 39% of HCV cirrhosis patients with baseline oesophageal varices
receiving betablockers to prevent bleeding are below the bleeding risk threshold more
than one year after DAA-based SVR. The correlation between endoscopy and HVPG
is weak after SVR and cannot be advocated as a safe decision-making tool. Similarly,
TE does not correlate well with the hemodynamic bleeding risk threshold of 12
mmHg, although it can be used to reliably detect CSPH. Permanent interruption of
betablockers in patients with an HVPG < 12 mmHg seems to be uneventful.

ARTICLE HIGHLIGHTS
Research background
Baveno VI Consensus addresses management of patients without baseline oesophageal varices,
or with small varices, in whom aetiological factor has been removed. No recommendation is
given in those under betablockers. Main Liver Associations Guidelines on this topic simply refer
to Baveno.

Research motivation
Future research in this field should confirm our results in a larger number of patients.
Alternative aetiologies, not only hepatitis C virus (HCV) cirrhosis, should be explored.

Research objectives
We tried to satisfy a real-life, unmet situation: how to manage betablockers in our patients after
sustained virological response (SVR).

Research methods
All our study patients were recruited from our clinic. Baseline data [before direct-acting
antivirals (DAA) treatment] were collected and checked against evolutionary data after SVR. As
a novelty, endoscopy variceal size was confronted to hepatic venous pressure gradient having in
mind endoscopy has been advocated by some authors to be a reliable tool after SVR. Transient
elastography was also challenged in this SVR setting.
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Research results
After more than one year of SVR, 39% of our patients evolved below the oesophageal bleeding
threshold. The only predictable factor of this favourable evolution was a drop of at least 1 point
in Model for End-Stage Liver Disease score. Transient elastography and endoscopy did not
confidently detect this change. In those patients below 12 mmHg, permanently stopping
betablockers was safe as no bleeding episode has appeared after more than one year of followup. Main remaining problem is the evolution of those patients still above 12 mmHg. Portal
hypertension regression seems to be a dynamic condition after SVR. Therefore, some of them
could still evolve satisfactorily in future evaluations but others could have reached a point of no
return.

Research conclusions
After more than one year of SVR, 39% of patients with baseline HCV cirrhosis and oesophageal
varices under prophylactic betablockers are below the bleeding threshold. Transient
elastography and endoscopy are unreliable in this setting. Permanently stopping betablockers
seems to be safe in those below 12 mmHg. Evolution of portal hypertension after SVR in the
subgroup of patients under betablocker treatment. Unreliability of transient elastography and
endoscopy in this setting. Safety of permanently stopping betablockers in those below 12 mmHg.
Portal hypertension can regress even in those with the more severe condition, making
prophylaxis with betablockers unnecessary. Several studies recently characterize portal
hypertension evolution in the new scenario of easy-to-reach SVR after interferon-free DAA
treatment. Data on the evolution of portal hypertension and its management in those patients
with the more severe condition (i.e., under betablockers) were lacking. Betablockers can be
permanently stopped in those below 12 mmHg after SVR. Non-invasive assessment of post-SVR
bleeding threshold is not reliable. Portal hypertension in those with the more severe condition is
a dynamic regressive process with a clinical benefit for patients. Severe portal hypertension
regresses in some patients and betablockers can be safely stopped. Endoscopy and transient
elastography are not reliable assessing post-SVR bleeding risk. Betablockers can be safely
discontinued in those below 12 mmHg.

Research perspectives
Do not trust non-invasive assessment of bleeding risk after SVR. Reliable tools for non-invasive
assessment of bleeding risk after removal of aetiological factor. We presume combinatory
algorithm with liver and spleen elastographies. Perhaps ultrasound-based contrast-enhanced
arrival time to hepatic vein.
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Abstract
BACKGROUND
Several studies have been conducted to explore the association between the use
of proton pump inhibitors (PPIs) and hepatic encephalopathy (HE) risk in
patients with liver cirrhosis. However, their results are controversial.
AIM
To perform a systematic review and meta-analysis to evaluate the HE risk among
PPI users.
METHODS
A systematic search on PubMed, Web of Science, EMBase, and ScienceDirect
databases was conducted up to December 31, 2018 for eligible studies involving
PPI use and HE risk. Odds ratios (ORs) and 95% confidence intervals (CIs) were
calculated using the fixed or random effects model. Publication bias was
evaluated using Begg’s test, Egger’s test, and trim-and-fill method.
RESULTS
Seven studies with 4574 patients were included in the present meta-analysis. The
meta-analysis results indicated a significant association between the PPI use and
HE risk (OR = 1.50; 95%CI: 1.25-1.75) with low heterogeneity (I2 = 14.2%, P =
0.321). Although publication bias existed when Egger’s tests were used (P =
0.005), the trim-and-fill method verified the stability of the pooled result.
Sensitivity analyses suggested that the results of this meta-analysis were robust.
CONCLUSION
The current evidence indicates that PPI use increases HE risk in patients with
liver cirrhosis. Further studies with a large data set and well-designed models are
needed to validate our findings.
Key words: Proton pump inhibitors; Hepatic encephalopathy; Meta-analysis
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Core tip: Several studies have been conducted to explore the association between the use
of proton pump inhibitors (PPIs) and hepatic encephalopathy (HE) risk in patients with
liver cirrhosis. However, their results are controversial. The current evidence indicates
that PPI use increases HE risk in patients with liver cirrhosis. Physicians should ban PPI
use in patients with liver cirrhosis when they are used without specific indications.
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INTRODUCTION
Proton pump inhibitors (PPIs) are the first choice of treatment for esophagitis and
peptic ulcer disease, as well as the prevention of nonsteroidal anti-inflammatory drug
associated ulcers, Zollinger-Ellison syndrome, and functional dyspepsia[1]. In acidrelated diseases, the benefits of PPI use outweigh their potential harm. Unfortunately,
the negative effects of PPI use are generally underestimated due to marketing strategy
and neglected reporting bias in published trials. Thus, not all PPIs are used following
evidence-based guidelines in the clinical setting, and PPIs are overprescribed in both
inpatient and outpatient settings[2-4].
Accumulating data illustrate the potential risks associated with long-term PPI
therapy, including pneumonia, spontaneous bacterial peritonitis, gastric cancer,
vitamin B12 deficiency, Clostridium difficile-associated diarrhea, myocardial infarction,
hypomagnesemia, chronic kidney disease, and hip fracture[5-10]. Regarding concerns
over liver adverse effects, a previous meta-analysis showed that PPIs increase the risk
of hepatic encephalopathy (HE) in patients with hepatic failure[11]. However, the
results are restricted because of the inclusion of a relatively small number of studies.
New primary studies[12-15] have also been recently published, and their results are
controversial.
Therefore, in this meta-analysis, we aimed to update, compile, and critically review
the existing evidence on the HE risk in patients with liver cirrhosis and PPI use and
provide a quantitative estimate of the relationship between PPI use and HE risk.

MATERIALS AND METHODS
This systematic review was performed in accordance with the standards of the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses[16]. Ethical
approval was not sought for this study because all the data came from published
studies, and no individual-level data were used. The systematic review registration
number is CRD42019120845.

Literature search
A systematic search on PubMed, Web of Science, Embase, and ScienceDirect
databases was conducted up to December 31, 2018 for eligible studies involving PPI
use and HE risk. The following keywords were used to search for the related
literature: “proton pump inhibitors” and “hepatic encephalopathy.” The reference
lists of the identified articles were also manually searched to identify additional
relevant studies.

Study selection
Two reviewers independently screened the titles and abstracts of the retrieved
studies. Studies were considered eligible if they met the inclusion criteria, as follows:
Studies assessed the association between PPI and HE risk, those with full text access,
and those which included sufficient data to calculate odds ratios (ORs) and 95%
confidential intervals (CI) for extraction. Among duplicate studies, the most recent
study was included in this meta-analysis. The exclusion criteria were as follows:
Insufficient data for extraction, articles that are available only in abstracts, case

WJG

https://www.wjgnet.com

2676

June 7, 2019

Volume 25

Issue 21

Ma YJ et al. PPI use and hepatic encephalopathy: A meta-analysis

reports, conference papers, editor comments, reviews, meta-analysis, and inclusion of
duplicate data in other studies.

Data extraction
Data were extracted independently by two reviewers using the data extraction tables.
The results were compared, and disagreements were discussed. The following data
were extracted: First author’s name, publication year, region, number of patients, age,
sex, PPI use duration, HE level, and outcomes.

Bias risk
To evaluate the methodological quality of the included studies, we used the
Newcastle-Ottawa scale (NOS)[17]. The range of NOS scores was from 0 to 9, and a
score ≥ 6 was defined as “high quality”[18,19].

Statistical analysis
Statistical analyses were performed using STATA version 12.0 (Stata Corporation,
College Station, TX, United States), and two-sided P < 0.05 was considered statistically
significant. Pooled ORs with 95%CIs were utilized to evaluate the relationship
between PPI use and HE risk. Statistical heterogeneity was assessed based on P- and
I 2 -values by using the standard Chi-squared test. Low, moderate, or high heterogeneity among studies was defined as I2 < 25%, 50%-75%, and > 75%, respectively.
When I2 > 50%, P < 0.1 was considered significantly heterogeneous, and the random
effects model was used for meta-analysis; otherwise, the fixed effects model was used.
We performed a sensitivity analysis by excluding one study at a time to assess the
effect of individual studies on the summary estimates. Publication bias was evaluated
using Begg’s test, Egger’s test, and trim-and-fill method.

RESULTS
Study selection
The details of study identification, screening, and selection are presented in Figure 1.
The initial database search yielded 888 records, of which 107 duplicates were
excluded. Then, 771 records, including 768 irrelevant studies and 3 reviews, were
removed through the primary screening of titles and abstracts. After assessing ten
full-text studies, two conference abstractions and one editor comment were excluded.
Finally, seven articles[12-15,20-22] involving 4574 patients were included in this metaanalysis.

Study characteristics
The characteristics of the included studies are summarized in Table 1. The seven
included studies[12-15,20-22] were published within the last 5 years, altogether involving
4574 patients. Among the seven articles [12-15,20-22] , three were based on Asian
populations[15,21,22], and four involved Europeans[12-14,20]. Out of the seven included
studies[12-15,20-22], six were retrospective[13-15,20-22], and one was prospective[12]. The NOS
scores of the eligible studies[12-15,20-22] ranged from 7 to 9, with a mean of 7.9, thereby
indicating that the included studies were of high quality (Table 2).

PPI and HE risk association
Figure 2 shows the pooled results from the fix-effects model combining ORs for HE
risk. Our meta-analysis result indicated a significant association between PPI use and
HE risk (OR = 1.50; 95%CI: 1.25-1.75; Figure 2) with low heterogeneity (I2 = 14.2%, P =
0.321).

Sensitivity analysis and publication bias
Sensitivity analyses showed that pooled OR for PPI use and HE risk association and
the corresponding 95%CIs were unaltered substantially by removing one study,
thereby suggesting that the results of this meta-analysis were robust (Figure 3).
Although publication bias existed as indicated by the results of the Egger’s tests
(Egger’s tests, P = 0.005; Begg’s tests, P = 0.133), the trim-and-fill method verified the
stability of the pooled result, and the pooled OR was unaffected (1.58, 95%CI: 1.361.85; Figure 4).

DISCUSSION
In this study, we performed a meta-analysis to observe HE alterations in patients with
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Figure 1

Figure 1 Flowchart of study selection.

liver cirrhosis and explore the relationship between PPI use and HE risk. The findings
from this study indicated an increase of 50% risk of HE among PPI users, which was
consistent with the results obtained in a previous study [11] . Our meta-analysis
expanded the results of previous studies and increased the statistical power to
evaluate the effects.
The mechanisms of PPIs on the occurrence of HE in cirrhosis are unclear. However,
as proposed, PPI use can contribute to the gut dysbiosis that generally exists in
patients with cirrhosis, whereas altered gut microbiota can induce or exacerbate HE
occurrence[23,24]. Intestinal bacteria in the colon produce ammonia from glutamine and
nitrogenous source catabolism. An increased ammonia level in the brain results in HE
occurrence by primarily influencing the brain energy metabolism and central nervous
system[25,26]. PPI use also inhibits neutrophil-endothelial cell interactions and reduces
natural killer cell activities and neutrophils [27] , thereby possibly promoting HE
occurrence due to the failure of local and systemic immune defense[28].
Low heterogeneity was detected among the included studies and meta-regression
analysis was not required. However, we were also concerned about the effect of publication bias because positive results are likely to be published. Although publication
bias existed when Egger’s tests were used, the trim-and-fill method verified the
stability of the pooled result.
Considering that PPI use is associated with an increased risk of HE occurrence in
patients with liver cirrhosis, physicians should ban PPI use in these patients and those
with portal hypertension when PPIs are used without specific indications[29]. Adhering
to evidence-based guidelines is the only way to ensure effective and safe PPI use[30].
Regulatory authorities should also assume supervision and management responsibilities to avoid inappropriate PPI use[31].
This study has several potential limitations. First, given the heterogeneity of the
studies included, some of the results should be regarded with caution. Second, we
included only trials published in English. Third, the number of included studies was
relatively small. Although we conducted a comprehensive literature search, only
seven studies were included.
In conclusion, the results of our meta-analysis suggests that PPI use is independently associated with HE risk. Therefore, randomized multicentric studies
with a large sample size should be conducted to provide further insight into the
potential impact of PPIs on HE.
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Table 1 Characteristics of included studies

Ref.

Region

Design

n

Male (%)

Mean
Number of
minimal PPI
episodes
use duration

HE level1

Age (yr)

Risk
estimate
(95%CI)

Dam et al[20], Denmark
2016

Retrospective 865
case-control
study

86.7

At least 1 wk
prior to HE
episode

Follow-up
ended at the
onset of the
first HE
episode

2-4

57.4

Current PPI
use vs current
nonuse, HR:
1.36 (95%CI:
1.01-1.84)

Lin et al[21],
2014

China

Retrospective 165
case-control
study

78.2

More than 5 d Follow-up
prior to HE
ended at the
episode
onset of the
first HE
episode

2-4

44.0

PPI use vs
nonuse, OR:
4.392 (95%CI:
1.604-12.031)

Nardelli et
al[12], 2018

Rome

Prospective
310
observational
study

71.3

PPI use at
least 4 wk
prior to the
admission

Follow-up
ended at the
onset of the
first HE
episode

2-4

62.0

PPI use at
least 4 weeks
prior to
admission vs.
PPI nonuse at
least 4 wk
prior to
admission
OR: 3.96
(95%CI: 2.276.92)

Sturm et
al[13], 2018

Germany

Retrospective 397
observational
study

68.1

NR

Follow-up
ended at the
onset of the
first HE
episode

1-4

59.3

PPI use vs
nonuse, OR:
2.29 (95%CI:
1.86-6.46)

Tergast et
al[14], 2018

Germany

Retrospective 249
longitudinal
cohort study

67.9

PPI intake
within 7 d
prior to
enrollment

NR

3-4

56.8

PPI dosage >
40 mg/d vs
PPI dosage >
10-40 mg/d,
HR: 1.85
(95%CI: 0.873.66)

Tsai et al[22], Taiwan
2016

Retrospective 2332
case-control
study

74.2

PPI intake at
least 30 d
prior to
enrollment

Follow-up
ended at the
onset of the
first HE
episode

NR

53.1

(cDDD > 365
vs cDDD ≤ 30)
OR: 3.01
(95%CI: 1.785.10); 120 <
cDDD < 365
vs cDDD ≤ 30,
OR: 1.51
(95%CI: 1.112.06) 30 <
cDDD < 120
vs cDDD ≤ 30,
OR: 1.41
(95%CI: 1.091.84)

Zhu et al[15],
2018

Retrospective 256
case-control
study

63.3

PPI use
during
hospitalization

HE episode
during
hospitalization

2-4

58.3

PPI use
during
hospitalization vs nonuse
during
hospitalization OR: 3.481
(95%CI: 1.6517.340)

China

1

HE was graded according to the West Haven criteria. cDDD: Cumulative defined daily dose; NR: Not reported; PPI: Proton pump inhibitor; HE: Hepatic
encephalopathy; HR: Hazard ratio; OR: Odds ratio; CI: Confidential interval.
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Table 2 Quality assessment of included studies using the Newcastle-Ottawa scale
Author (year)
[20]

Dam et al

, 2016

Lin et al[21], 2014
[12]

Nardelli et al

, 2018

Subject selection

Group comparability

Exposure measurement

Total score

2

2

3

7

3

2

3

8

3

2

3

8

Sturm et al[13], 2018

4

2

3

9

Tergast et al[14], 2018

2

2

3

7

Tsai et al[22], 2016

3

2

3

8

3

2

3

8

[15]

Zhu et al

, 2018

Figure 2

Figure 2 Forest plot of proton pump inhibitor use and hepatic encephalopathy risk. CI: Confidence interval.
Figure 3

Figure 3 Funnel plot of sensitivity analysis.
Figure 4

Figure 4 Publication bias funnel plot. A: Begg’s test; B: Egger’s test; C: Trim-and-fill method.
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ARTICLE HIGHLIGHTS
Research background
Proton pump inhibitors (PPIs) are the first choice of treatment for esophagitis and peptic ulcer
disease, as well as the prevention of nonsteroidal anti-inflammatory drug associated ulcers,
Zollinger-Ellison syndrome, and functional dyspepsia. In acid-related diseases, the benefits of
PPI use outweigh their potential harm. Unfortunately, the negative effects of PPI use are
generally underestimated due to marketing strategy and neglected reporting bias in published
trials. Thus, not all PPIs are used following evidence-based guidelines in the clinical setting, and
PPIs are overprescribed in both inpatient and outpatient settings.

Research motivation
Regarding concerns over liver adverse effects, a previous meta-analysis showed that PPIs
increase the risk of hepatic encephalopathy (HE) in patients with hepatic failure. However, the
results are restricted because of the inclusion of a relatively small number of studies. New
primary studies have also been recently published, and their results are controversial.

Research objectives
In this meta-analysis, we aimed to update, compile, and critically review the existing evidence on
the risk of HE in patients with liver cirrhosis and PPI use and provide a quantitative estimate of
the relationship between PPI use and HE risk.

Research methods
A systematic search on PubMed, Web of Science, EMBase, and ScienceDirect databases was
conducted up to December 31, 2018 for eligible studies involving PPI use and HE risk. The odd
ratios (ORs) and 95% confidence intervals (CIs) were calculated using the fixed- or randomeffects model. Publication bias was evaluated using the Begg’s, Egger’s tests, and trim-and-fill
method.

Research results
The findings from this study indicated an increase of 50% risk of HE among PPI users, which is
consistent with the results obtained in a previous study.

Research conclusions
Our meta-analysis expanded the results of previous studies and increased the statistical power to
evaluate the effects.

Research perspectives
Randomized multicentric studies with a large sample size should be conducted to provide
further insight into the potential impact of PPIs on HE.
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Abstract
BACKGROUND
Several studies have explored the association between the use of proton pump
inhibitors (PPIs) and the risk of developing hepatic encephalopathy (HE) in
patients with advanced liver disease. However, the evidence-based conclusions
are controversial. We hypothesized that using PPIs may increase the risk of HE in
patients with advanced liver disease. If confirmed, clinicians must strictly adhere
to the indications for PPI treatment in this population.
AIM
To evaluate the pooled risk of HE in patients with advanced liver disease who
use PPIs.
METHODS
Three electronic databases (PubMed, EMBASE, and the Cochrane Library) were
searched from the date of database inception through January 8, 2019 to identify
comparative studies evaluating the association between PPI use and the risk of
HE. Data from the included studies were extracted. The random-effects model
was used for pooling risk estimates and the corresponding 95% confidence
intervals (CIs). Subgroup and sensitivity analyses were also performed.
RESULTS
In total, 4342 patients from five case-control studies and 188053 patients from
four cohort studies were included in this analysis. In patients with advanced liver
disease, PPI use was associated with an elevated risk of developing HE, with
significant heterogeneity. The pooled odds ratio for case-control studies was 2.58
(95%CI: 1.68-3.94, I2 = 72%). The pooled RR for cohort studies was 1.67 (95%CI:
1.30-2.14, I2 = 67%). The results of the subgroup analyses suggested that the
heterogeneity may be the result of differences in the study designs and the
definitions of PPI use. The sensitivity and subgroup analyses did not alter our
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findings.
CONCLUSION
In patients with advanced liver disease, PPI use is associated with an elevated
risk of HE. Future large prospective studies are needed to confirm this
association.
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Core tip: Proton pump inhibitors (PPIs) are very commonly used in patients with
advanced liver disease. Remarkably, previous studies have shown that approximately
50% of indications for PPIs treatment were unclear or inadequate in this special group of
patients. All these may be because PPIs are generally considered safe. However, this
meta-analysis shows that using PPIs is associated with an increased risk of hepatic
encephalopathy (HE) in patients with advanced liver disease. This reminds clinicians that
inappropriate use of PPIs may be not beneficial but put patients at an elevated risk of
HE. These findings still need to be confirmed by more high-quality prospective studies
because of the limitations of this meta-analysis.

Citation: Tantai XX, Yang LB, Wei ZC, Xiao CL, Chen LR, Wang JH, Liu N. Association of
proton pump inhibitors with risk of hepatic encephalopathy in advanced liver disease: A
meta-analysis. World J Gastroenterol 2019; 25(21): 2683-2698
URL: https://www.wjgnet.com/1007-9327/full/v25/i21/2683.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i21.2683

INTRODUCTION
Hepatic encephalopathy (HE) is a serious neuropsychiatric syndrome usually
identified in patients with advanced liver disease, which manifests along a spectrum
spanning from minimal cognitive dysfunction to states of confusion and even coma[1,2].
HE can be subdivided into covert (minimal, grade 1) and overt (HE grades 2-4)
according to the severity of the manifestations[2]. Minimal HE or covert HE is reported
in 20%-80% of patients with cirrhosis, and the incidence of overt HE is 30%-40%[2].
These complications are associated with impaired quality of life and poor
prognosis[2,3]. At present, several factors have been identified that induce the incidence
of HE, such as infection, constipation, gastrointestinal bleeding, and the use of some
nervous system drugs [2] . However, unknown influential factors still need to be
explored to facilitate better management of patients with chronic liver disease.
With an excellent safety profile, proton pump inhibitors (PPIs) are commonly
prescribed for peptic ulcer disease, reflux disease, esophagitis, nonvariceal upper
gastrointestinal bleeding, etc[4]. PPIs are very commonly used by as many as 46%-78%
of patients with cirrhosis, and the excessive use of PPIs leads to a poor prognosis[5-7].
By altering intestinal microflora and increasing bacterial proliferation, previous
studies have reported that PPI treatment is associated with small intestinal bacterial
overgrowth (SIBO), spontaneous bacterial peritonitis, and other bacterial infections in
patients with cirrhosis[8-12]. In addition, there is growing evidence that PPI therapy is
associated with HE in patients with advanced liver disease[13-18]. A previous metaanalysis evaluating the association between PPIs and HE included only three
retrospective studies. Due to the limited number of studies, large heterogeneity, and
lack of prospective studies, a definite conclusion could not be drawn[19]. To clarify the
conclusions, this meta-analysis was performed to further examine the association
between PPI use and the risk of HE in patients with advanced liver disease.

MATERIALS AND METHODS
Literature search
Our meta-analysis was conducted in line with the meta-analysis of observational
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studies in epidemiology guidelines[20]. Electronic databases including PubMed (from
1946 through January 8, 2019), EMBASE (from 1988 through January 8, 2019),
Cochrane Central Register of Controlled Trials (CENTRAL) (from 1991through
January 8, 2019), and Cochrane Database and Systematic Reviews (from 2005 through
January 8, 2019) were searched by using subject headings and keywords. The search
terms were proton pump inhibitor, proton pump inhibitors, PPI, PPIs, omeprazole,
lansoprazole, pantoprazole, rabeprazole, esomeprazole, ilaprazole, hepatic
encephalopathy, HE, and encephalopath*. No language restrictions were applied.
Two researchers (Z.W. and L.Y.). independently completed the process of searching
and screening. The titles and abstracts of the identified articles were assessed in the
initial screening after duplicate citations were removed, and the full texts of
potentially eligible studies were further evaluated to determine whether they should
be included or not. In addition, additional studies were manually searched by
reviewing the bibliographies of the included studies and the relevant review
literature. ClinicalTrials.gov was also searched for unpublished studies. Disagreements between the researchers were resolved by discussing with a third
researcher (J.W.).

Inclusion criteria
Randomized controlled trials, case-control studies, and cohort studies were included
if meeting the following criteria: (1) The studies were performed in patients with
advanced liver disease, including advanced fibrosis, cirrhosis (compensated or
decompensated), and acute-on-chronic liver failure (ACLF); (2) The studies clearly
clarified the definition of PPI exposure; (3) The studies evaluated the association
between PPI use and the risk of HE, and reported a risk estimate and the
corresponding 95% conﬁdence interval (CI). The risk estimate included odds ratio
(OR), relative risk (RR), and hazard ratio (HR). To reduce the impact of confounding
factors, we only extracted the effect estimates adjusted for the greatest number
confounding factors. If the same population was used in two or more articles, only the
study with the most comprehensive information was included. The data from
conference abstracts were included without distinction. However, due to the
uncertain quality of abstracts, we conducted a sensitivity analysis excluding the data
from conference abstracts. For articles with incomplete data and abstracts, we
attempted to contact the corresponding author via email to request the relevant data.

Data extraction
Using a pre-established form, two researchers (Z.W. and L.Y.) independently
completed data extraction. The collected data included the authors’ names,
publication year, study location, study design, number of included patients, patient
demographics (age and sex), type of advanced liver disease, outcomes analyzed,
definition of PPI use, follow-up time, variables used for adjustment, risk estimates
with 95% CIs, and information used for the quality assessment. If two researchers had
some disagreements in the process of data extraction, a third reviewer (J.W.) would be
invited to resolve the disagreements.

Quality assessment
Because all included studies were observational, the Newcastle-Ottawa scale (NOS)
was used for quality assessment[20]. The NOS evaluates the quality of case-control or
cohort studies from three aspects. The scale items include selection (four points),
comparability (two points), and exposure/outcome (three points). The scale has a
maximum possible score of 9 points; 7 or more points indicate high quality, 5-6 points
indicate moderate quality, and four or fewer points indicate low quality. Due to
incomplete information in the conference abstracts, we only conducted quality
assessments of full-text articles. Two reviewers (C.X. and L.C.) independently
completed the quality assessments, and any disagreements were discussed with a
third reviewer (N.L.), with agreement determined by consensus.

Statistical analysis
The primary outcome of this meta-analysis was the pooled risk of HE in patients
using PPIs. We only extracted the adjusted risk estimates instead of the raw data
calculated by the events and the total number of patients. Using the random effects
model and the inverse variance method, the risk estimates were pooled to obtain an
overall effect estimate and the corresponding 95%CI. Because the incidence of HE is
relatively low, different risk estimates (OR/RR/HR) were considered equivalent[21].
Tsai et al[16] reported the ORs for HE in a subgroup analysis of patients with different
PPI use patterns, and we pooled these OR values and 95%CI using a random effects
model to obtain an approximate overall OR value with the associated 95%CI[19,22].
Heterogeneity among the studies was tested by calculating Cochran’s Q (with P < 0.10
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considered significant) and the I2 statistic. We considered the heterogeneity to be
substantial when I2 was > 50%. A high degree of heterogeneity was further explored
in the subgroup analyses. We estimated in advance that the heterogeneity was mainly
the result of differences in study designs and definitions of PPI use. Pre-arranged
subgroup analyses would be performed based on the study design, definition of PPI
use, study location, type of advanced liver disease, outcomes analyzed, and quality of
the research. We performed the sensitivity analysis by excluding the data from
conference abstracts. To eliminate confounding by indication, we also performed a
specific sensitivity analysis for patients without prior HE. According to the Cochrane
Collaboration Handbook[22], it is not recommended to test for publication bias if the
number of included studies is fewer than 10. We only explored publication bias by
examining a funnel plot. All data analyses were performed by using Review Manager
5.3 (The Nordic Cochrane Centre, the Cochrane Collaboration, Copenhagen, 2014).

RESULTS
Literature search
Of 3006 studies initially retrieved, 2578 were from EMBASE, 383 from PubMed, and
45 from the Cochrane Library. One study was identified through the manual search.
After excluding duplicates, 2684 titles and abstracts were reviewed, and 60 studies
were assessed for eligibility through full-text review. Based on the inclusion criteria,
eight observational studies and six conference abstracts were identified. Of these, six
observational studies (three case-control studies and three cohort studies)[13-18] and
three conference abstracts [23-25] provided the necessary data and were ultimately
included (Figure 1). Two cohort studies and three conference abstracts were excluded
because of incomplete data. We tried to contact the corresponding authors via email.
However, our requests did not receive responses.

Study characteristics and quality assessment
Table 1 lists the characteristics of the included studies. Six observational studies (three
case-control studies and three cohort studies)[13-18] and three conference abstracts (two
case-control studies and one cohort study)[23-25] were included. In total, 4342 patients
from the case-control studies and 188053 patients from the cohort studies were
included in this analysis. Three studies from Asia used a case-control design[15,16,18], six
studies were from Europe, and one study was from the United States[13,14,17,23-25]. Most of
these studies included middle-aged and elderly individuals, and there were more
men than women. Cirrhotic patients were analyzed in five studies[14-16,23,24], patients
with cirrhosis with ascites in two studies[17,25], patients with cirrhosis with transjugular
intrahepatic portosystemic shunt implantation in one study[13], and patients with
hepatitis B virus-related ACLF in one study[18]. Seven studies provided outcomes
regarding the risk of HE grades 1-4[13,15-17,23-25], three studies provided the risk of HE
grades 2-4[14,17,18], and one study provided the risk of minimal HE[14]. With regard to the
definition of PPI use, there was a clear difference among the included studies. Three
studies adopted the definition of in-hospital PPI use as PPI exposure (in-hospital
definition)[13,15,18], two studies adopted the definition of current PPI use as PPI exposure
(current definition)[17,23], and the remaining studies specified the time of PPI exposure
(≥ 2 weeks; > 30 cDDDs; ≥ 4 wk; > 90 d) (time-based definition)[14,16,24,25]. Five studies
provided the follow-up time, and the approximate follow-up time ranged from 4 mo
to 3 years. All the included studies adjusted for various confounding factors except for
two abstracts, which reported adjusted OR values but lacked details regarding the
variables used for the adjustment[23,25]. We assessed the quality of six full-text studies.
Four studies scored 9 points[13,14,16,17], and two case-control studies scored 8 points (1
point was deducted for using hospital controls as a control group)[15,18]. All these
studies were considered high quality because of their relatively low risk of bias.

HE risk in PPI users
Figure 2 demonstrates that the risk of HE was elevated in PPI users. The pooled RR
was 2.08 (95%CI: 1.62-2.68, Cochran Q test P < 0.001, I 2 = 80%), indicating that
compared with patients who did not use PPIs, PPI users had a 2.08-fold higher risk of
developing HE, with significant heterogeneity. There was no significant difference
based on study design in the effect on the risk of HE (χ2 = 2.96 and P = 0.09). The
pooled RR for cohort studies was 1.67 (95%CI: 1.30-2.14, Cochran Q test P = 0.03, I2 =
67%), while the OR for case-control studies was 2.58 (95%CI: 1.68-3.94). In the
sensitivity analysis with conference abstracts excluded, the pooled RR was 2.14
(95%CI: 1.54-2.97, Cochran Q test P = 0.02, I2 = 63%) (Figure 3). Two cohort studies
excluded patients who had previous HE episodes[17,24], and the remaining two cohort
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Figure 1

Figure 1 Flowchart of the literature search.

studies provided supplementary data focusing on patients without past HE
episodes[13,14]. In the sensitivity analysis of patients without prior HE episodes, the
pooled RR was 1.93 (95%CI: 1.33-2.80, Cochran Q test P = 0.001, I2 = 81%) (Figure 4).

Subgroup and stratified analyses
To explore the source of heterogeneity, we conducted subgroup and stratified
analyses. Before performing this meta-analysis, we estimated that the sources of
heterogeneity (if any) would mainly be differences in study designs and definitions of
PPI use. We performed stratification analyses based on these two factors. The results
showed that the heterogeneity was significantly reduced by each stratum, and the
elevated risk of HE in the PPI group still existed (Figure 5). Furthermore, we
performed subgroup analyses based on the study location, type of advanced liver
disease, and outcomes analyzed, and the results were consistent among the different
subgroups (Figures 6-8).

Publication bias
According to the Cochrane Collaboration Handbook[22], testing for publication bias is
not recommended if the number of included studies is fewer than ten. True
asymmetry and opportunity are indistinguishable because of the low test efficiency.
However, a funnel plot generated from the nine studies revealed that it was visually
asymmetrical (Figure 9).

DISCUSSION
In this meta-analysis, we found that PPI use was associated with a 2.08-fold higher
risk of progression to HE. After excluding conference abstracts, the pooled results
from the high-quality observational studies showed similar RR values and 95%CIs.
There was a high degree of heterogeneity among studies, and the results of the
subgroup analyses suggested that the heterogeneity may be the result of differences in
the study designs and definitions of PPI use. The elevated risk of HE for PPI users
was consistent regardless of the study design, definition of PPI use, study location,
type of advanced liver disease, and outcomes analyzed. Previous studies revealed that
HE was a predictor of PPI therapy[26,27], which suggests that the elevated risk of HE for
PPI users may be affected by confounding by indication. However, the sensitivity

WJG

https://www.wjgnet.com

2687

June 7, 2019

Volume 25

Issue 21

Tantai XX et al. Risk of HE in PPI users

Table 1 Characteristics of included studies

Author,
Year

Location

Design

Sex (%
No. of
Age of
Type of
male)
cases/con cases/con
liver
cases/con
-trols
-trols
disease
-trols

Outcomes Definition Follow-up Adjusted Quality
analyzed of PPI use time
factors
score

Lin et
China
al[18], 2014

Casecontrol

55/110

46 (3783.6/75.5
55)/43 (3648)

HBVrelated
ACLF

Dam et
Denmark
al[17], 2016

Cohort

340/525

58 (5068/69
64)/57 (5164)

Cirrhosis
Grades 1-4 A patient
with ascites HE; grades counted as
2-4 HE
a PPI user
when he or
she was
using PPIs
and as a
nonuser
when he or
she was not

Tsai et
Taiwan
al[16], 2016

Casecontrol

1166/1166

53.09 ±
74.2/74.2
13.80/53.14
± 13.78

Cirrhosis
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Grades 2-4
HE

Grades 1-4
HE

Patients
NA
using any
PPI
intravenously for
at least 6 d
before the
occurrence
of HE at
the
admission
time

Age, sex,
8
MELD
score,
infection,
hypokalemia,
hyponatraemia,
ascites,
PTA, AFP,
lactulose
use,
branched
chain
amino
acids, and
arginine
hydrochloride

148.2
personyears/186.
1 personyears

Sex, age at 9
inclusion,
cirrhosis
etiology,
variceal
bleeding,
MELD
score,
serum
sodium,
albumin,
and
platelets;
and
lactulose
use,
spironolact
one dose,
furosemide
dose, and
potassiumsparing
diuretic
dose

PPI use
2.96 ±
was
3.40/2.87 ±
defined as 3.57 yr
> 30
cumulative
defined
daily doses
(cDDDs);
PPI nonuse was
defined as
≤ 30
cDDDs

Age, sex,
9
income,
level of
urbanization, the
use of PPIs
in the past
6 mo
before
enrollment,
Charlson
Comobidity Index
score,
medical
comorbidities, use of
medication
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Zhu et
China
al[15], 2018

Casecontrol

128/128

58.34 ±
63.3/63.3
11.15/58.28
± 10.97

Cirrhosis

Grades 1-4
HE

Nardelli et Italy
al[14], 2018

Cohort

125/185

61.5 ±
74.1/67.2
11.9/63.3 ±
11.6

Cirrhosis

Minimal
Patients
14.1 ± 12.3
HE; grades were
mo
2-4 HE
considered
PPIs users
when the
treatment
started at
least 4 wk
prior to the
admission

MELD
scores,
MHE,
previous
overt HE,
PPIs, age,
albumin
and
sodium
levels

Sturm et
Germany
al[13], 2018

Cohort

303/94

59.2 ±
67.7/69.1
11.7/59.7 ±
10.2

Cirrhosis
with TIPS
implantation

Grades 1-4
HE

Age,
9
etiology of
liver
disease,
TIPS
indication,
acute
variceal
bleeding
with early
TIPS
implantation,
covering of
the stent
graft,
portosystemic
gradient
before and
after TIPS,
HE before
TIPS,
MELD
score, HE
medication,
and periinterventional
antibiotic
treatment
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PPI
NA
userswere
defined as
the patients
who used
PPIs
during
hospitalization

Age,
8
gender,
Child-Pugh
score,
hemoglobin,
gammaglutamyl
transpeptidase, blood
urea
nitrogen,
ammonia,
international
normalized
ratio, and
acute
upper
gastrointestinal
bleeding

PPI
116 ± 74
userswere /135 ± 65 d
defined as
the patients
who used
PPIs
during
hospitalization
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Tapper et USA
al[24], 2018
(abstract)

Cohort

186481

65 (57–73)

55

Cirrhosis

Matei et
Romania
al[25], 2017
(abstract)

Casecontrol

436/327

60.41
(17–91)

63.3

Shanab et UK
al[23], 2018
(abstract)

Casecontrol

506/320

53.4 ± 12.0

66

Grades 1-4
HE

Chronic
542739
use (> 90 d) patientyears

Age, sex,
NA
race,
etiology of
cirrhosis,
Medicaid
coenrollment,
hemodialysis,
portal
hypertension
(varices,
ascites,
TIPS
placement),
and
management by a
gastroenterologist

Cirrhosis
Grades 1-4
and ascites HE

PPIs use
NA
was
defined as
the
administration of at
least 40
mg/day,
for
minimum 2
wk during
the last 3
mo.

NA

NA

Cirrhosis

Current
PPI use

NA

NA

Grades 1-4
HE

NA

HBV: Hepatitis B virus; ACLF: Acute on chronic liver failure; HE: Hepatic encephalopathy; PPI: Proton pump inhibitor; cDDDs: Cumulative defined daily
doses; PTA: Prothrombin activity; MELD: Model for end stage liver disease; AFP: Alpha-fetoprotein; TIPS: Transjugular intrahepatic portosystemic shunt;
NA: not available.

analysis focusing on patients without past HE episodes showed a similar result. In
addition, two of the included studies increased the persuasiveness of evidence by
reporting significant dose-response relationships between PPI use and the risk of HE
occurrence in patients with cirrhosis[13,16]. It is worth noting that the pooled effect size
of the case-control design was greater than that of the cohort design. Case-control
designs can generate an exaggerated risk estimate because they are susceptible to
various biases[28]. Furthermore, ORs may overestimate the true effect of an exposure
on the outcome of interest[29]. We also found that the pooled risk estimates differed
based on study location and type of advanced liver disease. These differences may be
mainly due to different study designs. In addition, infection and eradication status of
H. pylori and the degree of gastric atrophy may affect expression of proton pump[30,31].
These factors largely influence gastric acid secretion and the effect of PPIs, thus
causing differences in risk estimates in different locations. However, the impact of
these factors cannot be analyzed because the data were not available. The study by
Lin et al[18] was aimed to assess the role of PPI in a particular setting (ACLF), and
sensitivity analysis by excluding the study showed that the pooled risk estimate was
slightly altered. With respect to the outcomes analyzed, seven studies reported the
results of HE grades 1-4, and three studies reported the results of HE grades 2-4. The
results of these two outcomes were similar. Only one high-quality prospective cohort
study evaluated the association between PPI use and minimal HE, and the risk
estimate was higher than those for the other two groups. Because the diagnosis of
minimal HE is difficult, most of the retrospective studies lack data for minimal HE.
However, the incidence of minimal HE has been reported to range from 20% to 80% in
patients with liver cirrhosis[2]. The lack of data regarding minimal HE may lead to an
underestimation of the risk of overall HE (minimal HE and HE grades 1-4) in PPI
users. Even so, the risk of HE was still high in our meta-analysis, which increases our
confidence in our conclusion.
Previous studies showed that PPIs were used by as many as 46%-78% of cirrhotic
patients[5,7], and the data from the six studies we included reported that the PPI use
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Figure 2

Figure 2 Forest plot to evaluate the association between proton pump inhibitor use and hepatic encephalopathy with a subgroup analysis based on study
design. CI: Confidence interval; PPI: Proton pump inhibitor.

rate was 40%-76.3% in patients with advanced liver disease[13-18]. The above data
indicate that PPIs are very commonly used by patients with advanced liver disease.
PPIs are often overused in clinical practice. Data from five studies we included
showed that the indication for PPI use was unclear or appropriate in 44%-62.2% of the
patients[13-15,17,18]. Inappropriate use of PPIs may put patients at an elevated risk of HE.
Although PPIs are generally considered safe, we should strictly adhere to the
indications for PPI use in patients with advanced liver disease. The accumulated
evidence also confirmed that PPIs were associated with diverse adverse effects and
even an elevated mortality rate[7,32,33].
Bian et al[19] performed a meta-analysis evaluating the association between PPIs and
HE. However, there were some shortcomings that limited the reliability of their
conclusions. First, the deadline for the search was December 2016, and only three
retrospective studies were included. Second, the heterogeneity among studies was
substantial. Limited by the small number of included studies, they did not perform
subgroup or sensitivity analysis. Third, they did not investigate in detail the
characteristics of the included studies or evaluate the research quality. Considering
the shortcomings of the previous meta-analysis, this meta-analysis included more
high-quality studies, conducted subgroup and sensitivity analyses, and obtained
more reliable results. Weersink et al[34] systematically reviewed the safety of PPIs in
patients with cirrhosis and suggested that the use of PPIs in patients with cirrhosis
should be carefully considered because of the risk of HE. The results of our
quantitative analyses were consistent with the results of theirs, although four studies
included in their analysis were excluded in this meta-analysis (no relevant data or
incomplete data).
The impact of PPIs on the development of HE may be explained by changes in
intestinal flora and bacterial translocation. Previous studies have reported a close
association between PPI use and SIBO[35,36]. Moreover, recent studies showed that PPI
use was associated with a less healthy gut microbiome, lower microbial diversity, and
increased prevalence of Streptococcaceae[37,38]. Changes in gut flora have been found to
be associated with the development of HE[39,40]. On the other hand, PPI use may
predispose patients to bacterial infections by increasing bacterial proliferation and
altering gastrointestinal motility[40-43]. Therefore, PPIs may increase the production and
absorption of nitrogenous substances, thereby increasing the risk of HE. HE in
patients with ACLF seems to be different from that of acute decompensation in the
clinical and pathophysiological aspects, and the mechanism and classification are still
unknown[44]. Systemic inflammation, impaired intestinal mucosal immunity, and
changes of intestinal microbiota may increase the risk of bacterial translocation in
patients with ACLF[45]. Using PPI in ACLF patients appears to further increase the risk
of HE, which requires further research. Tsai et al[16] found that rabeprazole was not
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Figure 3

Figure 3 Sensitivity analysis excluding data from conference abstracts. CI: Confidence interval; PPI: Proton pump inhibitor.

associated with an increased risk of HE. One reason may be that the sample size of
rabeprazole users is too small, and another may be the metabolic difference among
different types of PPIs. PPs are mainly metabolized in the liver by liver metabolizing
isozyme CYP2C19. Based on different combinations of wild-type gene and mutated
alleles, CYP2C19 genotypes can be classified as ultra-rapid metabolizer, rapid
metabolizer, intermediate metabolizer, and poor metabolizer[46,47]. Different genotypes
can influence pharmacokinetics and acid-suppressive effect. In addition, individual
PPI has its own unique metabolic pathway[47]. These metabolic differences of PPIs may
affect the occurrence of HE, and this deserves further research.
Our meta-analysis has some limitations. First, the number of studies included was
small, and only six studies were included after the conference abstracts were
excluded. Furthermore, only one study was a prospective cohort study, and the rest
were retrospective cohort studies or case-control studies. Although these studies were
of high quality, their inherent limitations based on design inhibited our ability to
establish clear causality. Second, the heterogeneity among the included studies was
significant. However, we performed subgroup analyses and found that the
heterogeneity may stem from the differences in study designs and definitions of PPI
use. When the heterogeneity was significantly reduced in the stratification analyses,
the risk of HE was still present. Limited by the small number of studies, some
subgroups only consisted of one or two studies. Third, our findings may have been
affected by publication bias. Additional data from one study and three abstracts may
be relevant, but we were unable to obtain the data even after attempting to contact the
authors. Fourth, the definitions of PPI use differed substantially among the different
studies. The studies included in our analysis defined a patient as a PPI user if the
patient was using PPIs or had used PPIs for a short period of time in the past. During
the progression of liver disease, the actual use of PPIs by individuals is unknown.
However, the potential impact of this unknown factor can affect both the PPI and
non-PPI groups. Fifth, although we performed the meta-analysis using adjusted
estimates, the variables used for adjustment varied among the studies. We cannot
exclude the possibility that these differences and other unknown factors may play
roles in the progression to HE. The incidence of minimal HE was not assessed in most
included studies, which might underestimate the risk of overall HE in PPI users. Some
studies included special patients, which may lead to selection bias. Finally, due to
insufficient data, we were unable to explore the association between the risk of HE
and the type of PPI, indication for PPI treatment, time of PPI treatment, or method of
PPI administration (oral/intravenous). We cannot predict whether the risk of HE
changes after discontinuing the use of PPIs. These problems urgently need to be
addressed in future studies.
In conclusion, the results of this meta-analysis of observational studies suggest that
PPI use is significantly associated with the risk of progression to HE. Among patients
with advanced liver disease, compared with nonusers, PPI users have a higher risk of
HE. This important finding suggests that clinicians need to strictly adhere to the
indications for PPI use in patients with advanced liver disease. Future large
prospective studies and mechanistic studies are required to better understand the
association between PPI use and the risk of HE.
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Figure 4

Figure 4 Sensitivity analysis focusing on patients without past hepatic encephalopathy episodes. CI: Confidence interval; PPI: Proton pump inhibitor.
Figure 5

Figure 5 Forest plot to evaluate the association between proton pump inhibitor use and hepatic encephalopathy with stratification analyses based on
study design and definition of proton pump inhibitor use. CI: Confidence interval; PPI: Proton pump inhibitor.
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Figure 6

Figure 6 Forest plot to evaluate the association between proton pump inhibitor use and hepatic encephalopathy with a subgroup analysis based on the
study location. CI: Confidence interval; PPI: Proton pump inhibitor.
Figure 7

Figure 7 Forest plot to evaluate the association between proton pump inhibitor use and hepatic encephalopathy with a subgroup analysis based on the
type of advanced liver disease. CI: Confidence interval; PPI: Proton pump inhibitor.
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Figure 8

Figure 8 Forest plot to evaluate the association between proton pump inhibitor use and hepatic encephalopathy with a subgroup analysis based on the
outcomes analyzed. CI: Confidence interval; PPI: Proton pump inhibitor.
Figure 9

Figure 9 Funnel plot assessing publication bias.

ARTICLE HIGHLIGHTS
Research background
Given their safety profile, proton pump inhibitors (PPIs) are commonly prescribed for patients
with advanced liver disease. Recent studies have reported that using PPIs may increase the risk
of hepatic encephalopathy (HE) by increasing the gastric pH and bacterial translocation and
changing intestinal flora. About the association between PPI use and HE, evidence-based
conclusions need to be drawn.

Research motivation
PPIs are often overused in patients with advanced liver disease. Systematically reviewing the
existing evidence on the association between PPI use and the risk of HE could help regulate
clinical practice.

Research objectives
The aim of this meta-analysis was to analyze data on the association between PPI use and the
risk of HE in patients with advanced liver disease.

Research methods
WJG

https://www.wjgnet.com

2695

June 7, 2019

Volume 25

Issue 21

Tantai XX et al. Risk of HE in PPI users
Electronic databases (PubMed, EMBASE, and the Cochrane Library) were searched for relevant
articles meeting the inclusion criteria. We conducted a meta-analysis of all comparative studies
that evaluated the association between PPI use and the risk of HE. The primary outcome was
pooled risk estimates of HE in the PPI group and non-PPI groups. Subgroup analyses by
different clinical and methodological characteristics were also performed.

Research results
We finally included nine observational studies (five case-control studies and four cohort studies).
This analysis showed that PPI use was associated with an increased risk of developing HE
regardless of the study design. The sensitivity analysis excluding conference abstracts or
focusing on patients without prior HE showed a similar result. The results of subgroup analyses
suggested that the heterogeneity may come from different study designs and definitions of PPI
use.

Research conclusions
Compared with the non-PPI group, the PPI group has an elevated risk of HE in patients with
advanced liver disease. This finding reminds clinicians that they should strictly adhere to the
indications for PPI treatment in patients with advanced liver disease.

Research perspectives
To further explore the association between PPI therapy and the risk of HE, future studies need to
refine the impact of the PPI types, time of PPI administration, and method of PPI administration
on HE. In addition, more high-quality prospective studies and mechanistic studies are required
to better understand the association between PPI use and the risk of HE.
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Abstract
The exocrine structure is significantly affected by diabetes because of endocrine
structure-function disorder within the pancreas. Exocrine pancreatic dysfunction
(EPD) is the general name of the malabsorption process resulting from
inadequate production, release, decreased activation, and/or insufficient
degradation of enzymes required for digestion from pancreatic acinar cells. It is
important to diagnose patients early and correctly, since there may be both
macro- and micro-nutrient deficiency in EPD. In this paper, EPD, the diabetesEPD relationship, and the predictive, effective factors affecting the emergence of
EPD are briefly explained and summarized with contemporary literature and our
experienced based on clinical, lab, and radiological findings.
Key words: Exocrine pancreas; Diabetes mellitus; Fecal elastase; Malabsorption; Chronic
complication
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Core tip: The early diagnosis of exocrine pancreatic dysfunction cases and initiation of
treatment in diabetic patients are important. From this point of view, it is also important
to obtain clinical signs and to apply clinical practice to the diagnosis of mild to moderate
cases. Direct or indirect exocrine pancreatic dysfunction testing for all diabetic patients
is not cost-effective. In this context, we must determine which diabetic patients should
be tested.
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INTRODUCTION
Pancreas secretion has a major impact on the digestion of nutrients, especially fats.
Cephalic, gastric, and intestinal phase secretion of pancreatic enzymes is triggered,
and the digestion of carbohydrate, protein, and fat occurs during the three main
stages of digestion[1]. Exocrine pancreatic dysfunction (EPD) is the general name of the
malabsorption process resulting from inadequate production, release, decreased
activation, and insufficient enzymatic degradation of enzymes required for digestion
from pancreatic acinar cells such as amylase, lipase, and protease[1,2]. Other names for
this clinical disorder used in the literature include pancreatic exocrine insufficiency and
pancreatic maldigestion.
Although EPD is used in diagnosing mild to moderate cases, and pancreatic exocrine
insufficiency is used to refer to clinically more severe cases, in practice the two terms
are frequently used interchangeably[1]. It is not possible to give a clear figure about the
incidence of EPD in the general population [1] . However, exocrine pancreatic
insufficiency in healthy individuals has been reported at different frequencies[3],
including 3.8%-18.1%. In many cases, EPD affect the structure and function of the
pancreatic gland, such as in chronic pancreatitis, some local or systemic diseases, and
surgical intervention. EPD usually occurs when pancreatic enzyme activity falls below
10%. Steatorrhea, weight loss, and abdominal pain alongside bloating are some of the
symptoms and findings observed in patients[2]. Furthermore, depending on the degree
of malnutrition, more specific symptoms and findings may arise due to the deficiency
of albumin and fat-soluble vitamins (A, D, E, K) whose absorption is impaired[4].
Tests used to diagnose EPD can be grouped into two main groups: Direct and
indirect tests. Measurements with pancreas aspirates because of secretin and/or
secretin-cholecystokinin/cerulein stimulation are examples of direct methods[5]. These
are quite sensitive but expensive, time-consuming, and invasive methods. Indirect
tests are more widely used in clinical practice. This is because of its easy of application
and its being shown to be reliable and sensitive compared to direct tests. Fecal
elastase-1 (FE-1) is a non-invasive, inexpensive, and easy-to-use test[6,7]. The human
pancreatic FE-1 enzyme is synthesized in acinar cells within the pancreas.
The measurement of FE-1 in spot stool has been the gold standard test for the
measurement of indirect pancreatic functions in recent years [8,9] . Enzyme-linked
immunosorbent assay (ELISA) is used for this measurement. Patients with FE-1 levels
above 200 µg/g are considered normal, those that fell between 100-200 µg/g are
considered to have mild to moderate pancreas insufficiency, and those below 100
µg/g are considered to have severe pancreas insufficiency[10].
The specificity of FE-1 in demonstrating exocrine pancreatic insufficiency is 90% in
cases with severe insufficiency, and the sensitivity is 100%; whereas in cases with mild
to moderate pancreatic insufficiency, the sensitivity decreases to 65% [6,7] . In the
treatment of EPD patients, a change in lifestyle (i.e., smoking and alcohol abstinence),
appropriate diet regimen (i.e., frequent but small amount of nutrition, normal intake
of fat, intake of fat-soluble vitamins with diet), pancreatic enzyme replacement
therapy (PERT) and, if necessary, proton pump inhibitors are recommended. PERT is
provided by taking pancreatic enzymes in an encapsulated microgranule or
minimicrosphere structure with one’s main meals and snacks. The main goal of the
treatment is to decrease the morbidity and mortality associated with the disease by
ensuring normal digestion and by decreasing steatorrhea and other symptoms.

DIABETES AND EPD
In pancreatic related diseases, it is not uncommon to observe endocrine and exocrine
disorders that co-exist or that cause an association between anatomic and functional
aspects. Studies have shown that a significant proportion of diabetic patients have
EPD. EPD is known to be present in 40% (26-74) of Type 1 diabetes mellitus (DM)
patients and 27% (10-56) of Type 2 DM patients [11] . EPD is present in almost all
patients with pancreatogenic diabetes, also known as Type 3 c diabetes. EPD is mild
to moderate in most diabetic patients. Therefore, complaints such as abdominal
discomfort, bloating and abdominal pain are more prominent in patients than in
steatorrhea. PERT in diabetic patients is recommended when the FE-1 level is below
100 µg/g. Some studies have reported that symptoms have regressed when pancreatic
extracts are provided with meals (40000-50000 U lipase), and that even glucose is
better controlled, thus reducing insulin requirements[12]. However, the opposite results
have also been reported[13,14].
There are numerous radiological, histopathological and autopsy reports showing
how the pancreatic structure of diabetic patients is affected[15-20]. In these studies, the
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general findings in the pancreas of diabetic patients include atrophy, lubrication,
lymphocyte infiltration, calcification, different degrees of fibrosis, and consequential
volume reduction, lobulation, and morphological changes [ 2 1 ] . Studies using
ultrasonography, computed tomography (CT) and magnetic resonance imaging (MRI)
showed that diabetic patients had smaller pancreases than healthy controls.
Unfortunately, there is no adequate or clear data about what kind of process these
effects have and what the determining factors are. Studies aimed at investigating the
pathological and clinical features of this process have increased over the past two
decades. In a significant number of these studies, it has been shown that there is a
relationship between long duration of diabetes, insulin use, and low body mass index
(BMI) and EPD[22]. Other studies have shown that that there is a relationship between
high BMI, low beta cell reserve, and hyperglycemia and FE-1 in diabetic patients[23,24].
However, in some studies measuring fecal fat excretion, no correlation between these
parameters and EPD was found [25,26] . In other studies, the duration of diabetes,
glucagon, and somatostatin elevation, as well as exocrine secretions from the pancreas
have been shown to be significantly reduced[27-30].
There are five major theories proposed to explain the cause of EPD in diabetes
patients. The first theory is that pancreatic islet cell hormones have regulatory
properties for exocrine tissue functions, and that the stimulating-inhibitory islet cell
hormone balance changes in diabetic patients[31,32]. The second theory is that insulin is
effective in trophic pancreatic acinar cells, and therefore that pancreatic acinar
atrophy may develop as a result of insulin deficiency[31,33]. Third is the theory that it
may be associated with a decrease in the enteropancreatic reflex and exocrine
functions due to autonomic neuropathy and gastroparesis as a complication of
diabetes[24,34]. The fourth hypothesis is autoimmunity, whereby antibodies against islet
cells may cross-react against the acinar cell, or that antibodies against exocrine
pancreatic tissue (such as anti-cytokeratin antibodies) may cause pancreatic
insufficiency[35-37]. The fifth hypothesis is that due to microvascular complications,
blood supply to the pancreas is impaired and fibrosis develops, thereby resulting in
exocrine pancreatic insufficiency[38,39].
Although these theories have been proposed and are supported by evidence, they
may not be sufficient to identify the cause of EPD on a case-by-case basis. However,
for example, in a case of EPD in the early stage of newly diagnosed type 2 diabetes, no
evidence to support these five hypotheses may be detected.
The early diagnosis of EPD cases and initiation of treatment are important. From
this point of view, it is also important to obtain clinical clues and to apply clinical
practice to the diagnosis of mild to moderate cases. Direct or indirect EPD testing for
all diabetic patients is not cost-effective. In this context, we need to know which
diabetic patients should be tested. Factors that show or suggest the presence of EPD in
diabetic patients are given in Table 1. Typically, Types 1, 2, or even 3 DM is included
in the studies, and many studies have reported that the factors that determine EPD
are independent of the type of diabetes. However, different interpretations were made
in the subgroup analysis conducted in certain studies. For example, Larger et al[40]
reported that EPD is associated with vasculopathy in patients with Type 2 DM, and
this relationship is not reported in Type 1 DM. In the following, the determinant or
diagnostic factors of EPD in diabetic patients were discussed individually. However,
it is important to note that the number of studies related to some factors is very low
(e.g., histopathological findings, symptoms and clinical findings). In many studies,
patient characteristics are heterogeneous, and study designs and methodologies are
different. Furthermore, the prospective controlled study is almost negligible. For these
reasons, it is very difficult to comment on the degree of sensitivity and specificity of
the aforementioned factors according to the current data.

Changes in the histopathological structure of the pancreas
It has long been known that the exocrine pancreas can change structurally and
functionally in diabetic patients[16]. Moreover, these ultrastructural disorders have
been diagnosed in the majority of patients without evidence of chronic pancreatitis. In
the exocrine pancreas of patients with Types 1 and 2 diabetes, fibrosis was found to be
significantly different compared to healthy controls, and ductal structure was
preserved [16] . In a Japanese study, lymphocytic infiltration was observed in the
pancreas of approximately half of patients with Type 1 diabetes[20]. In an autopsy
study conducted in Denmark, diabetes was found to be more frequent among patients
with chronic mild inflammation [41] . Although it may seem possible to histopathologically evaluate whether the exocrine structure of the pancreas is affected in
diabetic patients, it cannot be used in daily practice.

Duration of diabetes
In some studies examining the relationship between EPD and diabetes, hypotheses
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Table 1 Possible factors affecting exocrine pancreatic dysfunction in diabetes
Changes in the histopathological structure of the pancreas
Duration of diabetes
Poorly controlled diabetes
Symptoms
Laboratory findings
Macrovascular complications
Microangiopathic complications
Pancreas atrophy-volume change

have been established surrounding the fact EPD has a long-term complication of
diabetes and correlations have been found between these two conditions[22,24]. In our
study, we found that the relationship with low FE-1 levels increased as the duration of
diabetes increased[42]. However, several studies together suggest that there is no
relation between diabetes duration and EPD [40,43] . For example, Larger et al [40]
concluded that in a cohort study of 667 diabetic patients (195 Type 1 DM, 472 Type 2
DM), there was no relationship between EPD and the duration of diabetes. In a small
number of studies, diabetic patients were followed up over several years, whereupon
it was reported that mild to moderate EPD had been present since the beginning of
diabetes and had not progressed, and that the results of the tests did not show any
relationship with the duration of diabetes[44].

Poorly controlled diabetes
There are studies showing that poor levels of blood glucose regulation correlate with
low levels of FE-1[23,24]. In a study of 307 diabetes patients with FE-1 levels, Ewald et
al[24] revealed that there is an inverse relationship between HbA1c level and FE-1 level.
In the same study, the authors reported that EPD is a chronic complication of diabetes
because of the duration of diabetes and cited a correlation with C-peptide. In a recent
study, Prasanna Kumar et al[45] reported that fasting blood glucose, satiety blood
glucose, and HbA1c levels are correlated to FE-1 levels in diabetic patients. However,
as in our study[42], it is not possible to say that EPD is directly related to poorly
controlled diabetes given that there are studies with conflicting results[40,44].

Symptoms
Common symptoms in diabetic patients include abdominal discomfort, pain, weight
loss, diarrhea, bloating, and gas. Although EPD is frequently seen in diabetic patients,
the proportion of symptomatic patients varies among studies. For example,
Cummings et al[46] reported in one study involving 288 diabetic patients that at least
one gastrointestinal symptom of EPD was present in 24% of diabetic patients, and that
in half of these symptomatic cases, FE-1 levels were consistent with EPD. In this
study, steatorrhea and weight loss were found to be insufficient in terms of showing
EPD in diabetic patients, and it was emphasized that complaints such as diarrhea,
abdominal pain and gas should be researched in greater detail. Recently, Lindkvist et
al[47] reported that diarrheal-related symptoms and digestive-related symptoms were
similar to those with normal FE-1 levels in patients with low FE-1 levels in a
multicenter study involving 315 Type 2 DM patients. In other studies, it was found
that there was no relationship between weight loss or BMI and EPD, and that EPD
could be more frequent in obese patients[3,48]. In our study, we found significantly
higher rates of abdominal distention and weight loss in diabetic patients than in the
control group[42]. In addition, we found that the only factors that predicted EPD in
diabetic patients were abdominal pain and distension[42]. These studies demonstrate
that EPD should be suspected in patients with GI symptoms and EPD should be
considered in the differential diagnosis.

Microangiopathic complications
The hypothesis that EPD is the result of a complication associated with microangiopathy has been investigated since the 1960s[49]. However, the results of the study
were found to be contradictory. Ewald et al[24] showed an inverse correlation between
the duration of diabetes and the FE-1 levels, and even a correlation between the C
peptide level and FE-1. They suggested that this was due to diabetic neuropathy due
to prolonged diabetes duration. The disruption of enteropancreatic reflex due to
autonomic neuropathy or changes in gastrointestinal peptide levels has also been
suggested to disrupt exocrine pancreatic function[34]. On the contrary, there are studies
whereby no relationship between diabetic neuropathy and FE-1 levels were found[45,50].

WJG

https://www.wjgnet.com

2702

June 14, 2019

Volume 25

Issue 22

Altay M. Diabetes mellitus and exocrine pancreas

Recently, Prasanna Kumar et al[45] reported a relationship between FE-1 levels and
diabetic retinopathy in type 2 DM patients. In our study, we found significantly lower
levels of FE-1 in diabetic patients with retinopathy than in non-diabetic patients. We
also found a correlation between the presence of retinopathy and low Fe-1 levels[42]. In
the same study, we could not find any relationship between FE-1 and other
microvascular complications (neuropathy and nephropathy). The relationship
between microangiopathy and EPD is interesting and requires more research.

Macrovascular complications
There are few studies investigating the relationship between EPD and major arterial
complications. Prasanna Kumar et al[45] found a relationship between low FE-1 levels
and the absence of peripheral pulse in diabetic patients. Larger et al [40] found a
relationship between low-FE-1 and vascular disease in type 2 DM patients. We cannot
say that there is a clear relationship between the macrovascular complications
brought about by diabetes and EPD because of the low number of studies and because
of the inability to show the same correlation in patients with type 1 DM.

Pancreas atrophy-volume change
Reduced insulin levels are expected to have a trophic effect on pancreatic acinar cells,
resulting in decreased pancreas size. Indeed, studies have shown that there is a
relationship between EPD and decreased pancreatic volume in diabetic patients[17,51].
In the first studies on this subject, ultrasonography was used, and in more recent
years, pancreatic imaging with CT and MRI has become more widely used. In a recent
study, the CT-measured pancreatic volumes of diabetic patients were found to be
smaller, and that the low-volume and low-FE-1 concentration and low chymotrypsin
activity were shown to be related[17]. Despite these findings, it is not a practical and
inexpensive method to reveal volume reduction, which is a result of pancreas atrophy
by imaging methods in a patient with diabetes to demonstrate the presence of EPD.

Lab findings
Because of the pathophysiology of EPD, lab findings related to micronutrient and fatsoluble vitamin levels can be seen[4,40]. For example, vitamin D, albumin, and calcium
levels may be reflected in the lab findings. However, these nonspecific findings can be
seen at different levels related to the degree of malabsorption. Direct and indirect tests
used in the diagnosis of EPD are tests with quite high sensitivity and specificity. The
purpose of this review is not to discuss diagnostic tests.

CONCLUSION
No specific data are available yet, with the exception of lab tests, that demonstrate the
presence of EPD in a patient with diabetes, or to suggest the development of EPD.
However, EPD should be considered in patients with long-term diabetes diagnosis, in
the presence of poor blood glucose control with incidence of pancreatic atrophy, and
when there are also gastrointestinal symptoms such as abdominal distension,
abdominal pain, and diarrhea. Lab tests involving the use of indirect methods should
be performed to develop a diagnosis and treatment plan.
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Abstract
Proton pump inhibitors (PPIs) are common medications within the practice of
gastroenterology. These drugs, which act through the irreversible inhibition of
the hydrogen/potassium pump (H+/K+-ATPase pump) in the gastric parietal
cells, are used in the treatment of several acid-related disorders. PPIs are
generally well tolerated but, through the long-term reduction of gastric acid
secretion, can increase the risk of an imbalance in gut microbiota composition
(i.e., dysbiosis). The gut microbiota is a complex ecosystem in which microbes
coexist and interact with the human host. Indeed, the resident gut bacteria are
needed for multiple vital functions, such as nutrient and drug metabolism, the
production of energy, defense against pathogens, the modulation of the immune
system and support of the integrity of the gut mucosal barrier. The bacteria are
collected in communities that vary in density and composition within each
segment of the gastrointestinal (GI) tract. Therefore, every change in the gut
ecosystem has been connected to an increased susceptibility or exacerbation of
various GI disorders. The aim of this review is to summarize the recently
available data on PPI-related microbiota alterations in each segment of the GI
tract and to analyze the possible involvement of PPIs in the pathogenesis of
several specific GI diseases.
Key words: Proton pump inhibitors; Hypochloridria; Gut microbiota; Dysbiosis;
Gastrointestinal tract; Cancer; Helicobacter pylori; Gastrointestinal infections
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

https://www.wjgnet.com

2706

June 14, 2019

Volume 25

Issue 22

Bruno G et al. Proton pump inhibitors and gut microbiota
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: March 12, 2019
Peer-review started: March 13, 2019
First decision: March 27, 2019
Revised: April 2, 2019
Accepted: April 19, 2019
Article in press: April 20, 2019
Published online: June 14, 2019
P-Reviewer: Bang CS, Dinç T, Filik
L, Li Y, Ulaşoğlu C
S-Editor: Yan JP
L-Editor: A
E-Editor: Zhang YL

Core tip: The gut microbiota plays a fundamental role in the maintenance of human
health. However, several drugs, including proton pump inhibitors, can cause dysbiosis,
which in turn is responsible for different extra-intestinal and intestinal diseases. An upto-date review of the literature was conducted to identify changes in gut microbiota
composition related to chronic proton pump inhibitor therapy and to highlight the
possible pathogenic involvement of dysbiosis in gastrointestinal disorders.
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INTRODUCTION
Proton pump inhibitors (PPIs) are acid-suppressive agents and are among the most
widely used and over-used drugs in the world[1]. PPIs are the first-choice treatment for
acid-related disorders such as bleeding, peptic ulcers, gastroesophageal reflux, erosive
esophagitis (ERD) and certain dyspepsia subtypes[2-5]. The use of PPIs is generally well
tolerated, although their long-term use exposes patients to an increased risk of
developing extra-intestinal disorders [6-8] , likely due to PPI-driven gastric hypochlorhydria, which can cause also significant changes in gut microbiota
composition[9-11] (Figure 1). The gut microbiota has a key role in metabolic, nutritional,
physiological, defensive and immunological processes in the human body, and its
composition is closely connected to individuals’ health and the diseases they
experience[12,13]. Changes in this microbial equilibrium that is, dysbiosis can promote
and influence the course of many intestinal and extra-intestinal diseases[14-16]. The
impact of PPIs on gut microbiota composition is currently a popular topic, and over
the years, several interesting manuscripts have been published that expand the
knowledge in this field[17-20].
The aim of the current review is to summarize the more recent evidence on the
effect of PPIs on the gut microbiota, focusing on various areas within the
gastrointestinal (GI) tract, and to discuss the possible role of the associated dysbiosis
in the pathogenesis of several GI disorders. In doing so, this study seeks to better
understand how PPIs could alter, via gut microbiota imbalance, human homeostasis.

ORAL CAVITY
Despite the continuous introduction of different bacteria from humans’ external
environment, the oral microbiota remains less variable compared to other areas of the
GI tract. It is primarily composed of Firmicutes and Bacteroidetes, with Actinobacteria, Proteobacteria and Fusobacteria also present[21]. In terms of genera, the most
present are Streptococcus, Neisseria, Prevotella, Gemella, Granulicatella and Veillonella[22,23].
The oral microbiota helps to enrich and shape the bacterial communities of the gut
through the continuous inflow of food and saliva [24-26] . It has been reported that
inflammatory diseases such as gingivitis and periodontitis, which cause a shift in the
composition of the oral microbial community, can promote the production of toxic
and carcinogenic metabolites, cytolytic enzymes and oral pathogen-derived
lipopolysaccharide (LPS) that are able to colonize extra-oral sites due to transient
bacteremia[27-29]. The spread of such toxic compounds has been reported to contribute
to the development of many GI diseases, including irritable bowel syndrome (IBS),
inflammatory bowel diseases (IBD) and cancer[30-33].
Currently, little data has been presented about the relationship between PPI use
and oral microbiota composition. One study showed that, in healthy volunteers, a
four-week esomeprazole administration of PPI caused an increase of Fusobacterium
and Leptotrichia in the periodontal pocket, associated with a decrease of Neisseria and
Veillonella in saliva and a parallel increase of Streptococcus in fecal samples; this
suggests that PPIs may cause both oral and gut microbiota alterations[34]. Based on
these data, the oral cavity could represent a potential source of microbiota
information related to oral and non-oral disorders; it could also be an important
indicator of dysbiosis in other areas of the GI tract.
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Figure 1

Figure 1 Distribution of main bacterial families of human microbiota in physiological condition and during
proton pump inhibitor treatment. This figure shows the effect of proton pump inhibitor (PPI) treatment on the
composition of gut microbiota families. The left side of the figure shows the principal bacterial families under normal
physiological conditions; the right side of the figure shows the increase (↑) and decrease (↓) in bacterial families
present in the gut microbiota during PPI treatment. PPI: Proton pump inhibitor.

ESOPHAGUS
The esophagus has a distinct microbiota, with a relatively stable environmental
bacterial composition; it does not simply contain a transient microbial population
originating from swallowing (i.e., from the oral cavity) or reflux (i.e., from the
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stomach). The distal tract is mostly colonized by Firmicutes, followed by
Bacteroidetes, Actinobacteria, Proteobacteria and Fusobacteria, with the most
represented genera being Streptococcus, followed by Prevotella and Veillonella[35]. On the
basis of the differences in genera proportion, two types of microbiota have been
identified in the esophagus: Type I, present in healthy subjects, is characterized by a
predominance of Gram-positive taxa (especially Streptococcus), whereas type II,
associated with ERD and Barrett esophagus (BE), is constituted by a predominance of
Gram-negative taxa, including Veillonella, Prevotella, Haemophilus, Neisseria, Rothia,
Granulicatella, Campylobacter, Porphyromonas, Fusobacterium and Actinomyces, with a
relative decrease in the abundance of Streptococcus[36,37]. It is likely that this switch in
favor of Gram-negative bacteria could cause an LPS-mediated activation of innate
immunity, inducing a dangerous cycle of dysbiosis-inflammation-dysbiosis and
mucosal damage[38].
Since the early 1980s, a dysbiosis-mediated inflammatory response and the
increased production of pro-carcinogenic bacterial compounds have been thought to
contribute to carcinogenesis[39], a hypothesis recently re-confirmed and studied[40].
Both ERD and BE are considered precursor conditions to esophageal adenocarcinoma
(EAC)[41]. In both these conditions, a significant enrichment of Campylobacter concisus
has been reported [42,43] . This bacterium could have a role in EAC, promoting the
metaplastic processes in the early stages of cancer through an increase in the
interleukin (IL)-18 expression and downregulation of transforming growth factor beta
1, nuclear factor kappa B (NF-κB) and signal transducer and activator of transcription
3 signaling involved in the EAC cascade[42-44]. Moreover, the presence of Fusobacterium
nucleatum (F. nucleatum) has been described in esophageal cancers and has been
associated with a poor prognosis, suggesting its potential role as a prognostic
biomarker[45]. Finally, esophageal samples of BE with high-grade dysplasia and EAC
show a decreased microbiota diversity and a relative abundance of Lactobacillales that,
through their capability to acidify the microenvironment and to produce harmful
substances such as hydrogen peroxide, might contribute to the development of these
diseases[46].
Currently, studies related to the effects of PPIs on the esophageal microbiota and
their ability to reverse the microbial switch that occurs in ERD and BE are scarce. PPI
treatment can alter esophageal microbiota, causing an increase in the abundance of
Firmicutes and a decrease in the abundance of Bacteroidetes and Proteobacteria[47].
This evidence, obtained through both aspirates and biopsies, suggests that some
bacterial families can colonize an esophagus exposed to lesser acidic refluxes, even if
their role needs to be ascertained. A recent epidemiological study revealed that, in the
absence of other risk factors, the long-term use of PPIs is associated with an increased
risk of EAC[48]. The authors hypothesized that PPI therapy itself could predispose
patients to EAC, likely through the colonization of non-gastric microbes capable of
producing nitrosamines, which are known to possess carcinogenic potential for both
EAC and esophageal squamous carcinoma. This concept stands in contrast with the
actual guidelines that recommend PPI use in patients with non-dysplastic BE [49]
because their long-term use significantly decreases the risk of the progression to highgrade dysplasia and EAC[50-52]. It has been hypothesized that the reduction of gastric
acid reflux in the esophagus induced by PPIs avoids the death of acid-sensitive
bacteria that have beneficial effects in the maintenance of a type I microbiota[53].

STOMACH
The gastric microbiota is composed mainly of Firmicutes, Bacteroidetes, Proteobacteria and Actinobacteria, with the most abundant genera being Streptococcus,
followed by Veillonella, Prevotella, Fusobacterium and Rothia[54]. The impact of PPIs on
gastric pH and the gastric microbiota has been the starting point for research in this
field, but only recently have data demonstrated the importance of the consequences of
long-term PPI use. PPIs have unfavorable effects on gastric functions and host
defensive mechanisms, causing delayed gastric emptying, decreased gastric mucus
viscosity, increased bacterial load and increased bacterial translocation [55-57] .
Streptococcaceae are the most abundant family observed during PPI therapy, followed
by Prevotellaceae, Campylobacteraceae and Leptotrichiaceae[58]. The primary abundance of
Streptococcaceae was also demonstrated in dyspeptic patients during PPI treatment,
suggesting that this ecological switch in favor of Streptococcaceae could be an
independent indicator of gastric dysbiosis due to these drugs[59].
It is important to keep in mind that hypochlorhydria promotes a reduction in
microbial diversity and the growth of microbes that have genotoxic potential, with an
increase in the nitrate/nitrite reductase bacterial functions involved in cancer
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development[60]. Moreover, high gastric pH values can give rise to a different bacterial
balance characterized by a significant increase in oral bacteria, such as Peptostreptococcus stomatis, Streptococcus anginosus, Parvimonas micra, Slackia exigua and
Dialister pneumosintes. Through the induction of different metabolic pathways, such
bacteria could have a role in gastric cancer (GC) progression[61]. Therefore, to better
understand the power of promoting the survival and spread of potentially genotoxic
bacteria in the stomach and other GI regions, it will be crucial to define the effects of
PPIs in gastric microbiota composition. However, the role of PPIs in GC development
is under debate, with some studies and meta-analyses reporting an increased risk of
developing GC in long-term PPI users [62,63] up to 2.4 times greater, even after
Helicobacter pylori (H. pylori) eradication, according to a recent study[64] and other metaanalyses not confirming such a risk[65,66].
Gastric dysbiosis occurs as a result of H. pylori-related gastritis. H. pylori proinflammatory activity affects the luminal microenvironment and modifies the gastric
microbiota. During the infection, the gastric microbiota is predominantly constituted
of Proteobacteria, followed by Firmicutes, Bacteroidetes and Actinobacteria[54]. It is
noteworthy that, depending on the site of H. pylori colonization, the dysbiosis can be
associated with either an increase or decrease in acid secretion, which further
influences gastric microbiota composition. H. pylori infection can lead to antrumpredominant gastritis, in which the oxyntic mucosa is not inflamed but a gastrindriven increase in acid output occurs, along with the possible development of
duodenal ulcer [67,68] . In addition, when the infection does spread to the oxyntic
mucosa, it causes pangastritis, which is associated with hypochloridria, and is
responsible for the development of chronic atrophic gastritis, intestinal metaplasia
and, finally, dysplasia and GC[69,70]. Several studies have shown that the bacterial
migration from the antrum to gastric body and fundus occurs more frequently during
long-term PPIs use[71]. Therefore, it is recommended to eradicate H. pylori infection in
all patients who require long-term PPI therapy to stop the pro-inflammatory stimulus
and still reduce the risk of GC[72,73].

SMALL INTESTINE
The density and composition of the bacterial population in the small intestinal tracts
(i.e., the duodenum, jejunum and ileum) are influenced by several factors, including
transit time, the presence of chemical factors, oxygen levels and the presence of
antimicrobial substances that modulate bacterial growth[74]. Regarding the duodenal
and jejunum, the predominant phyla are Firmicutes, Bacteroidetes, Proteobacteria,
Actinobacteria and Fusobacteria. Facultative anaerobes such as Streptococcus,
Haemophilus, Escherichia, Actinomyces and obligate anaerobes such as Veillonella,
Prevotella and Fusobacterium are the most abundant genera [75-77] . Despite several
sampling techniques having been used, the human ileal microbiota remains poorly
characterized [78] . Previously, evidence based on biopsies collected by retrograde
colonoscopy showed that the major phylogenetic groups are similar between the
distal ileum and rectum[79,80]. In contrast, a recent study on samples collected surgically
revealed profound differences between ileal and colonic microbiota, suggesting that
the microbiota of the distal ileum appears to be constituted mainly by facultative
anaerobic species within the Bacilli class (e.g., Streptococcaceae, Lactobacillacae,
Aerococcaceae, and Carnobacteriaceae) and not by strict anaerobic species from the
Clostridia class. However, it is likely that these results are not completely representative of normal ileal flora due to several influencing factors, such as the high age
of the patients studied, comorbidity and antibiotic use[78].
Chronic treatment with PPIs strongly impacts small intestine microbiota and, in
particular, causes small intestinal bacterial overgrowth (SIBO), likely due to the loss of
the gastric acid defensive barrier[81-83]. SIBO is a condition defined by the presence of
more than 105 bacteria per ml of upper gut aspirate and characterized mostly by
weight loss, diarrhea, bloating and malabsorption[84]. In jejunal samples of SIBO
patients, an overgrowth of microaerophilic microorganisms such as Streptococcus,
Staphylococcus, Escherichia, and Klebsiella and anaerobic bacteria such as Bacteroides,
Lactobacillus, Veillonella and Clostridium was found[85]. Likely, the increased production
of toxic agents such as ammonia, D-lactate, endogenous bacterial peptidoglycans,
serum endotoxin and bacterial compounds stimulates the secretion of proinflammatory cytokines, causing symptoms to develop and the malabsorption of fat and
lipophilic vitamins by the deconjugation of bile acids to occur[86,87].
PPI-induced dysbiosis may represent a risk factor for hepatic encephalopathy (HE)
and spontaneous bacterial peritonitis (SBP) in cirrhotic patients[88-90]. In such patients,
the development of SIBO is prompted by intestinal dysmotility and the alteration of
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mucosal barrier integrity, facilitating the spread of pathogens and bacterial
metabolism products, such as nitrogenous substances and toxins. This spread occurs
through the circulatory and lymphatic systems and results in a plausibly increased
risk of SBP, HE and more generally life-threatening infections[91,92].
It is noteworthy that some of the microbial changes caused by PPIs are the same as
the alterations already present in patients with cirrhosis and especially in patients
with decompensated cirrhosis including the relative increase of potentially pathogenic
bacteria such as Staphylococcaeae, Enterobacteriaceae and Enterococcaceae [93] . This
dysbiosis has also been shown to be related to the occurrence of HE and SBP,
implying a poor prognosis and disease progression. For this reason, the use of
minimally absorbed antibiotics, such as rifaximin, and prebiotics, such as lactulose,
represents the cornerstone of treatment for HE[94]. Therefore, in patients with liver
diseases, regardless of the severity of the underlying hepatopathy, PPIs may increase
the risk of complications and should be administered only in the presence of a specific
therapeutic indication.
PPIs have also been reported to exacerbate the mucosal damage caused by nonsteroidal anti-inflammatory drugs (NSAIDs) in the distal portion of the small bowel to
the ligament of Treitz[95,96], which stands in contrast to the protective effects of PPIs on
NSAIDs-induced upper GI mucosal injury[97]. Even if the exact mechanism by which it
occurs is not clear, bacterial imbalance can play an important role and, as such, has
been investigated in a number of studies conducted in murine models (Figure 2). In
rats, a PPI-driven significant reduction of Actinobacteria and Bifidobacteria spp. in the
jejunum was shown to exacerbate NSAID-induced enteropathy[98]. Moreover, PPIs
augmented the expression of bacteria with beta-glucuronidases activity, and this
microbial imbalance could promote the spread of NSAIDs into enterohepatic
circulation, increasing bile cytotoxicity and subsequently causing ulcerative
lesions[99,100]. The role of dysbiosis in mucosal injuries was further supported by the
beneficial effects of the co-administration of a Bifidobacteria-enriched commensal
bacteria suspension, which was able to reduce mucosal damage[98]. Moreover, germfree mice are less susceptible to intestinal lesions induced by NSAIDs and it has been
documented that NSAID-induced enteropathy is transferable via microbiota[98,101,102].
Based on these observations, confirmation of the role of dysbiosis in humans is
needed.

COLON
The colon harbors the largest number of microbes per unit volume of the whole GI
tract[103]. On fecal and biopsy samples, the four predominant phyla are Firmicutes and
Bacteroidetes, followed by Actinobacteria and Proteobacteria[104,105], with a discrete
inter-individual variability, especially regarding bacterial species and strains. The
most represented bacterial clusters, called enterotypes, are constituted by a variation in
the levels of one of these three genera: Bacteroides (enterotype 1), Prevotella (enterotype
2) and Ruminococcus (enterotype 3)[106,107]. PPIs by reducing gastric acid secretion can
produce profound changes in the colonic microbiota, mainly characterized by a
decrease in the abundance of commensal bacteria, which is associated with a
reduction in microbial diversity and an increase of oral bacteria in the stool[108,109].
Therefore, it is reasonable to assume that PPI-driven dysbiosis significantly impacts
host health.
PPIs can influence the onset of enteric infections, resulting in an increased risk of
Clostridium difficile infection (CDI), as well as Salmonella, Campylobacter and
diarrheagenic Escherichia coli (E. coli)[110-113]. Even if not fully clarified, it has been
hypothesized that, in CDI, a reduction in alpha diversity and a decrease in the
abundance of bacteria of the Ruminococcoceae associated with an increase in the
Enterobacteriaceae, Enterococcoceae and Lactobacillaceae families observed during longterm PPI treatment could facilitate the onset of infection[109]. This likely occurs because
the increase of Proteobacteria members promotes the induction and maintenance of a
pro-inflammatory environment[114,115].
It is likely that PPI use predisposes patients to the development of IBS[116]. As
previously stated, the long-term PPI use facilitates the induction of enteric infection,
and, through secondary changes in microbiota composition, these drugs may
influence gut–brain axis functions, prompting IBS onset[117,118]. That dysbiosis plays a
role in IBS, and especially the strong association between gut infection and IBS, has
been supported by several studies[119,120]. Indeed, it has been found that 10%-30% of
patients who develop post-infectious IBS following an infectious gastroenteritis can be
considered to be in a post-inflammatory condition, exacerbated by acute stress[121-124].
Moreover, the role of gut microbiota composition in the pathogenesis of IBS is
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Figure 2

Figure 2 Proton pump inhibitors promote non-steroidal anti-inflammatory drug-induced enteropathy via microbiota. Murine models demonstrate that proton
pump inhibitor (PPI) treatment, in addition to non-steroidal anti-inflammatory drugs (NSAIDs) therapy, brings about an exacerbation of mucosal damage in the small
intestine. PPIs cause a bacterial imbalance, such as the reduction (↓) of Actinobacteria and Bifidobacteria spp., which is responsible for the mucosal damage.
Specifically, PPIs increase the expression of bacteria with beta-glucuronidases activity and the consequent spreading of NSAIDs into enterohepatic circulation;
ultimately, bile cytotoxicity then causes ulcerative intestinal lesions. The co-administration of Bifidobacteria-enriched suspension restores the gut microbiota and
reduces mucosal damage. Germ-free mice are less susceptible to NSAIDs’ harmful effects and they develop NSAID-induced enteropathy through microbiota transfer.
PPI: Proton pump inhibitor; NSAID: Non-steroidal anti-inflammatory drugs.

sustained by the success of certain probiotics in IBS symptom amelioration[125,126]. The
IBS dysbiosis mostly consists of a reduction in alpha diversity and an imbalance
between microbial groups, represented by a scarce amount Bifidobacteria and
Lactobacilli members and an increase in potentially pathogenic Enterobacteriaceae, such
as E. coli [127,128] ; this is similar to what has been observed in patients who have
undergone chronic PPI therapy[109].
Regarding IBDs, various observations have led researchers to postulate that chronic
PPI administration may have a negative effect on such conditions[129,130]. At present, the
data on microbial imbalance during IBD have not been not fully elucidated. Some
studies have documented a reduced abundance of Firmicutes and Bacteroidetes,
while others have reported an increase[131,132]. Overall, an increase in Proteobacteria has
almost always been described[133,134]. It is thought that during IBD, a reduction in
protective bacteria occurs in parallel with an increase in pro-inflammatory bacteria.
Both in Crohn’s disease (CD) and ulcerative colitis (UC), higher concentrations of E.
coli have been observed, and particularly of a variant called adherent-invasive E. coli,
which is able to colonize the ileal mucosa and is responsible for the early inflammatory state[135,136]. Specifically, a reduction in anti-inflammatory bacteria, such as
Faecalibacterium prausnitzii, Bifidobacterium adolescentis, and Dialister invisus, has been
observed in CD sample analyses associated with unknown species of Clostridium
(especially clusters IV and XIVa)[137]. In UC, a decrease in Akkermansia muciniphila,
Roseburia and Faecalibacterium prausnitzii, along with an increase in Fusobacterium
species, has been documented[138,139]. In the context of dysbiosis, PPIs may lead to
short-term flare ups in the course of IBDs. This is likely because IBD patients are
particularly susceptible to the development of bacterial superinfections, especially
those caused by Clostridium difficile, Campylobacter, Salmonella, Shigella and Entamoeba
histolytica, which represent harmful stimuli that can induce a relapse of the disease in
a microenvironment that is already altered [140,141] . Moreover, the expansion of
Proteobacteria could facilitate a mucosal immune response in genetically predisposed
individuals, leading to the development and continuation of chronic intestinal
inflammation[133,142,143].
Finally, our review focused on colorectal cancer (CRC). Nowadays, it is well known
that the only microorganism that has a primary and direct role in the development of
GI tumors is H. pylori. However, the intricate and overall action that the imbalance of
gut microbiota can play in conditioning the colon microenvironment and favoring
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oncogenesis is emerging, with great interest on the part of researchers [144-146] . As
previously stated, PPI therapy facilitates the presence of oral bacteria in the stool[108,109].
In this context, the role of F. nucleatum should be carefully analyzed. F. nucleatum is a
commensal anaerobic bacterium of the oral cavity associated with periodontal
disorders, and it has been found in large quantities in CRC[147]. Its pro-inflammatory
activity in the intestinal mucosa has been well described, and its presence could be
related to patient outcome[148,149]. This microorganism has two adhesion proteins, FapA
and FadA, the latter of which mediates the invasion of the bacterium into the
intestinal epithelium. The consequence of this invasion is the promotion of NF-κB
signaling and the expression of several cytokines, such as IL-6, IL-8, IL-10, IL-18 and
TNF-α. The net result of these changes is the creation of a pro-inflammatory milieu for
tumor growth, favored by the FapA-mediated suppression of T cells’ cytotoxic
activity[147,150]. Therefore, studies have specified that identifying the presence of this
bacterium in PPI users and especially those with concomitant oral disorders is a
necessity.
Last, chronic hypergastrinemia, typically present during PPI use, can promote the
growth of malignant colonic epithelial cells, facilitating the deleterious sequencing
adenoma-carcinoma[151-153]. Nevertheless, it is fundamental to highlight that many
studies over the years have not found a direct correlation between PPI use in clinical
practice and an increased risk of CRC[154-156].

CONCLUSION
In an era in which gut microbiota science enjoys much attention[157,158], it seems crucial
to define which types of drugs have an impact on gut microbiota composition. The
evidence indicates that PPIs which are widely used in gastroenterology clinical
practice likely through their acid-antisecretory effects, are able to modify the host
microbiota in each segment of the GI tract and can contribute to dysbiosis
development; this dysbiosis can, in turn, facilitate the onset of certain GI disorders.
Moreover, the gastric hypochlorhydria caused by PPIs favors the survival and
migration of oral bacteria in lower areas of the GI tract, with a possible establishment
of a pro-inflammatory microenvironment. Further prospective studies are necessary
to define how the microbial changes due to PPIs impact human health. Moreover,
therapeutic strategies, such as probiotic supplementation, could be a useful approach
to prevent dysbiosis during PPI treatment; however, the validity of this observation
remains to be seen. Currently, the use of PPIs is recommended only when strictly
necessary due to their possible ability to induce dysbiosis.
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Abstract
Small bowel vascular lesions, including angioectasia (AE), Dieulafoy’s lesion
(DL) and arteriovenous malformation (AVM), are the most common causes of
obscure gastrointestinal bleeding. Since AE are considered to be venous lesions,
they usually manifest as a chronic, well-compensated condition. Subsequent to
video capsule endoscopy, deep enteroscopy can be applied to control active
bleeding or to improve anemia necessitating blood transfusion. Despite the initial
treatment efficacy of argon plasma coagulation (APC), many patients experience
re-bleeding, probably because of recurrent or missed AEs. Pharmacological
treatments can be considered for patients who have not responded well to other
types of treatment or in whom endoscopy is contraindicated. Meanwhile, a
conservative approach with iron supplementation remains an option for patients
with mild anemia. DL and AVM are considered to be arterial lesions; therefore,
these lesions frequently cause acute life-threatening hemorrhage. Mechanical
hemostasis using endoclips is recommended to treat DLs, considering the high
re-bleeding rate after primary APC cauterization. Meanwhile, most small bowel
AVMs are large and susceptible to re-bleeding therefore, they usually require
surgical resection. To achieve optimal diagnostic and therapeutic approaches for
each type of small bowel lesion, the differences in their epidemiology, pathology
and clinical presentation must be understood.
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Core tip: Angiodysplasia includes a variety of synonymous disease concepts such as
angioectasia, Dieulafoy’s lesion and arteriovenous malformation. Although these lesions
are the most common causes of small bowel bleeding, optimal management strategies
have not been established. We propose that these lesions should be addressed separately
when determining diagnostic and therapeutic plans because of their clinical
heterogeneity. In this review, we focused on differences in their epidemiology,
pathology and clinical presentation and discussed the currently available diagnostic and
therapeutic options that may be used to control small bowel bleeding, which
consequently improve patient quality of life.
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INTRODUCTION
Obscure gastrointestinal bleeding (OGIB) has been defined as gastrointestinal (GI)
bleeding from an unidentified origin that persists despite a comprehensive upper and
lower GI evaluation [ 1 ] . Although missed lesions during an esophagogastroduodenoscopy or colonoscopy should be considered, most bleeding sources are
reportedly identified within the small bowel[2], accounting for approximately 5% of all
cases of GI bleeding [3] . Small bowel bleeding can present as overt bleeding, can
manifest as clinically evident melena or hematochezia or occult bleeding, and can be
associated with iron-deficiency anemia, with or without a positive fecal occult blood
test. Additionally, overt bleeding is sometimes further categorized into ongoing and
previous. Despite recent developments in endoscopic and radiologic modalities, small
bowel bleeding remains a diagnostic and therapeutic challenge because of the
difficulty in accessing and performing optimal treatments within the small bowel.
Several types of vascular abnormalities have been identified in the GI tract.
Angiodysplasia (AD) is characterized by the focal accumulation of abnormal, dilated
and tortuous blood vessels visualized within the mucosal and submucosal layers of
the gut and is reportedly the most common cause of small bowel bleeding[4,5]. AD can
usually be found in patients with OGIB, and the severity of bleeding may range
widely from chronic, well-compensated conditions to acute life-threatening
conditions[6]. Since the term AD sometimes includes a variety of synonymous disease
concepts, such as angioectasia (AE), Dieulafoy’s lesion (DL) and arteriovenous
malformation (AVM), careful attention is needed when interpreting epidemiological
and clinical data concerning ADs, because several clinical heterogeneities (e.g., the
incidence, pathogenesis and distribution of the lesion; bleeding pattern; and patient
prognosis) underlie, these vascular abnormalities. However, these differences have
not been fully addressed in previous reports. Moreover, the optimal approach to
treating these lesions remains unclear because of a lack of large clinical trials. This
review will focus on small bowel abnormalities, including AE, DL and AVM, and will
assess the differences in their epidemiology, pathology, clinical presentation and
management, which may help to establish diagnostic and therapeutic strategies.

METHODS
A comprehensive literature search was conducted using PubMed database. The
MeSH terms used were “angiodysplasis” or “angioectasia” or “vascular ectasia” or
“vascular lesions” or “Dieulafoy’s lesion” or “arteriovenous malformation”. The
search was limited to manuscripts published in English language only. Subsequently,
we manually selected manuscripts regarding lesions located at small bowel.

CLASSIFICATION OF SMALL BOWEL VASCULAR LESIONS
Small bowel vascular lesions can be endoscopically classified into four categories
based on the Yano-Yamamoto classification [7] . AEs are generally found during
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endoscopy as small erythemas and are classified as Type 1a: Punctuate (< 1 mm) or
Type 1b: Patchy (a few mm). Histopathologically, they consist of thin, dilated and
tortuous veins that lack a smooth muscle layer, explaining their weakness and
tendency to bleed. DLs consist of histologically normal but abnormally large arteries
that typically protrude through a small mucosal defect and are classified as Type 2a:
Punctuate lesions with pulsatile bleeding or Type 2b: Pulsatile red protrusions
without surrounding venous dilatation[8]. AVMs are histopathologically diagnosed as
aberrant vessels with thickened, hypertrophic walls that vary in thickness greatly and
are characterized by the direct connections of arteries and veins without a capillary
bed[9]. Some intestinal AVMs are classified as Type 3: Pulsatile red protrusions with
surrounding venous dilatation. Meanwhile, congenital intestinal AVMs are relatively
large and sometimes appear as a mass or polypoid lesion[10,11], which can be classified
as Type 4: Lesions not classified into any of the above categories.
During real-time endoscopic observations, the presence of pulsation can be
evaluated, enabling venous and arterial lesions to be distinguished from each other.
The presence or absence of arterial components provides important information
because it helps in the selection of an optimal treatment approach and can affect a
patient’s prognosis. However, this endoscopic classification doses not necessarily
reflect the histopathologic findings. Distinguishing small bowel vascular lesion can be
difficult, and an accurate diagnosis can only be achieved after a post-operative
histopathological evaluation. The representative images of each type of small bowel
vascular lesion were shown in Figures 1, 2 and 3 respectively.

ETIOLOGY AND PATHOGENISIS
Because of the high incidence of AE in the GI tract, the etiology and pathology of this
condition must be addressed. Although the pathogenesis of AE is not fully
understood, two developmental mechanisms, termed the “mechanical theory” and
the “angiogenic theory”, have been proposed. Boley et al[12] suggested that increased
bowel wall pressures and chronic hypoxia can induce the partial obstruction of
submucosal veins, leading to capillary congestion, failure of the pre-capillary
sphincters, and eventually the formation of permanent AE. This hypothesis is
supported by the fact that AE is frequently identified in the right colon of elderly
patients, where the bowel tension is relatively high[13-15]. On the other hand, Junquera
et al[16] reported the importance of angiogenic factors in the formation of AE. They
revealed that the expression of vascular endothelial growth factor (VEGF); a central
mediator in the early phases of angiogenesis, was significantly increased in patients
with colonic AEs. Mucosal ischemia from chronic hypoxia, which can be due in part
to cardiac or renal diseases, reportedly impairs the balance between pro-angiogenic
and anti-angiogenic factors, resulting in pathological neovascularization[17,18]. Recently,
Randi et al[19] reported a close association between von Willebrand factor dysfunction
and vascular malformation, suggesting that replacement therapy could be a novel
therapeutic approach to controlling refractory bleeding from small bowel AE.
Meanwhile, the etiology and pathology of DL is poorly understood. However, the
consensus is that ischemic injury, probably related to co-morbidities (e.g.,
cardiovascular disease) or drugs (e.g., non-steroidal anti-inflammatory drugs and antithrombotic drugs), leads to the disruption of the overlying epithelium, then massive
bleeding occurred from a large submucosal vessel[20].
The etiology and pathology of AVMs are also not fully understood. According to
Moore’s classification[21], intestinal AVMs can be classified into three categories. Type
1 AVMs are an acquired disease, occurring mainly in elderly patients and frequently
appearing in the right colon. Type 2 AVMs are considered to be a congenital disease,
occurring in younger patients and typically appearing in the small bowel. Type 3
AVMs present as GI involvement in patients with hereditary hemorrhagic
telangiectasia. Type 1 AVMs, which are considered to be an acquired disease, are
predominantly located in the right colon, where the bowel tension is relatively high,
suggesting that AVMs might also develop through “mechanical theory”, similar to
AEs.

DIAGNOSIS
A variety of diagnostic modalities are available to reveal the cause of OGIB. The
choice of investigation is strongly affected by the clinical status of the patient. For
example, endoscopic investigation is not recommended for patients with
hemodynamic instability. In contrast, radiographic examinations are especially useful
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Figure 1

Figure 1 Representative images of angioectasia. A: Video capsule endoscopy confirmed multifocal jejunal angioectasias in patients with chronic anemia; B:
Double balloon endoscopy identified an angioectasia classified into Yano-Yamamoto classification Type 1b; C: Argon plasm coagulation cauterization was
successfully performed.

for patients with ongoing overt bleeding, but for patients with occult bleeding,
because the bleeding rate threshold is relatively high. It is important to understand
the characteristics of each diagnostic modalities and adequate timing for clinical
application.

Endoscopy
Video capsule endoscopy (VCE) and deep enteroscopy (DE) play important roles in
the diagnosis and treatment of small bowel ADs. While the indications for the use of
these modalities are the same, their characteristics are different. VCE enables the
visualization of the entire small bowel in approximately 90% of patients[22], and this
success rate can be further improved through the use of real-time viewing or an
increased battery capacity[23]. A large systematic review that included 227 studies
revealed that the diagnostic yield of VCE for OGIB was 59.4% and that more than 50%
of the patients had ADs, with a pooled retention rate of 1.4%[22]. The diagnostic yield
of VCE was highest when it was performed during ongoing overt bleeding[24], which
demonstrating the usefulness of emergent VCE. To note, emergent VCE is useful not
only for identifying cause of bleeding, but also for determining subsequent
management plan. The detection of ADs using VCE is reportedly higher than that for
other diagnostic modalities, such as computed tomography (CT) enterography,
mesenteric angiography and DE[25]. Therefore, VCE is currently recommended by GI
societies as a first-line test for evaluating the presence of small bowel bleeding[2,26].
However, some limitations of VCE remain to be resolved. The most important
limitation is its inability to obtain biopsy samples or to provide endoscopic
treatments. Additionally, it is sometimes difficult to distinguish highly relevant
lesions from less relevant lesions, even though less relevant lesions, such as tiny red
spot or erosion, are considered to be a negative finding[27]. Moreover, the diagnostic
yield of capsule endoscopy can be reduced when the visibility of the mucosa is
impaired by the presence of air bubbles, food residue, or bile pigments. To overcome
these disadvantages, we previously revealed that flexible spectral imaging color
enhancement can reduce the effects of bile -pigments and improve the detectability of
small bowel AE[28]. Recently, the efficacy of computer-assisted automatic diagnosis
using a convolutional neural network has also been reported to increase the detection
of small bowel AE[29].
DE enables pathological diagnosis and therapeutic intervention within the small
bowel. DE includes single-balloon enteroscopy and double-balloon enteroscopy
(DBE), which function using a push-and-pull technique, and spiral enteroscopy (SE),
which functions using a rotate-to-advance technique. Of the three types of DE, DBE
has been established as the most viable option for the management of small bowel
abnormalities. Although no significant differences in the diagnostic yields of the three
modalities have been reported, the total enteroscopy rate and the maximum insertion
depth of DBE were significantly higher than those of other modalities [30-32] . The
diagnostic yield of DBE was lower than that of VCE using a single insertion approach,
but the results became comparable when both anterograde and retrograde approaches
were used[33]. DBE appears to be an effective and safe endoscopic technique, with a
reported pooled complication rate (including pancreatitis and perforation) of 1.2%[34].
However, DBE is an invasive and time-consuming procedure that usually requires
sedation; consequently, it can be intolerable for elderly patients with severe comorbidities.
Overall, CE can be used as a first-line investigation for small bowel ADs because of
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Figure 2

Figure 2 Representative images of Dieulafoy’s lesion. A: Video capsule endoscopy confirmed active bleeding from unknown origin in patient with ongoing overt
obscure gastrointestinal bleeding; B: Arterial bleeding occurred from a jejunal punctuate lesion classified into Yano-Yamamoto classification Type 2a; C: Successful
hemostasis was achieved by combination of argon plasm coagulation cauterization and endoclips.

its usefulness in evaluating the localization, size and number of ADs, providing
information on the best insertion route for DE. Since the re-bleeding rate was
reportedly high in patients with positive VCE[35], subsequent interventional DE should
be conducted even if the overt bleeding is temporarily relieved. On the other hand,
there are no clear guidelines for patients with negative findings after an initial VCE
examination. Teshima et al [36] conducted a meta-analysis and revealed that the
diagnostic yield of DBE after a previous negative VCE was only 27.5%. Taken together
with the lower re-bleeding rate after a negative VCE result[37], some patients with a
stable general condition can probably be managed safely with observation only.

Radiographic examination
Radiographic examinations include multiphase CT angiography, radionuclide
scanning and mesenteric angiography; these modalities are useful for detecting the
bleeding source in patients with active overt GI bleeding. When interpreting the
results of radiographic examinations, the bleeding rate threshold and the intermittent
nature of bleeding from small bowel ADs should be considered.
In patients with overt GI bleeding, multi-phase CT angiography can accurately
localize the bleeding area as an extravasation when the bleeding rate is over 0.3
mL/min [38] . A recent meta-analysis revealed that CT angiography had a pooled
sensitivity of 89% and specificity of 85% for the detection of active bleeding [39] .
Meanwhile, CT enterography has been developed to identify the specific cause of
small bowel bleeding, although large volumes of a neutral enteric contrast material
are needed to distend the intestine. Using a modified, multiphase CT enterography
technique, Huprich et al[40] found that small bowel vascular lesions can be classified
into several categories. Interestingly, the morphology and enhancement pattern seen
on CT enterography are well correlated with the aforementioned endoscopic
classification[7]. AE can be detected as a focal enhancement that is brightest during the
enteric phase and gradually fades during the delayed phase. Arterial lesions,
including DL and AVM, are enhanced most brightly during the arterial phase and
become invisible during the enteric and delayed phases. Most small bowel AVMs are
congenital, appear as relatively large lesions, and sometimes harbor an early draining
vein during the arterial phase. VCE reportedly had a significantly higher pooled
OGIB diagnostic yield than CT enterography (53% vs 34%), mainly because of the
higher detection rate for vascular lesions[41]. In contrast, CT enterography was superior
to VCE for the detection of small bowel tumors [42] . Although there are concerns
regarding radiation exposure and nephrotoxicity from the intravenous contrast
agents, CT enterography can be used as a complemental modality to small bowel
VCE, possibly enabling the identification of missed small bowel lesions.
Radionuclide scanning using technetium-99m-labeled red blood cells can be used
to localize the bleeding source when the bleeding rate is over 0.1 mL/min. The
accuracy of a positive test result is reportedly as high as 66%[43]. Despite its sensitivity
at detecting bleeding and its noninvasive nature, radionuclide scanning includes
difficulty in accurate localization of the bleeding site. Additionally, this technique can
only be used for diagnostic purposes; thus, a subsequent endoscopic or angiographic
examination is required.
The sensitivity of mesenteric angiography is relatively low[44], because it requires an
active bleeding rate of over 0.5 mL/min at the time of the examination to enable
diagnosis and treatment. Nevertheless, this technique allows accurate localization and
subsequent selective embolization during the same examination. The successful
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Figure 3

Figure 3 Representative images of arteriovenous malformation. A: Video capsule endoscopy confirmed active
bleeding from jejunum in young patient with ongoing overt obscure gastrointestinal bleeding; B: Double balloon
endoscopy identified pulsating subepithelial tumor classified into Yano-Yamamoto classification Type 4; C:
Subsequent to endoscopic tattooing, surgical resection was performed; D: Pathological examination revealed a
vascular malformation in the submucosa.

localization of bleeding is highly dependent on the rate of bleeding, which may be
especially useful for patients with hemodynamic instability requiring a large blood
transfusions[45].

TREATMENT
Endoscopic treatment
Since the intestinal wall of the small bowel is thin, endoscopists should be cautious of
the possibility of perforation. Argon plasma coagulation (APC) involves the use of a
jet of ionized argon gas that is directed through a probe that in turn passes through
the endoscope, allowing the transmission of the gas to the target lesion without any
direct contact with the mucosa[46]. The depth of coagulation is limited to the superficial
mucosa and can be controlled using the power setting, gas flow and the duration of
coagulation. Optionally, the submucosal injection of a saline and adrenaline solution
can be applied for the treatment of Type 1b lesions to avoid muscular damage caused
by the long duration of coagulation [47] . Because of its lower incidence of complications[48], APC has become the most widely used method for treating small bowel
AEs. APC has enabled favorable outcomes for the treatment of colonic AE, with rebleeding rates of only 2% and 10% at 1- and 2-year follow-ups, respectively [49] .
Meanwhile, its efficacy for small bowel AE is controversial, since the pooled rebleeding rate estimated by a recent meta-analysis was 43% in patients with small
bowel AEs after endoscopic treatment[50]. Instead, there is a consensus that endoscopic
treatment can stabilize the blood hemoglobin level and reduce the need for
transfusion, thereby improving the patient’s quality of life[51].
Other endoscopic modalities that can be applied in the management of small bowel
ADs include endoclips and injection with sclerotherapy. Mechanical hemostasis using
endoclips can be attempted for the management of large AEs or arterial lesions such
as DL and AVM. Meanwhile, Igawa et al[52] reported that a combination of APC and
endoscopic injection sclerotherapy with polidocanol was useful for achieving the
successful hemostasis of large AEs in the small bowel. Because of the limited clinical
data that is currently available, whether coaptive and noncontact cauterizing
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therapies differ in efficacy or whether mechanical hemostasis is better for selected
lesions remains uncertain.

Radiological embolization
Radiological embolization is generally considered for patients with active GI bleeding
in whom endoscopic therapy has failed or is contraindicated because of hemodynamic
instability. Subsequent to the detection of the bleeding vessel by mesenteric
angiography, superselective transcatheter embolization is performed using
microcoils, which have been recommended for small bowel bleeding[53]. Importantly,
microcoils can also be used as a radiographic marker to indicate the localization of the
bleeding source during surgery [54] . Although the rate of successful immediate
hemostasis achieved by embolization is reportedly high (96%), early recurrent
bleeding can occur in approximately 20% of patients with lower GI bleeding[43,55]. The
reported incidence of severe complications, including arterial dissection and bowel
infarction, was 17%, and this high incidence is a major limitation of angiographic
embolization[43]. Since mesenteric angiography requires a higher bleeding rate for
detection, the benefits of this technique are more notable for DL or AVM, and less so
for AE.

Surgical treatment
Now that endoscopic or angiographic treatment has become widely available, surgery
is expected to play a minor role and is often the final therapeutic option for
uncontrollable bleeding after other treatments, including endoscopic hemostasis or
angiographic embolization, have failed. The preoperative or intraoperative
localization of the target lesion is necessary to achieve successful surgical resection.

Pharmacological treatment
Even after invasive therapeutic interventions for patients with small bowel ADs,
recurrent bleeding can occur since it is usually difficult to determine the locations of
all lesions and to detect the true bleeding origin[56]. Pharmacological treatment can be
considered as an alternative strategy for such patients.
At present, hormonal therapy is not recommended for patients with ADs, since the
results of a large prospective, double-blind randomized trial showed no clinical
benefits in terms of reducing the number of bleeding episodes or blood transfusions
between patients treated with a combination of ethinyl estradiol and norethisterone
and a placebo group [57] . Instead, the efficacy and safety of thalidomide and
somatostatin analogs have been investigated in patients with refractory anemia after
failed endoscopic treatment for intestinal ADs.
Thalidomide has been shown to reduce bleeding from ADs by suppressing the
expression of VEGF [58] . Subsequent to the favorable clinical outcomes that were
confirmed in several case reports[59-61], Ge et al[58] conducted a randomized open-label
trial that included 55 patients with recurrent bleeding from ADs. They found a
significant reduction in bleeding episodes in the thalidomide group, compared with
the control group after a mean follow-up period of 39 months. Similarly, Chen et al[62]
reported that a significant reduction in bleeding episodes was confirmed in
approximately 80% of the patients who received a course of 100 mg/d of thalidomide
for 4 mo during a follow-up period of at least one year. However, previous clinical
trials reported high rates of adverse events including fatigue, constipation, peripheral
neuropathy, leukopenia and liver toxicity[62,63]. Together with the risk of birth defects
associated with the use of thalidomide, these findings suggest that the clinical
usefulness of thalidomide is likely to be limited to a small number of patients.
Somatostatin analogs can reduce bleeding from ADs, probably because of a
combination of improved platelet aggregation, decreased splanchnic blood flow,
increased vascular resistance and the inhibition of angiogenesis[64]. Although several
prospective cohort studies have shown the efficacy of somatostatin analogs for the
management of recurrent bleeding from ADs[65,66], differences in study design, patient
characteristics, therapeutic schedule and follow-up periods complicate assessments of
these results. In a recent meta-analysis, a significant effect of somatostatin analogs on
bleeding cessation was confirmed, with a pooled odds ratio of 14.5 (95% confidence
interval, 5.9-36)[67]. Long-acting release octreotide (OCT-LAR) harbors a significant
advantage in reducing the burden of treatment and thus may improve patient
compliance. Nardone et al [68] showed that the number of bleeding episodes was
significantly reduced and that 73.4% of patients with recurrent bleeding from AD
achieved a stable hemoglobin level without requiring a blood transfusion after one to
three cycles of intramuscular OCT-LAR administration. As for cost-effectiveness,
Klímová et al. confirmed a reduction in costs of 61.5% before and after the start of
OCT-LAR administration [69] . Although the rate of serious adverse events was
reportedly low[68], Holleran et al[70] expressed some concern regarding the safety of
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OCT-LAR, since treatment was discontinued in 30% of the participants. Despite the
promising utility of somatostatin analogs, prolonged use is potentially associated with
an increased risk of adverse events. Consequently, the efficacy of lanreotide, which is
thought to be less toxic and better tolerated, has been recently evaluated for the
management of bleeding from intestinal ADs[71].
Overall, pharmacological therapy can be considered as a therapeutic option in
patients who have failed or who are not candidates for other invasive therapies.
However, most previous studies were performed using retrospective cohorts,
included relatively small sample sizes, had short follow-up periods, and were not
focused only on small bowel ADs. Multicenter randomized controlled trials are
therefore needed to confirm the utility and safety of pharmacological therapy for the
management of bleeding from small bowel ADs.

DIAGNOSTIC AND MANAGEMNET STRATEGIES FOR EACH
TYPE OF SMALL BOWEL VASCULAR LESION
The choice of examination and treatment method depends on the epidemiology,
pathology, and clinical presentation, which should be determined considering the
aforementioned differences among each type of small bowel vascular lesion. Proposed
diagnostic and therapeutic algorithms are presented in Figures 4 and 5, respectively.

AE
AE is the most common causes of small bowel bleeding and is frequently seen in
elderly patients with multiple comorbidities[72]. They are considered to be venous
lesions, and they usually manifest as a chronic, well-compensated condition. When
OGIB occurs in such patients, VCE should be conducted to confirm the presence of
lesions in the small bowel. Prior CT examination may be useful for detecting arterial
bleeding caused by DLs or AVMs. Since multiple lesions are reportedly identified in
up to 63% of patients [25] , observation of the entire small bowel is desirable to
determine a suitable insertion route for subsequent DE. For patients with positive
VCE, endoscopic intervention is usually conducted to treat target lesions, considering
the higher rate of re-bleeding after a positive VCE result[35]. Meanwhile, watchful
observation can be applied to patients with a negative VCE result. However, a repeat
VCE should be considered if the disease presentation changes from occult to overt or
if a rapid decrease in the serum hemoglobin level is confirmed, providing an
opportunity to identify missed lesions and to initiate changes in patient
management[73,74]. Mesenteric angiography remains as an alternative diagnostic and
therapeutic tool, especially for patients with hemodynamic instability.
Endoscopic treatment can be applied to control active bleeding or to stabilize the
blood hemoglobin level and reduce transfusion requirements. The decision to proceed
with interventional treatment depends on the size, distribution and number of AEs as
well as the severity of bleeding. Since it can be difficult to distinguish true bleeding
origins from other incidentally identified lesions, the therapeutic target may consist of
multiple lesions. Additionally, tiny AEs can also cause active bleeding and anemia
requiring transfusions[75]. According to previous reports, initial APC, sometimes in
combination with the injection of a saline and adrenaline solution, was successful for
hemostasis in most cases[76-79]. Nevertheless, small bowel AEs were prone to recurrent
bleeding in up to 43% of cases, even after successful endoscopic treatment[50], with the
incidence of recurrent bleeding reportedly increasing to 63% at 5 years[80]. These
recurrences may arise from the re-occurrence of AEs, driven by persistent underlying
comorbidities, or missed AEs that were beyond the reach of DE. Therefore, small
bowel AE remains a diagnostic and therapeutic challenge for gastroenterologists.
Meanwhile, endoscopic treatment can be avoided in elderly patients with severe
comorbidities, since bleeding from small bowel AEs can stop spontaneously. A
conservative approach with iron supplementation remains an option for such patients
with mild anemia.
When repeat endoscopic treatments were conducted to manage re-bleeding, special
caution is needed for patients with multiple lesions, chronic kidney disease, valvular
heart disease, and a history of anticoagulant use, since these factors are closely
associated with re-bleeding from small bowel AEs[51,81]. Pharmacological treatments
can be considered for patients who have not responded well to other types of
treatments including APC or in whom endoscopy is contraindicated. Somatostatin
analogs are promising drugs for the management of bleeding from small bowel AEs;
however, these drugs are still being introduced as salvage therapy [82] . Recently,
additional benefits of somatostatin analogs were confirmed in patients who received
endoscopic treatment for small bowel AEs[83], and somatostatin analogs may be useful
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Figure 4

Figure 4 Diagnostic algorithm for small bowel vascular lesions. Note: 1Computed tomography (CT) scan is
especially recommended for patients with ongoing overt obscure gastrointestinal bleeding (OGIB). CT enterography
can be replaced to multiphase CT or radionuclide scanning, considering patients general condition; 2Repeated video
capsule endoscopy is recommended if the disease presentation changes from occult to overt or if a rapid decrease in
the serum hemoglobin level is confirmed. Urgent deep enteroscopy may be useful to reveal the bleeding source in
patients with recurrent overt OGIB; 3Surgical intervention with intra-operative endoscopy will be conducted when
superselective transcatheter embolization was failed. Meanwhile subsequent endoscopic examination is
recommended to reveal bleeding origin, even if hemodynamic instability was relieved. OGIB: Obscure gastrointestinal
bleeding; CTE: Computed tomography enteroscopy; VCE: Video capsule endoscopy; DE: Deep enteroscopy; IOE:
Intra-operative endoscopy; CT: Computed tomography.

as an adjunct therapy, especially for patients with a high risk of re-bleeding.

DL
Although DL is frequently found in the proximal stomach on the lesser curvature,
especially within 6 cm of the gastroesophageal junction[84], advances in endoscopic
modalities have increased the identification of DL in the small bowel. Using DBE,
Dulic-Lakovic et al[85] revealed that DL in the small bowel was identified as the source
of OGIB in 3.5% of patients, with most of these lesions located in the jejunum. Of note,
almost all the patients with small bowel DLs presented with overt bleeding and
severe, transfusion-dependent anemia. Similar results have also been confirmed in
other previous reports[86-89]. These results suggest that most cases of bleeding from
small bowel DL require therapeutic intervention. Nevertheless, bleeding from DL can
be easily overlooked despite careful endoscopic examination because of the
intermittent nature of bleeding; therefore, a mean of 1.3 to 1.9 endoscopic sessions
were reportedly required to reach an exact diagnosis[90,91]. Therefore, VCE should be
performed during ongoing overt bleeding. Importantly, the re-bleeding rate from
overlooked DL is reportedly high[92]. Although repeated EDG or VCE examinations
can be performed to reveal obscure bleeding sources, an urgent anterograde DE may
be useful for identifying small bowel DLs, since they are predominantly located in the
proximal small bowel. When endoscopic examination fails to localize the bleeding
source, a radiographic examination should be considered as a subsequent diagnostic
or therapeutic approach[93].
Although the optimal therapeutic approach for small bowel DL has not been
evaluated in any large clinical trial, endoscopic intervention has been recommended
as the treatment of first choice. Since DL can cause arterial bleeding, mechanical
hemostasis should be applied. Dulic-Lakovic et al[85] reported that re-bleeding episodes
occur in 20% (2/10) of patients with small bowel DL after epinephrine injection
therapy and/or APC cauterization[85]. To achieve successful hemostasis for small
bowel DLs, they recommended combining two endoscopic techniques, one of which
should be a clip application. Similarly, Lipka et al[94] showed the efficacy of bipolar
electrocoagulation combined with additional clips for the treatment of small bowel
DLs. Multiple lesions are rarely reported in small bowel DL[85,94], suggesting that initial
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Figure 5

Figure 5 Therapeutic algorithm for small bowel vascular lesions. Note: 1Pharmacological treatment is
recommended for patients whom endoscopy is contraindicated. Meanwhile conservative approach with iron
supplementation remains an option for patients with mild anemia; 2Subsequent pharmacological treatment after
successful endoscopic treatment may be useful as an adjunct therapy, especially for patients with a high risk of rebleeding; 3Arteriovenous malformation usually requires surgical resection because of their relatively large size and
tendency to re-bleed. AE: Angioectasia; DL: Dieulafoy’s lesion; AVM: Arteriovenous malformation; APC: Argon plasm
coagulation; OCT-LAR: Long-acting release octreotide.

endoscopic treatment is important for reducing the re-bleeding rate and improving
patient prognosis. Meanwhile, the efficacy of pharmacologic treatment has not been
confirmed in patients with small bowel DLs. Surgical intervention can be considered
after other treatment approaches, including radiographic embolization, have failed.

AVM
Similar to DLs, intestinal AVMs can also cause life-threatening bleeding [10,11,54,95] .
Although the incidence of small bowel AVMs is quite low, such lesions can be
identified as the bleeding source in patients with overt OGIB harboring severe,
transfusion-dependent anemia. Since most causes of AVM are congenital, special
caution is needed for younger patients. VCE is useful diagnostic modality for
detecting small bowel AVMs. Considering the high detection rate, CT enterography is
also recommended for detecting small bowel AVMs[42]. Similar to DLs, small AVMs
that present endoscopically as flat or mildly elevated hemorrhagic spots can be
treated using mechanical hemostasis with endoclips during subsequent DE
examinations[7]. However, most small bowel AVMs require surgical resection because
of their relatively large size and tendency to re-bleed. In patients requiring surgical
interventions for small bowel AVMs, identifying the location of the lesion can be
difficult during surgery [95] . Mesenteric angiography and subsequent microcoil
embolization are reportedly effective for primary hemostasis and preoperative
localization [95] . Additionally, endoscopic tattooing [10] or marking clips [96] and
intraoperative indocyanine green injections[54] are reportedly useful for localizing the
target lesion.

CONCLUSION
Advances in endoscopic modalities have increased the identification of small bowel
abnormalities. Small bowel vascular lesions are the most common causes of small
bowel bleeding. The term “AD” is usually used to describe vascular abnormalities
including AE, DL and AVM. As shown in this review, the epidemiology, pathology,
clinical presentation and optimal management approaches differ widely according to
lesion type, and the diagnosis and treatment of these lesions should thus be
considered separately. Since the choice of diagnostic and therapeutic investigation is
strongly affected by the clinical presentation of the patient, clinicians should
understand the characteristics of each modality and select adequate method and
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timing for clinical application. Yano-Yamamoto classification enables real-time
endoscopic diagnosis of small bowel vascular lesions and helps in the selection of an
optimal treatment approach. Although pharmacological treatments have been applied
to manage bleeding from small bowel vascular lesions, multicenter randomized
controlled trials are needed to confirm the utility and safety of them.
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Abstract
Technological advances and the widespread use of medical imaging have led to
an increase in the identification of pancreatic cysts in patients who undergo crosssectional imaging. Current methods for the diagnosis and risk-stratification of
pancreatic cysts are suboptimal, resulting in both unnecessary surgical resection
and overlooked cases of neoplasia. Accurate diagnosis is crucial for guiding how
a pancreatic cyst is managed, whether with surveillance for low-risk lesions or
surgical resection for high-risk lesions. This review aims to summarize the
current literature on confocal endomicroscopy and cyst fluid molecular analysis
for the evaluation of pancreatic cysts. These recent technologies are promising
adjuncts to existing approaches with the potential to improve diagnostic accuracy
and ultimately patient outcomes.
Key words: Pancreatic cysts; Confocal endomicroscopy; Molecular analysis; Molecular
biomarkers; Pancreatic cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Current methods for the diagnosis and risk-stratification of pancreatic cysts are
suboptimal, resulting in both unnecessary surgical resection and overlooked cases of
neoplasia. Novel technologies such as confocal endomicroscopy and cyst fluid molecular
analysis are promising adjuncts to the existing standard of care for the management of
pancreatic cysts with the potential to improve diagnostic accuracy and ultimately patient
outcomes.
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INTRODUCTION
Diagnosing and managing pancreatic cysts is a common problem within gastroenterology. The number of pancreatic cysts identified has grown over the last several
decades, largely due to improved detection during imaging studies. Studies show that
the prevalence of pancreatic cysts may be even higher than previously thought with
about 2.4%-19.6% of all patients who undergo abdominal magnetic resonance imaging
(MRI) and 2.6% who undergo computed tomography (CT) having detectable
pancreatic cysts[1-4].
Pancreatic cysts can be classified as either mucinous or non-mucinous lesions, each
with distinct characteristics and potential for malignancy (Table 1). Mucinous cysts
include intraductal papillary mucinous neoplasms (IPMN) and mucinous cystic
neoplasms (MCN), while non-mucinous cysts include serous cystadenoma (SCA),
pseudocysts, cystic neuroendocrine tumors (cystic-NETs), and solid pseudopapillary
neoplasm (SPN).
In general, mucinous pancreatic cysts have the potential for malignant transformation, while non-mucinous SCAs are typically benign neoplasms. Therefore, it is
crucial to accurately diagnose and differentiate pancreatic lesions, as it will impact
future prognosis and treatment plans. The evaluation of pancreatic cysts is a
multimodality approach, utilizing a combination of clinical history, demographics,
radiographic and endoscopic ultrasound (EUS) features, cytology, and cyst fluid
analysis [i.e., carcinoembryonic antigen (CEA) and amylase] [5] . Despite these
multidisciplinary techniques, distinguishing pancreatic cyst type prior to surgical
intervention remains difficult and there is a need for improved diagnostic strategies.

Summary of current guidelines
Multiple guidelines have been developed to aid the diagnosis and treatment of
pancreatic cysts, including the International Consensus Guidelines (Sendai 2006,
Fukuoka 2012, and Fukuoka 2017), the American Gastroenterological Association
(AGA) 2015 guidelines, and clinical guidelines from the American College of
Gastroenterology[6-10]. Current guidelines recommend surgical resection of all large
cysts (> 4 cm), MCNs (malignancy risk: 17.5%), main duct (MD)-IPMNs (malignancy
risk: 61%) and branch duct (BD)-IPMNs with high-risk features (obstructive jaundice,
dilated main pancreatic duct > 1 cm, solid enhancing intracystic nodule; malignancy
risk: 25%)[7]. A summary of these guidelines can be found in Table 2.
In a systemic review of the clinical utility of Sendai and Fukuoka Guidelines, both
had lower positive predictive value (PPV) (Sendai: 11%-52%; Fukuoka 27%-100%) for
worrisome and/or high-risk criteria to predict malignancy in surgical resected
IPMNs. While further enhancements are needed to the current consensus guidelines
to improve the management of patients with mucinous cysts, additional imaging
modalities, such as endoscopic ultrasound needle-based confocal endomicroscopy
(EUS-nCLE), and novel pancreatic molecular biomarkers are promising new
technologies that may prove crucial in how pancreatic cysts are differentiated and
treated. This review aims to summarize the current literature on confocal
endomicroscopy and cyst fluid molecular analysis for the evaluation of pancreatic
cysts.

NOVEL DIAGNOSTICS
Imaging of pancreatic cysts
Confocal laser endomicroscopy is a novel technology that allows for real-time
microscopic imaging of intracystic epithelium in vivo. An endoscopic and mini probebased modality, CLE probes can be introduced into pancreatic cysts through a 19gauge FNA needle to allow for high magnification and resolution imaging of cyst
epithelium during EUS. Intravenous fluorescein is used during EUS-nCLE to further
enhance blood vessels and other structures within the pancreatic cysts. The indication
for EUS-nCLE is the evaluation of pancreatic cysts where fine needle aspiration is
being considered, typically for lesions measuring ≥ 2 cm in size. EUS-nCLE is
contraindicated in patients with allergic reactions to fluorescein.
Pancreatic cysts have characteristic patterns on EUS-nCLE imaging that aid in their
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Table 1 Classification of pancreatic cysts
(A) Mucinous Cysts
1 Intraductal Papillary Mucinous Neoplasm (IPMN)
Branch Duct IPMN
Mixed Duct IPMN
2 Mucinous Cystic Neoplasm (MCN)
(B) Non-mucinous Cysts
Serous Cystadenoma (SCA)
Solid Pseudopapillary Tumor (SPT)
Cystic Neuroendocrine Tumor (Cystic-NET)
Squamous-Lined Cysts
Epidermoid Cysts
Lymphoepithelial Cysts
Pseudocysts
(C) Other malignant Cysts
Ductal Adenocarcinoma with Cystic Degeneration
Acinar Cell Cystadenocarcinoma
Cystic Degeneration of Metastatic Lesions to the Pancreas

IPMN: Intraductal papillary mucinous neoplasm.

identification and classification. Figure 1 summarizes pancreatic cysts types and their
associated imaging patterns on EUS-nCLE. These images are broadly classified into
epithelial and vascular patterns[11,12]. IPMNs are characterized by their finger-like
papillae, while MCNs can be identified by their singular or layered epithelial
bands [11,13,14] . SCAs have fern-like patterns with a superficial dense network of
vessels [14,15] . Pseudocysts appear as bright particles against a dark background,
corresponding to inflammatory cells without the presence of a true cysts wall or
vascularity[11]. Cystic-NETs and SPNs have a trabecular pattern with high cellularity,
appearing as nests or cords of cells separated by fibrous bands[16]. Rarer pancreatic
cyst types, for example, lymphoepithelial cysts, have also been described in case
reports[17]. Both in vivo and ex vivo nCLE images have been validated and compared
with histopathology for IPMNs, MCNs, SCAs, and Cystic-NETs[16,18].
Several innovative studies have established the safety, feasibility, and ability of
nCLE to differentiate pancreatic cyst types. These include the INSPECT, DETECT,
CONTACT-1 and -2, and INDEX trials. The INSPECT study (2013) established the
safety and demonstrated feasibility of nCLE in differentiating mucinous pancreatic
cysts. This study also identified IPMNs as having papillary structures on nCLE[13]. The
DETECT study (2015) evaluated the technical feasibility, safety, and diagnostic
capabilities of cystoscopy and nCLE for diagnosing pancreatic cysts, showing that this
combination of novel imaging modalities has a strong concordance with the definitive
diagnosis of pancreatic cystic neoplasms[19]. The CONTACT-1 study (2015) evaluated
solitary pancreatic cysts in 31 patients using EUS-nCLE. They found that SCAs had a
characteristic pattern of superficial vascular networks on nCLE, which correlated
microscopically to dense networks of subepithelial capillaries[15]. The CONTACT-2
study (2016) described nCLE patterns for MCNs, pseudocysts, and cystic-NETs that
correlated with histology. These cysts appeared as epithelial bands, bright particles on
a dark background, and black nests of cells separated by white fibrous bands under
nCLE, respectively[11]. The INDEX study (2016) validated previously described nCLE
findings for pancreatic cysts, comparing in vivo and ex vivo CLE to surgical
histopathology, and showed substantial interobserver agreement and intraobserver
reliability for differentiating mucinous pancreatic cyst types in blinded nCLE
observers[12,16,20].
In the most recent update of the multicenter CONTACT-2 study (2018), among 78
subjects with reference diagnoses, the sensitivity, specificity, PPV, negative predictive
value (NPV) for EUS-nCLE to diagnose premalignant pancreatic cysts (MCNs, BDIPMNs, cystic-NETs, SPNs, and cystic lymphoma) from benign lesions were 96%,
95%, 98%, and 91%, respectively. To differentiate mucinous from non-mucinous
lesions, the sensitivity, specificity, PPV, and NPV were 95%, 100%, 100% and 94%
respectively[21].
Procedural expertise for optimal image acquisition during EUS-nCLE can be
obtained by directly observing an expert EUS-nCLE in dedicated workshops and
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Table 2 Treatment and surveillance guidelines for pancreatic cysts
Guideline

Recommendations

Sendai 2006 [8]

Recommended surgical resection if any of the following lesions were
suspected:
MCNs
Main duct IPMNs
Mixed duct IPMNs
Also recommended surgical resection also based on:
Clinical symptoms
Dilated pancreatic duct (≥6mm)
Intracystic mural nodules
Positive cytology [8]

Fukuoka 2012

[6]

Recommended surgical resection for high-risk criteria:
Dilated pancreatic duct (≥10mm)
Presence of an enhancing solid component
Obstructive jaundice [6]

American Gastroenterological Association (AGA) 2015

[9]

Recommended EUS-FNA if 2 out of 3 of the following high-risk features
were present:
Size ≥ 3 cm
Dilated main pancreatic duct
Solid component
Recommended surgical resection if a cyst had both of the following:
Solid component
Dilated pancreatic duct and/or concerning features on EUS-FNA [9]

Fukuoka 2017

[7]

Enhancing mural nodule is a high risk feature if measuring ≥ 5 mm
Added surveillance guidelines for BD-IPMN, noting presence of
lymphadenopathy, increased serum CA19-9 and cyst growth rate >5 mm in
diameter over 2 years as “worrisome features” [7]

MCN: Mucinous cystic neoplasm; IPMN: Intraductal papillary mucinous neoplasm; BD-IPMN: Branched duct intraductal papillary mucinous neoplasm;
EUS: Endoscopic ultrasound; FNA: Fine needle aspiration.

subsequently performing at least 10 cases. Since there are no formal studies to address
high-quality image acquisition, the limited case requirement is only an opinion
among experts.

Molecular biomarkers for pancreatic cysts
In addition to recent imaging technologies, DNA-based molecular analysis of cyst
fluid has also become a useful tool for diagnosing pancreatic cysts. Epithelial cells that
line pancreatic cysts shed DNA into cyst fluid through cell lysis or exfoliation. This
DNA can be analyzed for genetic alterations associated with a particular diagnosis
and prognosis[22,23]. Multiple studies have identified molecular markers associated
with each of the major types of pancreatic cysts and genetic profiles that predict
progression into adenocarcinoma[22,24,25]. Several aspects of molecular analysis are
important for diagnosis and prognostication: DNA quantity and quality, genetic
mutations, and tumor suppressor genes or loss of heterozygosity (LOH).
The amount of DNA contained in pancreatic cysts fluid can be determined through
spectrophotometry. When a sample is exposed to ultraviolet light in a spectrophotometer, a photo-detector measures the quantity of nucleic acid in the sample
and calculates its DNA concentration using the optical density ratio at certain
wavelengths (260 nm:280 nm). In a prospective, multicenter study of 113 patients,
elevated concentrations of DNA within pancreatic cysts were associated with a
diagnosis of malignancy[26]. Furthermore, while traditional techniques used to analyze
pancreatic cyst fluid, such as cytopathology and carcinoembryonic antigen (CEA),
cannot be optimally performed due to the inadequate volume of cells or fluid,
pancreatic cysts typically contain enough DNA to evaluate for mutations[26,27].
LOH is when there is a loss of one of the copies of a gene and its surrounding
chromosomal region. When there is LOH of a tumor suppressor gene, it can result in
loss of tumor suppressor activity and subsequent development of unregulated
growth. This can be detected using microsatellite markers linked to tumor suppressor
genes and correlates to malignancy[28].
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Figure 1

Figure 1 A summary of endoscopic ultrasound needle-base confocal laser endomicroscopy image patterns for pancreatic cysts types.

Next-generation sequencing (NGS) has been crucial in the recent identification of
molecular markers for specific pancreatic cyst types. NGS encompasses a number of
high-throughput technologies that allow for millions or billions of DNA strands to be
sequenced in parallel. It has enabled the rapid sequencing of entire genomes and
exomes, as well as more targeted sequencing studies. Prior to NGS, Sanger
sequencing was the most widely used method of determining genetic sequences. It
was based on selective incorporation of chain-terminating dideoxynucleotides (dATP,
dTTP, dGTP, dCTP) by DNA polymerase during in vivo DNA replication. Table 3
contains a summary of the genetic mutations associated with each major pancreatic
cyst type.
Of note, KRAS mutations are common in both IPMNs and MCNs, while GNAS
mutations are typically found in IPMNs but not MCNs[22,24,28,29]. Both IPMNs and
MCNs are also frequently found to have RNF43 mutations[22,24]. Malignant and highgrade IPMNs have been found to have TP53, SMAD4, PIK3CA, PTEN, CDKN2A, and
AKT1 mutations[30-34]. Additionally, VHL mutations are highly specific for SCAs[22,24,28]
and Β-catenin gene (CTNNB1) mutations are associated with solid-pseudopapillary
neoplasms[22,24].
A recent prospective study of 626 pancreatic cyst fluid specimens showed that
KRAS/GNAS mutations were associated with an 89% sensitivity and 100% specificity
for mucinous pancreatic cysts and that NGS had improved sensitivity over Sanger
sequencing. It also showed that the combination of KRAS/GNAS mutations and
alterations in TP53/PIK3CA/PTEN had an 89% sensitivity and 100% specificity for
advanced neoplasia, which was better than the presence of ductal dilation, a mural
nodule, and malignant cytopathology in identifying high-grade cysts[34].
Table 4 compares the key benefits and drawbacks of EUS-nCLE and molecular
analysis of cyst fluid. NGS is not without limitations. Certain pancreatic cyst types are
currently poorly identified using molecular analysis, suggesting the need for further
exploration of molecular biomarkers. Although MCNs are readily associated with
several genetic changes (e.g., KRAS, RNF3), these mutations have low sensitivity (33%
for KRAS and 8%-35% for RNF3 in MCNs), which could result in under-
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Table 3 A summary of molecular biomarkers for pancreatic cysts types
Pancreatic cyst type

Molecular biomarkers

Intraductal papillary mucinous neoplasm

KRAS, GNAS, RNF43 positive[22,24,29,34,37]
Advanced neoplasia: TP53, SMAD4, PIK3CA, PTEN, CDKN2A, AKT1, p16,
p53 positive[30-34,38,39]
KRAS, RNF3 positive[22,24,29,34,37]

Mucinous cystic neoplasm

GNAS negative[24,28,29]
Advanced neoplasia: TP53, SMAD4, PIK3CA, PTEN, CDKN2A, AKT1
positive[30-34]
Serious cystadenoma

VHL positive[22,24,28]

Solid papillary neoplasm

CTNNB1 positive[22,24]

Pseudocyst

Negative for DNA

Cystic neuroendocrine tumor

Not well described

detection[28,33-35]. The Sanger sequencing technique is not able to detect the entire loss of
the VHL gene but can detect deletions and insertions within exons or complete loss of
an exon. Hence Sanger sequencing has low sensitivity for the detection of VHL
mutation which is otherwise commonly observed in SCAs [34,36] . Additionally,
molecular markers in cystic-NETs are poorly characterized in current literature.

CONCLUSION
This review summarizes recent technological advances in the evaluation of pancreatic
cysts: confocal endomicroscopy and molecular biomarkers. Both EUS-nCLE and cyst
fluid analysis have demonstrated their ability to help diagnose and differentiate
pancreatic cysts with high accuracy. Current methods for diagnosing pancreatic cysts,
such as imaging (MRI/CT), endoscopy (EUS), cytology, CEA, and amylase, often
yield suboptimal or indeterminate results. Given the limitations of existing diagnostic
strategies, these minimally invasive technologies, therefore, have the potential to
increase diagnostic accuracy, improve risk stratification, and serve as useful adjuncts
to current management protocols. As emerging technologies, both confocal
endomicroscopy and DNA analysis currently are utilized predominantly in academic
settings and are not yet widely used in clinical practice. Thus, additional studies and
clinician training will be needed to incorporate them into routine use. Because the
number of large (> 2 cm) pancreatic cysts found on abdominal imaging continues to
grow each year, diagnostics like confocal endomicroscopy and molecular analysis are
more important than ever for accurately diagnosing pancreatic lesions and guiding
the next steps in their management.
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Table 4 Benefits and drawbacks of molecular analysis of cyst fluid and confocal endomicroscopy[11,12,15,29,34]
Molecular analysis of PCL fluid
EUS-nCLE of PCLs
(DNA analysis)
High sensitivity and specificity for the diagnosis of mucinous PCLs

High sensitivity and specificity for the diagnosis of mucinous PCLs

Markers can detect advanced neoplasia in IPMNs; need validation in
multicenter studies

Need further studies to address role of EUS-nCLE in the identification of
advanced neoplasia in PCLs

Lower sensitivity for the detection of KRAS mutations in MCNs

Detection of flat epithelium in MCNs can be difficult for early adapters of
EUS-nCLE

Need large multicenter prospective studies with confirmed histopathology
to replicate single center results

Need large multicenter prospective studies with confirmed histopathology
to replicate single center results

Lack of established markers for cystic-NET and squamous lined cysts

EUS-nCLE reveals specific image patterns for different PCL types. Unable to
differentiate between cystic-NET and SPN

During EUS-FNA, 5%-10% of PCLs may not yield DNA for molecular
analysis

There is a 2%-5% risk of technical and procedural issues with failure of
image acquisition during EUS-nCLE

Low sensitivity for the detection of VHL mutations in SCAs

EUS-nCLE identifies characteristic ‘fern-pattern’ of vascularity for
diagnosing SCAs

PCL: Pancreatic cystic lesions; MCN: Mucinous cystic neoplasm; EUS: Endoscopic ultrasound; nCLE: Needle based confocal laser endomicroscopy; FNA:
Fine needle aspiration; Cystic-NET: Cystic neuroendocrine tumor; SPN: Solid pseudopapillary neoplasm.
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Abstract
Gastrectomy with radical lymph node dissection is the most promising treatment
avenue for patients with gastric cancer. However, this procedure sometimes
induces excessive intraoperative blood loss and requires perioperative allogeneic
blood transfusion. There are lasting discussions and controversies about whether
intraoperative blood loss or perioperative blood transfusion has adverse effects
on the prognosis in patients with gastric cancer. We reviewed laboratory and
clinical evidence of these associations in patients with gastric cancer. A large
amount of clinical evidence supports the correlation between excessive
intraoperative blood loss and adverse effects on the prognosis. The laboratory
evidence revealed three possible causes of such adverse effects: anti-tumor
immunosuppression, unfavorable postoperative conditions, and peritoneal
recurrence by spillage of cancer cells into the pelvis. Several systematic reviews
and meta-analyses have suggested the adverse effects of perioperative blood
transfusions on prognostic parameters such as all-cause mortality, recurrence,
and postoperative complications. There are two possible causes of adverse effects
of blood transfusions on the prognosis: Anti-tumor immunosuppression and
patient-related confounding factors (e.g., preoperative anemia). These factors are
associated with a worse prognosis and higher requirement for perioperative
blood transfusions. Surgeons should make efforts to minimize intraoperative
blood loss and transfusions during gastric cancer surgery to improve patients’
prognosis.
Key words: Gastric cancer; Blood loss; Prognosis; Transfusion; Adverse effect;
Immunosuppression; Mortality; Recurrence; Complication
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Core tip: Whether perioperative blood loss or blood transfusion has adverse effects on the
prognosis in patients with gastric cancer remains unclear. We reviewed laboratory and
clinical evidence of this association in patients with gastric cancer. A large amount of
clinical evidence revealed that excessive intraoperative blood loss and blood transfusion
have adverse effects on the prognosis. The possible mechanisms underlying the
association between intraoperative blood loss and a poor prognosis are
immunosuppression, unfavorable postoperative conditions, and tumor cell spillage into
the pelvis, and those underlying the association between blood transfusions and a poor
prognosis are immunosuppression and preoperative anemia.
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INTRODUCTION
Surgical resection is still the most promising avenue for patients with resectable
gastric cancer. However, it sometimes induces excessive intraoperative blood loss
(IBL) and requires perioperative allogeneic blood transfusion (BTF), especially when
gastrectomy with systematic lymph node dissection is performed. Furthermore, as
IBL becomes more excessive, the need for BTF further increases; thus, IBL is closely
associated with BTF.
There are lasting discussions and controversies about whether IBL or BTF has
adverse effects on the prognosis in patients with gastric cancer[1-3]. Patients requiring
BTF often have severe illness, advanced cancer, a poor general condition, and a higher
prevalence of comorbidities, and these confounding factors themselves induce
postoperative complications, surgical death, and a worse prognosis[4-6]. The same is
true of IBL. Thus, it is difficult to evaluate whether IBL or BTF itself has adverse
effects on the prognosis. However, clinical trials that determine these effects in
surgical treatment are not ethically permissible. We therefore reviewed clinical and
laboratory evidence to explore the effects of IBL and BTF on the prognosis of patients
with gastric cancer.

MECHANISM OF ADVERSE EFFECT OF IBL
There are three possible causes of the adverse effect of IBL on the prognosis: Antitumor immunosuppression induced by IBL, an unfavorable postoperative condition
induced by IBL, and spillage of microscopic cancer cells in the pelvic cavity via the
blood lost during IBL. These mechanisms are summarized in Figure 1.
First, many studies have shown that the main cause of the adverse effect of
excessive IBL is anti-tumor immunosuppression via the loss of plasma constituents [7-10] . In support of this concept, several studies have revealed that the
prevalence of hematogenous recurrence, which is correlated with immunosuppression, was significantly higher in patients with excessive IBL[9,10]. However,
these studies did not demonstrate the mechanism. Bruns et al[11] reported that IBL of >
700 mL during gastrointestinal surgery was associated with a significant decrease in
natural killer cell activity, leading to an unfavorable prognosis. Miki et al[12] reported
that interleukin (IL)-6 and tumor growth factor triggered by IL-6 were increased in
patients with colorectal cancer receiving BTF due to excessive IBL. Thus, the
mechanism of immunosuppression in gastric cancer surgery is speculative, and
laboratory evidence is lacking. A validation study is therefore needed.
Second, excessive IBL may lead to an unfavorable postoperative condition, such as
the development of postoperative complications, thus adversely affecting the
prognosis[9,13]. Postoperative complications occur may lead to severe tissue damage
caused by local and generalized inflammatory reactions, resulting in more severe
immunosuppression[13].
Third, Kamei et al[14] reported that excessive IBL is an independent risk factor for
peritoneal recurrence after curative gastrectomy. They suggested the possibility that
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Figure 1

Figure 1 The mechanism of adverse effect of intraoperative blood loss and perioperative blood transfusion. IBL: Intraoperative blood loss; BTF: Blood
transfusion.

blood loss into the peritoneal cavity may promote tumor spillage during surgery,
which may be specifically associated with peritoneal recurrence. Arita et al[15] further
confirmed the association between IBL and peritoneal recurrence in the laboratory
setting. Although this idea is very interesting, no other study to date has supported
this hypothesis. Moreover, it is unclear whether this adverse effect remains when
administering S-1 monotherapy which is one of the standard postoperative adjuvant
chemotherapies that mainly suppresses peritoneal recurrence[16]. Therefore, further
analysis in the clinical practice setting is needed.

LITERATURE SEARCH OF STUDIES REPORTING EFFECT OF
IBL ON PROGNOSIS
Our investigation of the relationship between IBL and the prognosis was derived
from that of patients with colorectal cancer. Heiss et al[17] first reported the possibility
that IBL itself may be beneficial for survival of malignant cells in the host and also
found a positive link with tumor recurrence and poor outcomes in patients with
colorectal cancer. The adverse effect of IBL on the prognosis in patients with gastric
cancer was first reported by Dhar et al[7] in 2000. We have summarized the studies
reporting the effect of IBL on the prognosis in Table 1. Dhar et al[7] reported that IBL of
> 500 mL was an independent predictor of survival in an analysis of 152 patients with
transmural (T2N0–T3N2) gastric cancer. They hypothesized that IBL reduced the
body’s immunity and its ability to fight cancer cells; this concept was quoted from the
report by Bruns et al [11] . However, Dhar et al [7] provided no information on
perioperative BTF, which is a strong confounding factor for the prognosis. Similar
studies were subsequently reported. Kamei et al[14] reported that IBL of ≥ 475 mL was
specifically associated with the development of peritoneal recurrence in 146 patients
who underwent curative gastrectomy for advanced gastric cancer. They reported for
the first time the relationship between IBL and the recurrence pattern. Liang et al[8]
also reported that IBL of ≥ 200 mL was an independent prognostic factor in 845
patients who underwent curative gastrectomy. In their study, IBL of ≥ 200 mL was a
prognostic factor even when patients who underwent BTF were excluded; however,
BTF administration was not a prognostic factor. Mizuno et al[9] reported that IBL of ≥
400 mL was a significant predictor of survival and cancer recurrence in 203 patients
with stage II/III gastric cancer and was associated with the prevalence of
hematogenous recurrence. Their study excluded patients who received BTF to
eliminate a potential confounding bias caused by the adverse effects of BTF. Ito et al[10]
reported that IBL of > 330 mL had an adverse effect on the long-term prognosis in
1013 patients with stage II/III gastric cancer. Their study also excluded patients who
received BTF and was the largest-scale study, thoroughly eliminating complicated
confounding factors. IBL is closely associated with BTF administration, and the
prognostic significance of IBL might be masked by the adverse effect of BTF. From
this viewpoint, three studies[8-10] excluded this confounding influence, indicating that
IBL itself has an adverse effect on the long-term prognosis in patients with gastric
cancer.
Evidence was also found in the field of laparoscopic surgery. Ishino et al[18] reported
that IBL of ≥ 1% body weight was significantly correlated with postoperative
complications and was an independent predictor of survival in 214 patients who
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Table 1 Studies of effects of intraoperative blood loss on prognosis in patients with gastric cancer

Sample size

Selected group Amount of IBL

Patients
received BTF

Adverse effect
of BTF on
prognosis

Adverse effect
of IBL on
prognosis

Dhar et al[7], 2000 1979-1989

152

T2N0–T3N2

> 500 ml

Not specified

-

Yes (Survival)

Kamei et al[14],
2009

1992-2003

146

Curative
Gastrectomy

≥ 475 mL

Included (13%)

No (Peritoneal
recurrence)

Yes (Peritoneal
recurrence)

Liang et al[8],
2013

2003-2007

845

stage I-III

≥ 200 ml

Included (25%)

No (Survival)

Yes (Survival)

Ishino et al[18],
2014

2001-2012

214

Laparoscopic,stag ≥ 1% body weight 0%
e I-II

-

Yes (Survival)

Arita et al[15],
2015

1997-2012

540

Curative
Gastrectomy

> 326 ml

Not specified

-

Yes (Peritoneal
recurrence)

Mizuno et al[9],
2016

1999-2015

203

stage II/III

≥ 400 mL

Not specified

-

Yes (Survival,
Recurrence)

Ito et al[10], 2018

2010-2014

1013

stage II/III

> 330 mL

Not specified

-

Yes (Recurrence)

Ojima et al[19],
2009

1991-2002

856

Curative
gastrectomy

≥ 1000 mL

Included (18%)

Yes (Survival)

No (Survival)

Squires et al[20],
2015

2000-2012

765

Curative
gastrectomy

> 250 mL

Included (22%)

Yes (Survival,
Recurrence)

No (Survival,
Recurrence)

Kanda et al[6],
2016

1999-2014

250

stage II/III

≥ 800 mL

Included (23%)

Yes (Survival,
Recurrence)

No (Survival)

Study

Period

IBL: Intraoperative blood loss; BTF: Blood transfusion.

underwent laparoscopy-assisted gastrectomy for gastric cancer. Conversely, several
negative studies of the adverse effects of IBL on the prognosis have also been
published (summarized in Table 1). Ojima et al[19] reported that BTF administration
was an independent prognostic factor for survival in 856 patients who underwent
curative gastrectomy but that IBL of ≥ 1000 mL was not a prognostic factor. Likewise,
two studies showed that BTF administration was an independent prognostic factor for
survival but that excessive IBL was not prognostic factor[6,20]. However, the threshold
of the IBL volume in these reports was greatly different, and neither study excluded
the confounding influence of BTF.

SUMMARY OF EFFECT OF IBL ON PROGNOSIS
The accumulation of clinical evidence reveals that excessive IBL may have adverse
effects on the prognosis in patients with gastric cancer by promoting anti-tumor
immunosuppression, unfavorable postoperative conditions, and a specific association
with peritoneal recurrence by spillage of cancer cells into the pelvic cavity during
surgery. However, the laboratory evidence is weak and some issues remain unclear.
IBL thresholds varied, and the results might differ depending on these thresholds. A
higher threshold for the amount of IBL would introduce more confounding factors
(e.g., BTF, postoperative anemia, and postoperative complications). Another issue is
that only two studies have reported the relationship between IBL and peritoneal
recurrence.

MECHANISM OF ADVERSE EFFECT OF BTF
There are two possible causes of the adverse effect of BTF on the prognosis: antitumor immunosuppression induced by BTF and patient-related confounding factors
(e.g., preoperative anemia and postoperative complications). These factors are
associated with a worse prognosis and higher requirement for perioperative BTF.
These mechanisms are summarized in Figure 1.
Gantt [21] was the first to report the possibility of promoting tumor growth by
immunosuppression due to BTF in 1981. Numerous authors have since considered
that BTF administration has profound adverse effects on the host’s immune
system [22-25] . Mechanisms of inhibition of host immunity by BTF are diverse and
include cytokine-mediated immune responses and suppression of cellular and
humoral immunity against cancer cells. BTF-induced immunomodulatory effects
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drive the immune system to inhibit IL-2 production[25], decrease interferon gamma[23],
suppress natural killer cell function[24], release immunosuppressive prostaglandins[25],
decrease monocyte activity [25] , and increase of regulatory T cells (suppressor T
cells)[24-27].
BTF administration also promotes increases in IL-6[12], vascular endothelial growth
factor[28], and hepatocyte growth factor[29], which play fundamental roles in tumor
growth, malignant transformation, and invasion of tumor cells[30,31]. Additionally, in
patients with gastric cancer, overexpression of these cytokines is reportedly correlated
with a poor prognosis[12,32-34]. The immunosuppression caused by BTF creates favorable
conditions for tumor growth; additionally, BTF increases the risk of postoperative
complications[3], which also have adverse effects on the prognosis[13].
However, some issues remain unclear. The type of blood products received (e.g.,
red blood cells, leukodepleted blood, whole blood) was not constant among studies.
The disorder observed after BTF administration is caused by the presence of
leukocytes and their products, as mentioned above. Current BTF products are often
leukodepleted, and filtered transfusion is routinely performed; thus, the contamination of cytokines is decreased and the effect is weakened. In contrast to this
concept, no difference in the prognosis was found in comparative studies between
leukocyte-depleted blood and non-leukocyte-depleted blood[35,36]. The roles of these
cytokines and growth factors in current transfusion treatment remain unclear.
Preoperative anemia, which is a patient-related confounding factor, is another
possible cause of a worse prognosis in patients with malignancy[17]. Gastrointestinal
tumors sometimes bleed due to the passage of intestinal contents and the effect of
digestive juices, and this bleeding may lead to anemia. In particular, once anemia has
occurred in patients of advanced age, it persists because of these patients’
physiological decrease in hematopoietic cells in the bone marrow, decrease in
hematopoietic stem cells, and reduced serum erythropoietin levels due to renal
impairment[37]. Additionally, continuous anemia causes malnutrition, which also has
adverse effects on the prognosis[38]. Numerous prospective and retrospective studies
have shown that patients with preoperative anemia have a worse prognosis than
patients without anemia[39]. Hence, preoperative anemia is a cause of the requirement
for BTF, which itself also has adverse effects on the prognosis.
Although we have summarized the mechanisms of adverse effects of BTF, some
unmeasurable and non-excludable confounding factors remain. Surgical damage is
one such factor and can also lead to severe immunosuppression. The degree of
surgical damage depends on the surgical organ. Surgical damage induced during
colon cancer surgery is considered to be relatively mild, and there are many negative
reports on the influence of BTF on the prognosis of such patients[40,41]. However,
surgical damage induced during esophageal cancer surgery is considered to be
relatively severe, and there are many positive reports on the influence of BTF on the
prognosis of such patients [42,43] . In gastric cancer surgery, the degree of surgical
damage varies greatly depending on the operation type; therefore, it may be more
effective to investigate this issue according to the operation type (total gastrectomy vs
distal gastrectomy, open surgery vs laparoscopic surgery).

LITERATURE SEARCH OF STUDIES REPORTING EFFECT OF
BTF ON PROGNOSIS
Many studies have been performed to evaluate the adverse effect of perioperative BTF
on the prognosis in patients with gastric cancer, and we have summarized these
studies in Table 2. Kaneda et al [44] first reported that BTF administration had an
adverse effect on survival in 231 patients who underwent curative gastrectomy. Ojima
et al[19] subsequently reported that BTF administration was an independent prognostic
factor for survival in 856 patients who underwent curative gastrectomy, even when
the amount of transfused blood was small. Kanda et al [6] reported that BTF
administration was an independent prognostic factor for survival and recurrence in
patients with stage II/III gastric cancer, regardless of the volume of BTF. They also
reported that the prognostic impact of BTF became less clear after introduction of
adjuvant chemotherapy with S-1. Three systematic reviews and meta-analyses
support the idea that BTF is associated with a worse prognosis, all-cause mortality,
cancer-related mortality, and recurrence (summarized in Table 3).
However, some studies have shown that BTF does not have an adverse effect on the
prognosis (summarized in Table 2). Kampschöer et al [45] performed a large-scale
retrospective study and found that the survival of patients who had undergone BTF
was shorter than that of patients who had not undergone BTF; however, after
stratifying patients into stages and applying proportional regression analyses, BTF
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Table 2 Studies of effects of blood transfusion on prognosis in patients with gastric cancer
Study

Period

Sample size

Selected group

Rates of received Timing of
BTF
transfusions

Adverse effect of
BTF on prognosis

Kaneda et al[44],
1987

1976-1980

231

Not specified

51%

Not specified

Yes (Survival)

Ojima et al[19], 2009

1991-2002

856

Curative
gastrectomy

18%

Pre + Intra + Post

Yes (Survival)

Squires et al[20],
2015

2000-2012

765

Curative
gastrectomy

22%

Intra + Post

Yes (Survival,
Recurrence)

Kanda et al[6], 2016

1999-2014

250

stage II /III

23%

Pre + Intra + Post

Yes (Survival,
Recurrence)

Kampschoer et
al[45], 1989

1976-1981

1000

Curative
gastrectomy

37%

Pre + Intra + Post

No (Survival)

Kamei et al[14], 2009 1992-2003

146

Curative
gastrectomy

13%

Not specified

No (Peritoneal
recurrence)

Pacelli et al[46], 2011 1990-2005

927

Curative
gastrectomy

35%

Pre + Intra + Post

No (Survival)

Liang et al[8], 2013

2003-2007

845

stage I-III

25%

Pre + Intra + Post

No (Survival)

Rausei et al[47], 2013 1995-2011

224

stage I-III

20%

Pre + Intra + Post

No (Survival)

BTF: Blood transfusion; Pre: Preoperative; Intra: Intraoperative; Post: Postoperative.

administration did not appear to have any effect on the prognosis but was instead
associated with other prognostic features. Pacelli et al[46] conducted a multicenter
retrospective study and reported that BTF had a slight, but not significant, adverse
effect on survival of 927 patients who underwent curative gastrectomy.

SUMMARY OF EFFECT OF BTF ON PROGNOSIS
The adverse effects of BTF have been well verified by clinical and laboratory data;
these adverse effects are caused by anti-tumor immunosuppression and patientrelated confounding factors that lead to a requirement for BTF. However, this
information may not be helpful in the clinical setting because BTF is still required in
the event of massive bleeding during surgery or preoperative anemia. However, there
may be room for consideration such as adjusting preoperative anemia and paying
attention so as not to lead postoperative complications.

REMAINING PROBLEMS FOR FUTURE STUDIES
The adverse effects of IBL or BTF were previously ascertained by clinical evidence.
However, continuous and untiring efforts to minimize IBL and surgical damage have
been progressing (i.e., development of laparoscopic surgery, improvements in surgical
techniques and devices, and enhanced recovery after surgery programs), and the
amount of IBL and frequency of BTF administration have been decreasing. In
addition, perioperative chemotherapy has been further developed, helping to prolong
survival. Further accumulation of data and performance of high-quality studies are
required to clarify whether IBL or BTF still have adverse effects on the prognosis.

CONCLUSION
IBL and BTF lead to adverse effects on the prognosis in patients with gastric cancer,
and the main causes are anti-tumor immunosuppression and confounding factors
such as postoperative complications and preoperative anemia. Surgeons should make
efforts to minimize IBL and BTF to improve patients’ prognosis.

ACKNOWLEDGMENTS
We thank Angela Morben, DVM, ELS from Edanz Group for editing a draft of this

WJG

https://www.wjgnet.com

2748

June 14, 2019

Volume 25

Issue 22

Nakanishi K et al. IBL and BTF in GC

Table 3 Systematic reviews and meta-analyses of effects of blood transfusion on prognosis in patients with gastric cancer
Rate of received
Study

Adverse effect on OS

Adverse effect on CSS

Adverse effect on RFS

Adverse effect on PCs

Yes,

Yes,

Yes,

Not specified

HR, 2.17;

HR, 2.57;

HR, 1.52;

95%CI, 1.86-2.37

95%CI, 1.24-5.34

95%CI, 1.08-2.15

Yes,

Not specified

BTF patients
Sun et al[1], 2015

[2]

Li et al , 2015

Agnes et al[3], 2018

36.3%

44.8%

Not specified

Yes,

Yes,

HR, 1.26;

HR, 1.36;

HR, 3.33;

95 % CI, 1.21-1.31

95%CI, 1.02-1.81

95%CI, 1.02-1.81

Yes,

Yes,

Yes,

Yes,

HR, 1.34;

HR, 1.66;

HR, 1.48;

HR, 1.36;

95%CI, 1.23-1.45

95%CI, 1.50-2.19

95%CI, 1.18-1.86

95%CI, 2.10-5.29

BTF: Blood transfusion; OS: Overall survival; CSS: Cancer-specific survival; RFS: Relapse-free survival; PCs: Postoperative complications; HR: Hazard
ratio; CI: Confidence interval.
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BACKGROUND
Hepatocellular carcinoma (HCC) is the third leading cause of death from
malignant tumors worldwide. More than 50% of HCC cases occur in China. The
prognosis remains poor and overall efficacy is still unsatisfactory. Chemotherapy
resistance is the most important reason for the poor outcome. Much progress has
been made in the study of chemotherapy resistance of HCC; however, the specific
mechanisms of progression of HCC have still only been partially established.
Therefore, the mechanism of chemotherapy resistance in HCC requires more
research.
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AIM
To investigate the effect of miR-34a expression on the growth inhibition of
HepG2 cells by doxorubicin.
METHODS
A recombinant lentiviral vector containing miR-34a was constructed and
transfected into HepG2 cells. The expression of miR-34a was detected by reverse
transcription-polymerase chain reaction (commonly known as RT-PCR) before
and after transfection. Cells were exposed to 2 μM doxorubicin or phosphatebuffered saline before and after transfection. Cell viability in each group was
detected by MTT assay, and cell cycle and apoptosis were detected by flow
cytometry. Changes in expression levels of phospho (p)-p53, sirtuin (SIRT) 1,
cyclin D1, cyclin-dependent kinase (CDK) 4, CDK6, BCL-2, multidrug resistance
protein (MDR) 1/P glycoprotein (P-gp), and AXL were detected by Western
blotting.
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RESULTS
Recombinant lentiviral vector LV-hsa-mir-34a was successfully constructed by
restriction endonuclease digestion and sequencing. RT-PCR showed that
expression of miR-34a in HepG2 cells was significantly upregulated after
transfection (P < 0.01). MTT assay showed that growth of HepG2 cells was
inhibited after upregulation of miR-34a, and viability was significantly decreased
after combined treatment with doxorubicin (P < 0.01). Flow cytometry showed
that the number of HepG2 cells in G1 phase increased, and G1 phase arrest was
more obvious after intervention with doxorubicin (P < 0.01). The apoptosis rate of
HepG2 cells was increased after upregulation of miR-34a, and became more
obvious after intervention with doxorubicin (P < 0.01). Western blotting showed
that upregulation of miR-34a combined with treatment with doxorubicin caused
significant changes in the expression levels of p-p53, SIRT1, cyclin D1, CDK4,
CDK6, BCL-2, MDR1/P-gp and AXL proteins (P < 0.01).
CONCLUSION
MiR-34a may enhance the inhibitory effect of doxorubicin by downregulating
MDR1/P-gp and AXL, which may be related to p53 expression.
Key words: miR-34a; Doxorubicin; Hepatocellular carcinoma; HepG2 cells; Growth
inhibition
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Core tip: Hepatocellular carcinoma (HCC) is the third leading cause of death from
malignant tumors worldwide. The prognosis remains poor, and the overall efficacy is
still unsatisfactory. Chemotherapy resistance is the most significant cause of poor HCC
outcome. We found that upregulation of miR-34a can increase the chemosensitivity of
HCC cells to doxorubicin. MiR-34a may enhance the inhibitory effect of doxorubicin by
downregulating multidrug resistance protein 1/P glycoprotein and AXL, which may be
related to p53 expression.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the third leading cause of death from malignant
tumors worldwide. The prognosis remains poor, and the overall efficacy is still
unsatisfactory because most cases remain undiagnosed until the disease is already at
an advanced stage. More than 50% of HCC cases worldwide occur in China, and there
is evidence that the incidence of HCC is increasing rapidly, and this increase will
continue over the next 20 years[1,2]. The malignancy of HCC is high, and surgery is still
the preferred treatment. However, nearly 80% of patients have lost their chance of
surgery by the time that they are diagnosed[3]. In recent years, with the continuous
improvement of surgical techniques and increase in proficiency of surgeons, the
efficacy of surgical treatment for HCC has come close to its limit, which makes it
difficult to continue to improve the prognosis of HCC with surgery. Like other
malignant tumors, multidisciplinary treatment has become the primary means of
HCC treatment, with chemotherapy being the most important alternative to surgery.
However, early clinical experience shows that systemic chemotherapy is not effective
for HCC, and drug resistance is the most significant reason for the insensitivity of
HCC to chemotherapy[4]. Therefore, in recent years, chemotherapy resistance and
sensitization has become a hot research topic[5].
The miR-34 family is a highly conserved class of miRNAs. There are two genes that
encode the miR-34 gene family in humans. The miR-34a gene is located at 1p36 and
transcribed independently, while miR-34b and miR-34c are co-transcribed as a gene
cluster. Expression of miR-34a is significantly higher than that of miR-34b/c in most
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human tissues[6-8]. As a highly conserved miRNA, miR-34 plays an important role in
cells. The main functions of miR-34 are: (1) Cell cycle arrest; (2) Acceleration of cell
senescence; (3) Induction of apoptosis; and (4) Prevention of cell migration. Current
studies have confirmed that miR-34a is downregulated in a variety of tumors, which
is mainly related to the loss of chromosomal heterozygosity in tumor cells, abnormal
expression of p53, and methylation of CpG islands in the promoter region.
Downregulation of miR-34a expression often leads to abnormal proliferation and
apoptosis of tumor cells[9].
Previous studies have shown that miR-34a plays an important role in the
regulatory pathway of p53. Increasing expression of miR-34a in tumor cells can
increase the sensitivity of tumor cells to chemotherapeutic drugs, and in particular,
the chemotherapeutic drugs can exert an antitumor effect by causing p53-dependent
DNA damage. These conclusions have been verified in studies of prostate, lung and
breast cancer[10-12]. In the current study, a lentiviral vector was used to upregulate
expression of miR-34a in HepG2 cells in order to observe the relationship between
miR-34a expression and the chemosensitivity of HepG2 cells to doxorubicin (p53dependent DNA-damaging chemotherapeutic drugs), as well as to explore the
mechanism of their interaction.

MATERIALS AND METHODS
Cells and reagents
HepG2 cells were obtained from China Typical Culture Preservation Center of Wuhan
University. The lentiviral vector was constructed by Genechem Co. Ltd. (Shanghai,
China). Doxorubicin was purchased from Pfizer Pharmaceuticals (New York, NY,
United States) and propidium iodide (PI) was purchased from Caltag Laboratories
Inc. (Burlingame, CA, United States). Rabbit anti-human phospho (p)-p53, sirtuin
(SIRT) 1, cyclin D1, cyclin-dependent kinase (CDK) 4, CDK6, BCL-2, multidrug
resistance protein (MDR) 1/P-glycoprotein (gp), and AXL protein were purchased
from Santa Cruz Biotechnology (Santa Cruz, CA, United States).

MiR-34a-5p lentiviral vector construction and transfection
The miR-34a-5p lentiviral vector was constructed by Genechem Co. Ltd. (Shanghai,
China). The component sequence of the carrier was Ubi-MCS-SV40-EGFP-IRESpuromycin, and the titer was 8E+8TU/mL. Using by Lipofectamine 2000, HEK 293T
cells were co-transfected with lentiviral vectors containing the precursor of miR-34a5p or negative control, packaging vector pHelper 1.0 and pHelper 2.0. The
supernatant was collected, concentrated and purified, and the viral titer was
determined 48 h after transfection. HCC cell lines were infected with viruses, and
screened for both fluorescence and puromycin.

RNA extraction and detection of miR-34a expression
Total RNA of HepG2 cells was extracted using TRIzol reagent. After reverse
transcription, expression of miR-34a-5p was detected using specific primers of miR34a-5p and TaqMan probe with U6 as the endogenous control. The results of
quantitative reverse transcription-polymerase chain reaction (qRT-PCR) analysis were
presented using the 2−ΔΔCt method.

MTT assay
HepG2 cells were seeded at 5 × 103/well in 96-well plates. After 24, 48 and 72 h
incubations, MTT (5 mg/mL, 20 mL) was added to the medium, and cells were
incubated for another 4 h. Absorbance at 490 nm was read using a spectrophotometric
plate reader. Two blanks (PBS only) were included for each group as a negative
control. Each test was performed in triplicate.

Flow cytometry analysis of cell cycle distribution and apoptosis
Forty-eight hours after treatment, to assess the proportion of cells in different phases
of the cell cycle, cells were stained with 20 µg/mL PI (Sigma–Aldrich, St. Louis, MO,
United States) and 100 µg/mL RNase A in PBS for 15 min at room temperature.

Detection of cell cycle by flow cytometry
Cells were inoculated into 12-well plates at 3 × 10 5 /well, and exposed to 2 μM
doxorubicin for 72 h. The cells were harvested by trypsinization, washed in cool PBS
twice, and placed in 75% ethanol overnight at 4 °C. The cells were incubated in a
solution with DNA-binding dye PI and RNase A (KeyGEN Biotech, Nanjing, China)
for 30 min at 37 °C in the dark. Finally, red fluorescence from 488 mm laser-excited PI
in every cell was analyzed by flow cytometry (Becton Dickinson, Franklin Lakes, NJ,
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United States). We used a peak fluorescence gate to discriminate the aggregates. The
percentage of cells in G0/G1, S and G2/M phases was determined from DNA content
histograms.

Apoptosis flow cytometry assay
After being exposed to 2 μM doxorubicin for 72 h, apoptosis was evaluated by flow
cytometry using an Annexin V-FITC/PI Kit (Hanbio, Shanghai, China). The cells
cultured in 12-well dishes were trypsinized, washed in cool PBS twice and stained
with PI-conjugated anti-Annexin V antibodies in darkness for 30 min at room
temperature. Subsequently, they were analyzed by flow cytometry (Becton Dickinson)
within 1 h.

Western blotting
After being exposed to 2 μM doxorubicin for 24 h, the cells were harvested and lysed
in RIPA lysis buffer (Beyotime, Beijing, China) containing protease and phosphatase
inhibitors. The protein concentrations were determined using BCA protein assays
(Beyotime). From each sample, 30 µg was separated by SDS-PAGE, and transferred to
polyvinylidene difluoride membranes. The membranes were blocked with 5% bovine
serum albumin in TBS-T for 1 h and incubated with primary antibodies at 4 °C
overnight. Horseradish-peroxidase-conjugated IgG (Santa Cruz Biotechnology) was
added, and membranes were incubated at room temperature for 1 h. The immunoreactive bands were visualized with an ECL detection system.

Statistical analysis
All of the data are presented as mean ± SD. All of the in vitro experiments were
performed at least three times. SPSS version 18.0 software was used to analyze the
data. The differences between the two groups were analyzed using a Student’s t-test.
The differences among the groups were tested using a one-way analysis of variance
(ANOVA). Multiple-comparison tests were applied only when a significant difference
was determined by ANOVA. P < 0.05 was deemed to be statistically significant.

RESULTS
Identification of lentiviral vector
The results of PCR amplification of the recombinant vector of miR-34a-5p were
consistent with expectations. The obtained recombinant lentiviral LV-hsa-mir-34a
carrying miR-34a-5p was sequenced and confirmed that the miR-34a-5p nucleotide
sequence was inserted correctly without base deletion or substitution. The expression
of the lentiviral marker gene GFP was observed using fluorescence microscopy
(Figure 1).

LV-hsa-mir-34a transfection and transfection efficiency
HepG2 cells were transfected with LV-hsa-mir-34a. Green fluorescence was observed
using fluorescence microscopy 72 h after transfection. The transfection efficiency
reached 85%, and the cells were in good condition. Expression of miR-34a-5p was
detected by RT-PCR in each group, and the results showed that expression of miR34a-5p was significantly increased after transfection (t = 17.53, P < 0.01) (Figure 2).

MTT assay
MTT results showed that the inhibitory effect of doxorubicin on HepG2 cells was
significantly enhanced after LV-hsa-mir-34a transfection (t = 8.72, P < 0.01) (Figure 3).

Cell cycle arrest
The inhibition of cell proliferation by doxorubicin could be due to cell cycle arrest;
therefore, cell cycle analysis was conducted using flow cytometry. After being
transfected with LV-hsa-mir-34a, the cell cycle distribution analysis showed a
significant increase in cells in G1 phase, and blockade of G1 cells was more significant
after combination with doxorubicin (F = 123.38, P < 0.01) (Figure 4). These results
indicate that doxorubicin can induce cell cycle arrest, which can be enhanced by LVhsa-mir-34a.

Apoptosis
After the transfection of LV-hsa-mir-34a, the rate of HepG2 cell apoptosis increased,
and the proapoptotic effect was more obvious after intervention with doxorubicin (F =
349.57, P < 0.01) (Figure 5). These results indicated that doxorubicin can induce
apoptosis, which can be enhanced by LV-hsa-mir-34a.
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Figure 1

Figure 1 Green fluorescent protein was detected 72 h after lentiviral transfection (fluorescence microscopy ×
200). A: HepG2 cells in bright vision; B: HepG2 cells in green fluorescence vision.

Western blotting
To further understand the mechanism of cell cycle arrest, expression of cell cycle
regulatory proteins was analyzed by western blotting. After transfection of LV-hsamir-34a, the expression level of p-p53 was upregulated, and the SIRT1 expression was
downregulated in HepG2 cells, which formed a positive feedback loop (Figure 6).
Expression levels of the cell cycle-associated proteins cyclin D1, CDK4 and CDK6
were downregulated, which was consistent with the cell cycle changes measured by
flow cytometry. Downregulation of Bcl-2 expression suggested an increase in
apoptosis rate. Expression of MDR1/P-gp and AXL, which are related to chemoresistance, was also significantly downregulated, and the differences were significant
(P < 0.01) (Figure 6).

DISCUSSION
HCC is one of the most common malignant tumors, and the third leading cause of
cancer death worldwide [13] . Its prognosis is poor and its overall efficacy is still
unsatisfactory. More than 50% of HCC cases worldwide occur in China, and evidence
suggests that the incidence of HCC will continue to increase over the next 20 years[1,2].
The malignancy of HCC is high. At present, multi-disciplinary team (MDT) treatment
based on surgery is still the main treatment for liver cancer. However, the recurrence
and metastasis rates are high, the long-term survival rate is low, and the prognosis is
poor[14]. In recent years, one of the main advances in HCC research has been molecular
targeted therapy. With in-depth study of the occurrence and development mechanism
of HCC, as well as the development of targeted chemotherapeutics, encouraging
results have been achieved in local chemotherapy, targeted therapy, drug resistance
and chemotherapeutic sensitization of HCC[2], which has become a current research
hotspot.
MiRNAs are a class of highly conserved noncoding small RNAs that are 21-24
nucleotides in length. miRNAs regulate translation and degradation of the target gene
by complementary binding to the 3’-untranslated region of the target gene mRNA,
thereby functioning as an oncogene or tumor suppressor gene during disease
development [15] . The miR-34 family is a highly conserved class of miRNAs in
evolution. miR-34a is an important member of the miR-34 family, which is located at
1p36 and plays an important role in cells. Previous studies have found that expression
of miR-34a is decreased or absent in most cancer cells, and our previous studies have
confirmed the low expression of miR-34a in HCC cells. The present study attempted
to increase expression of miR-34a in HepG2 cells using a lentiviral vector, and to
observe the malignant behavior of HepG2 cells. The results showed that a lentiviral
vector could successfully upregulate expression of miR-34a and reduce the malignant
behavior of HepG2 cells.
MiR-34a is an important part of the p53-mediated antitumor process[16]. On the one
hand, miR-34a is activated by p53 to exert an antitumor effect. On the other hand,
miR-34a can enhance the antitumor effect by upregulating p53 through positive
feedback such as SIRT1 and E2F[17]. Loss of miR-34a expression can cause tumors to
resist chemotherapeutic drugs that act through p53. In theory, upregulation of miR34a expression can reverse the drug resistance of cancer cells[18].
It has been found that miR-34a plays an important role in the p53 regulatory
pathway. On the one hand, p53 can exert its anticancer effect by inhibiting expression
of proto-oncogenes such as Bcl-2 and c-myc, as well as cytokines such as cyclin E2,
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Figure 2

Figure 2 LV-hsa-mir-34a was transfected into HepG2 cells for 72 h. Expression of miR-34a-5p was detected by
reverse transcription-polymerase chain reaction before and after transfection.

cyclin D1 and c-Met through regulating miR-34a[19]. On the other hand, through
inhibition of SIRT1 and E2F, miR-34a can also have a positive feedback regulatory
effect on p53 activity [20] . This study confirmed the above results, namely that
expression of cyclin D1, CDK4, CDK6 and Bcl-2 was downregulated after
upregulation of miR-34a, which was consistent with the changes in cell cycle and
apoptosis measured by flow cytometry. SIRT1 expression was downregulated, and
positive feedback occurred with the expression of p-p53. Expression of the above
proteins was dose-dependent with the expression of p-p53.
The positive feedback regulation network formed between p53 and miR-34a plays
an important role in inhibiting the occurrence, development and deterioration of
tumors. In many tumors, miR-34a is inactivated by methylation of CpG islands, and
inactivation of miR-34a results in resistance of tumors to chemotherapeutic drugs that
exert antitumor effects through p53[21]. Based on this, this study introduced p53dependent DNA-damaging chemotherapeutic agents.
As an anthracycline antineoplastic drug, doxorubicin is also a p53-dependent
DNA-damaging chemotherapeutic drug widely used in the treatment of
hematological and solid tumors[22]. Doxorubicin is a topoisomerase II inhibitor, which
inhibits DNA topoisomerase II and terminates DNA transcription by intercalating
between base pairs of DNA double helical structures[23], causing DNA damage. DNA
damage can activate p53, which leads to cell cycle arrest, apoptosis and cell
senescence, which all ultimately play antitumor roles. The clinical application of
doxorubicin is extensive, but chemotherapy resistance is one of the problems in
clinical cancer treatment. In this study, we used a lentiviral vector approach to
upregulate the expression of miR-34a and observe the effect of miR-34a expression on
resistance to doxorubicin. Overexpression of miR-34a reduced the malignant
biological behavior of HepG2 cells, which manifested in a decrease of cell viability,
increase of G1 phase cell arrest and increase of apoptosis. miR-34a overexpression
combined with doxorubicin can inhibit the growth of HepG2 cells more significantly.
Western blotting showed that expression of cyclin D1, CDK4, CDK6 and Bcl-2 was
downregulated by miR-34a overexpression. The changes in these proteins were
consistent with the changes in cell cycle and apoptosis measured by flow cytometry.
High expression of miR-34a can also cause downregulation of SIRT1 expression and
form positive feedback with p-p53 expression. More importantly, we found that
overexpression of miR-34a can cause significant downregulation of MDR1/P-gp and
AXL proteins, which are considered to be the most important proteins associated with
chemotherapy resistance.
Many cancer cells develop resistance against their chemotherapeutic agents, which
vary structurally and mechanistically, leading to the loss of sensitivity to
chemotherapeutic agents. This is defined as MDR [4] . MDR is mainly caused by
overexpression of the ATP binding cassette (ABC) transporter superfamily on the
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Figure 3

Figure 3 Growth inhibition rate of HepG2 cells treated with LV-hsa-mir-34a transfection combined with
doxorubicin. Dox: Doxorubicin.

membrane of tumor cells. P-gp, encoded by the MDRl gene, is the most important
member of the ABC transporter family[24]. P-gp is the most important drug transporter
and the main cause of primary and secondary drug resistance in malignant tumors,
which is closely related to intracellular drug concentration and drug resistance[25]. It is
reported that many antitumor drugs, including doxorubicin and paclitaxel, are
substrates of P-gp [26] . The MDR1 gene is widely expressed in human malignant
tumors. Even in low expression tumors, upregulation of P-gp can be generated after
chemotherapy. However, high expression of P-gp directly leads to chemotherapeutic
failure.
MDR mediated by P-gp can be inhibited by blocking its drug efflux pump function
and inhibiting protein expression. Downregulation of P-gp is regarded as reversal of
MDR. However, at present, chemically synthesized P-gp inhibitors are unsatisfactory
because of their adverse effects. Our results showed that P-gp played an important
role in the doxorubicin resistance of HCC cells. Upregulation of miR-34a can
significantly downregulate expression of P-gp and reverse the doxorubicin resistance
of HCC cells. It is worth investigating whether mir-34a can be an effective inhibitor of
P-gp.
AXL also seems to be a drug resistance-associated protein. The receptor tyrosine
kinase AXL is overexpressed in multiple tumor cells, and mediates the metastasis and
drug resistance of these cells through a variety of signaling pathways. These include
forming positive feedback loops with epithelial–mesenchymal transitions; therefore, it
has become a new tumor therapeutic target[27].
Based on the low expression of miR-34a in HCC cells in previous studies, the
present study reduced the malignant behavior of HCC cells by upregulating miR-34a,
which could provide a theoretical basis for the treatment of HCC associated with miR34a. More importantly, this study found that high expression of miR-34a could cause
significant downregulation of MDR1/P-gp and AXL, suggesting that miR-34a may
reverse chemotherapy resistance by downregulating expression of these proteins.
Moreover, the changes in expression of the related proteins were dose-dependent
with p-p53 expression, suggesting that the presence of p-p53 is essential for the action
of miR-34a. This study provides a way to solve the resistance of p53-dependent
chemotherapeutics, and provides a basis for the possible gene therapy of miR-34a and
chemosensitization of DNA-damaging drugs such as doxorubicin.
In conclusion, we assume that overexpression of miR-34a can significantly enhance
the inhibitory effect of doxorubicin on HepG2 cells. miR-34a may enhance the killing
effect of doxorubicin by downregulating MDR1/P-gp and AXL, which may be related
to p53 expression.
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Figure 4 Proportion of G1 phase cells in each group after HepG2 cells were treated for 72 h. A: Blank control group; B: LV-hsa-mir-34a group; C: Doxorubicin
treatment group; D: Empty vector + doxorubicin treatment group; E: LV-hsa-mir-34a + doxorubicin treatment group.
Figure 5

Figure 5 The proportion of apoptotic cells in each group after HepG2 cells were treated for 72 h. A: Blank control group; B: LV-hsa-mir-34a group; C:
Doxorubicin treatment group; D: Empty vector + doxorubicin treatment group; E: LV-hsa-mir-34a + doxorubicin treatment group.
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Figure 6

Figure 6 Effects of LV-hsa-mir-34a transfection combined with doxorubicin incubation for 72 h on the expression of related proteins in HepG2 cells. A:
Blank control group; B: LV-hsa-mir-34a group; C: Doxorubicin treatment group; D: Empty vector + doxorubicin treatment group; E: LV-hsa-mir-34a + doxorubicin
treatment group. MDR: Multidrug resistance protein; CDK: Cyclin-dependent kinase; SIRT: Sirtuin.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) is the third leading cause of death from malignant tumors
worldwide. Surgery is still the preferred treatment, however nearly 80% of patients have lost
their chance of surgery by the time that they are diagnosed. Like other malignant tumors,
multidisciplinary treatment has become the primary means of HCC treatment, with
chemotherapy being the most important alternative to surgery. Nevertheless, drug resistance is
the most important reason for the insensitivity of HCC to chemotherapy. Therefore, the
mechanism of chemotherapy resistance in HCC requires more research.

Research motivation
Chemotherapy resistance is the most important reason for the poor outcome of HCC. Previous
studies have shown that increasing expression of miR-34a in tumor cells can increase the
sensitivity of tumor cells to chemotherapeutic drugs. In addition, chemotherapeutic drugs can
exert an antitumor effect by causing p53-dependent DNA damage. We were interested in the
relationship between the expression of miR-34a and the chemosensitivity in HCC cell lines.

Research objectives
The aim of this study was to investigate the effect of miR-34a over-expression on the growth
inhibition of HepG2 HCC cells by doxorubicin.

Research methods
A recombinant lentiviral vector containing miR-34a was constructed and transfected into HepG2
cells to upregulate expression of miR-34a. Cells were exposed to doxorubicin after miR-34a overexpression. To evaluate the effect of miR-34a over-expression, cell viability, cell cycle and
apoptosis were detected by MTT and flow cytometry. Expression levels of phospho (p)-p53,
sirtuin (SIRT) 1, cyclin D1, cyclin-dependent kinase (CDK) 4, CDK6, BCL-2, multidrug resistance
protein (MDR)1/P glycoprotein (P-gp), and AXL were detected by Western blotting.

Research results
The expression of miR-34a in HepG2 cells was significantly upregulated. Growth of HepG2 cells
was inhibited after upregulation of miR-34a, and viability was significantly decreased after
combination with doxorubicin. The number of HepG2 cells in G1 phase increased, and G1 phase
arrest was more obvious after upregulation of miR-34a. The apoptosis rate of HepG2 cells was
increased after upregulation of miR-34a, and became more obvious after intervention with
doxorubicin. Western blotting showed that upregulation of miR-34a combined with doxorubicin
treatment caused significant changes in the expression levels of p-p53, SIRT1, cyclin D1, CDK4,
CDK6, BCL-2, MDR1/P-gp and AXL proteins.
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Research conclusions
Over-expression of miR-34a can significantly enhance the inhibitory effect of doxorubicin on
HepG2 cells. miR-34a may enhance the killing effect of doxorubicin by down-regulating
MDR1/P-gp and AXL, which may be related to p53 expression.

Research perspectives
Over-expression of miR-34a can reduce the malignant biological behavior of HCC cells and
enhance the chemosensitivity of HCC cells to doxorubicin. miR-34a is worth studying in the
reversal of HCC resistance to chemotherapy.
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BACKGROUND
Gastric cancer (GC) is the fourth most frequent malignancy all over the world.
The diagnosis of GC is challenging and the prognosis of GC is very unfavorable.
Accumulating evidence reveals that serum long noncoding RNAs (lncRNAs) can
function as biomarkers in various types of cancers, including GC.
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AIM
To explore the level and molecular mechanism of the lncRNA HOXA11-AS in GC
and the diagnostic and prognostic significance of serum HOXA11-AS in GC.
METHODS
HOXA11-AS levels in GC tissue, cell lines, and serum samples were measured.
The correlation between HOXA11-AS expression and clinicopathological
characteristics was analyzed. The role of HOXA11-AS in the diagnosis and
prognosis of GC was evaluated. Cell function assays were performed for
exploration of the roles of HOXA11-AS in GC cells. Moreover, Western blot was
performed to explore the target regulated by HOXA11-AS in GC cells.
RESULTS
Up-regulation of HOXA11-AS was found in GC tissues, cell lines, and serum
samples. In GC patients, decreased serum HOXA11-AS levels were negatively
related with tumor size, TNM stage, and lymph node metastasis. The area under
the receiver operating characteristic curve of serum HOXA11-AS in the diagnosis
of GC was 0.924 (95%CI: 0.881-0.967; sensitivity, 0.787; specificity 0.978). Results
of the Kaplan-Meier survival curves suggested the GC patients with a lower
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HOXA11-AS level having a better overall survival rate. HOXA11-AS promoted
GC cell proliferation and invasion. SRSF1 may be the target regulated by
HOXA11-AS in GC cells.
CONCLUSION
HOXA11-AS promotes GC cell proliferation and invasion via SRSF1 and may
function as a promising marker in GC.
Key words: Long noncoding RNA; HOXA11-AS; SRSF1; Gastric cancer; Biomarker
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Core tip: The long noncoding RNA (lncRNA) HOXA11-AS is up-regulated in gastric
cancer (GC) tissues, cell lines, and serum samples. In GC patients, increased serum
HOXA11-AS levels were positively related with tumor size, TNM stage, and lymph
node metastasis. HOXA11-AS functions as a diagnostic and prognostic biomarker in
GC, and promotes GC cell proliferation and invasion. SRSF1 may be the target regulated
by HOXA11-AS in gastric cells.
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INTRODUCTION
Gastric cancer (GC) is a global health problem, holding the fourth most frequent
malignancy and the second most common cause of death from cancer all over the
world[1]. Estimated 27510 cases diagnosed with GC and 11140 deaths from GC will
occur in the United States in 2019[2]. The diagnosis of GC is challenging owing to the
fact that patients often present with vague and non-specific symptoms[3], which causes
many patients being at the progressive stage at first diagnosis. However, patients with
metastatic GC carry a very poor prognosis and their median survival ranges from 4
mo to around 12 mo[4,5]. Although GC is associated with Helicobacter pylori infection,
the molecular mechanisms of its occurrence and progression remain unclear.
Consequently, it is ineluctably necessary to probe into the molecular mechanism of
the occurrence as well as progression of GC and finding a new marker applying to the
detection, therapy, and prognosis of GC.
Long noncoding RNAs (lncRNAs), a class of transcripts > 200 nucleotides (nts) in
length, exert their significant functions in the progression and metastasis of
malignancy[6]. LncRNAs typically exhibit tissue-specific expression patterns and are
readily detectable in body fluids because of their high stability, in comparison with
other protein biomarkers expressed in various types of tissues, making them ideal
biomarkers [7] . Accumulating evidence reveals that serum lncRNAs function as
biomarkers in various types of cancers, such as HOTTIP in GC [8] , MALAT1 in
epithelial ovarian cancer[9], GIHCG in cervical cancer[10], and LRB1 in hepatocellular
carcinoma[11].
Previous studies suggested that aberrantly expressed lncRNA HOXA11-AS plays
significant roles in the development and progression of malignancies[12]. HOXA11-AS
functions as an oncogene and promotes cell proliferation, invasion, and metastasis in
GC[13,14]. However, the molecular mechanism of HOXA11-AS in GC is far from fully
elucidated and the diagnostic and prognostic role of HOXA11-AS in GC is still
unclear. In this study, we thoroughly investigated the molecular mechanism of
HOXA11-AS and the diagnostic and prognostic roles of serum HOXA11-AS in GC.

MATERIALS AND METHODS
Tissue and serum specimens
GC tissue specimens and corresponding paracancerous gastric tissue specimens were
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obtained from 25 GC patients from Binzhou People's Hospital. Each patient was
diagnosed with GC pathologically and none of the patients received any treatment
before operation. The tissue samples were processed within 1 hour and submerged in
RNAlater reagent from Qiagen GmbH (Hilden, Germany) for half an hour. After that,
the samples were stored at -80 ˚C till RNA extraction. All tissue samples were
examined and classified under the management of experienced pathologists.
As for blood samples, the present study totaled 134 participants, consisting of 94
patients with GC and 40 healthy controls. Postoperative blood specimens were also
obtained from 25 patients with GC. All the blood samples were disposed within 2 h.
Serum was disposed at 4 °C and recruited by centrifugation (1200 × g , 10 min).
Another centrifugation (10000 × g, 10 mins, at 4 °C) was performed for completely
removing residual cellular debris. The serum specimens were kept in liquid nitrogen
till RNA extraction.
Our research was managed by the ethics committee of Binzhou People's Hospital.
Consent statement was obtained from each participant. Table 1 lists the clinical
characteristics of the GC patients.

Cell culture and transfection
A culture medium consisting of 88% of Dulbecco's modified Eagle's medium (DMEM;
Gibco; Thermo Fisher Scientific. Inc., Waltham, MA, United States), 10% of fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.), 1% of antibiotics (100
μL/mL penicillin and 100 mg/mL streptomycin sulfate), and 1% of glutamine was
used to cultivate normal gastric mucosal epithelial cells (GES-1) and GC cells (MKN45). MKN-45 and GES-1 cells were maintained in an incubator (37 °C, 5% CO2). MKN45 cells were pre-seeded in the 6-well plates (3.0 × 105 cells/per well) and maintained
until the confluence of 60%. HOXA11-AS primers, siRNA, and negative control (siNC) were provided by Ribobio (Guangzhou, China); pcDNA-HOXA11-AS and
pcDNA3.1 were constructed by Generay (Shanghai, China). siRNAs or pcDNAs were
transfected into GES-1 cells with Lipofectamine RNAiMAX Reagent (Life
Technologies, Carlsbad, CA, United States).

RNA isolation
The extraction of total RNA from tissue and cell samples was done using TRIzol
reagent from Invitrogen (Thermo Fisher Scientific) following the manufacturer’s
procedures. The isolation of total RNA from serum samples was done with Qiagen
miRNeasy Serum/Plasma Kit from Qiagen GmbH (Hilden, Germany) following the
manufacturers’ procedures. The quantity and purity of the extracted RNA samples
were detected with NanoDrop 2000c (Thermo Fisher Scientific, Inc.). The RNA
samples with an optical density ratio (260/280) of 1.8-2.0 were accepted into later
study. RNA samples were either kept at -80 °C or used for direct synthesis of cDNA.

Reverse transcription and quantitative real-time polymerase chain reaction (qRTPCR)
The PrimerScript RT Master from Takara Biotechnology (Dalian, China) was used for
cDNA synthesis. The level of HOXA11-AS was measured by RT-qPCR with SYBRGreen PCR Master mix (Roche, Mannheim, Germany) on the Roche Lightcycler 480
Real-Time PCR system (Roche Diagnostics, Basel, Switzerland). The qRT-PCR
reactions were performed in triplicate. Changes in HOXA11-AS level were calculated
using the 2−ΔCt method. Gene expression values were normalized to the expression of
GADPH. The sequences used in qRT-PCR are as follows: HOXA11-AS-F: 5′GATTTCTCCAGCCTCCCTTC-3′ and HOXA11-AS-R: 5′-AGAAATTG
GACGAGACTGCG-3′; GAPDH-F: 5′-TGGTATCGTGGAAGGACTCAT-3′ and
GAPDH-R: 5′- GTGGGTGTCGCTGTTGAAGTC-3′.

Cell counting kit 8 (CCK-8) assay
CCK-8 assay was conducted to explore cell proliferation ability. In this assay, a 96well plate was used and transfected MKN-45 cells were seeded in each well at a
density of 3.0 × 103 cells/well. The cells were maintained in a cell incubator. Ten
microliters of CCK-8 reagent (US Everbright Inc.) were added to each well at 24, 48,
and 72 h after the cells were incubated, respectively. The optical density of each well
of 96-well plates was detected using an enzyme immunoassay instrument from Bio
Rad Laboratories (Hercules, CA, USA).

Transwell assay
Transwell assay was conducted to explore cell invasive capability. Transfected MKN45 cells (4 × 104) with 200 μL of DMEM medium without serum were added into a
transwell chamber (BD Biosciences, New York, NJ, United States) with Matrigel,
which was inserted into a 24-well plate. Each well of the 24-well plate was added with
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Table 1 Clinicopathological characteristics of the study population
Tissue samples
Serum samples

Healthy controls

(n = 25)
Gender
Male

15

57

26

Female

10

37

14

Mean ± SD

60 ± 7

59 ± 7

59 ± 8

Median (range)

61 (45-72)

60 (40-74)

60 (41-74)

<5

19

59

≥5

6

35

I

13

18

II

9

21

III

3

42

IV

0

13

Well and moderate

13

50

Poor

12

44

T1

3

9

T2

7

32

T3

12

35

T4

3

18

Positive

18

50

Negative

7

44

Age

Tumor size (cm)

TNM stage

Differentiation

Invasion depth

Lymph node metastasis

450 μL of DMEM medium and 50 μL of FBS. MKN-45 cells were cultured for another
36 hours. The MKN-45 cells that did not invade through the membrane were washed
and cleaned. Crystal violet (1%) was used and the invaded MKN-45 cells invading
through the membrane were stained for 25 min. After washing cells with PBS three
times, the number of MKN-45 cells invading through the membrane was calculated in
three random visual places using a light microscope.

Protein extraction and Western blot analysis
After rinsing with pre-cooling PBS, MKN-45 cells were dissociated with RIPA buffer
(Thermo Fisher Scientific) mixed with protease and phosphatase inhibitor cocktail
(Roche). The total protein of MKN-45 cells was isolated on the basis of instructions.
The Bio-Rad assay system (Bio-Rad Laboratories, Hercules, CA, United States) was
used to detect the protein concentration. In Western blot analysis, 12% sodium
dodecyl sulfate-polyacrylamide gels were prepared and the same amounts of protein
extract were separated by electrophoresis and then transferred to polyvinylidene
difluoride (PVDF) membranes (Millipore, Billerica, MA, USA). After blocking in 5%
skim milk, the blotted membranes were immersed in primary antibodies (SRSF1,
1:1000; GAPDH, 1:2000, Proteintech, Wuhan, China) for 24 h. The membranes were
rinsed with TBST three times (10 min/time). Subsequently, the membranes were
immersed in a secondary antibody (HRP conjugated goat anti-rabbit antibody, 1:1000,
Sigma) at room temperature for 1 h. GAPDH was used as the internal control. Kodak
film (Kodak, Rochester, NY, United States) was used to detect the blots with an
enhanced chemiluminescence kit (Merck Millipore).

Statistical analysis
SPSS 21.0 software and Graphpad prism 7 software were used for statistical analyses.
The Student’s t-test was conducted to evaluate the differences between subgroups.
The Chi-square test and Fisher’s exact test was conducted to explore the associations
between HOXA11-AS expression and clinicopathological features. ROC curve
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analysis was performed for the assessment of the possibility of serum HOXA11-AS for
GC detection. The significance of serum HOXA11-AS for prognosis evaluation of GC
was evaluated by the Kaplan-Meier method. Cox regression analysis was conducted
for evaluating the possible factors that can predict the prognosis of GC. P < 0.05 was
considered statistically significant.

RESULTS
HOXA11-AS levels in tissue and serum samples
We first explored the levels of HOXA11-AS in tissue and serum samples. As
presented in Table 1, there was no significant difference in age or gender between GC
patients and healthy controls. A significantly increased level of HOXA11-AS was
found in GC tissues vs the paired normal gastric tissues (Figure 1A, P < 0.001).
Furthermore, a similar result was obtained in serum samples. Significant upregulation of HOXA11-AS was found in the serum of GC patients vs healthy
individuals (Figure 1B, P < 0.001). As expected, the same result was obtained in GC
cell lines, which revealed that HOXA11-AS was up-regulated in MKN-45 cells
compared with GES-1 cells (Figure 1C, P < 0.01).

Association between HOXA11-AS level and clinicopathologic features of GC
patients.
We next thoroughly investigated the association between HOXA11-AS level and GC
patients’ clinicopathologic features. The 94 GC patients were split into two parts using
median serum HOXA11-AS l as the cutoff (47 with a high serum HOXA11-AS level
and 47 with a low serum HOXA11-AS level). As shown in Table 2, there was no
significant correlation between serum HOXA11-AS and gender, age, differentiation,
or invasion depth (P > 0.05), while a remarkable association was obtained between
serum HOXA11-AS and TNM stage (P = 0.001), tumor size (P = 0.001), as well as
lymph node metastasis (P = 0.011). We found that the GC patients with decreased
serum HOXA11-AS more probably had smaller tumor, earlier TNM stage, and
negative lymph node metastasis.

HOXA11-AS functions as a potential diagnostic marker in GC
We further tested HOXA11-AS expression in serum samples from postoperative GC
patients. The data demonstrated that compared with preoperative samples, serum
HOXA11-A levels showed no significant difference in the samples obtained 1 d after
surgery (P > 0.05), but they were greatly decreased in the samples obtained 1 mo after
surgery (P = 0.001) (Figure 2A). Furthermore, the area under the ROC curve (AUC) of
serum HOXA11-AS in the diagnosis of GC was 0.924 (95%CI: 0.881-0.967, sensitivity
0.787, specificity 0.978) (Figure 2A). These data demonstrated that HOXA11-AS
possibly acts as a potential marker in the diagnosis of GC.

HOXA11-AS may function as a potential prognostic biomarker in GC
Subsequently, we analyzed the role of HOXA11-AS expression in the prognosis
evaluation of GC patients. As shown in Table 3, the univariate Cox proportional
hazard regression analysis revealed that tumor size (HR = 0.527, 95%CI: 0.301-0.924, P
= 0.025), TNM stage (HR = 0.195, 95%CI: 0.092-0.417, P = 0.001), and serum HOXA11AS (HR = 0.201, 95%CI: 0.104-0.0.835, P = 0.001) were potential factors affecting the
overall survival of GC patients, and the multivariate Cox proportional hazard
regression analysis demonstrated that serum HOXA11-AS (HR = 0.338, 95%CI: 0.1150.989, P = 0.048) was a potential factor affecting the overall survival of GC patients.
What's more, the Kaplan-Meier survival curve was drawn, which demonstrated that
GC individuals with lower expression of HOXA11-AS had a better overall survival
rate (P = 0.001, Figure 3). These data demonstrated that HOXA11-AS may act as a
potential marker for the prognosis of GC.

Cell transfection efficiency
The down-regulation or up-regulation of HOXA11-AS in MKN-45 cells transfected
with pcDNA HOXA11-AS or siRNA was authenticated by RT-qPCR. The amount of
HOXA11-AS in MKN-45 cells transfected with pc-DNA-HOXA11-AS was
noteworthily upregulated vs those transfected with pcDNA3.1 (P < 0.01, Figure 4A).
Moreover, MKN-45 cells transfected with HOXA11-AS-siRNA1 (P < 0.001) or
HOXA11-AS -siRNA2 (P < 0.01) showed a higher level of HOXA11-AS than those
transfected with si-NC (Figure 4B).

HOXA11-AS promotes MKN-45 cell proliferation
In our study, CCK8 assay was conducted to evaluate cell proliferative capability. As
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Figure 1

Figure 1 HOXA11-AS expression in GC tissues, cell lines, and serum samples. A: Relative expression of HOXA11-AS in gastric cancer and normal tissues; B:
Relative levels of serum HOXA11-A in gastric cancer patients and healthy controls; C: Relative levels of HOXA11-A in MNK-45 and GES-1 cells. The assays were
repeated three times. bP < 0.01, cP < 0.001. GC: Gastric cancer.

expected, cell proliferation was faster in MKN-45 cells transfected with pcDNA
HOXA11-AS compared with those transfected with pcDNA 3.1 (Figure 4C). On the
contrary, cell proliferation was slower in MKN-45 cell transfected with siRNA1 or
siRNA2 in comparison with those transfected with si-NC (Figure 4D).

HOXA11-AS promotes MKN-45 cell invasion
Transwell assay was conducted to evaluate cell invasion capability, and the results are
presented in Figure 4E and F, which revealed that the quantity of invaded cells was
significantly higher in MKN-45 cells transfected with pcDNA HOXA11-AS than in
those transfected with pcDNA 3.1 (P < 0.01, Figure 4E). However, the quantity of
invaded cells was remarkably lower in MKN-45 cells transfected with siRNA1 (P <
0.05) or siRNA2 (P < 0.05) than in those transfected with si-NC (Figure 4F).

HOXA11-AS regulates expression of SRSF1 in MKN-45 cells
The result of Western blot indicated that the protein expression of SRSF1 in MKN-45
cells was upregulated when the expression of HOXA11-AS was increased (P < 0.001,
Figure 5A). On the contrary, the protein expression of SRSF1 in MKN-45 cells was
downregulated when the expression of HOXA11-AS was decreased (P < 0.01, Figure
5B).

DISCUSSION
GC is one of the most frequent and fatal malignancies, seriously threatening human
health. Because of the position of the stomach and atypical clinical features of GC, it is
quite difficult to identify GC patients from the healthy control at an early curable
stage. Therefore, over half of GC patients are already in the advanced stage when they
are initially diagnosed with GC and the 5-year overall survival (OS) rate of GC is less
than 30%[15]. However, there are no biomarkers that are accurate and easy to detect for
the diagnosis, prognosis evaluation, and treatment of GC clinically, which may be
attributed to the mystery of the molecular mechanism about the genesis and
progression of GC.
HOXA11-AS, located at the 5′ region of the HOXA cluster, is one of frequently
studied lncRNAs[12]. The level of HOXA11-AS was significantly increased in lung
cancer[16], breast cancer[17], renal cancer[18], and osteosarcoma[19]. Previous studies have
found that HOXA11-AS served as a biomarker in head and head-neck carcinoma[20]
and esophageal carcinoma[21]. Moreover, a meta-analysis revealed that HOXA11-AS
functioned as a prognostic marker in human solid tumors[22]. As for non-small cell
lung cancer (NSCLC), an increased level of HOXA11-AS had a promotive role in cell
epithelial–mesenchymal transition, which was achieved through suppressing miR200b[23]. Moreover, the levels of HOXA11-AS in hepatocellular carcinoma tissues and
cell lines were upregulated. HOXA11-AS promoted cell proliferation by regulating
cell cycle and apoptosis via DUSP5 in hepatocellular carcinoma[24]. These results
demonstrated that HOXA11-AS may play a significant role in various types of
cancers, including GC. In GC, HOXA11-AS was reported to be act as an oncogene and
promote GC cell proliferation, invasion, and metastasis[13,14]. However, the roles of
HOXA11-AS in the diagnosis and prognosis of GC have yet to be fully elucidated.
In our study, the levels of HOXA11-AS in GC tissue samples, cell lines, and serum
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Table 2 Association of serum HOXA11-AS with clinicopathological characteristics in patients
with gastric cancer
Clinical feature

Cases

Serum HOXA11-AS

Male

57

0.345 ± 0.104

Female

37

0.349 ± 0.091

Gender

P-value
0.824

Age (yr)

0.304

<60

38

0.337 ± 0.111

≥60

56

0.355 ± 0.089

<5

59

0.320 ± 0.094

≥5

35

0.391 ± 0.092

I and II

39

0.250 ± 0.073

III and IV

55

0.415 ± 0.040

Well and moderate

50

0.346 ± 0.112

Poor

44

0.347 ± 0.084

T1 and T2

41

0.348 ± 0.100

T3 and T4

53

0.345 ± 0.099

Positive

50

0.377 ± 0.088

Negative

44

0.312 ± 0.100

Tumor size (cm)

0.001

TNM stage

0.001

Differentiation

0.934

Invasion depth

0.867

Lymph node metastasis

0.011

samples were detected, which revealed increased levels of HOXA11-AS in these
samples and cell lines. Moreover, in GC patients, serum HOXA11-AS was negatively
related to tumor size, TNM stage, and lymph node metastasis. The role of HOXA11AS in the diagnosis of GC was explored, which revealed that the AUC of serum
HOXA11-AS in the diagnosis of GC was 0.924 (95%CI: 0.881-0.967, sensitivity 0.787,
specificity 0.978). The Kaplan-Meier survival curve was drawn to evaluate HOXA11AS in the prognosis of GC and the data revealed that the GC patients with low
HOXA11-AS expression has a better overall survival rate. Further functional assays
were conducted to probe into how HOXA11-AS affects the biological behavior of GC
cells, which revealed that HOXA11-AS promoted GC cell proliferation and invasion.
Serine/arginine splicing factor 1 (SRSF1), an important family member of SR
proteins, was reported to participate in multiple biological functions, including
splicing regulation, translation control, RNA transport, cell proliferation, invasion,
and senescence [25-29] . SRSF1 has emerged as a key oncodriver in numerous solid
tumors, such as GC. In our research, SRSF1 was found to be positively co-expressed
with HOXA11-AS in GC by StarBase 3.0 (http://starbase.sysu.edu.cn/index.php).
Therefore, we assume that SRSF1 may be a target of HOXA11-AS in GC cells. Western
blot analysis was performed, and as expected, the results showed that SRSF1 may be
the target of HOXA11-AS in GC cells.
LncRNAs play a significant role in the genesis and progression of malignant
tumors. Previous research found that downregulation of HOXA11-AS caused positive
changes in NSCLC cell proliferation and migration, reversed the epithelial
mesenchymal transition process, and induced cell apoptosis[30]. HOXA11-AS was
increased in breast cancer and promoted cell invasion and metastasis via EMT,
providing a theoretical basis and important molecular target for the therapy of breast
cancer[17]. Results of previous research verified that HOXA11-AS promoted liver
metastasis in colorectal cancer by acting as a miR-125a-5p sponge[31]. HOXA11-AS also
exerted its functions in glioblastoma, uveal melanoma, renal cancer, and cervical
cancer[18,32-34].
Previous studies revealed that lncRNAs can function as diagnostic biomarkers in
GC. It was found that serum lncRNA CTC-497E21.4 may function as a potentially
diagnostic marker for GC[35]. A lower level of circulating LINC00086 expression was
identified in GC patients than in normal individuals. LINC00086 distinguished GC
patients from healthy controls with a high sensitivity and specificity, suggested that
LINC00086 is a potential biomarker for the diagnosis of GC[36]. Moreover, circulating

WJG

https://www.wjgnet.com

2769

June 14, 2019

Volume 25

Issue 22

Liu Y et al. LncRNA HOXA11-AS promotes GC
Figure 2

Figure 2 Performance of HOXA11-AS in the diagnosis of gastric cancer. A: Serum HOXA11-AS levels in the samples obtained 1 d and 1 mo after surgery; B:
The ROC curve demonstrates that serum HOXA11-AS can discriminate gastric cancer patients from healthy controls (AUC = 0.924, 95%CI: 0.881-0.967, P = 0.001)
with a sensitivity of 78.7% and specificity of 97.8%. cP < 0.001. The assays were repeated three times. PreOp: Pre-operation; 1 d: The first day after surgical removal
of the tumor; 1 mo: The 30th day after surgical removal of the tumor; ROC: Receiver operating characteristic curve; AUC: Area under the curve.

H19 was upregulated in GC patients in comparison with healthy individuals and H19
expression declined significantly upon surgical removal of the tumors, suggesting
that H19 can act as a diagnostic biomarker of GC[37].
Previous studies also revealed that lncRNAs can function as prognostic biomarkers
in GC. It was found that serum lncRNA HULC was upregulated in GC patients and
Kaplan-Meier curve analysis suggested that HULC was a good predictor of the
prognosis of GC[7]. Circulating GACAT2 level was noteworthily up-regulated in
preoperative GC patients than in the postoperative group. Moreover, the expression
of GACAT2 were associated with the clinicopathologic features (lymphatic metastasis,
distal metastasis, and perineural invasion) of patients with GC, which suggested that
GACAT2 may be a potential tumor marker for the prediction of GC patient
prognosis [16] . It was reported that up-regulation of plasma MALAT1 was independently correlated with a poor prognosis in GC, demonstrating MALAT1 as a novel
marker for the distant metastasis of GC patients[38].
In conclusion, serum HOXA11-AS significantly increases in GC patients. HOXA11AS promotes GC cell proliferation and invasion via SRSF1 and may function as a
diagnostic and prognostic biomarker in GC.
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Table 3 Univariate and multivariate survival analyses of 94 gastric cancer patients
Univariate analysis

Multivariate analysis

Variable
HR

95%CI

P-value

HR

95%CI

P-value

Gender (Male vs Female)

1.310

0.749-2.291

0.344

---

---

---

Age (yr) (<60 vs ≥60)

0.987

0.560-1.739

0.963

---

---

---

Tumor size (cm) (<5 vs ≥5)

0.527

0.301-0.924

0.025

0.816

0.442-1.508

0.516

TNM stage (I + II vs III + IV)

0.195

0.092-0.417

0.001

0.437

0.125-1.522

0.193

Differentiation (Well and moderate vs Poor)

0.923

0.529-1.61

0.779

---

---

---

Invasion depth (T1 + T2 vs T3 vs T4)

1.050

0.601-1.836

0.863

---

---

---

Lymph node metastasis (Positive vs Negative)

0.667

0.379-1.176

0.162

---

---

---

Serum HOXA11-AS (High vs Low)

0.201

0.104-0.385

0.001

0.338

0.115-0.989

0.048

Figure 3

Figure 3 Kaplan-Meier survival curves demonstrating that gastric cancer patients with low HOXA11-AS expression has a better overall survival rate. The
assays were repeated three times.
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Figure 4

Figure 4 Transfection efficiencies and cell function assays. A and B: Transfection efficiencies of pcDNA-HOXA11-AS (A) and HOXA11-AS-siRNA (B) in gastric
cancer cells; C and D: Migration of MNK-45 cells after HOXA11-AS overexpression (C) or knockdown (D); E and F: Invasion of MNK-45 cells after HOXA11-AS
overexpression (E) or knockdown (F). The assays were repeated three times. aP < 0.05, bP < 0.01, cP < 0.001. OD: Optical density; NC: Normal control.

WJG

https://www.wjgnet.com

2772

June 14, 2019

Volume 25

Issue 22

Liu Y et al. LncRNA HOXA11-AS promotes GC
Figure 5

Figure 5 HOXA11-AS regulates expression of SFSR1 in gastric cancer cells. A: Protein expression of SFSR1 after overexpression of HOXA11-AS in gastric
cancer (GC) cells. B: Protein expression of SFSR1 after knockdown of HOXA11-AS in GC cells. The assays were repeated three times. aP < 0.05, cP < 0.001. NC:
Normal control.

ARTICLE HIGHLIGHTS
Research background
As one of the most frequent cancers, gastric cancer (GC) caused more than 700000 deaths in just
2012 worldwide. Many recent studies have demonstrated the molecular mechanisms involved in
transcriptional regulation in GC, and long noncoding RNAs (lncRNAs) play an irreplaceable role
in the initiation and progression of GC, such as maintaining cell growth, evasion of apoptosis,
promotion of invasion and metastasis, stemness maintenance, and EMT.

Research motivation
To identify more biomarkers for the diagnosis and treatment of GC.

Research objectives
This study aimed to investigate the underlying mechanisms of HOXA11-AS in GC.

Research methods
HOXA11-AS expression was detected by qRT-PCR assay in GC tissues, cell lines, and serum
samples. Clinicopathological characteristics were collected and expression analysis of HOXA11AS was performed to evaluate the role of HOXA11-AS. Cell function assays were performed to
explore the functions of HOXA11-AS in GC cell lines. Moreover, Western blot was performed to
explore the target regulated by HOXA11-AS in GC cell lines.

Research results
We found that HOXA11-AS was upregulated in GC tissues, cell lines, and serum samples, and
exhibited a significant negative correlation with tumor size, TNM stage, and lymph node
metastasis. Cell experiments showed that HOXA11-AS promoted the proliferation and invasion
capacity of GC cell lines, and SRSF1 may be the target regulated by HOXA11-AS in GC cells.
Especially, GC patients with a lower HOXA11-AS level had a better overall survival rate.

Research conclusions
Our study demonstrated that HOXA11-AS can significantly promote GC cell growth, migration,
and invasion. Furthermore, it can work through SRSF1. Therefore, our study provides the
possible molecular mechanism and two new biomarkers for GC.

Research perspectives
In the future, research may reveal the important role of HOXA11-AS that enhances the
sensitivity of GC detection and facilitate its application in anti-cancer treatments. The
identification of the HOXA11-AS/SRSF1 molecular axis may further explain the underlying
mechanism.

WJG

https://www.wjgnet.com

2773

June 14, 2019

Volume 25

Issue 22

Liu Y et al. LncRNA HOXA11-AS promotes GC

REFERENCES
1
2
3
4

5

6

7

8

9

10

11

12

13

14

15
16

17

18

19

20

21

22

23

24

25

26

27

WJG

https://www.wjgnet.com

Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric cancer. Lancet 2016; 388: 26542664 [PMID: 27156933 DOI: 10.1016/S0140-6736(16)30354-3]
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin 2019; 69: 7-34 [PMID:
30620402 DOI: 10.3322/caac.21551]
Thrumurthy SG, Chaudry MA, Hochhauser D, Mughal M. The diagnosis and management of gastric
cancer. BMJ 2013; 347: f6367 [PMID: 24191271 DOI: 10.1136/bmj.f6367]
Murad AM, Santiago FF, Petroianu A, Rocha PR, Rodrigues MA, Rausch M. Modified therapy with 5fluorouracil, doxorubicin, and methotrexate in advanced gastric cancer. Cancer 1993; 72: 37-41 [PMID:
8508427 DOI: 10.1002/1097-0142(19930701)72:1<37::AID-CNCR2820720109>3.0.CO;2-P]
Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A, Haerting J, Fleig WE. Chemotherapy for
advanced gastric cancer. Cochrane Database Syst Rev 2010; CD004064 [PMID: 20238327 DOI:
10.1002/14651858.CD004064.pub3]
Lee YR, Kim G, Tak WY, Jang SY, Kweon YO, Park JG, Lee HW, Han YS, Chun JM, Park SY, Hur K.
Circulating exosomal noncoding RNAs as prognostic biomarkers in human hepatocellular carcinoma. Int J
Cancer 2019; 144: 1444-1452 [PMID: 30338850 DOI: 10.1002/ijc.31931]
Jin C, Shi W, Wang F, Shen X, Qi J, Cong H, Yuan J, Shi L, Zhu B, Luo X, Zhang Y, Ju S. Long noncoding RNA HULC as a novel serum biomarker for diagnosis and prognosis prediction of gastric cancer.
Oncotarget 2016; 7: 51763-51772 [PMID: 27322075 DOI: 10.18632/oncotarget.10107]
Zhao R, Zhang Y, Zhang X, Yang Y, Zheng X, Li X, Liu Y, Zhang Y. Exosomal long noncoding RNA
HOTTIP as potential novel diagnostic and prognostic biomarker test for gastric cancer. Mol Cancer 2018;
17: 68 [PMID: 29486794 DOI: 10.1186/s12943-018-0817-x]
Chen Q, Su Y, He X, Zhao W, Wu C, Zhang W, Si X, Dong B, Zhao L, Gao Y, Yang X, Chen J, Lu J,
Qiao X, Zhang Y. Plasma long non-coding RNA MALAT1 is associated with distant metastasis in patients
with epithelial ovarian cancer. Oncol Lett 2016; 12: 1361-1366 [PMID: 27446438 DOI:
10.3892/ol.2016.4800]
Zhang X, Mao L, Li L, He Z, Wang N, Song Y. Long noncoding RNA GIHCG functions as an oncogene
and serves as a serum diagnostic biomarker for cervical cancer. J Cancer 2019; 10: 672-681 [PMID:
30719165 DOI: 10.7150/jca.28525]
Wang ZF, Hu R, Pang JM, Zhang GZ, Yan W, Li ZN. Serum long noncoding RNA LRB1 as a potential
biomarker for predicting the diagnosis and prognosis of human hepatocellular carcinoma. Oncol Lett 2018;
16: 1593-1601 [PMID: 30008842 DOI: 10.3892/ol.2018.8825]
Lu CW, Zhou DD, Xie T, Hao JL, Pant OP, Lu CB, Liu XF. HOXA11 antisense long noncoding RNA
(HOXA11-AS): A promising lncRNA in human cancers. Cancer Med 2018; 7: 3792-3799 [PMID:
29992790 DOI: 10.1002/cam4.1571]
Liu Z, Chen Z, Fan R, Jiang B, Chen X, Chen Q, Nie F, Lu K, Sun M. Over-expressed long noncoding
RNA HOXA11-AS promotes cell cycle progression and metastasis in gastric cancer. Mol Cancer 2017;
16: 82 [PMID: 28441948 DOI: 10.1186/s12943-017-0651-6]
Sun M, Nie F, Wang Y, Zhang Z, Hou J, He D, Xie M, Xu L, De W, Wang Z, Wang J. LncRNA
HOXA11-AS Promotes Proliferation and Invasion of Gastric Cancer by Scaffolding the Chromatin
Modification Factors PRC2, LSD1, and DNMT1. Cancer Res 2016; 76: 6299-6310 [PMID: 27651312
DOI: 10.1158/0008-5472.CAN-16-0356]
Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer J Clin 2015; 65: 5-29 [PMID:
25559415 DOI: 10.3322/caac.21254]
Tan L, Yang Y, Shao Y, Zhang H, Guo J. Plasma lncRNA-GACAT2 is a valuable marker for the
screening of gastric cancer. Oncol Lett 2016; 12: 4845-4849 [PMID: 28105191 DOI:
10.3892/ol.2016.5297]
Li W, Jia G, Qu Y, Du Q, Liu B, Liu B. Long Non-Coding RNA (LncRNA) HOXA11-AS Promotes
Breast Cancer Invasion and Metastasis by Regulating Epithelial-Mesenchymal Transition. Med Sci Monit
2017; 23: 3393-3403 [PMID: 28701685]
Yang FQ, Zhang JQ, Jin JJ, Yang CY, Zhang WJ, Zhang HM, Zheng JH, Weng ZM. HOXA11-AS
promotes the growth and invasion of renal cancer by sponging miR-146b-5p to upregulate MMP16
expression. J Cell Physiol 2018; 233: 9611-9619 [PMID: 29953617 DOI: 10.1002/jcp.26864]
Cui M, Wang J, Li Q, Zhang J, Jia J, Zhan X. Long non-coding RNA HOXA11-AS functions as a
competing endogenous RNA to regulate ROCK1 expression by sponging miR-124-3p in osteosarcoma.
Biomed Pharmacother 2017; 92: 437-444 [PMID: 28558357 DOI: 10.1016/j.biopha.2017.05.081]
Yao Y, Chen X, Lu S, Zhou C, Xu G, Yan Z, Yang J, Yu T, Chen W, Qian Y, Ding S, Tang J, Chen Y,
Zhang Y. Circulating Long Noncoding RNAs as Biomarkers for Predicting Head and Neck Squamous Cell
Carcinoma. Cell Physiol Biochem 2018; 50: 1429-1440 [PMID: 30355951 DOI: 10.1159/000494605]
Sun XY, Wang XF, Cui YB, Cao XG, Zhao RH, Wei HY, Cao W, Wu W. [Expression level and clinical
significance of LncRNA HOXA11-AS in esophageal squamous cell carcinoma patients]. Zhonghua Zhong
Liu Za Zhi 2018; 40: 186-190 [PMID: 29575836 DOI: 10.3760/cma.j.issn.0253-3766.2018.03.005]
Mu S, Ai L, Fan F, Sun C, Hu Y. Prognostic and clinicopathological significance of long noncoding RNA
HOXA11-AS expression in human solid tumors: a meta-analysis. Cancer Cell Int 2018; 18: 1 [PMID:
29308050 DOI: 10.1186/s12935-017-0498-3]
Chen JH, Zhou LY, Xu S, Zheng YL, Wan YF, Hu CP. Overexpression of lncRNA HOXA11-AS
promotes cell epithelial-mesenchymal transition by repressing miR-200b in non-small cell lung cancer.
Cancer Cell Int 2017; 17: 64 [PMID: 28615992 DOI: 10.1186/s12935-017-0433-7]
Liu B, Li J, Liu X, Zheng M, Yang Y, Lyu Q, Jin L. Long non-coding RNA HOXA11-AS promotes the
proliferation HCC cells by epigenetically silencing DUSP5. Oncotarget 2017; 8: 109509-109521 [PMID:
29312625 DOI: 10.18632/oncotarget.22723]
Erkelenz S, Mueller WF, Evans MS, Busch A, Schöneweis K, Hertel KJ, Schaal H. Position-dependent
splicing activation and repression by SR and hnRNP proteins rely on common mechanisms. RNA 2013; 19:
96-102 [PMID: 23175589 DOI: 10.1261/rna.037044.112]
Wang Y, Xiao X, Zhang J, Choudhury R, Robertson A, Li K, Ma M, Burge CB, Wang Z. A complex
network of factors with overlapping affinities represses splicing through intronic elements. Nat Struct Mol
Biol 2013; 20: 36-45 [PMID: 23241926 DOI: 10.1038/nsmb.2459]
Das R, Yu J, Zhang Z, Gygi MP, Krainer AR, Gygi SP, Reed R. SR proteins function in coupling RNAP
II transcription to pre-mRNA splicing. Mol Cell 2007; 26: 867-881 [PMID: 17588520 DOI: 10.1016/j.molcel.2007.05.036]

2774

June 14, 2019

Volume 25

Issue 22

Liu Y et al. LncRNA HOXA11-AS promotes GC
28

29

30

31

32

33

34

35

36

37

38

WJG

https://www.wjgnet.com

Fregoso OI, Das S, Akerman M, Krainer AR. Splicing-factor oncoprotein SRSF1 stabilizes p53 via RPL5
and induces cellular senescence. Mol Cell 2013; 50: 56-66 [PMID: 23478443 DOI:
10.1016/j.molcel.2013.02.001]
Zhou X, Wang R, Li X, Yu L, Hua D, Sun C, Shi C, Luo W, Rao C, Jiang Z, Feng Y, Wang Q, Yu S.
Splicing factor SRSF1 promotes gliomagenesis via oncogenic splice-switching of MYO1B. J Clin Invest
2019; 129: 676-693 [PMID: 30481162 DOI: 10.1172/jci120279]
Zhao X, Li X, Zhou L, Ni J, Yan W, Ma R, Wu J, Feng J, Chen P. LncRNA HOXA11-AS drives cisplatin
resistance of human LUAD cells via modulating miR-454-3p/Stat3. Cancer Sci 2018; 109: 3068-3079
[PMID: 30099826 DOI: 10.1111/cas.13764]
Chen D, Sun Q, Zhang L, Zhou X, Cheng X, Zhou D, Ye F, Lin J, Wang W. The lncRNA HOXA11-AS
functions as a competing endogenous RNA to regulate PADI2 expression by sponging miR-125a-5p in
liver metastasis of colorectal cancer. Oncotarget 2017; 8: 70642-70652 [PMID: 29050308 DOI:
10.18632/oncotarget.19956]
Se YB, Kim SH, Kim JY, Kim JE, Dho YS, Kim JW, Kim YH, Woo HG, Kim SH, Kang SH, Kim HJ,
Kim TM, Lee ST, Choi SH, Park SH, Kim IH, Kim DG, Park CK. Underexpression of HOXA11 Is
Associated with Treatment Resistance and Poor Prognosis in Glioblastoma. Cancer Res Treat 2017; 49:
387-398 [PMID: 27456940 DOI: 10.4143/crt.2016.106]
Lu Q, Zhao N, Zha G, Wang H, Tong Q, Xin S. LncRNA HOXA11-AS Exerts Oncogenic Functions by
Repressing p21 and miR-124 in Uveal Melanoma. DNA Cell Biol 2017; 36: 837-844 [PMID: 28749709
DOI: 10.1089/dna.2017.3808]
Kim HJ, Eoh KJ, Kim LK, Nam EJ, Yoon SO, Kim KH, Lee JK, Kim SW, Kim YT. The long noncoding
RNA HOXA11 antisense induces tumor progression and stemness maintenance in cervical cancer.
Oncotarget 2016; 7: 83001-83016 [PMID: 27792998 DOI: 10.18632/oncotarget.12863]
Zong W, Feng W, Jiang Y, Ju S, Cui M, Jing R. Evaluating the diagnostic and prognostic value of serum
long non-coding RNA CTC-497E21.4 in gastric cancer. Clin Chem Lab Med 2019; Epub ahead of print
[PMID: 30763257 DOI: 10.1515/cclm-2018-0929]
Ji B, Huang Y, Gu T, Zhang L, Li G, Zhang C. Potential diagnostic and prognostic value of plasma long
noncoding RNA LINC00086 and miR-214 expression in gastric cancer. Cancer Biomark 2019; 24: 249255 [PMID: 30689553 DOI: 10.3233/cbm-181486]
Yörüker EE, Keskin M, Kulle CB, Holdenrieder S, Gezer U. Diagnostic and prognostic value of
circulating lncRNA H19 in gastric cancer. Biomed Rep 2018; 9: 181-186 [PMID: 30083318 DOI:
10.3892/br.2018.1116]
Xia H, Chen Q, Chen Y, Ge X, Leng W, Tang Q, Ren M, Chen L, Yuan D, Zhang Y, Liu M, Gong Q, Bi
F. The lncRNA MALAT1 is a novel biomarker for gastric cancer metastasis. Oncotarget 2016; 7: 5620956218 [PMID: 27486823 DOI: 10.18632/oncotarget.10941]

2775

June 14, 2019

Volume 25

Issue 22

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 June 14; 25(22): 2776-2787

DOI: 10.3748/wjg.v25.i22.2776

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

ORIGINAL ARTICLE
Basic Study

Sp1 contributes to overexpression of stanniocalcin 2 through
regulation of promoter activity in colon adenocarcinoma
Ji-Bin Li, Zhe-Xian Liu, Rui Zhang, Si-Ping Ma, Tao Lin, Yan-Xi Li, Shi-Hua Yang, Wan-Chuan Zhang,
Yong-Peng Wang
ORCID number: Ji-Bin Li
(0000-0001-7705-1437); Zhe-Xian Liu
(0000-0001-9289-0407); Rui Zhang
(0000-0001-9261-2079); Si-Ping Ma
(0000-0002-6806-3150); Tao Lin
(0000-0001-9525-3884); Yan-Xi Li
(0000-0002-0623-9915); Shi-Hua
Yang (0000-0003-3997-7874); WanChuan Zhang (0000-0002-8366-0404);
Yong-Peng Wang
(0000-0001-9171-8381).

Author contributions: Li JB and Liu
ZX contributed equally to this
study; Li JB, Liu ZX, Zhang R, Ma
SP, Lin T, and Li YX conducted the
experiments and data analysis.;
Yang SH and Zhang WC provided
technical support and participated
in the project discussion; Yang SH
and Liu ZX drafted the
manuscript; Li JB, Zhang R, and
Wang YP designed and directed
the project; All authors read and
approved the submission of the
manuscript.

Supported by: the Natural Science
Foundation of Liaoning Province,
China, No. 20180550769.

Institutional review board
statement: This study was
reviewed and approved by the
Institutional Review Board of
Cancer Hospital of China Medical
University, Liaoning Cancer
Hospital & Institute.

Ji-Bin Li, Zhe-Xian Liu, Rui Zhang, Si-Ping Ma, Tao Lin, Yan-Xi Li, Shi-Hua Yang, Wan-Chuan
Zhang, Yong-Peng Wang, Department of Colorectal Surgery, Cancer Hospital of China Medical
University, Liaoning Cancer Hospital & Institute, Shenyang 110042, Liaoning Province, China
Shi-Hua Yang, Wan-Chuan Zhang, China Medical University, Shenyang 110000, Liaoning
Province, China
Corresponding author: Yong-Peng Wang, MD, Director, Department of Colorectal Surgery,
Cancer Hospital of China Medical University, Liaoning Cancer Hospital & Institute, NO. 44,
Xiaoheyan Road, Dadong District, Shenyang 110042, Liaoning Province, China.
zzzrrr1234@sina.com
Telephone: +86-24-24315679
Fax: +86-24-24315679

Abstract
BACKGROUND
Aberrant expression of stanniocalcin 2 (STC2) is implicated in colon
adenocarcinoma (COAD). A previous study identified that STC2 functions as a
tumor promoter to drive development of some cancers, but the role of its
overexpression in the development of COAD remains unclear.
AIM
To evaluate the regulation mechanism of STC2 overexpression in COAD.
METHODS
The expression of STC2 in COAD was assessed by TCGA COAD database and
GEO (GSE50760). Methylation level of the STC2 promoter was evaluated with
beta value in UALCAN platform, and the correlation between STC2 expression
and survival rate was investigated with TCGA COAD. Transcription binding site
prediction was conducted by TRANSFAC and LASAGNA, and a luciferase
reporter system was used to identify STC2 promoter activity in several cell lines,
including HEK293T, NCM460, HT29, SW480, and HCT116. Western blotting was
performed to evaluate the role of Sp1 on the expression of STC2.

Conflict-of-interest statement: The
authors declare no conflict of
interest.

Data sharing statement: No
additional data are available.

WJG

RESULTS
The central finding of this work is that STC2 is overexpressed in COAD tissues
and positively correlated with poor prognosis. Importantly, the binding site of
the transcription factor Sp1 is widely located in the promoter region of STC2. A
luciferase reporter system was successfully constructed to analyze the
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transcription activity of STC2, and knocking down the expression of Sp1
significantly inhibited the transcription activity of STC2. Furthermore, inhibition
of Sp1 remarkably decreased protein levels of STC2.
CONCLUSION
Our data provide evidence that the transcription factor Sp1 is essential for the
overexpression of STC2 in COAD through activation of promoter activity. Taken
together, our finding provides new insights into the mechanism of oncogenic
function of COAD by STC2.
Key words: Transcription factor Sp1; Stanniocalcin 2; Overexpression; Promoter activity;
Colon adenocarcinoma
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: This study demonstrated that stanniocalcin 2 (STC2) is overexpressed in colon
adenocarcinoma (COAD) and that high expression of STC2 predicts poor prognosis. The
promoter of STC2 in COAD was hypermethylated, and the transcription factor Sp1 was
essential for STC2 expression. These findings provide new insights into the mechanism
of oncogenic function of STC2 in COAD.

Citation: Li JB, Liu ZX, Zhang R, Ma SP, Lin T, Li YX, Yang SH, Zhang WC, Wang YP.
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DOI: https://dx.doi.org/10.3748/wjg.v25.i22.2776

INTRODUCTION
Colon cancer is the third most common cancer and the third most common cause of
tumor-related death[1]. A digestive system tumor, colon cancer is highly aggressive
and malignant and has high mortality and recurrence rates [2,3] . Research on the
pathogenesis of colon cancer has identified not only genetic factors, such as gene
mutations in the APC/KRAS/p53 pathways and familial adenomatous polyposis
(FAP), but also lifestyle factors, such as a high-fat diet and excessive alcohol use[4,5].
Current therapy for colon cancer is mainly surgery, chemotherapy, and targeting
therapy. If cancer diagnosis is during the end-stage, drug therapy becomes the most
important therapy in the clinical practice. Drug resistance has become a restriction
factor during chemotherapy and targeting drug therapy[6,7], revealing the importance
of searching for novel drug targets in colon cancer.
Stanniocalcin 2 (STC2) is a glycoprotein that was first identified in bony fish[8], and
it has been reported that STC2 is widely expressed in human tissues. Organs with
high levels of the transcript are muscle, kidney, brain, bone, and lung[9,10]. A recent
study implicated a role of STC2 in phosphorus and calcium homeostasis[11]. Several
reports have shown that STC2 is involved in the growth of bone and adult height[12,13].
In addition, the expression of STC2 plays an important role in the development of
some cancers, including hepatocellular carcinoma (HCC), head and neck squamous
cell carcinoma, lung cancer, laryngeal squamous cell cancer, breast cancer,
nasopharyngeal carcinomas, cervical cancer, and so on[14-18]. The expression of STC2
correlates with clinical and pathological parameters in nasopharyngeal carcinomas,
laryngeal squamous cell cancer, lung cancer, and other cancers [18-21] . STC2 is
overexpressed in some cancers, indicating that it may be a potential cancer biomarker
for diagnosis and prognosis analysis[15,21-23]. Also, it was shown that serum STC2
combined with TIMP metallopeptidase inhibitor 1 and kinesin II-associated protein
KAP1 could be poor prognostic factors for recurrence of gastric cancer [20] . The
mechanistic investigation demonstrated that the expression of STC2 could regulate
PI3K/AKT/ERK signaling in head and neck squamous cell carcinoma and HCC[16,24].
In the progression of colorectal cancer, ovarian cancer, and HCC, STC2 contributed to
metastasis through promoting epithelial-mesenchymal transition[22,25,26]. STC2 was also
identified as a target gene of hypoxia inducible factor 1 alpha in hypoxia and aryl
hydrocarbon receptor[27,28]. It was recently shown that STC2 was closely related with
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chemotherapeutic drug resistance in cervical cancer and other cancers [17,29-31] ,
suggesting that STC2 plays an important role in the regulation of proliferation and
apoptosis of cancer cells.
However, the significance of STC2 in colon adenocarcinoma (COAD) remains
unclear, especially regarding the mechanism of STC2 overexpression in some cancers.
In this study, we showed that STC2 was overexpressed in COAD, and that its
expression was closely related with the progression of COAD. We revealed that STC2
is a tumor promoter by analyzing the survival rate of COAD patients. More
importantly, we identified the core region promoter of STC2 and showed that the
promoter of STC2 in colon cancer tissues was hypermethylated. The transcription
factor Sp1 contributed to promoter activity and expression of STC2. Our findings
provide evidence of the mechanism for the overexpression of STC2 in COAD,
revealing STC2 as a feasible therapeutic target for colon cancer therapy.

MATERIALS AND METHODS
Reagents
Dulbecco’s Modified Eagle’s Medium (DMEM), RMPI1640, fetal bovine serum (FBS),
and penicillin-streptomycin were purchased from Gibco (Gaithersburg, MD, United
States); RNA extraction reagent, 1st Strand cDNA Synthesis mixture, quantitative PCR
SYBR Green kit, lentivirus concentration solution kit, and enhanced ECL
chemiluminescent substrate kit were obtained from Yesen Biotechnology (Shanghai,
China); Anti-GAPDH (5174S) was purchased from Cell Signaling Technology
(Beverly, MA, United States); anti-STC2 antibody was obtained from Santa Cruz
(Dallas, TX, United States; horseradish peroxidase (HRP)-conjugated goat anti-mouse
immunoglobulin G, HRP-conjugated goat anti-rabbit immunoglobulin G were from
ProteinTech (Chicago, IL, United States); Dual luciferase reporter kit (Cat. RG028) was
obtained from Beyotime Biotechnology (Shanghai, China).

Cell culture
Human colon cancer cell lines HT29, SW480, and HCT116 and normal colonic
epithelial cells NCM460 were obtained from America Type Culture Collection
(Manassas, VA, United States). Human embryonic kidney cells HEK293T were
purchased from Shanghai Institute of Biochemistry and Cell biology, Chinese
Academy of Sciences (Shanghai, China). HEK293T cells were cultured in high-glucose
DMEM supplemented with 10% FBS. HT29, SW480, HCT116, and NCM460 cell lines
were maintained in Roswell Park Memorial Institute 1640 medium with 10% FBS. All
cell lines in this project were cultured with 100 U/mL penicillin and 100 µg/mL
streptomycin in a humidified 5% CO2 cell incubator at 37 °C. The cell passage was
achieved with trypsin with 0.25% EDTA, and the maximum cell passage was 10 times.

Plasmid construction and transfection
The full length of Sp1 was cloned into pCMV-Myc vector to produce overexpression
in cells. The pSuper-neo system was used to knockdown Sp1 expression. The oligo
sequences for Sp1 lentiviral shRNA clones were as follows: 5’-CCG GGC TGG TGG
TGA TGG AAT ACA TCT CGA GAT GTA TTC CAT CAC CAC CAG CTT TTT-3’[32].
All plasmids were verified by sequencing.
Before transfection, cell culture medium was replaced with fresh medium.
Transfections were carried out using Lipofectamine 2000, and the cells were incubated
with transfection solution for 6 h. The total medium was replaced with fresh medium
with 10% FBS. The subsequent steps were conducted after additional 24 h in culture.

TCGA and UALCAN platform analysis
The expression of STC2 in adjacent normal colonic tissues and colon tumor tissues
was analyzed using the TCGA COAD database (https://cancergenome.nih.gov/).
Briefly, the expression and clinical information of COAD were downloaded with the
GDC Data Portal (https://portal.gdc.cancer.gov/). The 41 normal colonic tissue
samples and 286 colon tumor tissue samples were included in the analysis of STC2
expression.
The promoter methylation level of STC2 was evaluated with beta value in
UALCAN platform (http://ualcan.path.uab.edu/analysis.html), indicating the levels
of DNA methylation ranging from 0 (unmethylated) to 1 (fully methylated). Different
beta value cut-off has been considered as hypermethylation (Beta calue: 0.7-0.5) or
hypo-methylation (Beta value: 0.3-0.25).
The cumulative survival rate of TCGA COAD is shown as a Kaplan-Meier plot. The
top 50% expression of STC2 was considered the high expression group, and the
bottom 50% expression of STC2 was considered the low expression group. These
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groups were compared by the log-rank test.

Promoter activity analysis
The potential promoter sequence of STC2 was analyzed by the GeneCopoeia
promoter reporter clone platform (www.genecopoeia.com). The promoter sequence
was obtained from the total genomic DNA of HT29 cells by polymerase chain reaction
(PCR) method. The full length of 1530 nt of promoter was cloned to the Nhe I/Xho I of
pGL3-basic vector, and the sequences of the primer were as follows: Forward primer,
5’-CTA GCT AGC AGG CTG GGC AAA GCA GG-3’, reverse primer, 5’-CCG CTC
GAG GCG GAG CAT CGC GTG-3’. The full length of the luciferase reporter plasmid
was used as a template to clone other truncated reporter plasmids with the same
method.

Luciferase reporter assay
The cells were seeded at 80000 cells/well in 24-well plates and transfected with
different pGL3-STC2 reporter plasmids and the pRL-Rellina vector. Cells were
cultured for an additional 24 h in complete medium, and the activity of reporter
activity was measured with Dual-luciferase assay kit (Beyotime).

Western blotting assay
The cells were washed twice with cold phosphate buffer saline and harvested with
radioimmunoprecipitation assay lysis buffer containing 150 mmol/L NaCl, 50
mmol/L Tris (pH 7.4), 1 mmol/L EDTA, sodium deoxycholate, 1% (v/v) Triton X100, 0.1% (w/v) SDS. Equal protein was separated on 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis and transferred to polyvinylidene difluoride
membrane (Roche, Rotkreuz, Switzerland). Subsequently, membranes were blocked
in 5% non-fat milk and washed with Tris-buffered saline (TBS, 10 mmol/L Tris, 150
mmol/L NaCl) containing 0.05% Tween-20 (TBST) for three times. The membranes
were incubated with the indicated antibody at 4 °C overnight, rinsed, and then
incubated with HRP-conjugated anti-mouse or anti-rabbit antibody for another 1 h at
room temperature. The blots were detected using an electrochemiluminescence
system.

RNA extraction and mRNA level analysis
Total RNAs were isolated by TRIeasy total RNA extraction reagent (Yesen Biotech)
and reverse transcribed by Hifair 1st strand cDNA synthesis kit (Yesen Biotech).
quantitative PCR analysis was carried out using SYBR Green reverse transcriptionPCR kits (TaKaRa, Tokyo, Japan). Relative mRNA levels of the target genes were
normalized to β-actin levels. The primers were synthesized by Invitrogen (Shanghai
Branch), which included: STC2 (forward: 5'-TTG AAA TGT AAG GCC CAC GC -3';
reverse: 5’-CAG GTC AGC AGC AAG TTC AC-3') and β-actin (forward: 5'- CAT CCG
CAA AGA CCT GTA CG-3'; reverse: 5’-CCT GCT TGC TGA TCC ACA TC -3'). The
data were calculated by the 2- CT method.

Statistical analysis
All experiments were performed three times or more. The data are presented as mean
± standard deviation. Statistics analysis was performed by Graphpad 7.0 software (La
Jolla, CA, United States) using a two-tailed student's t test. P value less than 0.05 was
considered statically significant.

RESULTS
STC2 is overexpressed in human COAD tissues
To determine the role of STC2 in COAD, the TCGA COAD database was used to
analyze the transcript levels of STC2 in 286 cases COAD tissues and 41 cases normal
colonic tissues. The transcript levels of STC2 were significantly higher in COAD
tissues than those from normal colonic tissues (Figure 1A). To analyze the potential
role of STC2 in the development of COAD, the expression of STC2 in different stages
was determined. In the early stage (tumor stage I), the expression of STC2 was higher
in COAD tissues than in normal colonic tissues. The expression of STC2 was higher in
the more advanced stages than in stage I (Figure 1B). STC2 levels in primary colon
tumor and colon tumor with liver metastasis were compared, and the expression of
STC2 in the 18 cases of colon cancer with liver metastasis was increased 6-fold
compared to 19 cases of primary COAD (Figure 1C). These results suggest that STC2
might play an important role in COAD progression.

STC2 is hypermethylated in colon cancer tissues and high expression shows lower
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Figure 1

Figure 1 STC2 was overexpressed in colon tumor tissues and contributed to cancer development. A: The relative transcript expression of STC2 was
conducted with normal (adjacent colorectal tissues, 41 cases) and colon tumor tissues (286 cases). b), cP < 0.001 vs normal; B: The relative transcript expression of
STC2 was evaluated in 274 cases colon tumor tissues with different disease condition, aP < 0.05 vs normal group, cP < 0.001 vs normal group; C: With RNA-seq
analysis of STC2 expression in primary colon cancer and liver metastatic colon cancer tissues of stage IV patients (GSE50760). Subset 1: Primary colon cancer;
Subset 2: Colon cancer with liver metastasis. STC2: Stanniocalcin 2; FPKM: Fragments per kilobase million.

survival rate
STC2 was overexpressed in COAD, and its expression was positively correlated with
the disease progression. Since many studies have shown that aberrant DNA
methylation has a significant impact on gene expression and prognosis in some
cancers[33,34], and a previous study reported that reducing the expression of DNA
methyltransferase 1 could stimulate STC2 expression [35] , we hypothesized that
methylation might contribute to the overexpression of STC2. To verify this, the
promoter DNA methylation data from TCGA Infinium HumanMethylation450K
BeadChip arrays for COAD[36] were subjected to methylation analysis of the STC2
promoter. As shown in Figure 2A, promoter methylation levels of STC2 in colon
tumors were remarkably upregulated compared with normal colonic tissues. This
result suggests that hypermethylation of the STC2 promoter might contribute to the
overexpression of STC2 in colon tumor through regulating its transcriptional activity.
Since STC2 is overexpressed in COAD, we determined the role of STC2 on the
tumorigenesis of COAD and the survival rate curve of TCGA COAD was performed.
Compared with the low expression group of STC2 patients, the high expression group
showed a notable reduction in survival rate. As shown in Figure 1, STC2 was highly
overexpressed in colon cancer tissues and its expression was closely related to the
development of the disease. Thus, these results indicate that increased expression of
STC2 might promote the development of colon cancer and that STC2 is a potential
prognostic biomarker and therapeutic target for colon cancer.

Identification of the human STC2 promoter core region
To study the mechanism of STC2 overexpression in colon cancer, we cloned the
constructs of the STC2 promoter region, including -1243/+286 (pGL3-STC2-p5), 985/+286 (pGL3-STC2-p4), -358/+286 (pGL3-STC2-p3), -61/+286 (pGL3-STC2-p2),
and +100/+286 (pGL3-STC2-p1). A dual luciferase reporter assay was performed to
identify the promoter core region of STC2. As shown in Figure 3A, pGL3-STC2-p3
inserted with the -358/+286 promoter fragment exhibited the maximum luciferase
reporter activity, indicating that the -358/+286 fragment is the core region of the STC2
promoter. Then, we examined the core region promoter activity in some cell lines,
including HEK293T cells, normal colonic epithelial cells NCM460, SW480 cancer cells,
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Figure 2

Figure 2 STC2 was hypermethylated in colon cancer tissues and the high expression of STC2 indicated poor
prognosis. A: Comparison of the promoter methylation level of STC2 in 37 cases normal colon and 313 cases tumor
tissues; B: The cumulative survival rate was conducted between high and low expression of STC2. cP < 0.001 vs
normal. STC2: Stanniocalcin 2.

HT29 cancer cells, and HCT116 cancer cells. We found that the promoter activity of
STC2 in colon cells was significantly higher than that in the normal colonic cells
NCM460 and HEK293T cells. In addition, HT29 exhibited higher luciferase promoter
activity than SW480 cancer cells and HCT116 cells (Figure 3B). HT29 cells were the
most aggressive with high-grade differentiated, SW480 cells were moderately
differentiated, and HCT116 cells were poorly differentiated[37,38]. The promoter activity
of STC2 was positively correlated with the progression of colon cancer disease. The
mRNA levels of STC2 were measured in these cells, and the results showed that the
order of mRNA expression levels in the three colon cancer cell lines was HT29,
SW480, and HCT116 (Figure 3C). In addition, protein levels were assessed by western
blotting, and the protein levels of STC2 in HEK293T, NCM460, HT29, SW480, and
HCT116 cells were consistent with the mRNA levels (Figure 3D and E). Based on
analysis of promoter activity and mRNA and protein levels, our results indicate that
STC2 expression is increased in colon cancer cells and this increase was related to
malignant level.

Transcription factor binding sites prediction
Our results showed the STC2 was highly expressed in colon cancer, and the promoter
activity of STC2 was closely related with the mRNA and protein levels. Since
transcription factors play important roles in the gene regulation, we postulated that
some transcription factors might be required for the overexpression of STC2 through
binding its promoter region. To test this, the promoter core region of STC2 was
analyzed using TRANSFAC and LASAGNA tools. The STC2 promoter core region,
along with some putative binding sites for transcriptional regulator, were used. As
shown in Figure 4, the core region was GC rich (GC box), which has been reported to
be a potential binding site for the Sp1 transcription factor.

Sp1 transcription factor is required for the promoter activity of STC2
Due to the potential Sp1 binding sites in the core region of the STC2 promoter, we
hypothesized that Sp1 has an important role in the regulation of STC2 promoter
activity. To evaluate the contribution of Sp1, we constructed an overexpressing Sp1
plasmid and transfected it into HCT116 and NCM460 cells. As shown in Figure 5A,
overexpression of Sp1 remarkably increased the promoter reporter activity in both
HCT116 cancer cells and normal colonic NCM460 cells. To confirm this result, SW480
colon cancer cells were similarly treated, and the data showed that overexpression of
Sp1 in SW480 could upregulate the promoter activity of STC2 in a dose dependent
manner (Figure 5B). Moreover, knockdown of Sp1 in HT29 and SW480 cells revealed
that silencing of Sp1 could significantly downregulate the promoter activity (Figure
5C and D). These results confirmed that Sp1 transcription factor contributes to the
promoter regulation of STC2.

Sp1 transcription factor is required for the expression of STC2
Since transcription factor Sp1 contributes to the promoter activity of STC2, we
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Figure 3

Figure 3 The core region of the STC2 promoter was -358/+286 nt and correlated with the protein levels. A: The
relative promoter activity of different regions of the STC2 promoter was evaluated by luciferase reporter assay in
HT29 cells, cP < 0.001 vs pGL3-Basic; B: The relative promoter activity of core region -358/+286 nt and (C: mRNA
expression levels were examined in different cell lines, aP < 0.05, bP < 0.01, cP < 0.001 vs HEK293T; D: Western
blotting was performed to examine the protein expression of STC2 in different cell lines; E: The relative protein
density of panel D was conducted by Quantity One software. bP < 0.01, cP < 0.001 vs HEK293T. STC2: Stanniocalcin
2.

confirmed the role of Sp1 in the expression of STC2. In STC2 low expressing HEK293T
and NCM460 cells, overexpression of Sp1 could enhance the protein expression of
STC2 (Figure 6A and B). In STC2 high expressing HT29 and SW480 cells, knocking
down the expression of Sp1 decreased the expression of STC2 (Figure 6C and D).
These results are consistent with results on promoter regulation shown in Figure 5.

DISSCUSION
Previous studies have shown that STC2 was closely associated with some cancers. On
the one hand, some reports showed STC2 was an oncogene in gastric, esophageal,
liver, colon cancers, and so on[20,22,24,29], but on the other hand, STC2 was reported as a
tumor suppressor in breast cancer[39]. Thus, STC2 might play different regulatory
functions in different diseases due to the heterogeneity of tumors. In order to fully
study the expression of STC2 in colon cancer, the TCGA cancer database was searched
to identify the overexpression of STC2 in tumor tissues. The data for survival rate
indicated that high expression of STC2 predicted poor prognosis. Importantly, in this
study, we fully evaluated the regulatory manner for the overexpression of STC2 in
colon cancer. Methylation regulation plays an important role in the expression of
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Figure 4

Figure 4 The potential transcription factor Sp1 binding site in core region of STC2 promoter. The prediction of transcription factor binding sites by conducting
matrices on the fly from TRANSFAC 4.0 and LASAGNA 2.0 sites. The Min mat conservation was set at 80% (high) and the Sim. of seq to mat. was set at 100%
(matrix = seq). STC2: Stanniocalcin 2.

genes[40], and we found in the colon cancer tissues that the promoter of STC2 was
hypermethylated compared to normal colonic tissues. Thus, regulation of the
methylation of the promoter might contribute to the overexpression of STC2 in colon
cancer.
Because of the hypermethylated STC2 promoter, we analyzed the promoter region
of STC2 and identified that the core region of the STC2 promoter was the -358/+286
fragment. Remarkably, the activity of the STC2 promoter was correlated with the
protein and mRNA expression levels of STC2, suggesting that transcriptional
regulation is essential to the expression of STC2. Upon analysis of the core region of
STC2 promoter, a GC-rich region was identified. Previously, GC box was reported to
be a potential binding site of the transcription factor Sp1[41,42]. Thus, we hypothesized
that Sp1 might be involved in the regulation of STC2 expression. The overexpression
of Sp1 could upregulate the promoter activity of STC2 and enhance its expression
levels. To confirm the role of Sp1 in the overexpression of STC2 in colon tumor
tissues, knockdown of Sp1 was performed. The results showed that silence of Sp1
expression decreased the expression and promoter activity of STC2. Based on these
results, we concluded that the transcription factor Sp1 played an important role in the
overexpression of STC2 in COAD.
In this study, we reported that STC2 expression was high in COAD and that the
expression levels of STC2 was closely associated with the development of cancer. In
addition, high expression of STC2 is linked to low survival rate, suggesting that STC2
might be a novel biomarker for prognosis of COAD. Our study is the first to report
that the Sp1 transcription factor can regulate the expression of STC2 at the
transcription level. Thus, our findings provide new insights into the overexpression of
STC2 in COAD.
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Figure 5

Figure 5 The transcription factor Sp1 was involved in the promoter activity of STC2. A: Overexpression of Sp1 and control vector in HCT116 and NCM460 cells
and the promoter activity were tested by luciferase reporter assay, cP < 0.001 vs Myc-Vector of individual cell group; B: Different Sp1 overexpression plasmids were
transfected in SW480 cells, the promoter activity was examined 24 h after transfection, cP < 0.001 vs Myc-Vector group; C: Knockdown of expression of Sp1 in HT29
and D: SW480 cell lines with different dose, and reporter activity was conducted after 48 h transfection, cP < 0.001 vs sh-Vector. STC2: Stanniocalcin 2.
Figure 6

Figure 6 The transcription factor Sp1 contributed to the overexpression of STC2 in colon cancer cells. A: Overexpression of Sp1 in HEK293T and NCM460
cells. Western blotting was used to evaluate the protein expression of STC2; B: The quantity of panel A protein density with Quantity One software, cP < 0.001 vs MycVector of individual cell group; C: Knocking down the expression of Sp1 with pSuper knockdown system in HT29 and SW480 cell lines. The protein levels of STC2
were evaluated with western blotting assay; D: The quantity of panel C protein density with Quantity One software. cP < 0.001 vs sh-Vector of individual cell group.
STC2: Stanniocalcin 2.
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ARTICLE HIGHLIGHTS
Research background
To date, growing evidence has shown that stanniocalcin 2 (STC2) might be a cancer-promoter in
several cancer types. Some reports demonstrated that the expression of STC2 was higher in colon
adenocarcinoma (COAD), but its significance needs further study as the effect of the
overexpression of STC2 in COAD remains unclear.

Research motivation
COAD is an aggressive cancer and is linked with high mortality rate. A previous study
demonstrated that STC2 might be an oncogenic factor in COAD. This study confirmed that STC2
is overexpressed in COAD and, for the first time, showed that transcription factor Sp1 was
essential to the expression of STC2. These findings provide new insight into the oncogenic
function of STC2 in COAD.

Research objectives
We confirmed the expression of STC2 and its clinical significance in COAD and evaluated the
potential regulation mechanism for the overexpression of STC2.

Research methods
The expression of STC2 in COAD was confirmed with the TCGA database, and expression of
STC2 in COAD with liver metastasis or not was confirmed by the GEO database. The
methylation levels of the STC2 promoter was analyzed with the UALCAN tool. Survival of the
high expression STC2 group and the low expression STC2 group was determined using the
Kaplan Meier method. The pGL3 luciferase reporter system to analyze the activity of STC2
promoter. Western blotting was performed to identify the expression of STC2 in several cell lines
and evaluate the effect of Sp1 on STC2 expression.

Research results
We confirmed that STC2 was overexpressed in COAD and that the expression of STC2 was
positively correlated with the stage of COAD patients and liver metastasis, where high
expression of STC2 predicted low survival. Interestingly, the promoter of STC2 was
hypermethylated. Through construction of several luciferase reporter systems of STC2 to
evaluate its promoter activity, we confirmed the core region of the STC2 promoter. Also, we
evaluated if Sp1 was involved in the overexpression of STC2 in COAD.

Research conclusions
Our findings revealed for the first time that transcription factor Sp1 was essential to the
overexpression of STC2 in the COAD. Sp1 mediated the expression of STC2 through regulation
of its promoter activity. Furthermore, the promoter of STC2 was hypermethylation in COAD
tumor tissues, suggesting that hypermethylation of the STC2 promoter might be another factor
contributing to the overexpression of STC2. These data provide novel insight into the tumorpromoter function of STC2 in COAD.

Research perspectives
In this study, we showed that Sp1 contributed to the overexpression of STC2 in COAD and that
the promoter of STC2 was hypermethylated. In the future, efforts should focus on the interaction
between Sp1 and STC2 and the methylation of the promoter for the regulation of STC2.
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Abstract
BACKGROUND
Inflammatory bowel disease (IBD), a chronic inflammatory disease of the
gastrointestinal tract, could play a role in the pathophysiology of atrial fibrillation
(AF).
AIM
To investigate the association between IBD and AF development.
METHODS
We performed a population-based cohort study using records in the Korean
National Health Insurance Services database between 2010 and 2014. A total of
37696 patients with IBD (12349 with Crohn’s disease and 25397 with ulcerative
colitis) were identified. The incidence rate of newly diagnosed AF in patients
with IBD was compared with that in a 3 times larger cohort of 113088 age- and
sex-matched controls without IBD.
RESULTS
During 4.9 ± 1.3 years of follow-up, 1120 patients newly diagnosed with AF (348
in the IBD group and 772 in controls) were identified. After adjustments using
multivariable Cox proportional hazards, patients with IBD were at a 36% [95%
confidence interval (CI) 20%-54%] higher risk of AF than controls. The association
between IBD and the development of AF was stronger in younger than in older
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patients. Patients without cardiovascular risk factors showed a higher risk of AF
primarily. Additionally, patients receiving immun-omodulators [Hazard ration
(HR) 1.46, 95%CI 1.31-1.89], systemic corticosteroids (HR 1.37, 95%CI 1.10-1.71),
or biologics agents (HR 2.38, 95%CI 1.51-3.75) were at higher risk of AF than
patients without them.
CONCLUSION
IBD significantly increased the risk of AF, and the impact of IBD on developing
AF was in patients with moderate to severe disease.
Key words: Atrial fibrillation; Inflammatory bowel disease; Colitis, Ulcerative; Crohn’s
disease
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Core tip: Inflammatory bowel disease (IBD), a chronic inflammatory disease of the
gastrointestinal tract, was strongly associated with an increased risk of atrial fibrillation
(AF). Both Crohn’s disease (CD) and ulcerative colitis (UC) increase the risk of AF,
with a higher risk in patients with CD than UC. And the impact of IBD on developing
AF was stronger in patients receiving immunomodulators, systemic corticosteroids or
biologics agents, which are prescribed for moderate-to-severe disease than patients
without them. Therefore, physicians need to consider screening for AF in patients with
IBD, particularly those who use more potent therapies.
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INTRODUCTION
Inflammatory bowel disease (IBD), including ulcerative colitis (UC) and Crohn’s
disease (CD), is a chronic progressive inflammatory disease that can affect the mucosa
in any part of the gastrointestinal tract[1]. IBD is associated with an increased risk of
cardiovascular diseases such as stroke, myocardial infarction, and early atherosclerosis with increased intimal thickness of the common carotid artery[2,3]. High levels
of C-reactive protein (CRP), a major marker reflecting activity and severity of
inflammation in IBD, are also associated with atherogenesis and atherosclerotic
cardiovascular disease[4-6].
Atrial fibrillation (AF) is the most common arrhythmia observed in clinical practice.
Recently, inflammation is being recognized as a pathogenic contributor to the
development of AF[7]. Previous research has shown a significant association between
serum inflammatory mediators such as CRP, tumor necrosis factor-α, interleukin (IL)2, IL-6, and IL-8, and the development and persistence of AF [ 8 , 9 ] . Several
cardiovascular disorders, notably coronary atherosclerosis, are associated with
inflammation, and cytokines are known to affect plaque rupture and thrombus
formation resulting in myocardial infarction [10] . However, it is unclear whether
autoimmune-mediated inflammation contributes to the development and persistence
of AF.
Considering that pathogenesis of AF is being increasingly linked to systemic
inflammation, IBD may a potential risk factor for AF. However, there is limited
information regarding the association between the risk of development of AF and the
presence of IBD. Therefore, we performed a nationwide population-based study to
investigate the association between IBD and the development of AF, including in
young individuals and those without cardiovascular risk factors.

MATERIALS AND METHODS
Data sources
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Most Koreans (97.2%, approximately 50 million individuals) are enrolled in the
mandatory National Health Insurance Service (NHIS) provided by the Korean
government. This database includes all healthcare utilization-related information,
including in-patient and outpatient services, diagnoses, and prescriptions recorded
for reimbursement by the Health Insurance and Review Agency.
Additionally, a registration program for Rare Intractable Diseases (RID), a part of
the NHIS, offers special support to patients with RID including IBD, since 2006. The
diagnostic accuracy of IBD based on the RID registry was 95.5%-100% and 92.5%95.5% in terms of sensitivity and specificity, respectively, as assessed by a previous
epidemiological study[11]. This study used data from the NHIS and the RID program
database, which stores diagnoses in the form of the International Classification of
Disease, Tenth Revision, Clinical Modification (ICD-10-CM) codes.

Study population
We identified patients diagnosed with IBD between January 1, 2010 and December 31,
2014 from the NHIS database (ICD-10-CM codes: K50.0-50.9 for CD and K51.0-51.9 for
UC) and confirmed these diagnoses based on special codes (V130 for CD and V131 for
UC) provided by the RID program. The special codes of the RID program are assigned
to a patient with IBD who meets the following diagnostic criteria determined by
certified physicians: (1) Diarrhea and abdominal pain lasting more than 16 wk; (2)
Endoscopic features corresponding to IBD; and (3) Histopathological confirmation
based on endoscopic biopsy. We excluded patients who had been diagnosed with AF
prior to or within a month from the initial diagnosis of IBD.

Endpoint
The primary endpoint was new-onset non-valvular AF, that occurred during the
follow-up period. AF was defined using ICD-10-CM codes (I480-I484, I489), which
were registered by the physicians responsible for diagnosis. To ensure diagnostic
accuracy and exclude patients with transient AF, patients with AF were defined as
those with AF, which have been diagnosed with discharge, or had been confirmed
more than twice in an outpatient clinic. In addition, to include only non-valvular AF,
patients diagnosed with mitral stenosis (I050, I052, I059) or those with mechanical
heart valves (Z952-Z954) were and excluded from the analysis. The definition of AF
was validated in previous nationwide studies[12-14].

Covariates
Baseline comorbidities and medication history were obtained from the medical claims
data in the NHIS database by ICD-10-CM and prescription codes. We investigated the
comorbidities of patients when they were first enrolled in the RID registry due to IBD.
Baseline comorbidities included hypertension, diabetes mellitus (DM), dyslipidemia,
ischemic heart disease, venous thromboembolism, end-stage renal disease (ESRD) and
hyperthyroidism. Definitions of covariates were verified from previous papers and
have been summarized in S1 Table[12,13]. Low income was defined as participation in
the medical aid program or a monthly income corresponding to the lowest 25% of the
total population. Cities with a population > 1 million were considered urban areas.
Of note, 5-aminosalicylic acid (5-ASA) is the preferred primary drug used to treat
mild-to-moderate IBD in Asians, while drugs such as immunomodulators (azathioprine, methotrexate, cyclosporine, and tacrolimus) or biological agents
(infliximab, adalimumab, and golimumab) are recommended as first- or second-line
therapy for moderate-to severe IBD[15]. Therefore, we estimated the severity of IBD
based on a previous report of describing treatment of IBD; those receiving systemic
corticosteroids in combination with 5-ASA, immunomodulators (azathioprine,
methotrexate, cyclosporine, and tacrolimus) or biological agents (infliximab,
adalimumab, and golimumab) were classified as having moderate-to-severe IBD in
this study[16].

Statistical analysis
Demographic and baseline clinical characteristics are reported as means with
standard deviation (SD) for normally distributed continuous variables and as
numbers with percentages for categorical variables. The independent samples t-test
was used for continuous variables and the chi-square test for categorical variables for
intergroup comparisons.
The incidence rates (IR) of AF are presented per 1000 person-years and were
calculated as the number of patients with AF divided by the total population for each
year because the total population changes every year owing to death and emigration.
The cumulative IR of AF in patients with IBD and matched control group were
compared using Kaplan–Meier censoring estimates and the log-rank test. Univariate
and multivariate Cox proportional hazards regression models were used to evaluate
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the association between IBD and the risk of development of AF. Adjusted hazard
ratios (HR) have been presented with a 95% confidence interval (CI) and adjusted for
known risk factors of AF and IBD, including age, sex, place, income, DM,
hypertension, dyslipidemia, stroke, ischemic heart disease, venous thromboembolism,
and ESRD. A two-sided P value < 0.05 was considered statistically significant. All
statistical analyses were performed using the SAS software version 9.3 (SAS Institute,
Cary, NC, United States) and the SPSS software version 23.0 (SPSS Inc., Chicago, IL,
United States).

Ethical considerations
The NHIS database is an open database with patient information anonymized to
protect privacy. This information is accessible to all researchers whose study protocols
have been approved by the official review committee. Our study was performed in
accordance with the Declaration of Helsinki.

RESULTS
Baseline characteristics
We enrolled 37696 patients with IBD (12349 patients with CD and 25347 patients with
UC). We selected a 3-fold larger group of age and sex-matched individuals without
IBD (total 113088 patients: 37047 matched with patients with CD and 76041 matched
with patients with UC) as the control group.
Baseline clinical characteristics of patients have been summarized in Table 1. The
percentage of patients with IBD was greater in urban than in rural areas (50.4 vs
46.8%, respectively, P < 0.001). Additionally, the percentage of patients with IBD
showed a higher income level (23.3 vs 19.8% respectively, P < 0.001). Prevalence of
DM, hypertension, and dyslipidemia was lower in patients with IBD than in the
control group, whereas prevalence of ischemic heart disease, venous thromboembolism, ESRD, and hyperthyroidism was higher in those with IBD than in the
control group (P < 0.001 for all comparisons except dyslipidemia). Among patients
with IBD, those with CD were younger than those with UC (30.4 ± 14.2 years vs 43.8 ±
15.6 years), and the former group members more frequently received
immunomodulators (55.8 vs 13.0%), systemic corticosteroid (58.64 vs 56.67%) and
biological agents (13.3 vs 1.7%).

Primary endpoint: New onset AF
During the mean follow-up of 4.87 ± 1.28 years, we identified 1120 cases of incident
AF (IBD group: 348; control group: 772), with a crude IR of 1.90 per 1000 person-years
in patients with IBD and 1.40 in matched controls. The incidence of AF was higher in
the IBD group than in the control group (P < 0.001 by the log-rank test, Figure 1).
After adjustment for potential confounding factors, IBD was significantly associated
with the incidence of AF (HR 1.36, 95%CI 1.20-1.55, Table 2). Within the IBD group,
AF was significantly associated with both CD and UC compared to matched non-IBD
subgroups (CD: HR 1.91, 95%CI 1.47-2.49; UC: HR 1.24, 95%CI 1.07-1.43, Table 2).
Additionally, patients who received medications (immunomodulators, systemic
corticosteroid, and biological agents) for moderate-to-severe IBD showed a higher risk
of AF than those who did not receive such medications (Table 3). The highest risk of
AF was observed in the subgroup receiving biological agents (HR 2.37, 95%CI 1.503.74) compared with those receiving immunomodulators (HR 1.45, 95%CI 1.13-1.88)
and systemic corticosteroids (HR 1.37, 95%CI 1.10-1.71).

Subgroup analysis performed to assess the risk of atrial fibrillation in patients with
inflammatory bowel disease
Both patients with UC and CD subgroups showed an increased risk of AF (Figure 2).
Patients with IBD aged below 45 years showed a higher risk of AF than those
belonging to the control group, and both UC and CD groups showed similar trend in
age subgroups. In contrast, no significant difference was observed in those aged more
than or equal to 45 years. Also, the risk of AF development was not significantly
different between men and women. The association between IBD and AF was weaker
in subgroups with well-known cardiovascular risk factors (hypertension, DM, and
dyslipidemia) than in subgroups without such risk factors (P < 0.001). These
differences were statistically more significant in patients with CD (P < 0.001) than in
those with UC (P = 0.07).

DISCUSSION
WJG

https://www.wjgnet.com

2791

June 14, 2019

Volume 25

Issue 22

Choi YJ et al. Inflammatory bowel disease and atrial fibrillation

Table 1 Baseline characteristics of the study population
Variable, n (%)

IBD group Control group P value

CD group Control group P value

UC group

Control group P value

Number

37696

12349

37047

25347

76041

Men

22985 (61.0) 68955 (61.0)

1

8679 (70.3)

26037 (70.3)

1

14306 (56.4) 42918 (56.4)

1

Age (mean ± SD, yr)

39.4 ± 16.4

39.42 ± 16.4

1

30.4 ± 14.2

30.36 ± 14.23

1

43.8 ± 15.6

43.8 ± 15.6

1

< 30

12184 (32.3) 36552 (32.3)

1

7080 (57.3)

21240 (57.3)

1

5104 (20.1)

15312 (20.1)

1

30-44

11459 (30.4) 34377 (30.4)

3354 (27.2)

10062 (27.2)

8105 (32.0)

24315 (32.0)

45-59

9158 (24.3)

27474 (24.3)

1292 (10.5)

3876 (10.5)

7866 (31.0)

23598 (31.0)

≥ 60

4895 (13.0)

14685 (13.0)

623 (5.0)

1869 (5.0)

4272 (16.9)

12816 (16.9)

Urban residence

19006 (50.4) 52913 (46.8)

< 0.001

6317 (51.2)

17416 (47.0)

< 0.001

12689 (50.1) 35497 (46.7)

< 0.001

Low income

7444 (19.8)

26338 (23.3)

< 0.001

2609 (21.1)

8535 (23.0)

< 0.001

4835 (19.1)

17803 (23.4)

< 0.001

Diabetes mellitus

1483 (3.9)

5306 (4.7)

< 0.001

260 (2.1)

782 (2.1)

0.97

1223 (4.8)

4524 (6.0)

< 0.001

Hypertension

4098 (10.9)

13732 (12.1)

< 0.001

595 (4.8)

2097 (5.7)

0.000

3503 (13.8)

11635 (15.3)

< 0.001

Dyslipidemia

2527 (6.7)

7929 (7.0)

0.042

361 (2.9)

1250 (3.4)

0.015

2166 (8.6)

6679 (8.8)

0.245

IHD

1557 (4.1)

3559 (3.2)

< 0.001

348 (2.8)

552 (1.5)

< 0.001

1209 (4.8)

3007 (4.0)

< 0.001

Thromboembolism

115 (0.3)

236 (0.2)

< 0.001

37 (0.3)

34 (0.1)

< 0.001

78 (0.3)

202 (0.3)

0.269

ESRD

107 (0.3)

180 (0.2)

< 0.001

48 (0.4)

40 (0.1)

< 0.001

59 (0.2)

140 (0.2)

0.130

Hyperthyroidism

750 (2.0)

1248 (1.1)

< 0.001

224 (1.8)

264 (0.7)

< 0.001

526 (2.1)

984 (1.3)

< 0.001

113088

Comorbidities

Medications
Immunomodulators

10199 (27.1) 0

< 0.001

6895 (55.8)

0

< 0.001

3304 (13.0)

0

< 0.001

Steroids

21606 (57.3) 0

< 0.001

7241 (58.6)

0

< 0.001

14365 (56.7) 0

< 0.001

Biological agents

2075 (5.5)

0

< 0.001

1641 (13.3)

0

< 0.001

434 (1.7)

0

< 0.001

Follow-up duration
(yr)

4.9 ± 1.3

4.9 ± 1.3

4.9 ± 1.3

4.8 ± 1.3

4.9 ± 1.3

4.9 ± 1.3

Values have been expressed as mean ± SD or number of patients (%) as relevant. Follow-up duration is expressed in years. CD: Crohn’s disease; ESRD:
End-stage renal disease; IBD: Inflammatory bowel disease; IHD: Ischemic heart disease; SD: Standard deviation; UC: Ulcerative colitis.

This study is the first large population-based cohort study to investigate the
association between IBD and the incidence of AF in Asians. The primary findings of
our large population-based cohort study are: (1) IBD was associated with an increased
risk of AF development; (2) both CD and UC increase the risk of AF, with a higher
risk in patients with CD than UC; (3) patients receiving immunomodulators, systemic
corticosteroids, and/or biological agents showed a higher risk of AF; and (4) the
relative risk of IBD for the development of AF was particularly high in younger
patients (aged below 45 years) and in those without cardiovascular risk factors.
Several previous studies have demonstrated the relationship between IBD and
AF[17,18]. A small-scale study comprising 141 IBD cases showed that the prevalence of
AF was higher across all age groups in patients with IBD than in the control group[17].
In a Danish nationwide study, 24499 patients with new-onset IBD were identified and
compared with age- and sex-matched controls[18]. Overall IBD-associated risk of AF
was increased by 26% (95%CI, 16%-36%). We observed that the risk of AF was higher
in patients with IBD, which was in agreement with previous studies. Interestingly, the
absolute risk of AF in patients with CD was higher than that in patients with UC (HR
for CD and UC being 1.92 and 1.23, respectively).
There is a reasonable body of evidence to support the pathophysiological features
between IBD and the development of AF. Systemic inflammation is known to be a
significant contributor to the development of AF[7-9,19]. Recent studies performed in
patients with IBD have demonstrated that atrial electromechanical conduction time is
prolonged and that structural and electrophysiological changes occurring in atrial
tissues affect left atrial electromechanical function[20,21]. Several previous studies have
suggested that systemic inflammation is linked to various pathological processes such
as oxidative stress, apoptosis, and fibrosis of cardiomyocytes, all of which lead to
structural and electrical remodeling of the atria, promoting the development and
persistence of AF [19,22,23] . Moreover, increases in the level of serum inflammatory
markers, such as CRP and IL-6, were observed in patient with AF and IBD, especially
CD[8,24]. Chronic autoimmune and inflammatory diseases such as rheumatoid arthritis,
ankylosing spondylitis, and psoriasis are known to increase the risk of development
of AF[25-27].
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Figure 1

Figure 1 Kaplan–Meier survival curves for cumulative incidence of atrial fibrillation. Cumulative incidence was defined as the probability of new-onset atrial
fibrillation during follow-up. A: Comparison between inflammatory bowel disease (IBD) group and control group; B: Comparison between Crohn’s disease group and
control group; C: Comparison between ulcerative colitis group and non-IBD group. CD: Crohn’s disease; IBD: Inflammatory bowel disease; UC: Ulcerative colitis; AF:
Atrial fibrillation.

The positive relationship between the severity of IBD and the incidence of AF
accounts for the association between the two diseases. In a Danish nationwide study,
IBD was classified as flare-up, persistent disease, and remission based on disease
activity, and the association between disease activity of IBD and the development of
AF were evaluated[18]. Incidence of AF increased during IBD flare-ups and periods of
persistent disease, but not during periods of remission[18]. Particular medication such
as immunomodulators, systemic corticosteroid, and biological agents are
recommended as first or second-line therapy for moderate-to-severe IBD, and 5-ASA
is commonly used for the initial treatment of mild IBD [28-30] . Therefore, in large
population-based studies with difficulty in obtaining clinical symptoms and sign, it is
preferable to assess the severity of IBD using medical history instead of a clinical
scoring system. In this study, patients with IBD who received these aforementioned
agents may have a moderate-to-severe disease, and have shown a higher risk of AF.
This suggests that patients with moderate-to-severe IBD have a higher risk of AF than
those with mild IBD.
Advancing age is a well-known risk factor for AF[31]. Surprisingly, however, in our
study, the association between IBD to the development of AF gradually weakened
with increasing age. Additionally, the association between IBD and AF was more
significant in patients without cardiovascular risk factors including DM, hypertension, and dyslipidemia.
Several studies performed in Western population cohorts have reported a bimodal
distribution of the incidence of IBD with a peak at a younger age (20-30 years) for CD,
a later peak (30-40 years) for UC, and a lower second peak at an older age (60–70
years) for both diseases[32]. In contrast, in Asians including Koreans, the incidence of
CD showed a peak in patients aged below 20 years and steadily decreased after that,
whereas the incidence of UC was observed to plateau in patients aged 25-69 years[11].
In the present study, the prevalence of AF showed a peak at a younger age, and the
association between IBD and the development of AF gradually became weaker with
increasing age. These findings suggested that systemic inflammatory disease is one of
the mechanisms contributing to the development of AF different from classic risk
factors.
The incidence of IBD in Korea (2.9-3.6 per 100000 for CD and 4.2-5.1 per 100000 for
UC) was the highest in East Asia, followed by that in Japan, China, and Hong Kong
from 2006 to 2012[33,34]. The prevalence of IBD in Korea is steadily rising, and IBDrelated healthcare costs are showing a significant increase[35]. This study is the first to
demonstrate that IBD is an independent risk factor for the development of AF in
Asians.
As well as having the increased IR with age, Asians have a generally higher
incidence of AF-related risks of stroke and intracranial bleeding, compared with nonAsians[36,37]. The incidence rate ratio (IRR) of AF in patients with IBD in this Korean
population-based cohort was not significantly different to that in patients with IBD in
the previously described Danish population-based cohort (Korea: IRR 1.36, 95%CI

WJG

https://www.wjgnet.com

2793

June 14, 2019

Volume 25

Issue 22

Choi YJ et al. Inflammatory bowel disease and atrial fibrillation

Table 2 Risk of atrial fibrillation in patients with inflammatory bowel disease
IBD group

Control group

CD group

Control group

UC group

Control group

n = 37696

n = 113088

n = 12349

n = 37047

n = 25347

n = 76041

New-onset AF

348

772

95

145

253

627

Incidence rate1

1.90

1.40

1.59

0.80

2.05

1.69

Adjusted HR2

1.36

1 (reference)

1.91

1 (reference)

1.24

1 (reference)

95%CI

1.20–1.55

1.47-2.49

1.07-1.43

1

Incidence rates have been calculated per 1000 patient-years within a population aged > 20 years who had not previously been diagnosed with atrial
fibrillation;
2
Adjusted with respect to age, sex, place, income, diabetes mellitus, hypertension, dyslipidemia, previous history of stroke, ischemic heart disease, venous
thromboembolism, and end-stage renal disease. AF: Atrial fibrillation; CI: Confidence interval; CD: Crohn’s disease; HR: Hazard ratio; IBD: Inflammatory
bowel disease; UC: Ulcerative colitis.

1.20-1.55; Denmark: IRR 1.26, 95%CI 1.16-1.36) after fully adjusting for risk factors of
AF[18]. The lower prevalence of AF in Asians (approximately 1%) than that observed in
non-Asians (approximately 2%) suggests that the risk of incident AF in patients with
IBD is similar in Asians and non-Asians[12,38]. Our findings add new evidence that IBD,
a systemic inflammatory disease, is associated with an increased prevalence of AF in
Asians.

Limitations
The primary limitation of this study is the observational population-based
retrospective design, which does not permit specific determination of the severity of
IBD. Therefore, detailed information regarding the severity, extent, location, and
activity of the IBD, laboratory data, and duration of treatment modalities were not
available in our study. Although we used certain prescriptions as a surrogate measure
of moderate-to-severe IBD, there is still the limitation in discriminating between those
with moderate-to-severe disease and those with remission.
Additionally, the role of confounders including general condition, presence of
malnutrition, smoking, and other significant comorbidities such as cardiomyopathy,
heart failure, and cancer could not be accurately evaluated in patients. However, this
study used the certified database to identify patients diagnosed with IBD and to
retrieve their medication history. The database of the RID program includes the
complete medical history of patients, which is required to provide special financial
support, thereby minimizing the possibility of inaccuracies in prescription data.
Secondly, the definitions of diseases were determined using ICD-10-CM codes of
claims data from the NHIS database. Misclassification is a potential bias when using
diagnostic codes. Also, when determining cases of IBD, the ascertainment bias could
be induced depending on the patient’s residences. Additionally, the detail
information on AF subtypes such as paroxysmal, persistent, permanent, and
perioperative AF could not be accurately identified in our database.
Moreover, we could not obtain accurate information regarding the time interval
between the diagnosis of IBD and the onset of AF. However, patients were followedup for more than 4 years, which is sufficient to detect AF caused by IBD. We excluded
patients demonstrating new-onset AF within a year of being diagnosed with IBD to
reduce the chance of coincidental occurrence of the disease.
In conclusions, the key finding of our study is that IBD was associated with an
increased risk of AF. Furthermore, IBD-associated AF was more common in younger
patients with less comorbidities. Therefore, although IBD is a common disease in
young people, we need to consider screening for AF, as timely intervention can
reduce both morbidity and mortality secondary to the complications of AF.
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Table 3 Risk of atrial fibrillation in patients with inflammatory bowel disease according to medication
Immunomodulators

Systemic steroid

Biologic agents

Yes (n = 10199)

No (n = 27497)

Yes (n = 21606)

No (n = 16090)

Yes (n = 2075)

No (n = 35621)

Atrial fibrillation

85

263

227

121

21

327

Incidence rate1

1.72

1.97

2.21

1.50

2.16

1.89

1.46 (1.13-1.89)

1 (reference)

1.37 (1.10-1.71)

1 (reference)

2.38 (1.51-3.75)

1 (reference)

Outcome

2

Adjusted HR (95%CI)

1

Incidence rates were calculated per 1000 patient-years, within the population who were over 20 years old and not previously diagnosed with atrial
fibrillation;
2
Adjusted with age, sex, place, income, diabetes mellitus, hypertension, dyslipidemia, previous history of stroke, ischemic heart disease, and end stage
renal disease. HR: Hazard ratio; CI: Confidence interval.

Figure 2

Figure 2 Subgroup analysis. Subgroup analysis to assess the risk of atrial fibrillation in patients with inflammatory bowel disease (IBD) based on age (< 30, 30-44,
45-59, and ≥ 60 years), sex (men and women), and cardiovascular (CV) risk factors (those with and without CV risk factors). The association between IBD and the risk
of development of atrial fibrillation was weaker in older individuals and in those with CV risk factors. 1Incidence rates have been calculated per 1000 patient-years;
2
Adjusted for age, sex, location, income, diabetes mellitus, hypertension, dyslipidemia, stroke, myocardial infarction, venous thromboembolism, and end-stage renal
disease; 3Hypertension, diabetes mellitus, or dyslipidemia. CI: Confidence interval; CV: Cardiovascular; HR: Hazard ratio; IBD: Inflammatory bowel disease.

ARTICLE HIGHLIGHTS
Research background
Systemic inflammatory disease is known to increase the risk of cardiovascular diseases such as
stroke, myocardial infarction, and atherosclerosis. Also, it has recently emerged as a risk factor
for atrial fibrillation (AF). Inflammatory bowel disease (IBD) is a chronic progressive
inflammatory disease, which can affect the gastrointestinal tract. Considering that pathogenesis
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of AF is linked to systemic inflammation, IBD might be a potential risk factor for AF development.

Research motivation
Recently, the incidence and prevalence of IBD have increased in the young Asian population.
The impact of IBD on cardiovascular disease is an important issue. Therefore, we need to clarify
the relationship between IBD and AF development in the Asian population and young patients

Research objectives
We aimed to investigate the association between IBD and AF development in Asians.

Research methods
We performed a population-based cohort study using the certified claim database form the
Koran National Health Insurance Services between 2010 and 2014. The special codes of the rare
and intractable disease program were used to define the patient, which include the complete
medical history of patients. A total of 37696 patients with IBD (12349 with Crohn’s disease and
25397 with ulcerative colitis) were identified. The primary endpoint was new-onset AF, which
occurred among IBD patients without a previous history of AF during the follow-up period. AF
was defined using the International Classification of Disease, Tenth Revision, Clinical
Modification codes (I480-I484, I489).

Research results
During 4.9 ± 1.3 years of follow-up, 1120 patients newly diagnosed with AF (348 in the IBD
group and 772 in controls). IBD patients had a 36% (95% confidence interval 20%-54%) higher
risk of AF than controls. The association between IBD and the development of AF was stronger
in younger than in older patients, and in patients without cardiovascular risk factors.
Additionally, moderate-severe IBD patients, who received immunomodulators, systemic
corticosteroids, or biologics agents were at higher risk of AF. These findings supported that
systemic inflammatory disease could be an independent risk factor for AF development.
However, further studies on the impact of other systemic inflammation on AF need to be
performed to provide conclusive evidence.

Research conclusions
IBD, chronic systemic disease, significantly increase the risk of AF development in Asians, as
similar to the Western population. Moreover, the impact of IBD on AF incident was higher in
young patients and those without cardiovascular risk factors. Therefore, our findings supported
that systemic inflammatory disease is an independent risk factor for AF, even in patients without
classic cardiovascular risk factors.

Research perspectives
It is necessary to pay attention to the occurrence of cardiovascular diseases such as AF in patients
with IBD, even in young age. In particular, a patient receiving immunomodulators, systemic
corticosteroids, or biologics agents for moderate-severe disease, had a higher risk of AF
development than those without.
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Abstract
BACKGROUND
The imbalance of Th17/Treg cells and the IL-23/IL-17 axis have been confirmed
to be associated with sepsis and various inflammatory diseases. Early enteral
nutrition (EEN) can modulate the inflammatory response, improve immune
dysfunction, and prevent enterogenic infection in critically ill patients; however,
the precise mechanisms remain unclear. Considering the important roles of Th17
and Treg lymphocytes in the development of inflammatory and infectious
diseases, we hypothesized that EEN could improve the immune dysfunction in
sepsis by maintaining a balanced Th17/Treg cell ratio and by regulating the IL23/IL-17 axis.
AIM
To investigate the effects of EEN on the Th17/Treg cell ratios and the IL-23/IL-17
axis in septic patients.
METHODS
In this prospective clinical trial, patients were randomly divided into an EEN or
delayed enteral nutrition (DEN) group. Enteral feeding was started within 48 h in
the EEN group, whereas enteral feeding was started on the 4th day in the DEN
group. The Th17 and Treg cell percentages and the interleukin levels were tested
on days 1, 3, and 7 after admission. The clinical severity and outcome variables
were also recorded.
RESULTS
Fifty-three patients were enrolled in this trial from October 2017 to June 2018. The
Th17 cell percentages, Th17/Treg cell ratios, IL-17, IL-23, and IL-6 levels of the
EEN group were lower than those of the DEN group on the 7th day after
admission (P < 0.05). The duration of mechanical ventilation and of the intensive
care unit stay of the EEN group were shorter than those of the DEN group (P <
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0.05). However, no difference in the 28-d mortality was found between the two
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CONCLUSION
EEN could regulate the imbalance of Th17/Treg cell ratios and suppress the IL23/IL-17 axis during sepsis. Moreover, EEN could reduce the clinical severity of
sepsis but did not reduce the 28-d mortality of septic patients.
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after admission. In other words, EEN could regulate the imbalance of Th17/Treg cell
ratios and suppress the IL-23/IL-17 axis during sepsis. Moreover, EEN could reduce the
clinical severity but did not reduce the 28-d mortality of sepsis.
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INTRODUCTION
As a severe systemic response to infection, sepsis is often accompanied by multiple
organ dysfunction syndrome (MODS). Recent studies[1-4] have reported that immune
disorders might play a vital role in the development of sepsis, and these disorders
(immune excess or suppression) are closely related to T lymphocytes during both the
early and late phases of sepsis. In addition to Th1 and Th2 lymphocytes, the roles of
Th17 and Treg lymphocytes (which are also differentiated from CD4+ T cell subsets)
in sepsis have been clarified gradually[5,6].
Mature Th17 cells cause a pro-inflammatory response, mainly by secreting IL-17
and IL-6, whereas Treg cells exert anti-inflammatory effects by secreting TGF-β and
IL-10. The imbalance of Th17/Treg cells has been confirmed to be associated with
sepsis and various inflammatory diseases[1,3,6]. It was reported that Th17 cells could be
activated by another cytokine, IL-23 (belonging to the IL-12 family), which then
increased the secretion of IL-17, forming a positive feedback loop[7,8]. This positive
feedback loop of the IL-23/IL-17 axis has considerable roles in the progression of
infection, cancer, and inflammatory bowel disease. Therefore, improving the
imbalance of the Th17/Treg cells and the IL-23/IL-17 axis might be a valuable
strategy for the treatment of sepsis.
As an essential therapeutic measure for sepsis, enteral nutrition (EN), especially
early EN (EEN), can modulate the inflammatory response, improve immune
dysfunction, and prevent enterogenic infection in critically ill patients[9-11]; however,
the precise mechanisms remain unclear. Considering the important roles of Th17 and
Treg lymphocytes in the development of inflammatory and infectious diseases, we
hypothesized that EN could improve the immune dysfunction in sepsis by
maintaining a balanced Th17/Treg cell ratio and by regulating the IL-23/IL-17 axis.
Our previous retrospective study[12] also confirmed that EEN could improve the
imbalance of Th1/Th2 and Th17/Treg cell ratios during the early stage of sepsis.
However, it is unclear how EN affects the IL-23/IL-17 axis in septic patients.
Moreover, due to the limitations of retrospective studies, a prospective clinical trial is
still needed to verify our conclusions. Therefore, we hypothesized that EEN could
decrease the Th17/Treg cell ratio and regulate the IL-23/IL-17 axis in septic patients,
and this prospective randomized clinical study was performed to verify our
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hypothesis.

MATERIALS AND METHODS
Study design
This was a prospective, single-center, and randomized clinical trial. Patients were
randomly allocated to receive EEN or delayed EN (DEN) on admission. We used the
simple randomization or complete randomization, which was based on the remainder
grouping method of random numbers. After generating random numbers with a
computer, the remainder grouping method (divided by two) was performed to decide
which group (EEN or DEN) the patients would be assigned into. The treatment
allocation was concealed before a patient was included in this study, and patients
would not be removed from the study after treatment allocation became known. The
main intervention difference of the two groups was the initial time of enteral feeding,
therefore, it was not possible to blind treating physicians to the treatment allocation.
The inclusive patients were blind to the treatment allocations. Therefore, this is a
single-blind clinical trial. The sample size was calculated with the Power Analysis and
Sample Size software (2011) before our study started; however, considering the small
sample size of this study, we defined our trial as a prospective pilot study. The study
protocol was approved by the Institutional Ethics Committee of Nanjing First
Hospital (Approval Number: KY20170921-02), and informed consent was obtained
from each patient’s first-degree relatives. This study was also registered at Clinical
Trials.gov (ID: NCT03385850). Participation in the study did not necessitate any
changes in treatment. Figure 1 shows the flow diagram of the participants.

Patients
From October 2017 to June 2018, all adult patients (age 18-70 years) admitted into the
intensive care unit (ICU) of Nanjing First Hospital with a diagnosis of sepsis were
included in this prospective clinical study. The diagnostic criteria for sepsis were in
accordance with the surviving sepsis guidelines[13,14]. Patients with ileus or digestive
tract hemorrhage, inflammatory bowel disease, severe abdominal hypertension (intraabdominal pressure > 25 mmHg), chronic organ dysfunction (e.g., hepatic or renal
dysfunction), malnutrition, or immunodeficiency, and patients with a history of longterm use of hormones were excluded. All patients received specialized treatments for
sepsis as needed, including antimicrobial therapy, fluid resuscitation, vasopressor
administration, oxygen administration, mechanical ventilation (MV), glucose control,
and renal replacement therapy.

Nutrition protocols
Before EN began, a nasogastric or nasojejunal feeding tube (size 10F, Flocare, Nutricia
Ltd) was placed as needed. The nasojejunal tube was inserted using our novel method
of blind bedside post-pyloric placement[15]. In the EEN group, enteral feeding was
initiated within the first 24-48 h, whereas in the DEN group, enteral feeding was
initiated on the 4th day after admission. A peptide-based formula (Peptisorb, Nutricia
Ltd) was used in the first 24-48 hours, and if the patients were tolerant, whole protein
formula (Nutrison Fibre, Nutricia Ltd) was used subsequently[11,12]. The goal intake
was defined as 20-25 kcal/kg/day, and the protein need was defined as 1.2-2.0
g/kg/day[10]. The feeding rate was started at 15-20 mL/h and increased by 15-20 mL
every 6-8 h. If patients were intolerant because of abdominal distension, diarrhea, or
high gastric residual volume (>500 mL), we diluted the feeding concentration, slowed
down the feeding rate, or used prokinetic agents.
Parenteral nutrition (PN) was supplemented if the enteral feedings alone could not
meet > 60% of the energy and protein requirements after 7 d[10]. The caloric intake of
PN was defined as 20-25 kcal/kg/day, and the calorie/nitrogen ratio was defined as
120-150:1. Fifty to seventy percent of the total energy intake was provided by glucose,
whereas the supply of lipids was based on serum triglyceride levels. Moreover,
sufficient insulin, electrolytes, vitamins, and trace elements were also added.

Data collection
On admission, the baseline data, including sex, age, body-mass index, and the
etiology of sepsis, were collected. The acute physiology and chronic health evaluation
II (APACHE II) scores and sequential organ failure assessment (SOFA) scores were
recorded on days 1, 3, and 7 after admission. Meanwhile, white blood cell (WBC)
count (109/L), hemoglobin (g/L), total bilirubin (umol/L), and albumin (g/L) levels
in peripheral blood were also recorded. The Th17 and Treg lymphocyte percentages,
IL-17, IL-23, IL-6 and IL-10 levels in peripheral blood were tested on days 1, 3, and 7
after admission. Th17 and Treg lymphocytes were measured by flow cytometry. After
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Figure 1

Figure 1 Flow diagram of the participants.

human peripheral blood mononuclear cells were isolated, the proliferation analysis of
Th17 cell subpopulations was performed by using a BD PharmingenTM Human Th17
Phenotyping Kit (BD Biosciences, United States), and the Treg cell subpopulation was
detected by using CD4 (antigen presenting cells), CD25 (PE), and Foxp3 (Fluorescein
isothiocyanate)-labeled antibodies (e-Bioscience, United States). Serum IL-17, IL-23,
IL-6, and IL-10 cytokines were detected with commercially available Human
Quantikine enzyme-linked immunosorbent assays (ELISA) kits (R and D Systems,
Bio-Techne Corporation, United States) according to the manufacturer’s instructions.
The sensitivity of ELISA kits was 15 pg/mL for IL-17, 16.3 pg/mL for IL-23, 0.7
pg/mL for IL-6, and 3.9 pg/mL for IL-10. The assay range of ELISA kits was 31.2-2000
pg/mL for IL-17, 39.0-2500 pg/mL for IL-23, 3.1-300 pg/mL for IL-6, and 7.8-500
pg/mL for IL-10. In addition, clinical outcome variables including the 28-d mortality,
days in the ICU, days of MV, and the number of patients receiving continuous renal
replacement therapy (CRRT) were also recorded.

Statistical analysis
The Kolmogorov-Smirnov test was first performed to test the normal distribution of
the data. Normally distributed data are expressed as the mean ± standard deviation
and were compared by t-tests. Abnormally distributed data are expressed as medians
(interquartile ranges) and were compared by the Mann-Whitney U test or KruskalWallis test. Categorical variables are presented as absolute numbers or percentages
and were analyzed using the χ2 test or Fisher’s exact test. Survival curves for up to 28
d after admission were generated using the Kaplan–Meier method and were
compared by the log-rank test. IBM SPSS software (version 22.0, NY, United States)
was used for statistical analyses, and P < 0.05 was considered statistically significant.
To take into account the repeated nature of variables, analysis of variance (ANOVA)
for repeated measurements of the general linear model was implemented. The
statistical methods of this study were reviewed by Qiao Liu, a biostatistician from the
Center for Disease Control and Prevention of Jiangsu Province in China.

RESULTS
As shown in Figure 1, a total of 53 septic patients were enrolled in this randomized
clinical trial during the study period. Of these patients, 26 received EEN and 27
received DEN. The demographic data and clinical parameters of the patients on
admission are presented in Table 1. Seven (13.2%) patients received CRRT, and 10
(18.9%) patients died of MODS or infectious complications during the hospital stay
(within 28 d).
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Table 1 Demographic data and clinical parameters on admission
EEN group

DEN group

(n = 26)

(n = 27)

Age (yr)

58.85 ± 10.48

57.30 ± 14.82

0.663

Sex (Male:Female)

18:8

18:9

0.842

Abdominal infection

11 (42.3%)

14 (51.9%)

0.487

Thoracic/Pulmonary infection

10 (38.5%)

9 (33.3%)

0.697

Urinary infection

3 (11.5%)

2 (7.4%)

0.669

Mucocutaneous infection

2 (7.7%)

2 (7.4%)

1.000

BMI

25.25 ± 5.97

24.24 ± 4.15

0.476

APACHE II

21.69 ± 6.24

22.19 ± 5.69

0.765

SOFA

9.08 ± 1.94

9.44 ± 3.82

0.659

P-value

Etiology (n, %)

EEN: Early enteral nutrition; DEN: Delayed enteral nutrition; BMI: Body mass index; APACHE II: Acute
physiology and chronic health evaluation II; SOFA: Sequential organ failure assessment.

T lymphocyte percentages
Figure 2 shows the difference in the Th17 and Treg lymphocyte percentages and the
Th17/Treg cell ratios between the two groups on days 1, 3, and 7 after admission. As
shown in Figure 2A, patients in the EEN group had a significantly lower Th17 cell
percentage on the 7th day (P = 0.002) after admission compared to that in the DEN
group. Similar results were also found for the Th17/Treg cell ratios (P = 0.01) (Figure
2C). However, no significant difference in the Treg cell percentages was found during
the 7 d after admission (P > 0.05) between the two groups (Figure 2B).

Cytokines
Figure 3 shows the difference in the serum IL-17 and IL-23 levels and IL-23/IL-17
ratios between the two groups on days 1, 3, and 7 after admission. As shown in Figure
3A, patients in the EEN group had a significantly lower IL-17 level on the 7th day (P =
0.01) after admission compared to that of the DEN group. Similar results were also
found for the IL-23 levels (P = 0.016) (Figure 2B). No significant difference in the IL23/IL-17 ratios was found during the 7 days after admission between the two groups
(P > 0.05) (Figure 3C), and the results indicated that the expression of the members of
the IL-23/IL-17 axis was simultaneously suppressed in both groups.
Figure 4 shows the difference in serum IL-6 and IL-10 levels between the two
groups on days 1, 3, and 7 after admission. As shown in Figure 4A, patients in the
EEN group had a significantly lower IL-6 level on the 7th day (P < 0.001) after
admission compared to that in the DEN group. However, no significant difference in
the IL-10 levels was found during the 7 d after admission (P > 0.05) between the two
groups (Figure 4B).

Clinical severity variables
Table 2 shows the difference in the clinical severity variables between the two groups
during the ICU stay. The APACHE II and SOFA scores of the EEN group were
significantly lower than those of the DEN group on the 7th day (P < 0.05). The
duration (days) of MV and ICU stay of the EEN group were also significantly shorter
than those of the DEN group (P < 0.05). However, no significant difference in the
number of patients receiving CRRT was found between the two groups (4/26 vs 3/27,
P = 0.704).
The effects of EEN on WBC counts, hemoglobin, total bilirubin, and albumin levels
were also investigated, and we found that EEN had a tendency of decreasing WBC
count (9.57 ± 3.12 vs 12.03 ± 5.53, P = 0.051) and total bilirubin (14.04 ± 11.06 vs 20.14 ±
18.21, P = 0.146) on the 7th day after admission. Moreover, EEN also had a tendency
of increasing albumin level (33.51 ± 3.75 vs 31.47 ± 3.82, P = 0.055) on the 7th day after
admission. No similar tendency on hemoglobin (106.73 ± 16.53 vs 105.56 ± 23.60, P =
0.835) was found during the 7 d after admission between the two groups. It may be
part of the reasons why EEN can decrease APACH II and SOFA scores on 7th day
after admission.
During the 28 d of admission, 4 (15.4%) of 26 patients in the EEN group and 6
(22.2%) of 27 patients in the DEN group died of MODS or infectious complications. As
shown in Figure 5, no difference in the 28-d mortality was found between the EEN
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Figure 2

Figure 2 Difference in the Th17 and Treg lymphocyte percentages and the Th17/Treg cell ratios between the early enteral nutrition and delayed enteral
nutrition groups. A: Difference in the Th17 lymphocyte percentages between the early enteral nutrition (EEN) and delayed enteral nutrition (DEN) groups; B:
Difference in the Treg lymphocyte percentages between the EEN and DEN groups; C: Differences in the Th17/Treg cell ratios between the EEN and DEN groups. aP
< 0.05. EEN: Early enteral nutrition; DEN: Delayed enteral nutrition.

and DEN groups (P = 0.728).

DISCUSSION
This prospective clinical pilot study investigated the effects of EEN on the Th17/Treg
cell ratios and the IL-23/IL-17 axis in septic patients. We found that EEN could
decrease the Th17 lymphocyte percentages, Th17/Treg cell ratios, serum IL-17, IL-23,
and IL-6 levels and could thus suppress the immune overactivation during the early
stage of sepsis. Moreover, EEN could improve the clinical disease severity but could
not reduce the 28-d mortality of septic patients.
Despite the fact that the surviving sepsis guidelines recommended a series of
therapeutic methods to treat sepsis, its mortality is still approximately 20%-50% in
adults [13,14] . Previous studies have shown that immune dysregulation plays an
important role in the development of sepsis, and T lymphocytes, especially Th17 and
Treg cells, are the main mediators of this dysregulation[2,5,6]. Li et al[2] found that the
Th17/Treg cell ratios were reduced in septic patients, and Wu et al[4] reported that
higher Th17 differentiation was associated with lower mortality in sepsis. Therefore,
the imbalance of Th17/Treg cells is considered a crucial pathogeny of sepsis[1,3,6]. An
animal study[5] showed that Xuebijing injection (a Chinese herbal medicine) regulated
the balance of Treg and Th17 cells and improved survival in septic shock. Another
clinical study[6] reported that the Th17/Treg cell imbalance in sepsis patients could be
attenuated by high-volume hemofiltration. However, no consensus has been reached
on how to modulate the imbalance of Th17/Treg cells. Our previous retrospective
study[12] revealed that EEN could improve the imbalance of Th17/Treg cell ratios
during the early stage of sepsis, and this prospective study also supported this
conclusion. These findings provide a new and easier strategy for treating the
imbalance of Th17/Treg cells.
However, the percentage of T lymphocytes is not representative of their function. T
cells trigger an inflammatory response mainly by secreting relevant cytokines. Th17
cells mainly express the pro-inflammatory factors IL-17 and IL-6, whereas Treg cells
mainly express anti-inflammatory factors such as TGF-β and IL-10. Accordingly, we
compared the difference in the serum IL-17, IL-6, and IL-10 levels between the EEN
and DEN groups, and we found that EEN could decrease the IL-17 and IL-6 levels but
not the IL-10 levels during sepsis compared to those of the DEN group. The results
indicated that EEN ameliorated immune dysfunction by preventing the release of proinflammatory cytokines, but it did not increase the release of anti-inflammatory
cytokines during the early stage of sepsis. This conclusion is in accordance with our
previous study[11].
Moreover, previous studies showed that Th17 lymphocytes could be activated by
IL-23 and increase the secretion of IL-17 in a positive feedback loop[7,8]. This positive
feedback loop of the IL-23/IL-17 axis could promote the acute inflammatory reaction
and the progression of infectious disease. Cauvi et al[7] reported that the increased
activation of the IL-23/IL-17 pathway had detrimental effects on sepsis-induced lung
inflammation. Another study[8] suggested that the determination of the preoperative
Th17 cytokine (IL-23 and IL-17) mRNA levels might be useful for predicting the
development of sepsis after radical cystectomy. Therefore, monoclonal antibodies that
target IL-23 or IL-17 have been tested for the treatment of sepsis[16,17]; however, no
consensus has been reached because of the conflicting results of the experiments and
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Figure 3 Difference in the serum IL-17 and IL-23 levels and the IL-23/IL-17 ratios between the early enteral nutrition and delayed enteral nutrition groups. A:
Difference in the serum IL-17 levels between the early enteral nutrition (EEN) and delayed enteral nutrition (DEN) groups; B: Difference in the serum IL-23 levels
between the EEN and DEN groups; C: Difference in the IL-23/IL-17 ratios between the EEN and DEN groups. aP < 0.05. EEN: Early enteral nutrition; DEN: Delayed
enteral nutrition.

clinical studies. In this study, we found that EEN could decrease the serum IL-17 and
IL-23 levels during the early stage of sepsis. Our findings indicated that EEN might
improve the immune dysfunction in sepsis by regulating the IL-23/IL-17 axis.
The intestinal tract is considered to be an important immune organ[18]. Recent
studies have reported that the gut immune function was closely associated with
enteral feeding, and a lack of enteral stimulation could lead to immune imbalance[19,20].
Our previous trials also found that EEN could improve the immune imbalance of
patients with sepsis or severe acute pancreatitis[11,12], but the underlying mechanisms
were still not clear. In this study, we explored the potential mechanisms of the
regulation of immune function by EEN by examining T lymphocytes and the IL23/IL-17 axis in sepsis. We found that EEN improved the imbalance of the Th17/Treg
cell ratios and suppressed the IL-23/IL-17 axis in sepsis compared to those of the DEN
group. To the best of our knowledge, this is the first randomized clinical study to
investigate the relationship between EEN and the IL-23/IL-17 axis in septic patients,
and our results might provide a new mechanism by which EEN improves immune
imbalance, as well as provide a new and easier strategy for treating the immune
imbalance in sepsis.
In addition, the present study also compared the difference in the clinical outcome
variables between the EEN and DEN groups. We found that EEN could reduce the
duration of MV and ICU stay, as well as the APACHE II and SOFA scores, but not the
28-d mortality of septic patients compared to those of the DEN group. The results
indicated that EEN can suppress the immune overactivation and improve the clinical
disease severity during the early stage of sepsis. However, the main intervention
difference of the two groups was the initial time of enteral feeding in this study, thus
patients would receive same treatments (especially enteral nutrition) for sepsis after
the acute stage. Therefore, no difference about the mortality was observed on the 28th
day after admission. Moreover, this discrepancy occurred probably because this small
sample trail was not powered to detect a difference in mortality. The conclusions are
in accordance with previous studies[12,20].
Several limitations of this study should be discussed. Due to the single-center
design and small sample size, our results might be unable to provide reliable
conclusions, and the accuracy of these results should be examined with large-scale
clinical studies. Moreover, because this study was not based on pathophysiological
models, the precise mechanisms of EEN on the Th17/Treg cell ratios and IL-23/IL-17
axis should be examined by future basic science investigations. Finally, because our
immune variables were only recorded for one week, the later effects of EEN on sepsis
should be studied with further clinical trials.
In conclusion, our clinical pilot study found that EEN could improve the imbalance
of the Th17/Treg cell ratios and suppress the IL-23/IL-17 axis during the early stage
of sepsis. Moreover, EEN could reduce the clinical severity but not the 28-day
mortality of septic patients. Further basic experiments or large-scale randomized
controlled trials are needed to validate our results.
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Table 2 Clinical severity variables
EEN group

DEN group

(n = 26)

(n = 27)

Day 1

21.69 ± 6.24

22.19 ± 5.69

0.765

Day 3

17.54 ± 26

19.04 ± 4.92

0.199

Day 7

11.73 ± 4.82

15.11 ± 3.90

<0.001

Day 1

9.08 ± 1.94

9.44 ± 3.82

0.659

Day 3

6.31 ± 1.52

7.30 ± 3.30

0.132

Day 7

3.58 ± 0.99

5.22 ± 2.33

<0.001

MV days

4.50 ± 2.58

7.15 ± 3.95

0.006

Number of CRRT (n, %)

4 (15.4%)

3 (11.1%)

0.704

ICU days

8.31 ± 4.26

11.22 ± 5.43

0.035

P-value
APACHE II

SOFA

EEN: Early enteral nutrition; DEN: Delayed enteral nutrition; APACHE II: Acute physiology and chronic health evaluation II; SOFA: Sequential organ
failure assessment; MV: Mechanical ventilation; CRRT: Continuous renal replacement therapy; ICU: Intensive care unit.

Figure 4

Figure 4 Difference in the serum IL-6 and IL-10 levels between the early enteral nutrition and delayed enteral nutrition groups. A: Difference in the serum IL-6
levels between the early enteral nutrition (EEN) and delayed enteral nutrition (DEN) groups; B: Difference in the serum IL-10 levels between the EEN and DEN
groups. aP < 0.05. EEN: Early enteral nutrition; DEN: Delayed enteral nutrition.
Figure 5

Figure 5 Survival curves for up to 28 days after admission between the early enteral nutrition and delayed enteral nutrition groups (P = 0.728). EEN: Early
enteral nutrition; DEN: Delayed enteral nutrition.
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ARTICLE HIGHLIGHTS
Research background
The imbalance of Th17/Treg cells and IL-23/IL-17 axis have been confirmed to be associated
with sepsis and various inflammatory diseases. Early enteral nutrition (EEN) can modulate the
inflammatory response, improve immune dysfunction, and prevent enterogenic infection in
critically ill patients; however, the precise mechanisms remain unclear. Therefore, we
hypothesized that EEN could improve the immune dysfunction in sepsis by maintaining a
balanced Th17/Treg cell ratio and by regulating the IL-23/IL-17 axis.

Research motivation
The aim of this study was to test the hypothesis that EEN could improve the immune
dysfunction in sepsis by maintaining a balanced Th17/Treg cell ratio and by regulating the IL23/IL-17 axis.

Research objectives
The main objective of this prospective clinical trial was to investigate the effects of EEN on
Th17/Treg cell ratios and IL-23/IL-17 axis in septic patients.

Research methods
In this prospective clinical trial, patients were randomly divided into an EEN or delayed enteral
nutrition (DEN) group. Enteral feeding was started within 48 h in the EEN group, whereas
enteral feeding was started on the 4th day in the DEN group. The Th17 and Treg cell percentages
and the interleukin levels were tested on days 1, 3, and 7 after admission. The clinical severity
and outcome variables were also recorded.

Research results
Fifty-three patients were enrolled in this trial from October 2017 to June 2018. The Th17 cell
percentages, Th17/Treg cell ratios, IL-17, IL-23, and IL-6 levels of the EEN group were
significantly lower than those of the DEN group on the 7th day after admission (P < 0.05). The
duration of mechanical ventilation and of the intensive care unit stay of the EEN group were
significantly shorter than those of the DEN group (P < 0.05). However, no significant difference
in the 28-d mortality was found between the two groups (P = 0.728).

Research conclusions
EEN could regulate the imbalance of Th17/Treg cell ratios and suppress the IL-23/IL-17 axis
during sepsis. Moreover, EEN could reduce the clinical severity of sepsis but did not reduce the
28-d mortality of septic patients.

Research perspectives
More large-scale clinical studies and basic science investigations should be performed to test the
accuracy of our results in future.
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Abstract
BACKGROUND
Autoimmune hepatitis (AIH) is a rare chronic inflammatory liver disease with a
high risk of progression to liver cirrhosis. The initial treatment for AIH usually
includes a steroid, with or without azathioprine. AIH can present at any age;
however, the most effective and safe induction treatment for AIH in the elderly
remains unclear.
AIM
To systematically review available data on both effectiveness and safety of AIH
treatments in elderly subjects.
METHODS
To identify studies on AIH induction treatment in elderly patients (≥ 60 years of
age), an electronic research was performed (PubMed, EMBASE and Cochrane
Library databases) until February 2019. Eligible studies were selected through
screening of titles and abstracts, followed by full-text critical evaluation. After
risk of bias assessment, data on study designs, interventions, and outcomes were
extracted and reviewed.
RESULTS
Among the 1736 retrieved papers, 15 studies were selected. Out of them, eight
studies were excluded because of a critical risk of bias. The remaining seven
studies included 789 patients and out of them 239 subjects were elders. First-line
treatment was a steroid either alone or in combination with azathioprine in most
patients (87.6%) and only one study investigated the effect of combined steroid
and mycophenolate mofetil therapy. Standard therapy was effective in inducing
remission in the elderly. Moreover, treatment failure and relapses occurred less
often in the elderly compared to younger people.
CONCLUSION
Treatment of AIH is challenging in elderly patients. This systematic review
confirms the efficacy and safety of standard induction treatment for AIH in the
elderly. Available evidence is insufficient to draw any conclusion on the effect of
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Core tip: Autoimmune hepatitis (AIH) is a severe liver disease that affects patients
worldwide. Conventional treatment with a steroid and azathioprine is the mainstay of
treatment. Although elderly patients have a relatively high incidence of AIH, data on its
treatment in the elderly are limited. We focused on this subgroup of patients and
systematically reviewed studies testing both efficacy and safety of AIH treatments in old
patients. Available data support the use of conventional treatment, while the effect of
other drugs has only been tested in small case series.
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INTRODUCTION
Autoimmune hepatitis (AIH) is a chronic inflammatory liver disease, potentially
leading to liver cirrhosis and hepatic failure. AIH has a variety of clinical presentation
patterns, ranging from asymptomatic course to acute severe liver disease[1]. It is
characterized by the presence of interface hepatitis on histological examination,
elevated aminotransferases, hyper-gammaglobulinemia, and circulating autoantibodies, such as antinuclear antibodies, smooth muscle autoantibodies, liver
kidney microsomial antibodies type 1, and liver cytosol specific antibody type 1. AIH
of type 1 is the most frequent subtype (90%), while AIH of type 2 is relatively rare
(10%) and occurs mainly in childhood.
A diagnostic scoring system was developed in 1993 by the International
Autoimmune Hepatitis Group (IAIHG) and revised in 1999[2,3]. A simplified scoring
system based on autoantibody titres, serum IgG levels, liver histology, and exclusion
of viral hepatitis was proposed in 2008 to ease clinical application[4]. AIH is relatively
rare with a prevalence ranging from 16 to 18 cases per 100000 inhabitants in Europe.
However, prevalence is higher in some population groups, as Alaska natives (42 cases
per 100000 inhabitants)[5]. Although initially thought to be particularly prevalent in
young women and children, the disease can affect all age groups and in the last
decade several studies reported a relatively high incidence in the elderly[6,7].
Untreated AIH has a poor prognosis; however, immunosuppressive therapy shows
a high response rate and significantly improves prognosis[8]. Therapy with a steroid,
with or without azathioprine (AZA), is the mainstay of treatment, but the most
effective and safe therapy in elderly patients remains undetermined as old people are
often excluded from clinical trials[9]. Moreover, both comorbidities and polypharmacy
make treatment choice very challenging in this age group. To clarify the efficacy of
AIH treatments specifically in the elderly, we performed a systematic review.

MATERIALS AND METHODS
The study was carried out according to the Preferred Items for Reporting of
Systematic Reviews and Meta-Analyses (PRISMA) guidelines[10]. The study protocol
was not registered.

Literature search strategy
We searched electronic databases (PubMed National Library of Medicine, EMBASE,
and Cochrane Library) to identify all published studies on AIH treatment in the
elderly up to 20th of February 2019. The research terms (keywords, medical subject
headings, free-terms) “autoimmune hepatitis/therapy”, “autoimmune hepatitis/
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treatment”, ‘‘elderly”, “80 and over”, “older”, “aged” were used in combination
(AND or OR operators) (Appendix 1). Reference lists were also screened to identify
additional relevant studies. The search strategy was limited to English language
publications, while no timeline restriction was used.
We included both randomized and non-randomized studies, whereas case-reports,
case series, and letters to the Editor were excluded. Eligible studies had to assess the
effect of induction treatment of newly diagnosed AIH in either elderly patients or a
well-defined subgroup of old patients (threshold: ≥ 60 years of age). Studies on
elderly patients with overlap syndromes, primary biliary cirrhosis, primary sclerosing
cholangitis, chronic viral hepatitis, and drug-induced AIH were excluded.

Study selection
Three review authors independently screened titles and abstracts of eligible studies.
Disagreements were resolved through consensus by discussion. Full text of each
study was then read and critically assessed by two review authors, who independently agreed on selection. A third review author resolved discrepancies.

Risk of bias assessment
All selected studies were non-randomized studies of interventions; therefore, we
assessed study quality using the Risk of Bias In Non-Randomized Studies of
Interventions (ROBINS-I). This is a new tool for evaluating the risk of bias in estimates
of the comparative effectiveness of interventions from studies that did not use
randomization to allocate units to comparison groups. The tool includes seven bias
domains: three pre-intervention domains (confounding, selection of participants into
the study, classification of interventions) and four post-intervention domains
(deviations from intended interventions, missing data, measurement of outcomes, and
selection of reported results) [11] . Two review authors (G.L., M.S.) independently
assessed the risk of bias across the seven domains for each included study and a third
review author (A.F.) acted as an arbitrator (Table 1). We excluded all the studies that
were at critical risk of bias in at least one domain.

Data collection
We extracted the following data from included studies: (1) Characteristics of study
participants (age, AIH type); (2) Type of intervention [steroid, steroid plus AZA,
steroid plus mycophenolate mofetil (MMF), ursodeoxycholic acid (UDCA), and other
treatments] in the elderly compared to younger subjects; and (3) Type of outcomes
(both partial and complete remission, relapses, treatment failure, side effects/allergy).
For each study, data on first author surname, publication year, country of the first
author, study design, total sample size, number of elderly patients enrolled, and
follow-up duration were also collected. We used the definition of remission given by
the Authors in the paper and we did not request study data where they were missing
from the articles.

RESULTS
Flow and characteristics of included studies
A PRISMA flow diagram of study selection is shown in Figure 1. Database search
retrieved 1736 references. After exclusion of 407 duplicates, 1329 records were
screened. Primary selection by title and abstract assessment led to the exclusion of
further 1214 articles. Among the remaining 115 papers, 100 studies were excluded
after full-text reading (e.g., case series and case reports, posters, insufficient number of
elderly patients in the sample, no sub-analysis in the elderly subgroup, studies
assessing clinical presentation, prevalence, and economic issues in elderly AIH
patients rather than therapy, AIH in pediatric population). Out of the 15 remaining
studies, eight were excluded for critical risk of bias as assessed by ROBINS-I[12-19].

Study characteristics
Characteristics of the seven included studies are summarised in Table 2[6,9,20-24]. They
were comparative cohort studies, which were performed in seven different countries
(North America, Europe and Asia) and published between 2001 and 2017. A total of
789 patients (640 F, 149 M) with new-onset AIH were studied. The clinical
presentation was heterogeneous with both acute and chronic onset. Among AIH
patients, 239 subjects (203 F, 36 M) were elders (≥ 60 years of age)[6,9,20-24]. Because
different age threshold (≥ 60, ≥ 65, ≥ 70) were used to define elderly patients in the
seven studies, the age range also differ in the comparator group. Moreover, three
studied included in the comparator group only patients with pre-defined age
threshold (≤ 30, ≤ 32, and ≤ 50 years of age, respectively)[6,9,22]. Diagnostic criteria for
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Table 1 Risk of bias assessment in the included studies according to Risk Of Bias In Non-randomised Studies of Interventions scale
Biasdomains

Schram et al[6],
2001

Granito et al[21], Al-Chalabi et
2005
al[23], 2006

Czaja et al[9],
2006

Zhang et al[22],
2012

Zachou et al[20], Morii et al[24],
2016
2017

Confounding

Moderate

Serious

Moderate

Moderate

Serious

Moderate

Moderate

Selection of
Serious
participants into
study

Low

Low

Moderate

Moderate

Serious

Moderate

Classification of
interventions

Serious

Moderate

Moderate

Moderate

Serious

Moderate

Moderate

Deviation from
intended
interventions

No information

Low

No information

No information

No information

Low

Moderate

Missing data

Moderate

Moderate

Moderate

Serious

Serious

Serious

Serious

Measurement of Low
outcomes

Moderate

Moderate

Moderate

Moderate

Moderate

Moderate

Selection of the
reported results

Moderate

Moderate

Moderate

Moderate

Moderate

Serious

Moderate

Overall

Serious

Serious

Moderate

Serious

Serious

Serious

Serious

AIH differed in the included studies. Specifically, five studies used the revised IAIHG
criteria, one study the simplified IAIHG criteria[20], and the study by Zhang et al[22]
both diagnostic scoring systems.
Studies differed for types of treatments and drug dosages (Table 3). However, in all
studies except one, elderly patients were treated with a steroid either alone or in
combination with AZA (170 out of 194 patients)[6,9,21-24]. The study by Zachou et al[20]
assessed the performance of an alternative first-line treatment with prednisolone and
MMF. Moreover, the study by Morii et al[24] also included a sub-study on the potential
benefit of UDCA treatment in 13 elderly AIH patients with chronic disease onset.
Fifty-nine patients were excluded from the final analysis because they were not
eligible for immunosuppressive treatment (27 patients)[20], they did not satisfy the
criteria for treatment or received experimental therapies (26 patients)[9], or they did
not receive any treatment (6 patients)[6,21,22]. Follow-up duration varied widely from
two months to 33 years.

Effects of treatment
Definitions of remission, treatment failure, and relapse are reported in Table 4. In the
elderly, standard therapy with a steroid either alone or in combination with AZA
induced remission in 119 out of 151 patients. In the studies by Granito et al[21] and AlChalabi et al[23], the remission rate was of 90% and 95%, respectively. The likelihood of
remission in the elderly was similar to that observed in the other age groups.
Treatment failure occurred less often in old compared to younger patients (Czaja et
al[9]: 9.1% vs 28.2%, P = 0.041; Zhang et al[22]: 5% vs 24%, P = 0.03). In the study by
Zachou et al[20], treatment with a steroid combined with MMF achieved a greater
complete response rate than standard treatment with a steroid combined with AZA,
independently of age.
The response rate to therapy was similar in the Czaja et al[9] and the Zhang et al[22]
studies despite different ethnicity of the studied populations (Caucasian vs Chinese
patients). However, a higher rate of response was seen in the Caucasian patients
enrolled in the Schramm et al [6] study. No information on patient ethnicity was
provided by the other studies.
Only a few studies reported the relapse rate during steroid taper or soon after
discontinuation. Relapse rate was higher in younger compared to elderly patients in
the study by Al-Chalabi et al[23] (70% vs 42%, P = 0.002). A similar trend was observed
in the studies by Granito et al[21] and Schramm et al[6], though it did not reach statistical
significance. On the contrary, no difference in relapse rate between old and younger
patients was observed in the study by Czaja et al[9]. In patients treated with UDCA,
remission was observed in 17 out of 34 patients (50%), but data stratified for age were
not reported[24].

Other outcomes
Treatment side effects were described in four studies. In the paper by Granito et al[21],
the elderly group did not report any side effect, while steroid-related adverse effects,
such as osteoporosis, diabetes, and myopathy, occurred in the comparator group. In
the study by Al-Chalabi et al[23], side effect frequency did not differ in the two age
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Figure 1

Figure 1 Flow chart of the search strategy.

groups, except for Cushingoid facies and psychotic episodes that were reported in
elderly group only (2 cases). Other side effects in elderly patients were osteoporosis
(12%), hypertension (7%), type 2 diabetes (2%), and AZA-induced cytopenia (5%)[23].
In the paper by Schramm et al[6], five patients discontinued treatment with AZA
because of gastrointestinal undesirable events, cholestasis, and skin rash. Moreover,
one elderly patient had a varicella zoster infection and another one pulmonary
tuberculosis reactivation[6]. In the study assessing the effect of MMF, treatment was
well tolerated in all age groups, though few patients had septicaemia, mild
gastrointestinal symptoms, or cytopenia[20].

DISCUSSION
AIH, a chronic inflammatory liver disease, may present at any age. However, there is
relatively little information on AIH clinical features and management in older
patients. In 2013, Chen et al[25] published a systematic review on AIH treatment in the
elderly, supporting the use of a steroid combined with AZA to achieve long-term
remission. Since then, alternative treatments, including 6-mercaptopurine,
everolimus, tacrolimus, and methotrexate, were successfully used as first-line AIH
therapy in adult patients[26]. However, efficacy was not tested in randomized clinical
trials and available data in elderly patients are scarce.
Our systematic review results show that therapy with a steroid either alone or with
AZA is still the most frequently used treatment in elderly patients. This therapeutic
strategy is highly effective in achieving remission. Moreover, treatment failure occurs
less frequently in the elderly than in younger patients and elderly people are more
likely to maintain remission[6,9,21-24].
Treatments were well tolerated; however, included studies did not systematically
report adverse effects. Notably, none of studies reported the use of calcium and
vitamin D supplementations to prevent osteoporosis, though osteoporosis is one of
the most common adverse effect in elderly people treated with steroids. Similarly, a
multicentre study reported that only AIH patients with established osteoporosis were
treated with bisphosphonates, calcium, and vitamin D supplements[27].
In elderly patients, other drugs can be used instead of standard therapy,
particularly in subjects who are likely to experience relevant steroid- and AZA-related
side effects. Nevertheless, the effect of novel treatments for AIH in the elderly was
only described in case reports and small case series[28-33], which were not included in
this systematic review. Among the included studies, only the paper of Zachou et al[20]
tested an alternative first-line therapy with MMF.
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Table 2 Characteristics of included studies

Author(year) Methods

No. of
patients (F:M) Diagnostic
Elderly:Youn- criteria

Country

Interventions Median FU

Outcomes

Side effects

Germany

-P alone

4-164 mo

-P + AZA

(40 mo in
elderly group)

CR, relapse, all
causes and
liver-related
death

GI symptoms,
cholestasis, skin
rush (AZA). VZ
infection,
pulmonary TB
reactivation

ger
Schramm et
al[6], 2001

Comparative
Cohort Study

40 (32:8)

IAIHG (1999)

20 (≥ 65 yr,
50%):20
Granito et
al[21], 2005

Comparative
Cohort Study

76 (64:12)

Al-Chalabi et
al[23], 2006

Comparative
Cohort Study

164 (128:36)

-No treatment

IAIHG (1999)

Italy

-M alone

20 (≥ 65 yr,
26%):56

-M + AZA

Comparative
Cohort Study

UK

-P alone

Cushingoid
faces,
osteoporosis,
T2DM,
hypertension,
psychoses.
Cytopenia
(AZA)

205 (175:30)

(77 mo)

Remission, SR,
TF, relapse,
death or OLT

Not reported

Remission, SR,
TF, relapse,
death

Not reported

and P + D-P in
young only)

IAIHG (1999)

USA

-Pp alone
-Pp + AZA
-P + AZA
-No treatment

75 (71:4)

IAIHG (1999)

36 (≥ 60 yr,
48%):39

+ IAIHG (2008)

Zachou et
al[20], 2016

158 (114:44)

IAIHG (2008)

Comparative
Cohort Study

CR, PR, TF,
relapse,
deaths/OLT

-(P + Cyclo

Zhang et al[22], Comparative
2012
Cohort Study

Morii et al[24],
2017

1-28 yr (9 yr)

-P + AZA

47 (≥ 60 yr,
23%):158

Comparative
Cohort Study

None in elderly
group

-No treatment
IAIHG (1999)

43 (≥ 60 yr,
26%):121

Czaja et al[9],
2006

1-16 yr (5 yr) in CR, relapse,
the elderly
death

China

-P alone

6 mo-8 yr

Greece

-P + MMF

3-168 mo (72) in CR, PR, TF,
MMF group
relapse, liverrelated death,
progression
during FU,
OLT

Sepsis, airway
infections, VZ,
mild GI
symptoms,
cytopenia
(MMF)

2-69 mo (31 mo) Remission,
relapses

Not reported

45 (> 60 yr,
28%):113

71 (56:15)

-P alone
-P + AZA

IAIHG (1999)

Japan

-Pp alone

28 (≥ 70 yr,
39%):43

-UDCA

IAIHG: International Autoimmune Hepatitis Group; P: Prednisolone; Pp: Prednisone; AZA: Azathioprine; M: Methylprednisolone; Cyclo:
Cyclophosphamide; D-P: D-Penicillamine; MMF: Mycophenolate Mofetil; UDCA: Ursodeoxycholic acid; CR: Complete Remission; PR: Partial remission;
SR: Sustained remission; TF: Treatment failure; OLT: Orthotopic liver transplantation; GI: Gastro-Intestinal; VZ: Varicella zoster; T2DM: Type 2 diabetes
mellitus; TB: Tubercolosis.

Our systematic review has several limitations. The sample size of included studied
was small and the study quality relatively low. In addition, studies were heterogeneous in terms of AIH diagnostic criteria, outcome definition, cluster classification,
disease severity, and comorbidities. Finally, we have no data on elderly patients of
different age subgroups.
In conclusion, there is insufficient evidence to draw any conclusion regarding both
efficacy and safety of novel AIH treatment approaches in the elderly. However,
present data confirm that conventional AIH treatment is effective in elderly patients
and that efficacy may be even greater than in younger subjects. Moreover, early
treatment is recommended to achieve remission and avoid progression. Larger
clinical studies are required to establish whether elderly patients may benefit from
other therapeutic approaches.
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Table 3 Treatment regimens
Author (year)

Treatments

[6]

Schramm et al , 2001

P 1 mg/kg/die
P 1 mg/kg/die + AZA 1-1.5 mg/kg/die
No treatment

Granito et al[21], 2005

M 1 mg/kg/die
M 30 mg/die + AZA 50 mg/die
No treatment

[23]

Al-Chalabi et al

, 2006

P 20-40 mg/die
P 20-40 mg/die + AZA (1 mg/kg/die)
P 20-40 mg/die + Cyclo (only in the younger group)
P 20-40 mg/die + D-P (only in the younger group)

Czaja et al[9], 2006

Pp (doses not specified)
Pp + AZA (doses not specified)
Investigational therapies (drugs not specified)
No Treatment

Zhang et al[22], 2012

P (doses not specified)
P + AZA (doses not specified)
No treatment

Zachou et al[20], 2016

P 0,5-1 mg/kg/die + MMF 1.5-2g/die
P 0,5-1 mg/kg/die
P 0.5-1 mg/kg/die + AZA 1.5-2 mg/kg/die

[24]

Morii et al

, 2017

Pp 30-40 mg/die
UDCA (dose not specified)

P: Prednisolone; Pp: Prednisone; AZA: Azathioprine; M: Methylprednisolone; Cyclo: Cyclophosphamide; D-P: D-Penicillamine; MMF: Mycophenolate
Mofetil; UDCA: Ursodeoxycholic acid.

Table 4 Outcome definitions
Author (year)

Remission

Treatment failure

Relapse

Schramm et al[6], 2001

IAIHG revised criteria (1999)

-

IAIHG revised criteria (1999)

Granito et al[21], 2005

IAIHG revised criteria (1999)

-

IAIHG revised criteria (1999)

Al-Chalabi et al[23], 2006

IAIHG revised criteria (1999)

IAIHG original criteria (1993)

IAIHG revised criteria (1999)

Worsening of clinical, laboratory
and/or histological alterations
despite compliance to therapy

Symptom recurrence and increased
serum AST level (> three-fold the
ULN) after drug withdrawal

Worsening of clinical, laboratory
and/or histological alterations
AST levels: Normal or near normal (<
despite compliance to therapy
two-fold the UNL)

Symptom recurrence and increased
serum AST level (> three-fold the
ULN) after drug withdrawal

PR: IAIHG original criteria (1993)
Czaja et al[9], 2006

Symptoms: Absent
AST level: Normal or near normal (<
two-fold the UNL)
Histology: Minimal/no inflammation
SR:
Symptoms: Absent
Serum AST levels: Normal or below
the relapse threshold
after drug withdrawal

Zhang et al[22], 2012

Symptoms: Absent

Histology: Minimal or no
inflammation.
SR:
Symptoms: Absent
AST levels: Normal or below the
relapse threshold after drug
withdrawal
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Zachou et al[20], 2016

CR:

Persistently elevated AST and ALT (>
three-fold the UNL) and/or increased
IgG despite intensive
AST, ALT, IgG levels: normal
immunosuppression and compliance
Histology: Minimal/no inflammation to therapy
Symptoms: Improved

Rise in AST and ALT levels (> threefold the UNL) and/or increased IgG
(> 2000 mg/dL) during therapy with
or without symptom recurrence after
initial CR

PR:
ALT or AST levels: Decreased (< twofold ULN) without achieving
complete normalization and inability
to withdraw or taper prednisolone
Morii et al[24], 2017

Normal serum ALT and IgG levels

-

Re-exacerbation not explicitly
defined

IAIHG: International Autoimmune Hepatitis Group; ALT: Alanine transaminase; AST: Aspartate transaminases; ULN: Upper limit of normal; IgG:
Immunoglobulin G; CR: Complete remission; PR: Partial remission; SR: Sustained remission.

ARTICLE HIGHLIGHTS
Research background
Autoimmune hepatitis (AIH) is a rare chronic inflammatory disease potentially leading to severe
liver damage. Untreated AIH has a poor prognosis, but the response rate to fist-line
immunosuppressive therapy with a steroid either alone or in combination with azathioprine is
very high. Moreover, novel immunosuppressive drugs have been recently proposed for AIH
treatment in adult patients.

Research motivation
AIH also affects elderly patients; however, only a few intervention studies were performed in
old patients. Whether standard treatment with a steroid, with or without azathioprine, is the best
therapeutic strategy in the elderly is unclear.

Research objectives
To assess current evidence on AIH therapy in the elderly, we systematically reviewed studies
testing both efficacy and safety of first-line pharmacotherapy for AIH in the elderly.

Research methods
Electronic databases (PubMed National Library of Medicine, EMBASE, Cochrane Library) were
searched to identify studies on AIH treatment in the elderly (≥ 60 years of age). Following study
selection, eligible studies underwent risk of bias assessment. Data on study characteristics,
interventions, and outcomes were then extracted. The work was carried out according to the
PRISMA Guidelines.

Research results
Seven cohort studies, enrolling 789 AIH patients, were included. Elderly patients were 239
(30.3%). Six studies reported data on the efficacy of convention treatment with a steroid (alone or
in combination with azathioprine) in elderly and younger AIH patients. Only one study
compared the effect of another drug (mycophenolate mofetil). Overall remission rate was high
and comparable in elderly and younger patients. Notably, both failure of treatment and relapses
occurred less frequently in elderly patients. Adverse effects were rare in both groups. The quality
of the evidence was low and the heterogeneity elevated among included studies.

Research conclusions
Our results confirm the efficacy and safety of standard treatment with a steroid and azathioprine
for AIH in the elderly. Data on other type of treatments were insufficient to draw final
conclusion.

Research perspectives
Available data on pharmacotherapy for AIH in the elderly are very limited and the effect of
novel drugs poorly known. Moreover, results were obtained in small non-randomised studies
that were heterogeneous for patient clinical characteristics, outcome assessment, and follow-up
duration. Therefore, well-designed randomized clinical trials, comparing efficacy and safety of
currently available first-line drugs for AIH in the elders, are needed. In addition, further studies
are required to establish effectiveness of second-line treatments for elderly patients resistant to
conventional therapy.
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Abstract
BACKGROUND
The safety and feasibility of the simultaneous resection of primary colorectal
cancer (CRC) and synchronous colorectal liver metastases (SCRLM) have been
demonstrated in some studies. Combined resection is expected to be the optimal
strategy for patients with CRC and SCRLM. However, traditional laparotomy is
traumatic, and the treatment outcome of minimally invasive surgery (MIS) is still
obscure.
AIM
To compare the treatment outcomes of MIS and open surgery (OS) for the
simultaneous resection of CRC and SCRLM.
METHODS
A systematic search through December 22, 2018 was conducted in electronic
databases (PubMed, EMBASE, Web of Science, and Cochrane Library). All
studies comparing the clinical outcomes of MIS and OS for patients with CRC
and SCRLM were included by eligibility criteria. The meta-analysis was
performed using Review Manager Software. The quality of the pooled study was
assessed using the Newcastle-Ottawa scale. The publication bias was evaluated
by a funnel plot and the Begg’s and Egger’s tests. Fixed- and random-effects
models were applied according to heterogeneity.
RESULTS
Ten retrospective cohort studies involving 502 patients (216 patients in the MIS
group and 286 patients in the OS group) were included in this study. MIS was
associated with less intraoperative blood loss [weighted mean difference (WMD)
= -130.09, 95% confidence interval (CI): -210.95 to -49.23, P = 0.002] and blood
transfusion [odds ratio (OR) = 0.53, 95%CI: 0.29 to 0.95, P = 0.03], faster recovery
of intestinal function (WMD = -0.88 d, 95%CI: -1.58 to -0.19, P = 0.01) and diet
(WMD = -1.54 d, 95%CI: -2.30 to -0.78, P < 0.0001), shorter length of postoperative
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hospital stay (WMD = -4.06 d, 95%CI: -5.95 to -2.18, P < 0.0001), and lower rates
of surgical complications (OR = 0.60, 95%CI: 0.37 to 0.99, P = 0.04). However, the
operation time, rates and severity of overall complications, and rates of general
complications showed no significant differences between the MIS and OS groups.
Moreover, the overall survival and disease-free survival after MIS were
equivalent to those after OS.
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CONCLUSION
Considering the studies included in this meta-analysis, MIS is a safe and effective
alternative technique for the simultaneous resection of CRC and SCRLM.
Compared with OS, MIS has less intraoperative blood loss and blood transfusion
and quicker postoperative recovery. Furthermore, the two groups show
equivalent long-term outcomes.
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Core tip: For patients with colorectal cancer (CRC) and synchronous colorectal liver
metastases (SCRLM), there is no consensus regarding whether minimally invasive
surgery (MIS) or open surgery (OS) is more beneficial. We conducted this meta-analysis
to compare the treatment outcomes of MIS and OS for the simultaneous resection of
CRC and SCRLM. We assessed the two methods in terms of short- and long-term
outcomes. Compared with OS, MIS has less intraoperative blood loss and blood
transfusion and quicker postoperative recovery. Furthermore, the two groups show
equivalent long-term outcomes.

Citation: Ye SP, Qiu H, Liao SJ, Ai JH, Shi J. Mini-invasive vs open resection of colorectal
cancer and liver metastases: A meta-analysis. World J Gastroenterol 2019; 25(22): 28192832
URL: https://www.wjgnet.com/1007-9327/full/v25/i22/2819.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i22.2819

INTRODUCTION
Colorectal cancer (CRC) remains one of the leading causes of cancer-related deaths
worldwide. The incidence and mortality of CRC rank third (10.2%) and second (9.2%),
respectively, among all cancers worldwide[1]. Moreover, according to the latest global
cancer report issued by the International Agency for Research on Cancer for 2018
alone, more than 1.8 million patients were newly diagnosed with CRC, and 881000
patients died of CRC[1]. The liver is the most common organ for metastasis from
colorectal neoplasms. Approximately 40% of patients with CRC eventually develop
liver metastases, and 15%-20% of CRC patients have synchronous colorectal liver
metastases (SCRLM) at the time of initial diagnosis; the metastases are limited to the
liver in 70%-80% of these patients, but only a subset of these metastases are
resectable [2-4] . Complete radical resection of primary and metastatic lesions is a
potential curative treatment strategy for patients with resectable CRC and SCRLM,
which is directly related to the prognosis of these patients[5,6].
The resection methods for CRC and SCRLM include simultaneous resection and
staged resection. Staged resection of the initial tumor and SCRLM was first developed
and performed, removing the primary CRC tumor, followed by adjuvant
chemotherapy and liver metastasis tumor resection[7]. Recently, an increasing number
of studies have suggested that the simultaneous resection of primary CRC and
SCRLM is safe and acceptable and may become an optimal treatment strategy for
patients with resectable CRC and SCRLM[8,9]. Simultaneous resection of CRC and
SCRLM was only performed by laparotomy before minimally invasive surgery (MIS)
such as laparoscopy or robotics was applied in the treatment of CRC [10,11] . MIS
displayed superior short-term and similar long-term treatment outcomes to
conventional open surgery (OS) in some studies[12,13]. However, most of the studies
were case series or reports, and the sample sizes were small[14,15]. The advantages of
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MIS over OS remained unclear, particularly concerning the long-term outcomes.
Therefore, this meta-analysis was conducted to compare the short- and long-term
outcomes of MIS and OS for the simultaneous resection of primary CRC and SCRLM
based on the current available literature. The present study followed the principle of
PICOS.

MATERIALS AND METHODS
Search strategy
A systematic search of the Web of Science, Cochrane Library, Embase, and PubMed
was performed to identify relevant studies comparing MIS and OS for simultaneous
resection of CRC and SCRLM published up to December 22, 2018. The search strategy
was performed using the following terms: “colon”, “rectal”, “rectum”, or “colorectal”;
“liver metasta*”, “hepatic metasta*”; “robot*”, “Da Vinci”, “laparoscop*”, or
“minimally invasive”; and “simultaneous”, “coinstantaneous”, “synchronous”, or
“combined”. The language of the articles was not limited to any language. The
references of relevant reviews and meta-analysis were also manually searched for
potentially relevant studies. All relevant studies that met the inclusion criterion were
reviewed for data extraction. This meta-analysis was prepared in accordance with the
Preferred Reporting Items for Systemic Reviews and Meta-Analysis (PRISMA)
statement[16], and the work was reported in line with the Assessing the Methodological
Quality of Systematic Reviews (AMSTAR) guidelines[17].

Study selection
Two authors (Ye SP and Qiu H) independently scanned the titles and abstracts from
the studies identified in the electronic search. Relevant papers were further identified
through perusing full texts. Disagreements were resolved by discussion and
consensus between authors. Studies were included in this meta-analysis according to
the following inclusion criteria: (1) They compared the treatment outcomes of MIS
with OS for simultaneous resection CRC and SCRLM, and MIS was only limited to
laparoscopic or robotic-assisted procedure; (2) The papers were accepted or
published, and the full texts were available; and (3) The articles reported on at least
three treatment outcomes mentioned below. The exclusion criteria included were as
follows: (1) Patients with metachronous colorectal liver metastasis; (2) Hand-assisted
laparoscopy; (3) Hepatic diseases, including benign liver lesions or primary liver
malignancies through preoperative diagnosis; and (4) Noncomparative studies,
duplicate studies, articles presented at meetings, review articles, conference abstracts,
guidelines, case reports or series, or letters.

Data extraction and quality assessment
Two researchers (Ye SP and Qiu H) reviewed each article by a structured list and
extracted data into a database independently. Disagreements of opinions were settled
through discussion between authors. Data with the following items were extracted:
(1) Characteristics, including first author, country, publication year, sample size,
gender and age of patients, body mass index, study type, primary CRC tumor location
and size, size and number of liver metastases; (2) Short-term outcomes, including
operation time, intraoperative blood loss, time to intestinal function recovery, time to
diet, number of blood transfusions during the operation, length of postoperative
hospital stay, type (surgical or general complications) and severity (Clavien-Dindo
grade ≥ 3) of postoperative complications (surgical complications including
anastomotic leakage, bile leakage, ileus, abdominal abscess, wound infection, and
chylous ascites; and general complications including urinary tract infection,
pulmonary complications, and pleural effusion); and (3) Long-term outcomes,
including overall survival and disease-free survival (DFS). Disagreements in data
extraction were resolved by discussion. The time to intestinal function recovery was
referred to the time to the first flatus after operation. The type and severity of
complications were assessed by the sum number of the relevant complications
reported in each study. The Newcastle-Ottawa scale (NOS) was used to evaluate the
methodological quality of the studies[18]. The scale has three parts: Patient selection,
comparability, and outcome. Two reviewers (Ai JH and Liao SJ) appraised the quality
of studies independently. Disagreements were solved by consensus. The scale
changes from 0 to 9 stars, and studies with a score ≥ six stars could be deemed as high
quality.

Statistical analysis
The software Review Manager, version 5.3, was adopted to analyze the data. The
odds ratio (OR) with 95% confidence interval (CI) was utilized to assess the
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dichotomous variables. The weighted mean difference (WMD) and 95%CI were
analyzed for continuous variables. If continuous variables were presented as medians
and ranges in some studies, the mean and standard deviation (SD) of these variables
were estimated, as reported by Hozo et al[19]. The hazard ratio (HR) was used to assess
the difference in the DFS and overall survival between the groups. If HR was not
reported, then HR was estimated from the data of DFS and overall survival extracted
from the survival curve in the included papers, as described by Tierney et al[20]. The I2
statistic was utilized to evaluate the heterogeneity among the studies[21]. The randomeffects model was adopted if I2 was > 50%; otherwise, the fixed-effects model was
utilized. Potential publication bias was determined by a funnel plot and assessed by
the Begg’s test and Egger’s test (STATA software version 12.0 was adopted). A Pvalue < 0.05 was considered statistically significant.

RESULTS
Search results and study characteristics
In total, 1198 potential articles were initially retrieved from the electronic databases,
and 684 potentially relevant articles were obtained for further assessment after
eliminating duplicates. Next, 654 articles were excluded by screening the title and
abstract. Thirty articles were retrieved for full-text evaluation. Finally, ten
comparative cohort studies were included for this meta-analysis[22-31]. A flow chart of
the search strategies that contains reasons for the exclusion of studies is shown in
Figure 1. The study by Chen et al[28] was also included although it contained six
patients with liver tumors not metastatic from the CRC diagnosed based on the
postoperative pathological report because this did not influence the intraoperative
procedure, and the study excluded these patients for further analysis of long-term
outcomes. The characteristics of each study and study quality evaluated using the
NOS are presented in Table 1. The preoperative characteristics of all patients from the
two groups are shown in Table 2.

Intraoperative outcomes
All studies reported the operative time and intraoperative blood loss. The operative
time showed no significant difference between the two groups (WMD = 34.05 min,
95%CI: 0.65 to 67.46, P = 0.05, I2 = 84% for heterogeneity, P < 0.00001; Figure 2A).
However, the intraoperative blood loss was less in the MIS group than in the OS
group (WMD = -130.09, 95%CI: -210.95 to -49.23, P = 0.002, I2 = 91% for heterogeneity,
P < 0.00001; Figure 2B). Seven studies reported the number of intraoperative blood
transfusions in 407 patients[24-27,29-31]. The number of intraoperative blood transfusions
was significantly less in the MIS group than in the OS group (OR = 0.53, 95%CI: 0.29
to 0.95, P = 0.03, I2 = 0% for heterogeneity, P = 0.81; Figure 2C).

Postoperative outcomes
In this meta-analysis, postoperative outcomes included the time to bowel functional
recovery, time to start diet, length of postoperative hospital stay, and postoperative
complications. Five studies reported the time to bowel functional recovery in 222
patients[23,24,26,30,31]. The pooled mean time to bowel functional recovery was shorter in
the MIS group than in the OS group (WMD = -0.88 d, 95%CI: -1.58 to -0.19, P = 0.01, I2
= 94% for heterogeneity, P < 0.00001; Figure 2D). Four studies provided the time to
recovery of diet in 162 patients[24,26,27,31]. The time to recovery of diet for MIS was
significantly shorter than that for OS (WMD = -1.54 d, 95%CI: -2.30 to -0.78, P < 0.0001,
I2 = 88% for heterogeneity, P < 0.0001; Figure 2E). All studies reported the length of
hospital stay, but only six studies clearly recorded the length of postoperative hospital
stay, including 87 patients in the MIS group and 136 patients in the OS group[22-24,27,29,30].
According to the pooled data from the six studies, the patients in the MIS group were
discharged earlier than those in the OS group after operation (WMD = -4.06 d, 95%CI:
-5.95 to -2.18, P < 0.0001, I2 = 69% for heterogeneity, P = 0.006; Figure 2F).
All but one study[26] clearly reported the rate of overall postoperative complications,
ranging from 7.1% to 34.8% in the MIS group and from 0% to 50% in the OS group,
without a significant difference between the two groups (OR = 0.78, 95%CI: 0.51 to
1.18, P = 0.24, I 2 = 0% for heterogeneity, P = 0.89; Figure 3A). The severity
(Clavien–Dindo grade ≥ 3) of complications was reported in five studies[24,25,27,28,31], and
the number of severe complications was not significantly different in the two groups
(OR = 0.75, 95%CI: 0.42 to 1.34, P = 0.33, I2 = 31% for heterogeneity, P = 0.21; Figure
3B). Different types (surgical or general complications) of postoperative complications
were compared for further analysis. The surgical complications were reported in nine
studies[22-25,27-31], and the pooled data identified that the rate of surgical complications in
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Table 1 Characteristics of the included studies

Author-year

Country

Gender (M/F)

BMI (kg/m2)2

MIS

OS

MIS

OS

MIS

OS

Quali
tysco
re3

Age (yr)2

Study type

Chen-2011

China

Retrospective

18/5

14/4

NR

NR

55 ± 10

53 ± 9

8

Chen-2019

China

Retrospective

10/6

9/13

23.8 ± 3.7

23.3 ± 4.1

66.0 ± 10.4

64.8 ± 13.0

7

Gorgun-2017

America

Retrospective

6/8

16/13

25.1 ± 0.8

27.5 ± 1.2

56.3 ± 3.3

57.7 ± 2.5

7

Hu-2012

China

Matched-pair

10/3

9/4

21.5 ± 7.8

22.2 ± 8.4

54.0 ± 10.0

53.0 ± 11.0

8

Ivanecz-2017

Slovenia

Matched-pair

6/4

6/4

26.9 (23.6-32.1)

24.0 (23.1-25.5)

62.2 ± 7.9

65.4 ± 8.1

9

Lin-2015

China

Matched-pair

5/2

21/15

21.9 ± 2.2

21.2 ± 1.6

59.6 ± 3.4

57.4 ± 10.4

7

Ma-2018

China

Matched-pair

9/3

8/4

23.0 (19.3-26.7)

21.6 (75.5-24.9)

3/91

1/111

8

Ratti-2016

Italy

Matched-pair

14/11

27/23

NR

NR

60 (37-80)

62 (35-81)

8

Takasu-2014

Japan

Matched-pair

3/4

3/4

NR

NR

74.0 ± 12.0

62.0 ± 4.0

7

Tranchart-2016

France

Matched-pair

42/47

40/49

24.0 ± 3.6

24.7 ± 2.5

66.6 ± 10.8

65.0 ± 9.4

7

1

Dichotomous variables, >60/≤60 years;
The data are expressed as the mean ± SD or medians (range);
3
According to the Newcastle-Ottawa scale classification. BMI: Body mass index; F: Female; M: Male; MIS: Minimally invasive surgery; OS: Open surgery;
NR: Not reported.
2

the MIS group was significantly reduced compared with the OS group (OR = 0.60,
95%CI: 0.37 to 0.99, P = 0.04; I2 = 0% for heterogeneity, P = 0.50; Figure 3C). The
general complications between the groups retrieved from eight papers[22-25,27,28,30,31]
showed no significant difference (OR = 1.23, 95%CI: 0.73 to 2.07, P = 0.44, I2 = 0% for
heterogeneity, P = 0.84; Figure 3D).

Long-term outcomes
The HR was used to assess the differences in the long-term outcomes (DFS and overall
survival) between the groups. The HR was estimated from the survival data that were
extracted from the survival curve reported in the studies. All studies provided the
Kaplan-Meier curves of overall survival, whereas the 95%CI could not be calculated in
half of the studies. Another five studies[23-25,29,31] showed that HR was not significantly
different between the groups (HR = 1.15, 95%CI: 0.53 to 2.50, P = 0.73, I2 = 0% for
heterogeneity, P = 0.94; Figure 4A). Seven studies reported DFS curves, but the 95%CI
could not be calculated in one study because it only provided the median follow-up
time without a range[23-25,27,28,31]. Thus, synthetic analysis of the DFS data in the other six
studies was conducted. The HR of DFS was not significantly different (HR = 1.00,
95%CI: 0.67 to 1.50, P = 1.00, I2 = 0% for heterogeneity, P = 0.48; Figure 4B).

Publication bias
As shown in Figure 5, the possible publication bias of the number of intraoperative
blood transfusions and overall complications between the groups was assessed by the
funnel plot, Egger’s test, and Begg’s test. The funnel plot of the number of
intraoperative blood transfusion was symmetrically distributed, and none of the
studies included was outside the 95%CI (Figure 5A). No significant publication bias
was detected from statistical tests based on the number of intraoperative blood
transfusions (Begg’s test P = 1.000; Egger’s test P = 0.897). The funnel plot of the
overall complications showed a symmetric distribution of all studies, and all were
inside the 95%CI (Figure 5B). The pooled analysis suggested that there was no
significant publication bias in the overall complications (Begg’s test P = 0.283; Egger’s
test P = 0.127).

DISCUSSION
In past decades, the resection timing of primary CRC and SCRLM has been
controversial. Some scholars hold the opinion that staged resection can reduce the rate
of operative complications and make the occult micrometastases become
perceptible[32,33]. However, some authors believe that simultaneous resection can
reduce the burden of tumors, as well as reduce the economic and psychological
burden of patients, leading to patients undergoing one operative procedure instead of
two[34]. Recently, with the advances in the strategy of perioperative management and
overall critical care, the operation strategy for resectable patients has been questioned.
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Figure 1

Figure 1 Flow chart of the study search strategies. CRC: Colorectal cancer; SCRLM: Synchronous colorectal liver metastases.

An increasing number of authors support that the optimal operation timing is
gradually changing from staged resection to simultaneous resection[35,36].
Traditionally, simultaneous resection of primary CRC and SCRLM is usually
performed by laparotomy. Conventional laparotomy always requires a long
abdominal incision for adequate exposure of the operative field, causing severe pain
and incision complications[29]. Laparotomy is also associated with serious physical and
psychological operative trauma to the patients. With the improvements in surgical
technique and apparatus, MIS showed great advantages in some surgeries such as
proctocolectomy or hepatectomy[11,13]. Furthermore, reports regarding the safety and
efficacy of combined resection of CRC and SCRLM have been increased. However,
most were case series or reports limited by a small sample size[14,15]. Our meta-analysis
of ten comparative studies with 502 patients provided a large body of information
and identified the advantages of MIS over OS in simultaneous resection of CRC and
SCRLM.
The pooled results revealed that the operative time was similar between the
groups. The operation time depended on the characteristics of primary tumors and
liver metastases, severe degree of abdominal adhesion and obesity, and experience of
the surgical teams[37,38]. These might also be the sources of heterogeneity (P < 0.00001,
I2 = 84%). The intraoperative blood loss was critical to evaluate the quality of surgery.
The most significant finding in this meta-analysis was the reduction of blood loss in
MIS vs OS (P = 0.002). Moreover, the number of intraoperative blood transfusions was
also less in the MIS group than in the OS group (P = 0.03). Less blood loss indicated a
lower blood transfusion rate. Studies have reported that perioperative blood
transfusion might lead to poor survival, and transfused patients had more postoperative complications[39-41]. High heterogeneity (P < 0.00001, I2 = 91%) among groups
was observed in this regard that was likely to be related to the methods used to
estimate the blood loss and diverse experience of the surgical teams.
Postoperative recovery was also analyzed in the present meta-analysis. Interestingly, the time to both intestinal function recovery and start of the diet in patients
accepting MIS was shorter than that in patients undergoing OS (P = 0.01, P < 0.0001).
The cause was that the MIS technique shortened the intestinal exposure time and
reduced intestinal irritation. Furthermore, another target to assess the postoperative
recovery was the length of postoperative hospital stay. As expected, the length of
postoperative hospital stay was shorter in the MIS group than in the OS group (P =
0.01). Different surgical teams had different postoperative management concepts,
which might interpret the high heterogeneity in the above indexes of postoperative
recovery.

WJG

https://www.wjgnet.com

2824

June 14, 2019

Volume 25

Issue 22

Ye SP et al. Mini-invasive vs open colorectomy and hepatectomy

Table 2 Short- and long-term outcomes of the included studies
Authoryear

Size of CRC TD of CRC
(cm)
W+M/P+O

ID of CRC
CRC (C/R)
T1-T2/T3-T4

ASAs 1-2/3CEA level
4

Number of
SCRLM

SCRLM
(U/B)

Size of
SCRLM (cm)

Chen2011MIS

2.5 ± 0.9

16/7

NR

3/4

NR

38.9 ± 3.5

NR

NR

5.5 ± 1.2

Chen2011OS

2.3 ± 1.0

14/4

NR

3/4

NR

38.7 ± 3.3

NR

NR

5.6 ± 1.4

Chen2019MIS

4.0 ± 2.0

NR

2/14

NR

1.9 (1-3)

929 ± 1936

NR

NR

5.5 ± 4.2

Chen2019OS

5.0 ± 3.0

NR

2/20

NR

2.0 (1-3)

247 ± 728

NR

NR

4.7 ± 3.7

Gorgun2017- 3.7 ± 0.7
MIS

NR

2/12

6/8

0/14

36.9 ± 30.4

1.6 ± 0.3

12/2

2.4 ± 0.7

Gorgun2017- 3.7 ± 0.5
OS

NR

7/22

14/15

6/23

14.3 ± 4.9

2.1 ± 0.2

19/10

2.7 ± 0.2

Hu2012-MIS NR

NR

NR

7/6

NR

NR

NR

NR

3.2 ± 1.0

Hu2012-OS

NR

NR

7/6

NR

NR

NR

NR

3.5 ± 0.9

Ivanecz2017- NR
MIS

10/0

1/9

4/6

8/2

7.7 ± 7.7

1 (1-2)

9/1

2.0 ± 1.2

Ivanecz2017- NR
OS

9/1

1/9

6/4

7/3

15.2 ± 12.5

1 (1-2)

9/1

2.9 ± 1.5

Lin2015-MIS 5.3 ± 1.1

4/3

0/7

3/4

6/1

7/21

1.9 ± 0.9

7/0

3.3 ± 1.8

Lin2015-OS

19/17

2/34

19/17

31/5

27/91

2.1 ± 1.0

26/10

4.2 ± 2.2

10/2

1/11

7/5

12/0

7/52

1.0 (1-4)

10/2

2.8 (0.5-10.0)

NR

5.7 ± 1.9

Ma2018-MIS NR

2

Ma2018-OS

NR

9/3

0/12

7/5

12/0

11/1

2.5 (1-7)

7/5

2.5 (1.2-6.5)

Ratti2016MIS

NR

21/5

NR

13/12

20/5

35.6 (2-299)

2 (1-6)

13/12

2.9 (0.5-11)

Ratti2016-OS NR

40/10

NR

27/23

44/6

41.6 (3.1-612)

2 (1-7)

27/23

3.4 (0.9-12)

Takasu2014- 4 ± 2
MIS

7/0

2/5

3/4

NR

NR

1.4 ± 0.8

5/2

1.9 ± 0.9

Takasu2014- 5 ± 0
OS

7/0

1/6

3/4

NR

NR

1.5 ± 1.1

3/4

2.9 ± 1.1

Tranchart20
16-MIS

NR

72/17

12/77

48/41

64/25

61 ± 75

1.4 ± 0.6

81/8

2.9 ± 1.9

Tranchart20
16-OS

NR

63/26

10/79

51/38

56/33

31 ± 76

1.5 ± 0.7

78/11

2.8 ± 2.0

1

Dichotomous variables, >5/≤5 ng/mL;
Dichotomous variables, ≥5/<5 ng/mL. B: Bilobar; C: Colon; CRC: Colorectal cancer; ID: Invasion depth; M: Moderate; MIS: Minimally invasive surgery;
O: Other; OS: Open surgery; P: Poor; R: Rectal; SCRLM: Synchronous colorectal liver metastases; TD: Tumor differentiation; U: Unilobar; W: Well; NR: Not
reported.
2

Another issue of concern for MIS is the postoperative complications; all studies
reported postoperative complications, but the number of complications reported in
one article[26] was too obscure for further analysis. No significant difference was found
in the rate (P = 0.24) or severity (Clavien–Dindo grade ≥ 3, P = 0.33) of overall
postoperative complications. Our meta-analysis also analyzed the type of postoperative complications. The general complications were not different between the
groups, but the surgical complications were fewer in the MIS group than in the OS
group. Thus, our results suggested that MIS is a safe and effective technique.
A key factor in evaluating the quality of surgery is the long-term oncological
outcomes. Nine studies provided overall survival curves, and seven studies reported
DFS curves. However, the 95%CI of HR could not be calculated in some studies
according to the data extracted from the studies. Finally, further analysis for overall
survival and DFS could only be conducted in six and five studies, respectively. The
pooled data showed that the HR of DFS and overall survival was similar in the two
groups.
Several limitations should be considered in this meta-analysis such as the
heterogeneity. First, the surgeries were performed by different surgical teams with
different experience and skills, as well as different perioperative management.
Second, although these studies were focused on CRC and SCRLM, the involved types
of surgeries were different because of different tumor locations. Third, these were all
retrospective studies with a small size, without RCTs available. Finally, the number of
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Figure 2 Forest plots of the meta-analysis for intraoperative outcomes. A: The operative time was compared between the minimally invasive surgery (MIS) and
open surgery (OS) groups; B: Intraoperative estimated blood loss was compared between the MIS and OS groups; C: Number of intraoperative blood transfusions
was compared between the MIS and OS groups; D: Time to bowel functional recovery was compared between the MIS and OS groups; E: Time to start diet was
compared between the MIS and OS groups; F: Length of postoperative hospital stay was compared between the MIS and OS groups. MIS: Minimally invasive
surgery; OS: Open surgery; CI: Confidence interval; SD: Standard deviation.

studies included in our meta-analysis was not large enough because studies focused
on MIS and OS for the simultaneous resection of CRC and SCRLM were limited in the
electronic databases. Based on the above limitations, caution must be taken in
analyzing the results pooled from the ten studies.
In conclusion, MIS was proven to be a safe and effective technique in the treatment
of patients with CRC and SCRLM. Compared with OS, MIS has less blood loss and
blood transfusion, a quicker postoperative recovery, and equivalent long-term
outcomes. Further randomized controlled trials are needed to further confirm these
advantages.
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Figure 3 Forest plots of the meta-analysis for complications. A: Overall complications were compared between the minimally invasive surgery (MIS) and open
surgery (OS) groups; B: Severe (Clavien–Dindo grade ≥ 3) complications were compared between the MIS and OS groups; C: Surgical complications were compared
between the MIS and OS groups; D: General complications were compared between the MIS and OS groups. MIS: Minimally invasive surgery; OS: Open surgery; CI:
Confidence interval.
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Figure 4 Forest plots of the meta-analysis for long-term outcomes. A: The overall survival was compared between the minimally invasive surgery (MIS) and open
surgery (OS) groups; B: Disease-free survival was compared between the MIS and OS groups. MIS: Minimally invasive surgery; OS: Open surgery; CI: Confidence
interval; SE: Standard error.
Figure 5

Figure 5 Funnel plots of the number of intraoperative blood transfusions and postoperative complications in patients between the minimally invasive
surgery and open surgery groups. A: Intraoperative blood transfusions; B: Postoperative complications. RR: Relative risk.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is a common cause of cancer-related deaths, especially in cases with
liver metastases. Simultaneous surgical resection of primary colorectal tumors and synchronous
colorectal liver metastases (SCRLM) is an effective strategy to improve the overall survival rate.
Application of minimally invasive surgery (MIS) is increasing, but the true benefits of MIS
remain unclear.

Research motivation
We hope to offer guidance on the clinical care of MIS in CRC and SCRLM.

Research objectives
To help identify which optimal surgery method is suitable for patients with CRC and SCRLM.
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Research methods
A systematic search was conducted in PubMed, EMBASE, Web of Science, and Cochrane Library
databases for studies concerning minimally invasive and open surgery (OS) for the simultaneous
resection of CRC and SCRLM. We followed the PRISMA agreement. The meta-analysis was
performed using Review Manager Software, and the quality was assessed using the NewcastleOttawa scale.

Research results
Two hundred and sixteen patients in the mini-invasive group and 286 patients in the open group
were included in this study. Intraoperative blood loss (P = 0.002) and blood transfusion (P = 0.03)
were less, the recovery of intestinal function (P = 0.01) and diet (P < 0.0001) was faster, the length
of postoperative hospital stay (P < 0.0001) was shorter, and the number of surgical complications
was lower (P = 0.04) in the MIS group. However, the operation time, rates and severity of overall
morbidity, as well as the rates of general morbidity showed no significant difference between the
minimally invasive and OS groups. Moreover, the overall survival and disease-free survival after
MIS were similar to those after OS.

Research conclusions
The current meta-analysis showed that MIS is an optimal strategy for the simultaneous resection
of CRC and SCRLM.

Research perspectives
The results of the current meta-analysis may help researchers to develop guidelines about
surgical methods in CRC and SCRLM more perfectly.
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Abstract
Postoperative complications represent a basic quality indicator for measuring
outcomes at surgical units. At present, however, they are not systematically
measured in all surgical procedures. A more accurate assessment of their impact
could help to evaluate the real morbidity associated with different surgical
interventions, establish measures for improvement, increase efficiency and
identify benchmarking services. The Clavien-Dindo Classification is the most
widely used system worldwide for assessing postoperative complications.
However, the postoperative period is summarized by the most serious
complication without taking into account others of lesser magnitude. Recently,
two new scoring systems have emerged, the Comprehensive Complication Index
and the Complication Severity Score, which include all postoperative
complications and quantify them from 0 (no complications) to 100 (patient’s
death), These allow the comparison of results. It is important to train surgical
staff to report and classify complications and to record 90-d morbidity rates in all
patients. Comparisons with other services must take into account patient
comorbidities and the complexity of the particular surgical procedure. To avoid
subjectivity and bias, external audits are necessary. In addition, ensuring
transparency in the reporting of the results is an urgent obligation.
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Core tip: Postoperative complications represent a basic quality indicator for measuring
surgical outcomes, but at present they are not systematically recorded. A more thorough
assessment of their impact could help to determine the real morbidity, establish measures
for improvement, increase efficiency and identify benchmarking services. The use of the
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Clavien Dindo Classification of Complications and the Comprehensive Complication
Index would allow us to compare them. Surgical staff must be encouraged to report and
classify complications and to record 90-d morbidity rates in all patients. External audits
are necessary, and ensuring transparency in the reporting of the results is an urgent
obligation.
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INTRODUCTION
Postoperative complications represent a basic quality parameter for measuring the
results of surgical procedures. Unfortunately, morbidity is not systematically recorded at surgical services. At most, certain services evaluate specific surgeries but for
a limited period of time, and usually only the most serious complications are considered. As a consequence, no reliable local or international registries of morbidity are
available: The only means available to the scientific community and society at large
for assessing the postoperative morbidity associated with particular surgical
procedures are isolated studies published by specific surgical services, which are not
externally audited and often present better than average results.
Because of the lack of information on the complications associated with particular
procedures or at particular units, it is impossible to carry out comparisons with other
services, introduce measures for improvement, or learn from other services that
obtain better results.
We are accustomed to groups of experts proposing morbidity and mortality
standards for performing certain complex surgical procedures. But where do their
figures come from? Are their statistics credible? Can they be considered accurate and
objective when the services do not record their morbidity?
In cases in which morbidity is recorded, the reporting may be subject to a variety of
biases that we will discuss in more detail later. In addition, the reports lack objective
certification by an external and fundamentally impartial audit. At most surgical
services, these morbidity and mortality standards are considered unattainable. Why is
this so? And how can we talk about benchmarking surgical services if we do not
know the morbidity associated with each surgical technique at each service, or the
real situation in many of the services certified as excellent? Which services are the
best, and on what criteria are these qualifications based?
At a time when society demands global transparency, it is hard to explain why this
quantification is not mandatory, especially since its consequences have such an
important bearing on quality of life, oncological prognosis, and healthcare costs[1,2].
Here, we describe some minimum guidelines designed to allow a process of recording, communication and comparison of postoperative morbidity.

GUIDELINES FOR THE RECORDING, CLASSIFICATION AND
COMPARISON OF POSTOPERATIVE COMPLICATIONS
Until recently, it was difficult to quantify postoperative complications because of the
lack of any standardized classifications that allowed their systematic recording and
comparison.
Martin et al [3] conducted a study designed to critically evaluate the quality of
surgical literature from 1975 to 2001 in the reporting of complications. They included
119 reports recording outcomes in 22530 patients[3]. Among other things, the authors
observed that only 34% of the studies defined the term complication, and that the
definitions varied widely (in the case of pancreatic fistula, for instance, they noted up
to 12 definitions); only 20% used the degree of severity, and only 67% of the studies
indicated the duration of the follow-up. Therefore, the evolution of the methodology
for evaluating postoperative morbidity has been heterogeneous, and inconsistent
reporting of complications has been a common feature in the surgical literature.
Despite the presence of the tools that we will outline below, in general the des-
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criptions of the methodology used in the diagnosis, recording, and monitoring of
complications are unsatisfactory: There is a systematic absence of an external and
impartial audit, and so the results lack reliability.
In 2004, Dindo et al[4] published the classification of complications definitely known
as the Classification of Clavien Dindo (CDC) [5] , which reached a wide audience.
Currently, the article has 10635 citations[6].
The CDC classifies complications in a very intuitive way and was very well
received by surgeons, Nonetheless, in complex scenarios their grading may be
controversial. For this reason, Clavien's group and others have provided several sets
of guidelines[4,5,7-9]. The CDC considers any negative event occurring during hospitalization as a complication[4,5,10,11]. The main problem with this system is that the
entire postoperative course is defined according to the most serious complication, and
other minor complications are not considered - even though it has been shown that
between 44% and 51.5% of patients who present morbidity at surgical services have
two complications or more[9,11].
To overcome this problem, in 2013 Slankamenac et al[12] developed a new global
scoring system for postoperative complications based on the CDC, called the
Comprehensive Complication Index (CCI). The CCI evaluates all complications
separately according to the CDC; then, after entering them in the online calculator, it
rates the morbidity on a scale from 0 to 100, with a score of 0 reflecting the absence of
complications and a score of 100 indicating death [12] . The CCI currently has 224
citations[13]; it has been used in 104 published studies and has been discussed in two
letters to the editor, two editorials and two comments in PubMed (search updated on
March 18, 2019 with the strategy "Comprehensive Complication Index").
In 2015, the Complication Severity Score (CSS) became accessible online. Like the
CCI, this system is also based on the CDC and has an overall score of 0 to 100[14].
However, the initial publication describing the scale was rejected[14] and was only
finally published in December 2018[15]. The authors claim that it improves on the CCI
because the CCI assigns an inappropriately high score to a combination of complications: “…a patient who develops two Clavien-Dindo grade II complications gets a higher
CCI score than a patient who develops a single Clavien-Dindo grade IIIa com-plication…”[15] .
The CSS is similar to the CCI in terms of its elaboration and uses a similar formula,
but it assigns less weight to each grade of the CDC.
The CCI and CSS have two obvious advantages over the CDC: They take into
account all the complications and produce a composite score, thus allowing the
comparison of results.
In a study of all the patients operated upon at a general and digestive surgery
service over a one-year period, the CDC and CCI were validated in the four groups of
surgical complexity defined by the Operative Severity Score [16] , in terms of the
following clinical data: Hospital stay, prolongation of hospital stay, readmission and
disability[11,17]. The CSS obtained similar results in this series, although the results have
not yet been published[17]. The CDC showed slightly lower clinical validation values
than the CCI and the CSS[17]. The CCI was the index that was least influenced by
confounding factors but in one patient the score exceeded 100, while the CSS did not
reach 100 in any case[17], because its numerical values are lower than those of the CCI.
Thus, the use of CSS would theoretically have an advantage in highly complex
surgeries with a multitude of complications which, in exceptional cases, might
produce a higher CCI.
Several studies have shown the relationship between increased costs and higher
CDC scores[2,18-21]. Only two teams have studied the relationship of the CCI with
postoperative costs. Staiger et al [22] reported (among other findings) a strong
correlation between the CCI and costs three months post-surgery, and higher
correlations for more complex procedures. They also developed a cost prediction tool.
De la Plaza et al[2] studied the postoperative costs in patients operated over a one-year
period at a general surgery and digestive service, finding a moderate to strong
correlation of the CCI with overall postoperative costs, which increased with the
surgical complexity according to the Operative Severity Score. In all the groups, this
correlation was higher in emergency surgery. In addition, the CCI was correlated with
postoperative costs in patients with prolonged postoperative stay and in those
without, and also with the initial operating room costs[2]. This relationship between
postoperative costs and the CCI provides further support for the score’s clinical
validity.
Comparing the two new systems, we believe that the CCI should be preferred to
the CSS for the following reasons: (1) The preparation of the CCI involved 227
patients and 245 physicians (surgeons, anesthetists and intensivists) [12] . In the
preparation of the CSS, only 49 senior gastrointestinal and hepato-pancreatico-biliary
surgeons in India were included (“senior” being defined as having at least 5 years of
experience after graduating), and no patients[15,23]; and (2) The CCI has a greater
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diffusion worldwide[13].
A summary of these three tools (CDC, CCI and CSS) is shown in Table 1.
Therefore, the CDC is the most suitable classification for each individual
postoperative complication, while the CCI is able to numerically quantify the
postoperative complications in a particular patient or group of patients undergoing a
surgical procedure. In addition, the percentage of certain important complications is
also specified for each surgical procedure: For example, in esophagectomies, gastrectomies, pancreatectomies, colectomies, and so on, the presence of specific and
important complications such as the presence of anastomosis and pancreatic fistulas is
recorded. In any case, the mere fact of initially classifying each complication
according to the CDC would alert surgical departments to less important complications that are relatively easy to improve, such as infection of the surgical wound,
urinary tract infection, central venous catheter, or pulmonary complications.
Complications should be recorded for at least 90 d post-surgery, as should readmissions in that period. Between 30 and 90 d postoperatively the number of
complications rises by 11.6%[17]. The recording of complications that occur outside the
hospital environment is a more difficult issue. These complications are less serious,
but it is important to evaluate them (for example, complications after less complex
procedures such as cholecystectomy). This problem could be minimized by the use of
an electronic medical recording system that incorporates the care carried out outside
the hospital.
It is essential to report complications as they occur, or at least when evidence of the
event becomes available. The event should be recorded in the patient progress notes
or in specially designed forms in which the complication and the treatment are
reported in writing and the CDC. Consultation of nurses' notes is also fundamental.
Within 90 d of the procedure, a summary of the morbidity in each patient should be
made by the physicians at the service based on the clinical history, and should be
stored in (for example) an Excel table recording each complication, the CDC, and the
CCI[11]. In our experience, the average time taken to evaluate complications at 90 d
post-surgery and to record them in the spreadsheet ranges between 5 and 10 min per
patient.
To compare the results at different services, one must take into account the
complexity of the patient’s condition, not just on the basis of the ASA but by making a
risk adjustment with complexity or severity scores such as the Charlson Comorbidity
scale[24]. It is also important to compare surgical procedures of similar complexity and
technical difficulty [2] . An impartial external audit is essential. When used by
physicians at our service to record morbidity and applying the methodology
described above, the CDC and CCI presented accuracy rates of 88% and 81%;
however, when only patients with complications were included, the rates fell respectively to 69% and 49%[17,25].
There are several explanations for the fact that postoperative complications are only
rarely quantified. The most important, in our view, is the fact that the better the
recording system, the worse the results. Surgeons may regard complications as an
indication of personal failure, and fear comparison with other services because the
results may reflect badly on their work. Furthermore, at a time when centres of
reference are being established for complex surgical procedures such as esophagectomy, gastrectomy, pancreatectomy or hepatectomy, high morbidity rates at
particular services might disqualify them from operating on these patients.
It is hard to understand why public authorities choose these services of reference
only on the basis of volume (or sometimes for political reasons) and fail to take actual
audited results into account, such as morbidity and disease-free survival in cancer
patients. Besides questions of cost-effectiveness, ensuring the optimal use of the
means available is an obligation in a system with limited resources.
Another common bias is the failure to record certain minor complications. For
example, the CDC includes nausea, poorly controlled pain and atelectasis as
complications, which in practice may go unreported. The inclusion of minor complications may magnify the actual morbidity, but it eliminates subjective interpretations and makes them the same for all auditors. The presence of errors in the
classification of complications according to the CDC, particularly in complex scenarios, should also be borne in mind. However, many useful clarifications have
already been made in this regard[4,5,7-9].

CONCLUSION
Little is known at present about real postoperative morbidity.
In the recording of postoperative complications, the following points must be taken
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Table 1 Comparison of the characteristics of the clavien dindo classification, the comprehensive complication index and the
complication severity score
CDC

CCI

CSS

Year of publication

2004

2013

2018

Criteria used

Opinions of 144 surgeons

Opinions of 227 patients and 245
physicians (surgeons, anesthetists
and intensivists)

Opinions of 49 gastrointestinal and
hepato-pancreatico-biliary surgeons
in India

Scale and calculation

Classifies the complications in 5
grades. The therapy used to correct a
specific complication remains the
cornerstone to rank a complication.

All the complications must be
classified according to the CDC, and
the score is then calculated with the
formula or on-line.

All the complications must be
classified according to the CDC, and
the score is then calculated with the
formula.

Value

Considers only the most severe
complication: 0-V

Considers all the complications: 0Considers all the complications: 0100. Higher numerical value than the 100. Lower numerical value than the
CSS.
CCI

Validation with clinical results

Yes

Yes

Yes (PhD thesis)[17]

Bibliographical citings

10635

224

2

Management

More straightforward

More complex in patients with
multiple complications

More complex in patients with
multiple complications

Does it adequately represent the
postoperative course of patients
with ≥ 2 complications?

No

Yes

Yes

Does it all comparison of the
results?

No, if there are ≥ 2 complications

Yes

Yes

CDC: Clavien Dindo Classification; CSS: Complication Severity Score; CCI: Comprehensive Complication Index.

into account: (1) A complication should be considered as any negative event occurring
in a patient during hospitalization[4,5,10,11]; (2) Physicians and nurses must be made
aware of the need to record complications; (3) Training with the CDC must be
provided, especially in order to deal with complex scenarios; (4) Exhaustive, external
impartial recording of all complications must be performed. However, biases cannot
be totally avoided since the registry is performed by doctors and nurses at the service
under evaluation; (5) Complications should be recorded on a form specially created
for the purpose; (6) Physicians’ and nurses’ notes should be consulted; and (7) An
external audit must be carried out by experts without any conflict of interest with
regard to the surgery service or its members so as to avoid deficiencies in the recording and classification and other biases.
The recording of the complications deriving from all surgical procedures is an
urgent scientific and social obligation. Transparency in the reporting is also
mandatory. There are sufficient means available now to record complications accurately and efficiently, with only minimal investment and the results are available in
the short-medium term. Policy-makers in the field of health administration should not
let this opportunity pass.
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Abstract
Pancreatic cancer is one of the leading causes of cancer death worldwide.
Adjuvant chemotherapy has been developed based on the experiences made with
palliative chemotherapy, and advocated to improve long-term survival of
patients with this disease. However, the optimal chemotherapeutic regimen
remains controversial. Recently, Conroy et al demonstrated the impressive
benefits of modified FOLFIRINOX over gemcitabine alone in the multicenter
Partenariat de Recherche en Oncologie Digestive 24 (PRODIGE-24) trial. The
remarkable results mark a new milestone in treating resectable pancreatic cancer
and have now changed the standard of care for this patient population. In this
commentary, we discuss an issue of difference of tumor grade between the
PRODIGE-24 trial and previous phase III trials. We also discuss potential
biomarkers predicting therapeutic response to modified FOLFIRINOX. Finally,
we summarize several ongoing clinical trials of replacing part of the
FOLFIRINOX regimen with Xeloda/S-1/nanoliposomal irinotecan for pancreatic
cancer.
Key words: Pancreatic cancer; Adjuvant therapy; FOLFIRINOX; Neutrophil-tolymphocyte; Nanoliposomal irinotecan
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Adjuvant chemotherapy for pancreatic cancer has been developed based on the
experiences made with palliative chemotherapy. Nevertheless, the optimal regimen
remains controversial. The Partenariat de Recherche en Oncologie Digestive 24 trial
showed an impressive benefit of modified FOLFIRINOX over gemcitabine alone. The
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remarkable results mark a new milestone in treating resectable pancreatic cancer and
have now changed the standard of care. Here, we discuss an issue of difference between
this trial and previous phase III trials, as well as potential biomarkers predicting
therapeutic response. Several ongoing trials of replacing part of the FOLFIRINOX
regimen with other drugs for pancreatic cancer are also summarized.
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COMMENTARY ON HOT TOPICS
We have read with great interest the recent article by Conroy et al[1] comparing the
efficacy and safety of a modified FOLFIRINOX (oxaliplatin 85 mg/m2, leucovorin 400
mg/m2, irinotecan 150 mg/m2, and continuous fluorouracil 2400 mg/m2; without
bolus fluorouracil; every 2 wk for 12 cycles) regimen with gemcitabine as adjuvant
therapy for resected pancreatic cancer, and would strongly recommend it to the
readers.
Pancreatic cancer is one of the leading causes of cancer death in both the United
States and China [2,3] . The improvement of long-term prognosis of this disease is
attributed to the decrease of perioperative mortality[4,5] and the increase of adjuvant
treatment rate [6] . Adjuvant chemotherapy has been developed based on the
experiences made with palliative chemotherapy, and advocated to reduce recurrence
and improve survival after surgery[7]. The European Study Group for Pancreatic
Cancer 1 (ESPAC-1) trial revealed a superior median survival with chemotherapy
(bolus fluorouracil 425 mg/m2 plus leucovorin 20 mg/m2 days 1-5, every 4 wk for six
cycles) as compared with no chemotherapy [20.1 mo vs 15.5 mo; hazard ratio (HR) for
death = 0.71; 95% confidence interval (CI): 0.55-0.92; P = 0.009] [8] . The Charité
Onkologi 001 (CONKO-001) trial showed a significantly prolonged disease-free
survival in the gemcitabine group (1000 mg/m2 days 1, 8, and 15, every 4 wk for six
cycles) compared to the observation group (13.4 mo vs 6.9 mo, P < 0.001), but a
modest overall survival benefit (22.1 mo vs 20.2 mo, P = 0.06)[9]. The ESPAC-3 trial
subsequently showed an absence of overall survival difference between adjuvant
gemcitabine and fluorouracil plus folinic acid (23.6 mo vs 23 mo, P = 0.39) in patients
with resected pancreatic cancer[10]. With the goal to further prolong postoperative
survival, gemcitabine-based combination chemotherapies were evaluated in
subsequent trials, such as the ESPAC-4[11] and CONKO-005 trials[12]. However, the
optimal chemotherapeutic regimen remains controversial.
In the Partenariat de Recherche en Oncologie Digestive 24 (PRODIGE-24) trial[1],
493 patients from 77 centers in France and Canada were randomly assigned to receive
a modified FOLFIRINOX regimen or gemcitabine for 24 wk. Patients 18 to 79 years of
age who had undergone R0 (absence of tumor cells within 1 mm of all resection
margins) or R1 (presence of tumor cells within 1 mm of one or more resection
margins) resection within 3 to 12 wk before randomization, and who had a serum CA
19-9 level ≤ 180 U/mL were eligible for inclusion. At a median follow-up of 33.6 mo,
there was an impressive difference of 18.3% in the disease-free 3-year survival rate
(39.7% in the modified FOLFIRINOX group vs 21.4% in the gemcitabine group). The
median disease-free survival with the modified FOLFIRINOX regimen was 21.6 mo
and with gemcitabine 12.8 mo (stratified HR for cancer-related event, second cancer,
or death = 0.58; 95%CI: 0.46-0.73; P < 0.001). The median overall survival was 54.4 mo
in the modified FOLFIRINOX group vs 35.0 mo in the gemcitabine group (stratified
HR for death = 0.64; 95%CI: 0.48-0.86; P = 0.003). Compared with previous phase III
trials[9-13], the PRODIGE-24 trial showed a much longer median overall survival in the
gemcitabine group (Figure 1), which the authors attributed to the high use of
FOLFIRINOX and other active regimens after tumor relapse. Kindler[14] considered
that the similarity of the disease-free survival in the gemcitabine group throughout
these trials argued against selection bias. However, we propose that the difference of
tumor grade among these trials should not be neglected (Table 1). Tumor grade has
been revealed as an independent prognostic factor for overall survival[10,15]. The higher
proportion of well-differentiated tumors might account for the improved survival of
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the gemcitabine group in the PRODIGE-24 trial.
A multicenter study from Europe revealed that the overall survival rates of
different chemotherapeutic regimens in real-life settings were lower than those shown
in randomized phase III trials[16]. This can be explained by the fact that randomized
clinical trials usually have stringent inclusion criteria. Predictive markers investigating therapeutic response to modified FOLFIRINOX would help us guide
treatment strategies and improve prognosis of pancreatic cancer. Meanwhile, given
the more reported incidences of adverse events in the modified FOLFIRINOX group,
it is urgently needed to identify patients who will most likely benefit from this regimen. Most recent studies failed to establish tolerability of UGT1A1 genotype-guided
modified FOLFIRINOX in pancreatic cancer[17,18]. Interestingly, although the rates of
neutropenia and severe lymphopenia were similar between the two groups in the
PRODIGE-24 trial[1], the significantly lower occurrence of lymphopenia (any grade) in
the modified FOLFIRINOX group indicates a difference of post-treatment change in
neutrophil-to-lymphocyte ratio (NLR). NLR, a marker of systemic in-flammatory
response, has been shown to be a valuable prognostic marker in many malignancies,
including pancreatic cancer [19,20] . Baseline and post-treatment NLR may predict
therapeutic response to chemotherapy[21-24], including the modified FOLFIRINOX
regimen[25], for pancreatic cancer. In their study, Conroy et al[1] showed the treatment
benefit favoring modified FOLFIRINOX over gemcitabine in all predefined subgroup
analyses. Nevertheless, whether the superiority of the modified FOLFIRINOX
regimen is based on difference in the baseline and post-chemotherapy NLR remains
unclear, which encourages us to investigate how NLR correlates with response to
modified FOLFIRINOX.
The remarkable results of the PRODIGE-24 trial mark a new milestone in treating
resectable pancreatic cancer and open a world of possible investigations. Can we
further improve survivals by using modified FOLFIRINOX as neoadjuvant
chemotherapy? What is the effect of this regimen combined with radiotherapy?
Additionally, can we improve the safety and/or efficacy by replacing 5-FU and
leucovorin in the FOLFIRINOX regimen with capecitabine (Xeloda) or oral S-1? The
triple combination chemotherapy of S-1, oxaliplatin, and irinotecan (SOXIRI)
appeared to be a promising and well-tolerated regimen in patients with unresectable
pancreatic ductal adenocarcinoma[26,27]. Several phase I and II trials of these particular
combinations have been conducted across various stages of pancreatic cancer (Table
2). Lastly, given the theoretical benefits of developing nano-formulations of anticancer drugs for cancers[28,29], the applicability of novel agents needs to be evaluated in
pancreatic cancer. For example, the proven efficacy of nanoliposomal irinotecan (nalIRI) in metastatic pancreatic cancer[30,31] has triggered enthusiasm in substituting nalIRI for standard irinotecan as part of the FOLFIRINOX regimen (Table 2). We look
forward to the results of this triple-drug combination regimen in patients with
pancreatic cancer.
The modified FOLFIRINOX regimen is superior to gemcitabine as adjuvant therapy
for resected pancreatic cancer, and should be a new standard of care for this patient
population. It is worth noting that both modified FOLFIRINOX and nab-paclitaxel
plus gemcitabine have been established as standard first-line treatment for metastatic
pancreatic cancer, showing comparable efficacy outcomes[32]. The APACT trial is a
phase III, international, multicenter, randomized, open-label, controlled study to
compare adjuvant nab-paclitaxel plus gemcitabine vs gemcitabine alone in patients
with surgically resected pancreatic cancer (ClinicalTrials.gov, NCT01964430). Eight
hundred and sixty-six patients have been randomized in a 1:1 ratio to receive six
cycles of either nab-paclitaxel 125 mg/m2 plus gemcitabine 1000 mg/m2 or gemcitabine alone 1000 mg/m2 on days 1, 8, and 15 of a 4-wk cycle. The preliminary
results will be announced in the near future, and provide us further evidence for
adjuvant treatment for resected pancreatic cancer.
Neoadjuvant treatment with FOLFIRINOX or gemcitabine plus nab-paclitaxel has
become a standard of care for borderline or locally advanced pancreatic cancer[33,34],
and is now increasingly considered even for up-front resectable disease[35-38]. Due to its
growing preference over either postoperative chemotherapy regimen, a neoadjuvant
approach is advocated when there is the option in order to improve the success of
complete tumor resection and for potential control of micrometastases. Studies now in
progress will be critical not only to assess the long-term outcomes of current
neoadjuvant regimens but also to investigate the added efficacy of anti-stromal agents
such as losartan, immunotherapy, radiation therapy, and biomarkers reflecting the
response to treatment.
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Table 1 Comparison of six phase III clinical trials of gemcitabine alone in patients with resected pancreatic cancer
Trial

PRODIGE-24[1]

CONKO-001[9]

ESPAC-3[10]

JASPAC 01[13]

ESPAC-4[11]

CONKO-005[12]

246

179

537

190

366

217

Variable
No. of patients
Tumor grade, n (%)
Well differentiated

79 (32.1)

10 (5.6)

66 (12.3)

NA

30 (8.2)

9 (4.1)

Moderately differentiated

125 (50.8)

103 (57.5)

336 (62.6)

NA

192 (52.5)

128 (59)

63 (35.2)

127 (23.6)

NA

142 (38.8)

74 (34.1)

Poorly differentiated/undifferentiated 29 (11.8)
Disease free survival - mo
Median

12.8

13.4

14.3

11.3

13.1

11.4

95%CI

11.7-15.2

11.4-15.3

13.5-15.6

9.7-13.6

11.6-15.3

9.2-13.6

Median

35.0

22.1

23.6

25.5

25.5

26.5

95%CI

28.7-43.9

18.4-25.8

21.4-26.4

22.5-29.6

22.7-27.9

22.4-30.6

Overall survival - mo

NA: Not available; CI: Confidence interval.

Table 2 Ongoing clinical trials of replacing part of the FOLFIRINOX regimen with Xeloda/S-1/Nanoliposomal Irinotecan for pancreatic
cancer registered in ClinicalTrials.gov
Country

Title

China

Estimated
enrollment

Study
Source
completion date

Unresectable or
metastatic

65

December 2019

NCT03403101

II

Resectable,
borderline and
locally advanced

17

December 2022

NCT01760252

I

Advanced and/or 90
metastatic

June 2019

NCT02368860

Nanoliposomal
II
irinotecan,
oxaliplatin,
leucovorin, and 5fluorouracil

Resectable

67

January 2020

NCT03528785

Nanoliposomal
II
irinotecan,
oxaliplatin,
leucovorin, and 5fluorouracil

Metastatic

56

February 2020

NCT02551991

Phase

Cancer stage

The combination S-1, irinotecan,
chemotherapy of and oxaliplatin
S-1, irinotecan,
and oxaliplatin as
first line
chemotherapy for
pancreatic cancer

II

United States

Neoadjuvant
capecitabine,
oxaliplatin, and
irinotecan
chemotherapy in
the treatment of
pancreatic
adenocarcinoma

Capecitabine,
oxaliplatin, and
irinotecan

Singapore

Oxaliplatin,
Xeloda, and
irinotecan in
pancreatic
adenocarcinoma

Oxaliplatin,
Xeloda, and
irinotecan

Italy

A study of
nanoliposomal
irinotecan with 5fluorouracil,
levofolinic acid,
and oxaliplatin in
patients with
resectable
pancreatic cancer

United States

Study of
nanoliposomal
irinotecancontaining
regimens in
patients with
previously
untreated,
metastatic
pancreatic
adenocarcinoma
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Figure 1

Figure 1 Overall survival curves for patients receiving gemcitabine alone following pancreatic cancer resection in six phase III randomized clinical
trials.1Data for the 10th month; 2Data for the 20th month; 3Data for the 40th month; 4Data for the 50th month.
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Abstract
Cytochromes P450s (CYPs) are terminal enzymes in CYP dependent
monooxygenases, which constitute a superfamily of enzymes catalysing the
metabolism of both endogenous and exogenous substances. One of their main
tasks is to facilitate the excretion of these substances and eliminate their toxicities
in most phase 1 reactions. Endogenous substrates of CYPs include steroids, bile
acids, eicosanoids, cholesterol, vitamin D and neurotransmitters. About 80% of
currently used drugs and environmental chemicals comprise exogenous
substrates for CYPs. Genetic polymorphisms of CYPs may affect the enzyme
functions and have been reported to be associated with various diseases and
adverse drug reactions among different populations. In this review, we discuss
the role of some critical CYP isoforms (CYP1A1, CYP2D6, CYP2J2, CYP2R1,
CYP3A5, CYP3A7, CYP4F3, CYP24A1, CYP26B1 and CYP27B1) in the
pathogenesis or aetiology of ulcerative colitis concerning gene polymorphisms. In
addition, their significance in metabolism concerning ulcerative colitis in patients
is also discussed showing a clear underestimation in genetic studies performed so
far.
Key words: Cytochrome P450; Polymorphism; Function; Ulcerative colitis; Aetiology
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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colitis (UC). Extrahepatic and extrarenal CYPs (e.g., macrophages and dendritic cells of
colonic mucosa) have a critical role in UC development. Polymorphisms discussed can
result in dysregulation of these enzymes in favour of alternative pathways producing
more reactive metabolites. Production of reactive metabolites is favouring more severe
disease states. Pharmacogenetics might facilitate individualized medicine for UC in the
future although actually available data is limited.
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INTRODUCTION
Cytochrome P450s (CYPs) are a superfamily of the integral membrane, heme-thiolate
proteins entailed in the synthesis and breakdown of various molecules and chemicals
within cells[1-3]. CYPs play a role in the metabolism of many endogenous substances
including steroids, bile acids, eicosanoids, cholesterol, vitamin D and neurotransmitters, steroid hormones, cholesterol, fatty acids, bile acids[4-6]. Additional CYPs
metabolise xenobiotics, such as drugs and endogenous molecules such as toxins that
are shaped inside cells[7-11]. The human CYP isoenzymes superfamily is composed of
57 CYP genes and 58 pseudogenes arranged into 18 families and 43 subfamilies[12].
They are located either at endoplasmic reticulum or mitochondria of liver cells, but
are also situated in other cells throughout the body[13-16]. Mitochondrial CYPs are
commonly engaged in phase I reactions with anabolic and catabolic transformations
of endogenous substances, while CYPs in the endoplasmic reticulum generally
process xenobiotics. CYPs are gathered into families and subfamilies as indicated by
the similarity index of the amino sequence. Every CYP is given a number relating a
particular family inside the gene group, a letter exemplifying the subfamily, and a
number allocated to the distinct gene inside the subgroup, e.g., the CYP gene that is in
family 1, subgroup A, gene 1, is written as CYP1A1[12,17-20].
CYPs show intra- or interethnic and intra- or interindividual genetic variations.
These variations or polymorphisms in CYP genes can largely alter the function of the
enzymes. We continue to learn about the properties of these enzymes in humans and
their roles in different diseases. As with many other genes and proteins associated
with a critical life function, specific polymorphisms or variability in these CYPs and,
hence, the gene product will result in pathology and lead to a severe human disease[21-24].
Ulcerative colitis (UC) is an idiopathic chronic inflammation condition with
multifactorial determinants[25]. Populace-based careful surveys have shown that the
frequency of UC worldwide has expanded in recent years. As opposed to the developed communities of North America and Western Europe, where the prevalence of
UC has levelled or even lessened, publications demonstrate that incidences have
elevated in developing countries, for example, those in Latin America, Asia and
Eastern Europe leaving an urgent medical need[26-28]. The progression of UC requires a
hereditary predilection, dysregulated immune reactions and an environmental incites.
Candidate genes comprise those that govern innate immunity and epithelial
boundary function[29-32]. Consequently, the interplay among hereditary and environmental components will cast the gut epithelial-inborn immunity interface and lead to
unique phenotypes in patients with Inflammatory Bowel Disease.
Several studies have demonstrated that the CYP gene polymorphisms have been
associated with the susceptibility to UC, but this is, to the best of our knowledge the
first systematic review on the role of the CYPs polymorphism and function in the
vulnerability and the development of UC. Each CYP will be described and discussed
in alphabetical order, rather than in its importance to UC.

CYP1A1
CYP1A1 (EC 1.14.14.1), a notable aryl hydrocarbon hydroxylase, is expressed in the
liver at exceptionally low quantities, and is mostly translated in human extrahepatic
tissues, including digestive tract[8,33-37]. In humans, since the CYP1A1 is an extrahepatic

WJG

https://www.wjgnet.com

2847

June 21, 2019

Volume 25

Issue 23

Sen A et al. Cytochrome P450 in pathogenesis of ulcerative colitis

protein, it is considered to assume a secondary function in the removal of medications
in vivo, and consequently, the polymorphism of the CYP1A1 gene may have a minor
impact on their metabolic clearance. CYP1A1 assume essential tasks in the bioactivation of a collection of cancer-causing polycyclic aromatic hydrocarbons [PAHs;
e.g., benzo[a]pyrene (B[a]P)], aromatic amines and amides, and mycotoxins
ascertained in certain grains, e.g., aflatoxin B1[10,38-41]. CYP1A1 is also committed in the
metabolism of endogenous compounds such as the pineal hormone melatonin and 17
β-estradiol and estrone [42-44] . It has been acknowledged as the principal CYP
responsible for the C2- or C4-hydroxylation of 17 β-estradiol and estrone in extrahepatic tissues[45].
The CYP1A1 is positioned on chromosome 15 close to the mannose phosphate
isomerase (MPI) locus at 15q22-24 [46] . To date, there are 2092 SNPs depicted for
CYP1A1 in NCBI dbSNP (https://www.ncbi.nlm.nih.gov/snp, access date: February
23, 2019). There are just a couple of investigations on the relationship of CYP1A1
polymorphism and function with UC.
CYP1A1 is the least studied isoform on the genotyping and phenotyping in
gastroenterological practice, on the assumption that it is not involved in the metabolism of the intestine and inadequacy of clinical response. Klotz and colleagues[47]
have tested the hypothesis that the appearance, arrangement, and activity of drugmetabolising enzymes in the gut may produce one or more reactive metabolites and
create UC. For this purpose, they have evaluated the terminal ileum and different
regions of the colon biopsies from 37 patients with UC by staining immunohistochemically for CYP1A1 isozyme. All proteins aside from CYP1A1 were
displayed with comparable recurrence in both control and UC patients. CYP1A1
staining was definite substantially more frequently in patients with UC (39.4%) than
in control (irritable colon, no clinical or histological indications of inflammations;
19.2%). These results may confirm the involvement of this protein in the aetiology or
pathogenesis of inflammation in this tissue.
On the other hand, the more frequent appearance of CYP1A1 could be due to
secondarily to the appearance of inflammation. Other recent studies have further
supported the latter suggestion by demonstrating that the CYP1A1 regulates immune
responses in the intestine and confers protection against intestinal inflammation[48-49].
On the other hand, Plewka and colleagues[50] have pointed out that the expression of
CYP1A1 in enterocytes from UC patients was lower than in control, equivalent to 80%
of the latter. Therefore, CYP1A1 needs to be further studied to resolve its role in UC.
Furthermore, our study included 161 Turkish patients with ulcerative colitis (94
males, 67 females; all Caucasian) consulting the outpatient clinic of the Department of
Gastroenterology, Ege University, Turkey [51,52] . A group of 198 healthy Turkish
Caucasians adjusted for age and sex (115 males and 83 females) were utilised as
controls.
DNA preparations from the Turkish population were subjected to genotype
analysis of CYP1A1*2B (rs4646903, T>C, 3′-flanking region, linked with increased
enzyme activity). Our results showed that the CYP1A1*2A alleles correlate with an
increased predisposition to UC, a piece of further supporting evidence that the
increased CYP1A1 activity might cause the abundant accumulation of reactive
metabolites, which advances an irregular intestinal immune response, causing
irreversible harm to the colonic mucosa and eventually UC. Since there is limited and
conflicting literature available on CYP1A1 polymorphism and function in UC, more
studies are required to clarify the role of CYP1A1 in UC.

CYP2D6
The CYP2D6, also known as debrisoquine hydroxylase, presents a small percentage of
all hepatic cytochrome P450s[53]. It is encoded by the CYP2D6 gene that is localised on
chromosome 22q13.1 and participates in the biotransformation of about 20-25% of the
clinically used drugs[54,55]. The endogenous substrates of CYP2D6 include neurotransmitters and neurosteroids, pinoline, progesterone and lipids[55,56]. It is highly
polymorphic in the human population, and marked inter-racial variation observed.
Individuals are identified as ultra-rapid, extensive, intermediate or poor
metabolizer, according to the number of functional alleles. To date, there are 3257
SNPs described for CYP2D6 in NCBI dbSNP (https://www.ncbi.nlm.nih.gov/snp,
access date: February 23, 2019). CYP2D6 is another isoform that genotyping and
phenotyping are not usually performed for gastroenterological inflammation, on the
assumption that the irrelativity of the medications to intestinal digestion or generally
little metabolic limit of CYP2D6 in the small digestive tract[57,58]. CYP2D6 is another
isoform on which genotyping and phenotyping are not usually performed for
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gastroenterological inflammation, on the belief that there is non-relativity of the
medications to intestinal metabolism or the generally little metabolic limit of CYP2D6
in the small intestine[57,58].
Dudarewicz et al[59] have analysed CYP2D6 genotypes *1 (wild type), *3 and *4
using the PCR-RFLP method in 258 people from central Poland; 65 patients with UC
and 50 with Crohn’s disease (CD); and 143 healthy controls. They announced that
despite the fact that the odds ratio (OR) was higher in carriers of the CYP2D6*1
/CYP2D6*3 genotype [extensive metabolizer (EM)], there was no factually signiﬁcant
difference in the recurrence of the CYP2D6 alleles in patients with UC and CD.
Similarly, Trzcinski et al[60] have shown that the increased OR for inflammatory bowel
disease (IBD) was without statistical significance. These researches suggest that there
were no measurably signiﬁcant variations in the appearance of the CYP2D6 alleles in
IBD patients (UC or CD). However, the EM genotype might be the risk factor for IBD.
Future investigations applied to a larger group of patients are needed to conﬁrm
presumptions.
Handersson et al[61] reported a real-world clinical case portraying the drug-drug
interactions in a UC patient. The patient was on tamoxifen therapy for breast cancer
and was prescribed rifampin for worsening UC. The patient is known to be a CYP2D6
intermediate metabolizer, and rifampin significantly lowered the endoxifen level. It
constitutes a substantial risk of sub-therapeutic efficacy in tamoxifen patients, which
may be of distinct concern among high-risk patients. This study illustrates the clinical
value of CYPs genotyping in UC patients for therapeutic efficiencies of combinative
therapies; exceptional consideration must be practised when required.
Le and Bae [62] carried out a meta-analysis probing the association between
functional CYP2D6 polymorphisms (*3 and *4) and susceptibility to autoimmune
diseases, including IBD. This meta-analysis demonstrated the association and
susceptibility of the functional CYP2D6*3 and *4 polymorphisms with the
autoimmune disease in Caucasians. Therefore, the CYP2D6 gene plays a role in the
aetiology and the development of autoimmune diseases.
More direct evidence was very recently reported relating the CYP2D6*4 allele (PM)
with susceptibility to UC[63]. The researchers studied CYP2D6*4 polymorphisms in 215
unrelated UC patients and 212 separate healthy controls by PCR-RFLP in a Kurdish
population from Iran. A significantly higher frequency of CYP2D6*4 A allele in UC
patients (12.6%) compared to healthy subjects (8.5%, P = 0.046) was reported. Also, the
presence of A allele significantly increased the risk of UC by odds ratio (OR) = 1.56fold (P = 0.047). This report is consistent with the Dudarewicz report showing a
higher frequency of the CYP2D6*4 A allele in patients from Poland. Thus, this study
suggests that CYP2D6*4 polymorphisms may be risk factors for UC susceptibility.
Moreover, a short while ago we reported the role of CYP2D6 in the metabolism of
5-aminosalicylic acid (5ASA), which is an anti-inflammatory drug used to treat
ulcerative colitis. It is known that 5ASA is mainly metabolised to N-acetyl-5-ASA by
N-acetyltransferases (NAT). However, no information is available on the oxidation of
5ASA by CYPs. Also, scarce pharmacogenetic analysis has focused directly on 5-ASA
metabolism. Our study presented compelling evidence indicating that the 5-ASA is a
substrate for CYP2D6 [64,65] . Therefore, knowledge of CYP2D6 allelic variants is
required for the better response of UC patients to this specific medication.
All these studies have strongly suggested that further studies are required to clarify
the role of the CYP2D6 gene in aetiology, development and pathogenesis and the
treatment of UC.

CYP2J2
CYP2J2 is the sole member of human CYP2J subfamily and the prominent arachidonic
acid (AA) epoxygenases. It is localised on chromosome 1q32.1 and participates in the
metabolism of AA to all four cis-eicosatrienoic acid epoxides (EETs) as 5,6-EET, 8,9EET, 11,12-EET and 14,15-EET, some of them exhibits signalling properties in antiinflammatory pathways[66]. It is shown mainly in the cardiovascular system, yet is also
displayed in the intestines, stomach, and other tissues[67-70].
Bystrom et al[71] demonstrated that CYP2J2 is an inflammation-induced enzyme
displaying anti-inflammatory activities and raises phagocytosis of both gram-positive
and negative bacteria. It was noted that the deficiency of CYP2J2 in IBD (CD)
macrophages in response to bacterial infection may participate in the pathogenesis of
the disease. Boosting the epoxygenase metabolites or the use of 11,12-EET mimetics
may present useful therapeutic approaches for the treatment of IBD[66,71]. Therefore, the
proper function of CYP2J2 is vital for bacterial clearance in IBD, and a deficit in the
CYP2J2 pathway may advance bacterial pathogenesis resulting in the development of
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IBD. Likewise, Qiu et al[72] assessed the EETs and the expression of CYP2J2 in colon
tissue biopsies collected from UC patients along with adjacent unaffected tissues to
study the role of CYP2J2 in UC. It was found that the quantities of EETs were
significantly higher in UC tissues matched with adjacent unaffected tissues (1.91 ±
0.98 ng/mg vs 0.96 ± 0.77 ng/mg, mean ± SD, P < 0.01). Also, the expression of
CYP2J2 rose significantly in UC tissues (P < 0.05). Thus, the increment in EET levels
may be part of a defence mechanism in UC and CYP2J2 could be a key target for drug
therapy for UC.
In addition, it was reported that endocannabinoids such as arachidonoyl
ethanolamide (AEA) are significantly increased during intestinal inflammation and
the CYP2J2 produced metabolites are related to pathologic conditions of the
gastrointestinal tract[66,73-76]. CYP2J2 converts EAE to 20-hydroxyeicosatetraenoic acid
ethanolamide (20-HETE-EA) and some other EET-EA metabolites which bind to
cannabinoid-1 receptors (CB1-Rs) on neurons and cannabinoid-2 receptors (CB-2Rs)
on immune and epithelial cells of the gut reducing digestion and represses the
liberation of inflammatory mediators[77,78]. Also, UC patients display raised histamine
levels which increase pathogenic neutrophil invasion into the colonic mucosa,
intensifying the symptoms of colitis [79-82] . CYP2J2 has appeared to assume a
fundamental role in the intestinal metabolism of antihistamines such as astemizole
and ebastine. Thus, the knowledge of pharmacogenetics of CYP2J2 is essential and
contribute to useful therapeutic approaches for the treatment of IBD.
There have been 7214 SNPs in human CYP2J2 gene in NCBI dbSNP
(http://www.ncbi.nlm.nih.gov/snp, access date: 24 February 2019). A portion of
these SNPs has been appeared to have a potential association with certain diseases,
particularly cancer and heart diseases[83]. However, there is only a single report in the
literature focusing on the relationship of CYP2J2 variation to UC. Otte and
collaborators [84] have screened the polymorphism at position -50 (G-50T) in the
promoter region of CYP2J2 (CYP2J2*7) in 146 UC and 147 CD patients matched to 357
healthy German people. CYP2J2*7 has a G>T replacement in the regulatory region at 50 position at the transcriptional start, causing diminished translation because of the
loss of the Sp1 binding site[85,86]. Thus, this creates a smaller amounts of the CYP2J2
protein causing decreased CYP2J2 epoxygenase metabolites in vivo. The -50T allele
was identified in 19.9% of subjects with UC 14.3% of subjects with CD, and 10.9% of
the control group (P < 0.05). Additionally, a noteworthy higher recurrence of this
allele was distinguished in patients with UC in contrast to the CD group. Their
outcomes unequivocally support the relationship of UC with the promoter
polymorphism in the CYP2J2 gene showing a critical function of epoxyeicosatrienoic
acids in the pathophysiology of IBD. Further examinations are expected to depict the
actions of CYP2J2 in pathology and the treatment of UC.

CYP2R1
The CYP2R1 gene produces an enzyme called vitamin D-25-hydroxylase (EC
1.14.14.24), showing a 25-hydroxylase action on both types of vitamin D, vitamin D2
and D3. It catalyses the initial reaction leading to the production of 1,25-dihydroxy
vitamin D3, also called calcitriol[87]. CYP2R1 is located on chromosome 11p15.2 and
converts vitamin D into 25-hydroxyvitamin D (calcidiol), which is the essential
circulatory form of vitamin D.
There have been 4247 SNPs in human CYP2R1 gene in NCBI dbSNP
(http://www.ncbi.nlm.nih.gov/snp, access date: 25 February 2019). However, there
is no one study on the association of any of these SNPs with IBD, both CD and UC.
Moreover, most studies focused on its role in vitamin D and related clinically
significant diseases such as vitamin D deficiency [88] . However, few studies have
examined its role in some autoimmune diseases such as multiple sclerosis, T1D,
Hashimoto’s disease and Grave’s disease[89-94].
There is a convincing amount of evidence that vitamin D deficiency is one of a
designated set of factors proposed to intervene in the contemplated relationship
between environmental exposures and IBD, CD and UC[95-98]. It would be expected
that the enzyme responsible for the production of active vitamin D, i.e., CYP2R1, has
some role in IBD. However, since it has been proposed that there is redundancy in the
enzymes responsible for the 25-hydroxylation step, the identification of affected
individuals with CYP2R1 polymorphisms has been difficult.
The rs10741657, located near the CYP2R1 gene has been linked by several studies to
the increased risk of vitamin D insufficiency[99]. Moreover, an immense connection
between the CYP2R1 gene transcript and 1,25(OH)2D3 plasma levels in the helper T
cells was affirmed[99]. Ramos-Lopes et al[89] genotyped 203 simplex type 1 German

WJG

https://www.wjgnet.com

2850

June 21, 2019

Volume 25

Issue 23

Sen A et al. Cytochrome P450 in pathogenesis of ulcerative colitis

diabetes families for the rs10741657 polymorphism. They examined the 25(OH)D3
quantities comparing to CYP2R1 polymorphisms to its mRNA transcripts from
peripheral blood mononuclear cells (PBMCs) in 133 T1D patients. The G variant of the
rs10741657 polymorphism was more regularly transmitted to influenced children and
was likewise more prevalent in cases than in the controls (46.1% vs 35.7%, P = 0.03).
Patients conveying the genotype “GG” or “GA” of the rs10741657 polymorphism had,
by and large, lower amounts of 25(OH)D3 in contrast to those with the genotype
“AA”. They showed an association of CYP2R1 polymorphisms with 25(OH)D3 levels
in T1D patients. Coper et al [90] and Hussein et al [91] likewise detailed a similar
association. Also, the relationship between the variant CYP2R1 alleles and MS risk
suggested being dependency on the presence of the HLA-DR15 risk allele and other
factors such as gender[89,94].
In conclusion, taking all of these studies into account, we have to remain sceptical
regarding any association between CYP2R1 and IBD, both CD and UC, and emphasise that research efforts must be accelerated in oder to generate the answers. It
would be not unexpected that CYP2R1 had a role on which we can only speculate
with given data so far.

CYP3A4/3A5/3A7*
CYP3A4 (EC 1.14.13.97) is one of the most widely studied enzymes among CYPs since
it metabolises approximately 60% of prescribed drugs, is localised mainly in the liver
and in the intestine and is induced by glucocorticoids and some pharmacological
agents[53,100]. In grown-ups, they are the main CYP3A subfamily members expressed in
the liver and the intestine. CYP3A4 is the portion of a cluster of CYP genes on
chromosome 7q22.1. It is called niphedipine oxidase but has many other aliases for its
activity such as cholesterol 25-hydroxylase, taurochenodeoxycholate 6-alphahydroxylase and 1,8-cineole 2-exo-monooxygenase[101-103]. CYP3A4 also metabolises
arachidonic acid to EETs or 20-HETE, expressing both epoxygenase and monooxygenase activities[104,105].
On the other hand, CYP3A5, a highly polymorphic enzyme, has been reported to
range from undetectable amounts to amounts comparable to those of CYP3A4 in the
human liver[106]. It is also part of a cluster of CYP genes on chromosome 7q21.1 and
exhibits similar enzymatic activities[54,107].
5521 and 6608 SNPs have been found in human CYP3A4 and CYP3A5 genes,
respectively in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 26
February 2019). However, there is no study on the association of any of these SNPs
with IBD, both CD and UC. Yet, the role of variants in the transformation of the drugs
used for the treatment of UC was studied in detail, particularly tacrolimus[108-110].
Tacrolimus is an immunosuppressive drug, utilised in the treatment of UC patients
who have no response to 5-ASA or corticosteroids[111]. Tacrolimus is a substrate of
CYP3A4 and CYP3A5, and they are in charge of the metabolism of tacrolimus[112].
CYP3A5’s ancestral polymorphisms influence tacrolimus metabolism, for the most
part. An SNP in the CYP3A5 gene including an A>G change at position 6986 inside
intron 3 (rs776746) was determined to be strongly associated with CYP3A5 protein
synthesis. CYP3A5*3/*3 genotypes are viewed as CYP3A5 non-expressers, while
CYP3A5 expressers convey at least one CYP3A5*1 allele[113,114].
Many studies have shown that tacrolimus dose requirements are influenced by
CYP3A4/5 genetic polymorphisms and the adverse events especially nephrotoxicity
were frequently observed in CYP3A4/5 expressers. In addition, CYP3A4/5 expressers
require that particular attention should be paid to the onset of nephrotoxicity. Thus,
genotyping for CYP3A5 variants allows individualised care to be practised[57,108,110,115,116].
Plewka et al [50] reported that the CYP3A4 level was slightly higher in UC as
compared to the control level. Additionally, in this case, the expression of CYP3A4
was restrained particularly in epithelial cells of the mucosa in the colon. The
expression level of the fetal form of CYP3A, i.e., CYP3A7, was increased 3-fold in the
colonic tissues of UC patients[117]. In addition, it was reported that CYP3A4 were
induced by mesalazine (5-ASA), a drug used to treat colitis, in a concentrationdependent manner, both in cultured hepatocytes and human cryopreserved
hepatocyte from UC [118] . Similarly, we have also determined that 5-ASA is both
inducer and substrates for CYP3A4[64,65]. Accordingly, alteration in CYP3A4 activity in
disease states may be an underappreciated determinant of difference in the aetiology
of UC.

CYP4F3
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CYP4F3 known as leukotriene-B4 omega-hydroxylase encodes two distinct enzymes
and is part of a cluster of CYP genes on chromosome 19. CYP4F3 encodes two splicevariants, CYP4F3A and CYP4F3B, and their expression is tissue-specific with
CYP3F3A being expressed mostly in leukocytes and CYP4F3B chiefly in the liver[119,120].
They metabolise leukotriene B4 and very likely 5-hydroxyeicosatetraenoic acid by an
omega oxidation reaction, leading to the inactivation and degradation of well-known
mediators of inflammation[121]. Thus, CYP4F has underlain the proposed roles of
cytochromes in depressing inflammatory responses, and CYP4F3 is associated with
IBD[122,123]. CYP4F3A/B also omega oxidise arachidonic acid to 20-HETE as well as
EETs[124].
Five thousand five hundred and seventy-five SNPs have been found in human
CYP4F3 in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 27
February 2019). Ananthakrishnan and colleagues[125] have genotyped CYP4F3 in 101
CD and 139 UC patients matched to 495 controls. They revealed that that high
consumption of a high amount of n3:n6 PUFA (above median) exhibited a relationship to a decreased risk of UC (OR = 0.71, 95%CI: 0.47-1.09, P = 0.11). In
addition, high n3:n6 PUFA intake was related with a decreased risk of UC in people
with the GG/AG genotype (rs4646904) in CYP4F3 (OR = 0.57, 95%CI: 0.32-0.99)
compared to those with the AA genotype (OR = 0.95, 95%CI: 0.47-1.93) (P-connection
= 0.049). Despite the fact that the rs4646904 (converged into rs1805042) CYP4F3
variant is synonymous, it is proposed that it changes the splicing efficiency and gene
expression level[126]. Hence, CYP4F3 variations are determinant of the relationship
between dietary n3:n6 PUFA intake and the risk of UC. It is the only study present in
the literature involving the CYP4F3 variants and an association between the UC.
There is a definite need for additional studies examining the impact of other
polymorphisms in exploring the association of specific CYP4F3 variants with UC as
well as defining the diet-UC associations in patients.

CYP24A1
CYP24A1 is a mitochondrial monooxygenase which assumes a crucial function in
calcium homeostasis through controlling the level of vitamin D3[127]. It is characterised
as vitamin D3 24-hydroxylase (EC 1.14.15.16; Entrez Gene: CYP24A1 cytochrome P450
family 24 subfamily A part 1 [Homo sapiens (human)] accessed 28 February 2019). It
facilitates hydroxylation reactions leading to the degradation of 1,25-dihydroxy
vitamin D3, the physiologically active class of vitamin D. Hydroxylation of the side
chain of vitamin D3 produces calcitroic acid and various metabolites which are
discharged in bile. Inactivation of vitamin D is achieved by the mitochondrial catalyst,
25-hydroxyvitamin D3-24-hydroxylase, first portrayed in the mid-1970s and at first
accepted to be included exclusively in the renal 24-hydroxylation of 25-OH-D3. Work
performed over the ensuing 35 years has demonstrated that 24-hydroxylase is the
aftereffect of CYP24A1[128,129]. CYP24A1 catalyses the transformation of both 25-OH-D3
and 1,25-(OH)2D3 into a series of 24- and 23-hydroxylated compounds directed to
well-known pathways ending in the water-soluble biliary metabolite such as calcitroic
acid and 26,23-lactone[130].
Besides being a self-induction of CYP24A1 by the 1,25-(OH)2D3 itself, the enzyme
is controlled by crucial determinants such as the parathyroid hormone (PTH) and the
fibroblast growth factor (FGF). 1,25-(OH)2D3-mediated PTH significantly reduces
induction of the CYP24A1 expression because of destabilisation and enhanced
degradation of CYP24A1 mRNA[130-132]. The translation of CYP24A1 is enhanced via
PI3K-Akt-facilitated IRES within 5'UTR-dependent manner in response to the
inflammatory condition by shifting from monosomal to polysomal fractions [133] .
CYP24A1 is located on chromosome 20q13.2, and 6746 SNPs have been found in
human CYP24A1 in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 28
February 2019).
CYP24A1 is correlated with idiopathic infantile hypercalcemia and is associated
with the risk of cell-mediated immune mechanisms in MS and IBD [98,134,135] . The
increased expression of CYP24A1 accompanied by CYP27B1 in inflamed colonic
tissues in IBD patients results in the loss of 25(OH)D thereby exerting downward
pressure on the vitamin D status. Therefore, it is essential in the regulation of
inflammations.
Recently Chen et al [136] have genotyped rs4809957, rs6068816, rs6091822 and
rs8124792 SNPs in 44 ulcerative colitis patients along with a control group composed
of 504 East Asians enrolled in the 1000 Genomes Project. CYP24A1 polymorphisms
rs4809957 A/G and rs6068816 C/T demonstrated a statistically noteworthy
association with the UC when both the genotypes and allele frequencies were
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considered together. Regarding rs6091822 G/T, UC was identified with risk allele
bearers (GT + TT) vs wild-type (GG). However, the relationship between the allele
frequencies and the disease were not significant. These alleles were additionally
observed to be related to the risk of colonic polyps and colon cancer, and low-dose
aspirin-related small intestine bleedings [ 1 3 7 , 1 3 8 ] . Rs4809957 situated in the 3′
untranslated vicinity neighbouring the polyA microsatellite repeat influences the
stability of CYP24A1 mRNA and is proposed to be a coupling site for the retinoic
acid-responsive element. Contrarily, rs4809957 may influence methylation of 3'UTR. It
was accounted for that the 3'UTR of mRNA was the objective of miRNA to hasten
degradation[139,140]. Rs6068816 likewise demonstrated a factually strong relationship
with the risk of UC. Then OR for rs6068816 C vs T was again high (OR = 18.260,
95%CI: 8.350-39.932). Consequently, these discoveries demonstrate that rs6068816 T is
a strong risk factor for UC as well. Changes in rs6068816 would not influence the
amino acid residue of the CYP24A1 protein yet may influence intron splicing[141].
Interestingly, several SNPs in CYP24A1 and the other genes involved in vitamin D
metabolism and signalling seem to exhibit susceptibility to UC in Asians, yet do not
have a statistically significant effect on IBD risk in Europeans[136,142-145]. It is proposed
that SNPs in CYP24A1 take part in the initiation or development of UC, and are not
merely the result of ulcerative colitis-related malfunctions[136]. Despite the fact that the
mechanisms are indistinct, it might be identified with vitamin D metabolism and
signalling since both in vivo and in vitro investigations have shown the function of
vitamin D in immune intervened diseases [98,145,146] . It is realised that vitamin D
insufficiency cause diminished colonic bacterial clearance, decreased expression of
tight junctions in the intestinal epithelium, and raised Th1 cell-driven inflammation at
the gut level[97,127,145]. Therefore, CYPs in vitamin D metabolism are associated with the
UC and deserve further detailed examinations.

CYP26B1
CYP26B1 is defined on chromosome 2p13.2, and the protein product is localised on
the endoplasmic reticulum. It works as a crucial switch of all-trans retinoic acid (RA)
levels. It inactivates all-trans retinoic acid to hydroxylated forms, including 4-OH-RA,
4-oxo-RA, and 18-OH-RA[147]. Mutations in this gene are related to radiohumeral
fusions and other skeletal and craniofacial abnormalities, and an increased level of the
protein is associated with atherosclerotic lesions. Alternative splicing results in
multiple transcripts.
Kang et al[148] demonstrated that both high and low vitamin A levels brought about
ameliorated intestinal inflammation and differentially activated subsets of FoxP3+
cells in SAMP1/YP mice. Likewise, Takeuchi et al [149] concluded that CYP26B1
expression was stimulated by all trans-RA in T-cells of the mesenteric lymph nodes
(MLN) and Peyer's patches (PP) and changed the expression of CYP26B1 altering T
cell dealing and separation in the gut. As of lately, Chenery et al[150] have demonstrated
that CYP26B1 can restrict the differentiation of iTreg and Th17 cells and is differentially expressed by these cells to tweak RA responsiveness. In this manner,
CYP26B1 in T cells is associated with the pathogenesis of T cell-mediated chronic
inflammation in the colon, possibly by controlling T cell effector activity in the
intestinal tissue.
Five thousand three hundred and thirty-nine SNPs have been found in human
CYP26B1 in NCBI dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 28
February 2019). There is only one study reporting the SNPs in CYP26B1 and the risk
of IBD (UC and CD). Fransen et al [151] investigated the association of rs2241057
polymorphism with the threat of CD and UC, knowing that rs2241057 has an elevated
catabolic function of retinoic acid. DNA from 1378 IBD patients (871 CD and 507 UC)
and 1205 healthy controls gathered at Orebro University Hospital, and Karolinska
University Hospital was genotyped for the CYP26B1 rs2241057 polymorphism. They
detailed that a higher recurrence of patients homozygous for the dominant (T) allele
was associated with the CD though not UC compared to the recurrence found in
healthy controls. Hence, CYP26B1 polymorphism rs2241057 may have an increased
risk for the progression of CD, which conceivably might be because of raised levels of
RA. It was criticised that the lower number of enrolled patients with UC and the lack
of standardisation in terms of ethnicity might be the reason for the absence of
significant associations in UC. Therefore, their study requires further replication
efforts and mechanistic studies to confirm the reported associations. In conclusion,
further studies exploring vitamin A and CYP26B1 in the pathogenesis of both CD and
UC are needed.
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CYP27B1
The CYP27B1 gene supplies information to produce a mitochondrial protein called 25dihydroxy vitamin D3 1-α-hydroxylase (EC 1.14.13.13). This catalyst performs the
second of two consecutive reactions to transform vitamin D to its active structure,
1,25-dihydroxy vitamin D3 [1,25-(OH)2-D3], also called calcitriol. Vitamin D can be
obtained from the diet or can be made on the body surface with the assistance of
sunlight exposure. Whenever active, this vitamin is associated with retaining up the
best possible balance of a few minerals in the body, including calcium and phosphate,
which are fundamental for the regular composition of bones and teeth. Vitamin D is
likewise engaged with a few other processes unrelated to bone and tooth organisation. It is currently kown that the protein exists in non-renal tissues to help
increase the production of cellular 1,25-(OH)2-D3, a paracrine/autocrine system[129,152].
It affects immunomodulatory activities by repressing human leukocyte antigen (HLA)
class II expression on endocrine cells, T cell proliferation and secretion of inflammatory cytokines that are thought to function in autoimmune tissue disruption[153-159]. In this way, the expression of CYP27B1 in cells of the colon, breast,
prostate and monocyte/macrophage are so fundamental to the ordinary functioning
of these tissues.
The cytogenetic location of the CYP27B1 is the long arm of chromosome 12 at
position 14.1 (12q14.1). 1929 SNPs have been found in human CYP27B1 in NCBI
dbSNP (http://www.ncbi.nlm.nih.gov/snp, access date: 5 March 2019). Diseases
associated with CYP27B1 include Type 1A and hypocalcemic vitamin D-dependent
rickets and autoimmune diseases such as Addison, Hashimoto, Grave’s, T1D and
MS[158,160-164].
Du et al[159] surveyed the expressions of colonic CYP27B1 in UC patients. They
gathered colon mucosal biopsies from the inflamed lesions and adjacent normal
tissues from a cohort of patients with active UC. They revealed that CYP27B1
originating from colon epithelium, were notably induced in the lesions contrasting to
the adjacent normal tissues in these patients. It was additionally bolstered by the
observation that colon mucosal CYP27B1 was likewise induced significantly in an
experimental colitis mouse model, and this nearby CYP27B1 induction and colonic
inflammation required the community of commensal microscopic organisms.
Therefore, in this context, it is vital to keep a regular vitamin D status with the goal
that adequate substrate can be provided to CYP27B1, which produces local
1,25(OH)2D3 to protect the mucosal barrier and decrease colonic inflammation.

CONCLUSION
It is a widely accepted hypothesis that UC is caused by a reactive xenobiotic metabolite, which is conjugated before excretion. As was pointed out throughout this
review, the function and the polymorphism of CYP1A1, 2D6, 2J2, 2R1, 3A4/5, 4F3,
24A1, 26B1 and 27B1 genes are undoubtedly important in the pathogenesis and
clinical interest of UC, possibly producing reactive metabolites (Figure 1). These CYPs
are somewhat involved in the metabolism of endogenous substrates, most notably
vitamin D. It is evident that more of these polymorphisms are either loss-of-function
mutations changing the amount of reactive metabolite produced and inhibiting or
inducing the enzymes catalysing alternative pathways with the possibility of more
severe conditions leading to disease states. However, some polymorphisms result in
dysregulation of these enzymes leading to disease state. Most importantly, the exact
role of the extrahepatic and extrarenal CYPs such as macrophages and dendritic cells
of colonic mucosa is more critical to the development of UC and should require more
thorough examinations to clarify their exact roles. The release of these metabolites
resulted from polymorphic CYPs functions damage the colonic epithelial barrier and
expose the mucosal immune system to luminal contents, thereby initiating an
inflammatory response. It is undoubtedly an exciting moment to be involved in the
study role of CYPs in autoimmune diseases like UC. An additional benefit is for
rationalising the use of current therapeutics, i.e., administering the right drug at the
right time and place to the right person. In addition to the polymorphism of CYPs,
epigenetic regulation of UC cannot be excluded[165,166].
Early determination of disease-specific genes at the phase when their tolerance is
still preserved would be the most critical since the essential treatment can be
appropriately begun before auto-animosity happens. The candidate genes for genetic
variant analysis was usually chosen from the genes associated with the pathogenesis
of UC. Albeit a few SNPs have been identified to be related to drug response in
patients with UC, most of these discoveries are as yet uncertain. Since not a single

WJG

https://www.wjgnet.com

2854

June 21, 2019

Volume 25

Issue 23

Sen A et al. Cytochrome P450 in pathogenesis of ulcerative colitis
Figure 1

Figure 1 Overview the role of cytochromes P450s in ulcerative colitis. M: Metabolites; CYP: Cytochromes P450.

gene but rather different genes are engaged with the pathogenesis of UC just as drug
responses are, a genome-wide association studies (GWAS) could be a progressively
powerful methodology for distinguishing candidate genes to incorporate into these
pharmacogenomic models. However, since the GWAS do not characterise the
association between a gene and phenotype of the disease, discoveries from GWAS as
well as the biological and clinical associations between the particular loci and diseases
ought to be additionally investigated by conventional candidate gene examinations,
for example, allelic separation by real-time PCR.
In future, more thorough investigations are necessary to elucidate the act of CYPs
in the pathogenesis of UC. Furthermore, better learning of the role of genetic polymorphisms and haplotypes in CYPs expression and function will add to an excellent
comprehension of inter-individual, ethnic and inter-ethnic variations in drug
metabolism and impacts.
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Abstract
Molecular mechanisms associated with inflammation-promoted tumorigenesis
have become an important topic in cancer research. Various abnormal epigenetic
changes, including DNA methylation, histone modification, chromatin
remodeling, and noncoding RNA regulation, occur during the transformation of
chronic inflammation into colorectal cancer (CRC). These changes not only
accelerate transformation but also lead to cancer progression and metastasis by
activating carcinogenic signaling pathways. The NF-κB and STAT3 signaling
pathways play a particularly important role in the transformation of
inflammation into CRC, and both are critical to cellular signal transduction and
constantly activated in cancer by various abnormal changes including
epigenetics. The NF-κB and STAT3 signals contribute to the microenvironment
for tumorigenesis through secretion of a large number of pro-inflammatory
cytokines and their crosstalk in the nucleus makes it even more difficult to treat
CRC. Compared with gene mutation that is irreversible, epigenetic inheritance is
reversible or can be altered by the intervention. Therefore, understanding the role
of epigenetic inheritance in the inflammation-cancer transformation may
elucidate the pathogenesis of CRC and promote the development of innovative
drugs targeting transformation to prevent and treat this malignancy. This review
summarizes the literature on the roles of epigenetic mechanisms in the
occurrence and development of inflammation-induced CRC. Exploring the role of
epigenetics in the transformation of inflammation into CRC may help stimulate
futures studies on the role of molecular therapy in CRC.
Key words: Colorectal cancer; Inflammation; DNA methylation; Histone modification;
LncRNA; MicroRNAs; Epigenetics
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Core tip: Chronic inflammation can promote the occurrence and progression of colorectal
cancer (CRC), drawing more attention to the role of pro-inflammatory cytokines and
immune cells in this cancer. By regulating the expression of various inflammatory
signaling pathways and pro-inflammatory cytokines, epigenetic inheritance not only
participates in the transformation of inflammation into CRC, but also facilitates invasion,
metastasis, and drug resistance of CRC. Compared with gene mutation that is
irreversible, epigenetic inheritance is reversible or can be altered by the intervention.
Therefore, the tumor microenvironment can be regulated by modulating epigenetic
modifications, which may be novel alternatives to prevent and treat CRC.
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INTRODUTION
In recent years, accumulating evidence indicates that chronic inflammation leads to
the occurrence and development of many tumors[1,2]. The relationship between inflammation and cancer has long been investigated. Two thousand years ago, the
Greek physician Galen described the similarities between cancer and inflammation
and believed that cancer might evolve from inflammatory lesions[3]. In 1863, Virchow
identified inflammatory cell infiltration in tumor tissues and explained it as a reaction
to the origination of cancer at sites of chronic inflammation, proposing the hypothesis
of the inflammation-cancer transformation[4]. Colorectal cancer (CRC) is the third most
common malignant tumor and the fourth leading cause of cancer-related mortality
worldwide[5]. The pathogenesis of CRC is complex. Previously, most scholars believed
that CRC was a genopathy and a highly heterogeneous tumor resulting from an
accumulation of genetic abnormalities, the failure of cancer defense mechanisms, and
the activation of carcinogenic pathways[6]. However, increasing evidence suggests that
CRC is a typical inflammation-dependent cancer. The risk of developing CRC
increases in patients with inflammatory bowel disease (IBD), such as ulcerative colitis
or Crohn's disease, which is more likely to be caused by chronic inflammation of the
intestinal mucosa than by any definitive genetic predisposition[7-9]. In addition, chronic
inflammation plays an important role in the occurrence and development of sporadic
CRC, and the expression of interleukin-1 (IL-1), IL-6, IL-17A, and IL-23 is increased in
most sporadic CRC cases[10,11].
Various proinflammatory signaling pathways participate in the transformation of
inflammation into CRC, including the NF-κB, IL-6/STAT3, cyclooxygenase-2 (COX2)/PGE2, and IL-23/Th17 pathways, which induce the production of inflammatory
mediators, upregulate the expression of antiapoptotic genes, stimulate cell proliferation and angiogenesis, and thereby contribute to tumorigenesis[12]. The NF-κB
signaling pathway includes both classical and non-canonical pathways. The classical
pathway is activated by pro-inflammatory cytokines, pathogen-associated or damageassociated molecular patterns. The non-canonical pathway is activated by a small
subset of cytokines including lymphotoxin, receptor activator of NF-κB ligand, CD40
ligand, and B cell activating factor of the tumor necrosis factor (TNF) family [13] .
Activation of NF-κB not only affects DNA damage and carcinogenic mutations, but
also causes tumorigenesis by promoting the production of reactive oxygen species
(ROS) and reactive nitrogen. It can also cause chromosomal instability, aneuploidy,
and epigenetic changes, leading to tumorigenesis and development[14,15]. NF-κB and
STAT3 are nuclear transcription factors required for the regulation of tumor
proliferation, survival, angiogenesis, and invasion; their target genes encode the
critical cancer-promoting inflammatory mediators[13-19]. NF-κB and STAT3 signaling
contributes to the tumorigenic microenvironment by mediating the secretion of
various proinflammatory cytokines, and the crosstalk of these pathways in the nucleus makes CRC even more difficult to treat[18,20,21].
To date, abundant evidence has indicated that epigenetic changes play an
important role in the transformation of inflammation into CRC as well as in the
occurrence, development, invasion, metastasis, and drug resistance of this cancer.
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These epigenetic changes include DNA methylation, histone modification, and
noncoding RNA (ncRNA) alterations. Molecular mechanisms associated with
inflammation-promoted tumorigenesis are currently an important branch of cancer
research; therefore, understanding the role of epigenetic inheritance in the occurrence
and development of CRC may elucidate the pathogenesis of this cancer and promote
the development of innovative drugs targeting transformation for CRC treatment.

DNA METHYLATION
DNA methylation is an important epigenetic modification related to gene expression
and mediated by DNA methyltransferases (DNMTs), and an imbalance in genomic
methylation leads to tumors. Approximately half of human gene promoters are rich in
C-G sequences, also called CpG loci because of the phosphodiester bond linking the C
and G nucleotides. If they are present in DNA sequences, CpG islands are likely
located in genetic regulatory elements[22,23] and are usually defined as regions with a
length greater than 200 base pairs and a G + C content greater than 50%[24,25]. DNA
methylation starts at one end of the islands and continues to gene promoters and
initiation sites, altering the three-dimensional configuration of the DNA and
inhibiting its interaction with transcription factors, ultimately silencing gene expression. In contrast, hypomethylation promotes gene expression[23,26]. In CRC, the
commonly observed types of methylation include hypermethylation of antioncogene
DNA and hypomethylation of oncogene DNA. More importantly, DNA methylation
can be stably inherited by progeny cells through histone marks at methylation sites,
leading to hereditary effects without changes in DNA sequences[27].
IBD has been demonstrated to increase the risk of CRC incidence. A meta-analysis
of population-based cohort studies indicated that the incidence of CRC within 10, 20,
and > 20 years was 1%, 2%, and 5%, respectively, in patients with IBD[28,29]. In addition,
DNA methylation promotes the tumorigenesis and progression of colitis-associated
CRC (CAC). The expression of DNMT1 is appreciably higher in CAC samples than in
tumor tissues of patients with sporadic CRC, indicating an increased level of DNA
methylation in CAC tissues[30]. However, the frequency of chromosomal instability
and microsatellite instability in CAC is generally the same as that in sporadic CRC. In
approximately 46% of patients with microsatellite instability-high CAC, the hMLH1
gene is hypermethylated[31]. The cell cycle inhibitor gene p16INK4a, which has been
reported to be negatively associated with the occurrence of sporadic CRC, is often
methylated in tumor samples from CAC patients[32,33]. In addition, the p14ARF gene can
indirectly regulate the expression of the p53 protein, and methylation of p14ARF is a
relatively common early event in ulcerative colitis-associated colorectal carcinogenesis[34]. Furthermore, the methylation levels of the ITGA4, TFPI2, and VIM
gene promoters are increased in inflamed colon tissues, which may imply a high risk
of CAC development[35] (Figure 1A). Recent genome-wide studies have provided
important insights into the characteristics of DNA methylation in tumors[36]. Using
monoalkyl methylation profiles in a colitis-induced mouse colon cancer model, AbuRemaileh et al [37] identified a novel epigenetic modification characterized by
hypermethylation of the DNA methylation valley (DMV), which leads to the silencing
of DMV-related genes, thus facilitating inflammation-induced cell transformation.
Studies have shown that the methylation of specific genes is associated with
inflammatory conditions, dysplasia, and malignant transformation, indicating that
epigenetic modifications are involved in inflammation-induced carcinogenesis[38-40].
Many proinflammatory cytokines secreted as a result of NF-κB and STAT3 signaling
pathway activation are activated and promote the transformation of inflammation
into CRC[20]. For example, IL-6 silences the expression of suppressor of cytokine
signaling 3 (SOCS 3) by inducing high expression levels of DNMT1. SOCS3 is an
important negative regulator of cytokine-induced STAT3 signaling, and its silencing
ultimately contributes to the occurrence of CRC[41]. TNF molecules depend on the NFκB signaling pathway to silence the gene encoding the proapoptotic protein kinase cδbinding protein through gene promoter methylation, which facilitates the growth of
cancer cells[42]. IL-6 has been demonstrated to increase the methylation of the promoter
regions of genes related to tumor inhibition, cell adhesion, and apoptosis resistance,
and this increase could be prevented by treatment with the DNMT 1 inhibitor 5azadeoxycytidine[30] (Figure 1B). IL-6 produced during intestinal inflammation can
modulate the expression of CYP2E1 and CYP1B1 (cytochrome P450 enzymes) via
transcriptional and epigenetic mechanisms, altering the metabolic capability of
epithelial cells. Indeed, one study suggested that IL-6 reduces the expression of
miR27b, which targets CYP1B1, through a DNA methylation mechanism, thereby
increasing dietary carcinogen activation and DNA injury, which leads to the
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Figure 1

Figure 1 DNA methylation regulates the transformation of inflammation into colorectal cancer. A: DNA hypermethylation levels inhibit expression of
antioncogenes, resulting in the occurrence of colorectal cancer (CRC); B: Inflammatory cytokines regulate STAT3/NF-κB signaling to promote the occurrence of CRC
by DNA methylation. CRC: Colorectal cancer; IL-6: Interleukin-6; DNMT1: DNA methyltransferase 1; SOCS3: Suppressor of cytokine signaling 3.

occurrence of CRC[43]. As an important component of natural humoral immunity,
PTX3 activates and regulates the complement cascade by interacting with C1q and
factor H and plays a role in the regulation of inflammation. PTX3 has been considered
an exogenous antioncogene, and PTX3 deficiency increases sensitivity to epithelial
carcinogenesis[44,45]. An analysis of epigenomic data revealed high methylation levels
in the PTX3 gene promoter in CRC[46,47]. Prostaglandin, a signaling molecule with
important pro- and anti-inflammatory effects, is synthesized from arachidonic acid
through the prostaglandin endoperoxide synthase (PTGS; also called cyclooxygenase
or COX) pathway. PTGS2 (also called COX-2), one of the key enzymes in the pathway,
is overexpressed in CRC, leading to oversecretion of the downstream metabolite
prostaglandin E2 (PGE-2)[48]. Deregulation of the COX-2/PGE2 signaling pathway is
associated with many tumors, including CRC, and the expression levels of COX-2 and
PGE2 are closely related not only to metastasis and poor prognosis in patients with
CRC but also to chemotherapeutic resistance in tumors[49-52]. Indeed, a study showed
that high methylation rates of select gene promoters stimulate the production of PGE2,
block the production of other bioactive prostaglandins, and ultimately promote the
development of CRC[53]. Moreover, the results of this study suggest that the antitumor
effects of nonsteroidal anti-inflammatory drugs (NSAIDs) may be related to the ability
of these drugs to inhibit COX-2. FXR regulates bile acid metabolism and inhibits the
production of the secondary bile acid cholic acid; therefore, FXR performs anticancer
functions. In CRC, the expression of FXR is negatively associated with the degree of
tumor malignancy and with poor clinical outcomes[54,55]. The APC gene is typically
mutationally inactivated in the pathogenesis of CRC[56]. Loss of function of APC
silences FXR expression through CpG methylation in mouse colonic mucosa and
human colon cells, decreasing the expression of downstream bile acid-binding
proteins and heterodimers and increasing the expression of related genes (COX-2 and
c-MYC) in inflammation and CRC[57]. Recent studies demonstrated that vitamin D
(VD) deficiency is associated with the occurrence of CRC. VD, an anti-inflammatory
agent, regulates adipocytes and their functions via the VD receptor (VDR), resulting in
decreased expression of proinflammatory cytokines[58-61]. Using blood and visceral
adipose tissues collected from CRC patients and healthy controls, Castellano-Castillo
et al[62] explored the relationship among the levels of serum 25-hydroxyvitamin D
[25(OH)D], expression of the VDR gene in adipose tissue, levels of proinflammatory
markers, expression of the epigenetic factor DNMT3A, and methylation of the VDR
promoter. These results suggest that adipose tissue may be a critical factor in the
occurrence of CRC and that low expression levels of 25(OH)D and high expression
levels of VDR may partially mediate this relationship by modulating DNA
methylation and promoting inflammation[62]. In addition, inflammatory mediators
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such as ROS and reactive nitrogen species may lead to genomic instability, which
contributes to carcinogenesis via the mutation of protooncogenes and tumor
suppressor genes[63]. Vitamin C (VC) and vitamin E (VE) are antioxidants that can
scavenge free radicals[64,65]. One study suggests that VE antagonizes high glucoseinduced oxidative stress, exhibiting beneficial effects on gene promoter methylation
and gene expression in the CRC cell line Caco-2[66]. In addition, the results of an in
vitro experiment indicated that VC could enhance antitumor drug-induced DNA
hydroxymethylation and reactivate epigenetically silenced expression of the tumor
suppressor CDKN1A in CRC cells [67] . Therefore, supplementation with related
vitamins may be an alternative approach to treat CRC. Moreover, black raspberry
(BRB) anthocyanins, which can modulate changes in inflammation and SFRP2 gene
methylation, have been reported as agents for CRC prevention[68]. In summary, DNA
methylation facilitates the transformation of inflammation into CRC in both the local
environment of intestinal inflammation and systemic inflammation.

HISTONE MODIFICATION
Chromatin is a macromolecular complex composed of DNA, RNA, and proteins.
Histones, which regulate DNA strand compaction and gene expression, are the main
protein component of chromatin[23]. The core histones are composed of four major
families-H2A, H2B, H3, and H4[69]. The nucleosome is a chromatin unit consisting of
150 to 200 base pairs of DNA wrapped closely around a cylindrical histone core.
Posttranslational covalent modification of the histone tail constitutes an epigenetic
mechanism that regulates chromatin structure and gene expression in human cancers.
Histone tail modifications include phosphorylation, methylation, acetylation,
ubiquitination, glycosylation, deamination, and ribosylation [70,71] . Various modifications alter the three-dimensional structure of nucleosomes and affect the
transcriptional control of related genes by inducing either an “inactive” tight
heterochromatin or an “active” open euchromatin conformation. Insight into histone
modification is not as deep as that into DNA methylation; the only well-studied
histone modifications are the acetylation/deacetylation and methylation/
demethylation of lysine and arginine residues in the histone tail[72,73]. These bivalent
histone modifications are mediated by polycomb group proteins (transcriptional
repressors), which contribute to silencing a specific set of anti-oncogenes in human
cancers. Polycomb repressive complexes (PRCs) include PRC1 and PRC2, which
silence genes alone or in cooperation[74,75].
Histone modification abnormalities arise during the transformation of
inflammation into CRC. Profiles for active enhancers using H3K27ac histone modification identified several cancer markers, such as the LYZ, S100P, and NPSR1
proteins, which were elevated in CAC[76]. In a mouse model, deletion of the Giα2
protein led to spontaneous colitis and right multifocal CRC, which is similar to human
CRC with defective mismatch repair. Moreover, MLH1 and PMS2 expression are
reduced in the colonic epithelium of Giα2-/- mice after the onset of hypoxic colitis.
Notably, MLH1 is epigenetically silenced by reduced histone acetylation. These data
connect chronic hypoxic inflammation, histone modulation, and CRC development[77].
The Wnt/β-catenin signaling pathway exerts either pro- or anti-inflammatory
functions by activating or inhibiting NF-κB signals, respectively, playing an important
role in the occurrence and development of CRC[78]. DACT3, the negative regulator of
Wnt/beta-catenin signaling, is transcriptionally suppressed in CRC in a manner
related to bivalent histone modification. However, DACT3 expression can be restored
after combined administration of drugs targeting histone methylation and
deacetylation, resulting in strong inhibition of Wnt/beta-catenin signal transduction
and massive CRC cell apoptosis. Therefore, DACT3 may be an important factor in the
treatment of CRC through epigenetic mechanisms[79]. EZH2, a catalytic subunit of
PRC2, is essential for maintaining the integrity and homeostasis of the epithelial cell
barrier in inflammatory states. EZH2 expression is downregulated in IBD patients,
and EZH2 inactivation in the intestinal epithelium increases the sensitivity of mice to
dextran sodium sulfate (DSS)- and 2,4,6-trinitrobenzenesulfonic acid-induced
experimental colitis. One study indicated that EZH2 deficiency could stimulate the
expression of TRAF2/5 and enhance the NF-κB signaling induced by TNF-α, which
led to an uncontrolled inflammatory reaction and ultimately contributed to tumorigenesis[80]. Researchers identified a new epigenetic mechanism underlying the
preventive effects of aspirin in CAC. Aspirin reduced the activity of histone
deacetylases and fully restored H3K27ac. Moreover, aspirin depressed azoxymethane/DSS-induced H3K27ac accumulation in the promoters of the inducible nitric
oxide synthase, TNF-α, and IL-6 genes and suppressed the production of proin-
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flammatory cytokines, playing a role in the prevention of cancer [81] (Figure 2).
Although few studies have investigated the role of histone modification in the
transformation of inflammation into CRC, notably, histone modification may interact
with DNA methylation to induce epigenetic silencing and promote tumorigenesis.

MICRORNAS
Most of the human genome is transcribed into RNAs, which are classified as RNAs
with coding potential or RNAs without. The latter RNAs are also called ncRNAs.
NcRNAs were historically considered “transcriptional waste”, but accumulating
evidence indicates that ncRNAs strongly impact many molecular mechanisms[82].
MicroRNAs are single-stranded ncRNAs with a length of 20 nucleotides that function
primarily to negatively regulate gene expression by binding to target RNAs and
inducing the degradation or inhibiting the translation of those RNAs[83].
The NF-κB and STAT3 signaling pathways play an important role in the transformation of inflammation into cancer [13] , and numerous microRNAs promote
transformation by participating in these signaling pathways. Slattery et al[84] analyzed
the expression profiles of genes and associated microRNAs in the NF-κB signaling
pathway between CRC and normal mucosa, providing new insight into therapeutic
targets for CRC. TNF-α has been shown to increase the expression of miR-105, which
targets RAP2C, activate NF-κB signal transduction by IKK, and ultimately contribute
to CRC progression [85] . Another study demonstrated that TNF-α leads to high
expression of miR-19a, which can also activate NF-κB signaling to facilitate the
occurrence of colitis and CAC[86]. STAT3 not only is a downstream target of IL-6 but
also interacts with miR-21, miR-181b-1, PTEN, and CYLD, which implicates the
epigenetic switch that links inflammation to cancer[87]. In addition, by activating miR21, NR2F2 inhibits Smad7 expression and promotes TGF-β-dependent epithelialmesenchymal transition (EMT) in CRC[88]. In primary CRC samples and cell lines,
increased STAT3 expression levels are accompanied by elevated miR-572 and
decreased MOAP-1 levels, and miR-572 has been found to reduce the expression of
the proapoptotic protein MOAP-1 and to contribute to CRC progression[89]. Öner et
al[90] demonstrated that combined inactivation of TP53 and miR-34a promotes CRC
metastasis by elevating the levels of IL-6R and PAI1, implying that modifying these
processes might be alternative approaches to treat CRC. Immune cells play a dual role
in the occurrence and development of CRC, and natural killer (NK) cells promote
tumor cell apoptosis by secreting high levels of cytokines, such as IFN-γ and TNF-α[91].
The level of miR-24 was reported to be increased in NK cells from CRC patients, a
characteristic that decreased the levels of cytokines, including IFN-γ and TNF-α, by
suppressing Paxillin expression and inhibiting the cytotoxic effect of NK cells on CRC
cells[92].
MicroRNAs not only promote the transformation of inflammation into CRC but
also lead to chemotherapeutic resistance. For example, in CRC patients treated with
oxaliplatin, miR-34a expression decreased significantly but Smad4 and TGF-β
expression increased. In addition, the expression levels of Smad4 and miR-34a were
negatively correlated in CRC patients. Further investigation demonstrated that miR34a targeted Smad4 through the TGF-β/Smad4 pathway and ultimately inhibited
cellular autophagy[93]. Ren et al found overexpression of miR-196b-5p in recurrent CRC
tissues, which was associated with a poor prognosis. Further investigation showed
that miR-196b-5p activated STAT3 signaling and promoted the chemical resistance of
CRC cells to 5-fluorouracil (5-FU) by targeting the negative regulators SOCS1 and
SOCS3 in the STAT3 signaling pathway[94]. Clarification of the role of microRNAs in
CRC resistance mechanisms can improve the efficacy of chemotherapy by targeting
the corresponding microRNAs. Indeed, microRNAs overexpressed during the
transformation of inflammation into CRC are often associated with disease
progression. In addition, certain microRNAs are silenced or downregulated during
the occurrence and development of CRC; these microRNAs generally inhibit the
transformation of inflammation into cancer. For instance, miR-148a, miR-6869-5p, and
miR-139-5p inhibit transformation by suppressing the NF-κB signaling pathway[95-97];
miR-1299, miR-149, and miR-214 inhibit tumor formation by suppressing the STAT3
signaling pathway[98-100]; and miR-329 inhibits CRC occurrence by targeting TGF-β1[101].
MiR15A and miR16-1, which might act as tumor suppressors, were found to be
downregulated in CRC[102]. Animal experiments showed that deficiency of miR15A
and miR16-1 led to an accumulation of immunosuppressive IgA+ B cells in intestinal
cancer tissues, thereby inhibiting the proliferation and functions of CD8+ T cells with
antitumor immunity and ultimately promoting tumor progression[103].

WJG

https://www.wjgnet.com

2868

June 21, 2019

Volume 25

Issue 23

Yang ZH et al. Epigenetics and colorectal cancer
Figure 2

Figure 2 Histone methylation and acetylation modifications increase oncogene expression to promote cancer occurrence. CRC: Colorectal cancer.

Exosomal microRNAs
Exosomes are small vesicles released by cells into the extracellular environment.
These vesicles transmit information to adjacent or distant cells by transferring RNAs
and proteins, thus affecting signaling pathways in various physiological and pathological conditions[104,105]. Recently, microRNAs enriched in exosomes have been found
to interact with immune cells and proinflammatory cytokines and to participate in the
progression and metastasis of CRC. For example, exosome-mediated miR-200b was
indicated to promote the proliferation of CRC cells upon TGF-β1 exposure[106]. In
addition, it was reported that the level of miR-10b was significantly higher in
exosomes derived from CRC cells than in those derived from normal colorectal
epithelial cells and that CRC-derived exosomes could promote CRC progression[107].
Tumor-associated macrophages (TAMs), a biomarker of solid tumors, are usually
associated with a poor prognosis. A recent study has shown that CRC cells carrying
mutant p53 genes selectively shed miR-1246-enriched exosomes. These exosomes can
be captured by neighboring TAMs, which then secrete numerous proinflammatory
cytokines, such as IL-10, TGF-β, and MMPs, to promote the immune suppression,
invasion, and metastasis of CRC cells[108] (Figure 3, Table 1).

LNCRNAS
LncRNAs refer to noncoding transcripts of more than 200 nucleotides[109]. LncRNAs
are important participants in cancer biology and generally cause the abnormal
expression of gene products, leading to the progression of various human
tumors[110,111]. In addition, lncRNAs are involved in the transformation of chronic
inflammation into CRC. For example, a study indicated that the interaction between
lncRNA PRINS and miR-491-5p regulated the proapoptotic factor PMAIP1 and
enhanced the antiapoptotic effect of TFF3 against the proapoptotic effects of IFN-γ
and TNF-α in CRC cells[112]. LncRNA FEZF1-AS1 expression was higher in CRC tissue
than in normal tissue and was associated with a poor prognosis in CRC. FEZF1-AS1
can bind to and increase the stability of the pyruvate kinase 2 (PKM2) protein, which
can increase PKM2 levels in the cytoplasm and nucleus and promote pyruvate kinase
activity and lactic acid production. Upregulation of nuclear PKM2 induced by FEZF1AS1 was found to further activate STAT3 signal transduction and accelerate the
transformation of inflammation to cancer[113]. In addition, researchers found that
lncRNA AB073614 induced EMT in CRC cells by regulating the JAK/STAT3
pathway[114]. Recent studies have shown that lncRNAs not only participate in the
transformation of inflammation to tumors but also induce the resistance of CRC to
chemotherapy by regulating inflammatory signaling pathways. Abnormal expression
of HOTAIR is positively correlated with progression, survival, and poor prognosis in
different types of cancers, such as breast cancer, gastric cancer, and CRC[115-117]. Li et
al[118] revealed that HOTAIR silenced the expression of the miR-218 gene by recruiting
EZH2 for binding to the miR-218 promoter. Silencing of miR-218 resulted in
chemotherapeutic resistance of CRC to 5-FU by promoting VOPP1 expression and
eventually activating the NF-kB/TS signaling pathway. HOTAIR can thus be used as
a novel prognostic indicator and therapeutic target for CRC. Inhibiting HOTAIR may
be a future approach to improve the sensitivity of 5-FU chemotherapy (Figure 4, Table
2).
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Table 1 MicroRNAs regulate inflammation and occurrence of colorectal cancer
MicroRNAs

Target genes

Functions in CRC

MiR-105, miR-19a,

NF-κB

Promoted CRC progression

MiR-21, miR-181b-1, miR-572

STAT3

Promoted CRC progression

MiR-21, miR-200b, miR-1246

TGF-β

Promoted proliferation
Promoted CRC progression

MiR-34a

IL-6R/PAI1

MiR-24

IFN-γ/TNF-α

Inhibited the cytotoxic effect of NK cells

MiR-34a

TGF-β/Smad4

Inhibited autophagy

MiR-196b-5p

STAT3

Promoted chemical resistance

MiR-148a, miR-6869-5p, miR-139-5p

NF-κB

Inhibited CRC occurrence

MiR-1299, miR-149, miR-214

STAT3

Inhibited tumor formation

MiR-329

TGF-β1

Inhibited CRC occurrence

CRC: Colorectal cancer; NK: Natural killer.

ANTI-INFLAMMATORY AGENTS AND CRC
Due to the inflammatory basis of CRC, anti-inflammatory agents may be candidates
for treating or preventing the disease. NSAIDs are non-selective inhibitors of COX2[119]. COX-2 is highly expressed in many tumor types, including CRC[120]. NSAIDs play
a striking role in the prevention of CRC. A preliminary study on patients with familial
adenomatous polyposis indicated that after 1 year of treatment with the NSAID
sulindac, patients tended to exhibit a decrease in polyps [121] . A large-scale observational study in 1991 reported that the use of NSAIDs reduced the risk of fatal
CRC[122]. Retrospective studies have demonstrated that NSAID treatment is associated
with a decreased risk of recurrence of colorectal polyps and tumors. It has been
reported that patients who use low-dose aspirin for more than 5 years show a
decrease in overall risk of CRC by 40%-50%, and NSAIDs have a positive effect on
advanced CRC[123,124]. NSAID therapy can also inhibit the tumor-promoting pathway
by inhibiting Wnt signaling[125]. However, a meta-analysis of NSAID treatment to
prevent the transformation of IBD into CRC shows that there is a lack of high-quality
evidence that anti-inflammatory drugs can be used to prevent CRC in patients with
IBD[126]. Most scholars believe that the anti-tumor mechanism of NSAIDs is reflected in
two aspects. On the one hand, the cytokines released during inflammation play an
important role in reprogramming adult stem cells into malignant cells, and NSAIDs
can prevent this process[127]. On the other hand, the mechanism is related to activation
of the Wnt pathway by prostaglandins[128]. However, the side effects of NSAIDs must
be taken into consideration. NSAID treatment can increase the risk of gastrointestinal
bleeding, even at low doses[129]. Caution should be exercised to prevent bleeding when
using anti-inflammatory drugs in patients with fragile blood vessels[130]. In addition to
NSAIDs, monoclonal antibodies to cytokines such as IL-6 and TNF inhibitors have
been investigated in a large number of anti-tumor studies, but most of them are still in
the experimental stage[131,132]. The treatment hazard of using anti-cytokines to treat
tumors is the increase in the risk of infection[133,134].

CONCLUSION
In conclusion, chronic inflammation can promote the occurrence and progression of
CRC, a finding that is attracting increased attention to the role of proinflammatory
cytokines and immune cells in cancer. By regulating the expression of various inflammatory signaling pathways and proinflammatory cytokines, epigenetic
inheritance not only participates in the transformation of inflammation into CRC but
also facilitates CRC invasion, metastasis, and drug resistance. However, epigenetic
inheritance accelerates the transformation of chronic inflammation into tumors
through various modifications influenced by the inflammatory environment. An indepth understanding of this process will allow us to clarify the pathogenesis of CRC,
and some epigenetic modifications can be used as markers for CRC diagnosis. Unlike
gene mutations, which are irreversible, epigenetic inheritance is reversible or can be
altered by interventions. For example, DNA demethylation promotes tumor suppressor gene expression to re-establish tumor prevention and reduce expression of
pro-inflammatory cytokines by regulation of histone modifications or ncRNAs,
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Figure 3

Figure 3 MicroRNAs regulate colorectal cancer progression by regulating inflammatory cytokines. CRC:
Colorectal cancer; TNF-α: Tumor necrosis factor α; TGF-β: Transforming growth factor β.

ultimately reducing inflammation infiltration of tumor microenvironment. In the
future, this new anti-tumor drug may be used in combination with immunotherapy,
chemotherapy, and targeted cancer therapy for the treatment of CRC. Exploring the
role of epigenetics in the transformation of inflammation into CRC may help stimulate
futures studies on the role of molecular therapy in CRC.

WJG

https://www.wjgnet.com

2871

June 21, 2019

Volume 25

Issue 23

Yang ZH et al. Epigenetics and colorectal cancer

Table 2 LncRNAs regulate the inflammation-cancer transformation
LncRNA

Target genes

Functions in CRC

PRINS

miR-491-5p/PMAIP1/TFF3

Inhibited apoptosis

FEZF1-AS1

PKM2/STAT3

Accelerated CRC occurrence

AB073614

JAK/STAT3

Induced EMT

HOTAIR

MiR-218/EZH2/NF-kB

Chemotherapeutic resistance

CRC: Colorectal cancer; EMT: Epithelial-mesenchymal transition.

Figure 4

Figure 4 LncRNAs regulate the occurrence and chemotherapeutic resistance of colorectal cancer by mediating microRNAs/inflammatory signaling
pathways. CRC: Colorectal cancer; EMT: Epithelial-mesenchymal transition; JAK: Janus kinase.
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Abstract
Hereditary diffuse gastric cancer (HDGC) syndrome is an inherited cancer risk
syndrome associated with pathogenic germline CDH1 variants. Given the high
risk for developing diffuse gastric cancer, CDH1 carriers are recommended to
undergo prophylactic total gastrectomy for cancer risk reduction. Current
guidelines recommend upper endoscopy in CDH1 carriers prior to surgery and
then annually for individuals deferring prophylactic total gastrectomy.
Management of individuals from HDGC families without CDH1 pathogenic
variants remains less clear, and management of families with CDH1 pathogenic
variants in the absence of a family history of gastric cancer is particularly
problematic at present. Despite adherence to surveillance protocols, endoscopic
detection of cancer foci in HDGC is suboptimal and imperfect for facilitating
decision-making. Alternative endoscopic modalities, such as chromoendoscopy,
endoscopic ultrasound, and other non-white light methods have been utilized,
but are of limited utility to further improve cancer detection and risk
stratification in HDGC. Herein, we review what is known and what remains
unclear about endoscopic surveillance for HDGC, among individuals with and
without germline CDH1 pathogenic variants. Ultimately, the use of endoscopy in
the management of HDGC remains a challenging arena, but one in which further
research to improve surveillance is crucial.
Key words:CDH1 gene; Hereditary diffuse gastric cancer; Gastric cancer; Endoscopic
screening; Endoscopy
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Individuals with hereditary diffuse gastric cancer (HDGC) syndrome are at

https://www.wjgnet.com

2878

June 21, 2019

Volume 25

Issue 23

Kumar S et al. Endoscopy in HDGC syndrome

Received: March 17, 2019
Peer-review started: March 19, 2019
First decision: April 4, 2019
Revised: April 8, 2019
Accepted: April 29, 2019
Article in press: April 29, 2019
Published online: June 21, 2019

increased risk of diffuse gastric cancer, and are often recommended to undergo
prophylactic total gastrectomy, especially in the presence of a pathogenic germline
CDH1 variant. Endoscopy is important in the initial management and surveillance of
individuals with HDGC syndrome, yet sensitivity of endoscopy for detection of cancer
foci in this population is poor. Alternative endoscopic modalities have not been found to
be helpful. Ultimately, there is much to be learned about how to best use endoscopy in
management of HDGC.

P-Reviewer: Chen SQ, Cheng H,
Xin Q

S-Editor: Yan JP
L-Editor: A
E-Editor: Ma YJ

Citation: Kumar S, Long JM, Ginsberg GG, Katona BW. The role of endoscopy in the
management of hereditary diffuse gastric cancer syndrome. World J Gastroenterol 2019;
25(23): 2878-2886
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2878.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2878

INTRODUCTION
Gastric cancer remains the fifth most common cancer worldwide. While the majority
of cases are sporadic, 1-3% of gastric cancers are related to hereditary cancer syndromes, including hereditary diffuse gastric cancer syndrome (HDGC). Pa-thogenic
germline CDH1 variants have been associated with HDGC, although some families
fulfilling HDGC clinical criteria do not have detectable germline variants[1]. CDH1
encodes for the tumor suppressor E-cadherin, which serves as a critical cell adhesion
molecule [2] . The connection of CDH1 mutations to HDGC syndrome was first
described in New Zealand, when Jones et al[1,3-5] suspected genetic predisposition as
the cause of a high rate of gastric cancer in three Maori families. Since 1998, more than
120 different pathogenic variants of CDH1 have been described, and carrying a
germline CDH1 pathogenic variant has been shown to portend a high risk of diffuse
gastric cancer, characterized by signet ring cell carcinoma (SRCC) on histopathology,
as well as lobular breast cancer in women[6-8].
Genetic testing for CDH1 variants is recommended for those who meet clinical
criteria for HDGC[1]. Criteria (considering first- and second-degree relatives) include
having two or more family members with gastric cancer (including one confirmed
diffuse gastric cancer), having one case of diffuse gastric cancer prior to age 40, or
having both diffuse gastric cancer and lobular breast cancer in a family (with one
diagnosed before age 50). Genetic testing can also be considered in those with cleft lip
or palate and diffuse gastric cancer, in the presence of bilateral lobular breast cancer,
or in families with two or more cases of lobular breast cancer before age 50. Testing
for CDH1 should include both sequencing and deletion/duplication analysis, and is
now commonly performed by numerous commercial laboratories[9]. Germline CDH1
pathogenic variants are found in approximately 25%-50% of families meeting HDGC
criteria, though rates vary by ethnic background and country[9-12]. Those who meet
testing criteria but do not have an identified CDH1 pathogenic variant pose their own
challenges in management and risk stra-tification. Recent studies have suggested
CTNNA1 and MAP3K6 as other potential causative genes responsible for HDGC,
however further work to confirm these associations is required[10,13]. Additionally,
other cancer susceptibility genes associated with a spectrum of cancers outside of
gastric cancer, such as BRCA2, STK11, and PALB2 have also been identified in families
meeting HDGC criteria, suggesting some clinically-defined HDGC families may have
a genetic basis related to another hereditary syndrome[9].
The lifetime risk of diffuse gastric cancer in individuals with a germline CDH1
pathogenic variant is reported to be up to 80%[1,14,15]. However, this high cumulative
lifetime risk of diffuse gastric cancer may be an over-estimate, as the advent of multigene panel testing has identified a notable number of CDH1 pathogenic variants in
families without a history of diffuse gastric cancer[9,14-16], suggesting reduced penetrance in some families. Currently, individuals with a germline CDH1 pathogenic
variant are recommended to undergo prophylactic total gastrectomy, typically
between the ages of 20-30[17,18]. However, given the major implications for quality of
life and nutritional status after gastrectomy, especially in younger patients, some
patients opt to delay or defer prophylactic total gastrectomy[19-22].
The role of endoscopy in the management of patients with HDGC has been studied
extensively and plays an important role for diagnosis, surveillance, and risk
stratification. Herein, we highlight the role of endoscopy in individuals with HDGC,

WJG

https://www.wjgnet.com

2879

June 21, 2019

Volume 25

Issue 23

Kumar S et al. Endoscopy in HDGC syndrome

and review the recent research and advances in the field.

Guidelines for the use of endoscopy in HDGC with a known pathogenic CDH1
variant
For patients with a pathogenic germline CDH1 variant who undergo prophylactic
total gastrectomy, baseline upper endoscopy is recommended prior to surgery to
evaluate for gross tumor or other concomitant pathology that may alter the surgical
approach[1]. For those electing to defer risk reducing gastrectomy, annual surveillance
endoscopy following the Cambridge protocol is advised. If microscopic or macroscopic disease is detected on surveillance, prompt gastrectomy referral is required[1,17].
White light exam is recommended for surveillance, since other endo-scopic modalities
have not proven efficacious, as discussed below.

Surveillance endoscopy via the Cambridge protocol
The Cambridge protocol was developed to help guide endoscopic surveillance in
HDGC[1]. Surveillance via the Cambridge protocol ideally should be performed in a
high-volume center with a multi-disciplinary team having expertise in HDGC. Given
the large number of biopsies performed, it is recommended to stop anticoagulation if
possible prior to the procedure. Endoscopy should include a careful high definition
white light (HDWL) exam in a session of at least 30 min. The endoscopic exam should
include repeated insufflation and deflation to maximize visualization of the entire
gastric mucosa and check for distensibility (the lack of which should raise concern for
an infiltrative process such as linitis plastica). Additionally, the exam should utilize
extensive washing with the assistance of mucolytic and anti-foaming agents, to permit
careful examination and documentation of the entire gastric mucosa. If there is
concern for poor distensibility, further evaluation should include computed
tomography scan and endoscopic ultrasonography (EUS).
Prior to obtaining random gastric biopsies, all visible lesions, pale areas (considered
more likely to have abnormal signet ring cells), and other gastric abnormalities should
be separately biopsied and sent for pathologic evaluation[5,23]. After sampling of all
visible lesions, five random biopsies should then be taken from each of 6 anatomic
regions: prepyloric, antrum, transitional zone, body, fundus, and cardia, with these
groups of biopsies each being sent separately for pathologic analysis (see Figure 1).
Despite no known association between Helicobacter pylori (H. pylori) and HDGC,
baseline H. pylori testing on the gastric biopsy specimens is recommended given that
H. pylori is considered a class I carcinogen by the World Health Organization.
Subsequent treatment and confirmation of eradication of individuals who are H. pylori
positive is advised[1,24].

EFFICACY OF ENDOSCOPY IN CDH1 FAMILIES
Endoscopic detection of SRCC foci in CDH1 carriers is poor, and evaluation of
surgical pathology demonstrates cancer foci in 45%-60% of those with negative
endoscopic evaluations[5,11,21,25]. The reason for this poor performance is due to the
occult and difficult to predict nature of HDGC. HDGC is rarely restricted to one
location in the stomach[6,26]. Independent studies have found vastly different results
when evaluating the regions of the stomach where the HDGC-related SRCC foci are
located[27-29]. This heterogeneity in location, as well as the inability to reliably visualize
the SRCC foci on visual mucosal examination, both play a large role in the inability to
reliably detect SRCC foci endoscopically. A model developed by Fujita et al[28] evaluated yield of cancer foci in a topographic pattern on 10 gastrectomy specimens from
individuals with pathogenic germline CDH1 variants. This model estimated that for a
90% detection of cancer foci, the theoretical number of biopsies necessary to capture at
least a single cancer focus was estimated to be 1768 per patient, which is clearly not
clinically feasible. However, the yield of endoscopically detecting SRCC foci preoperatively is both correlated with the number of biopsies taken and the number of
SRCC lesions in the gastrectomy specimen[30]. As described by de Almeida et al[6], there
are also practical issues beyond the number of biopsies required, including scarring
from repeated biopsies, which may mimic pale areas concerning for malignancy and
may cause confusion and repeated re-biopsy of the same areas of mucosa.
Unfortunately, the specific CDH1 variant itself does not aid in determining the
potential location of SRCC or the probability of finding SRCC, especially given the
vast number of CDH1 pathogenic variants that have been described[9,31,32]. There is also
limited data of the benefit of continued surveillance in CDH1 carriers. Most cancer
foci are detected on the index endoscopy, which is likely due to detecting prevalent
rather than incident cases[11]. This is likely due to the fact that multiple foci of SRCC
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Figure 1

Figure 1 Illustrative representation of the Cambridge protocol for hereditary diffuse gastric cancer syndrome
surveillance, full details in text and on image. Figure modified with text, markings (stars), and annotation after
adaptation of “Stomach” from Servier Medical Art by Servier, licensed under a Creative Commons Attribution 3.0
Unported License. Original photo adapted from https://smart.servier.com/smart_image/stomach-3/.

develop before age 30 and have a long indolent course[33]. It is further unknown how
long these foci remain indolent, and what environmental or genetic predispositions
can lead to more extensive disease.
In addition to the imperfect sensitivity of endoscopic surveillance, there are
possible complications from endoscopy, as well as potential psychological hurdles in
those individuals undergoing serial endoscopic evaluation, including concerns of
lifelong endoscopy and the chances of false negatives[9,11,19,34]. The concern of false
reassurance in those with a negative endoscopy is not to be underestimated, either.

Chromoendoscopy
In an attempt to improve the efficiency of SRCC detection in CDH1 carriers, several
advanced endoscopic techniques have been studied, including the use of chromoendoscopy. Based on a Japanese study, Shaw et al[5] published a series in 2005
describing annual chromoendoscopic surveillance in 33 patients with a pathogenic
CDH1 variant over a 5-year period. The patients initially drank a mucolytic (Nacetylcysteine) then changed position every 5 min for 30 min to ensure complete
gastric coverage. The endoscopist then performed a HDWL endoscopic exam, and the
patient received intravenous pentagastrin for gastric acid secretion, followed by
spraying of methylene blue onto the mucosa. After absorption and suction, Congo red
dye was sprayed and the mucosa was irrigated. Only pale areas were biopsied, and
no random biopsies were performed. Of 56 total pale areas, 23 lesions (41%) showed
SRCC (in 10 patients). When comparing these results to total gastrectomy pathology,
it was shown that there was a positive correlation for foci 4-10 mm in size, but not for
foci < 4 mm.
While initially promising, due to concerns about dye toxicity, chromoendoscopic
exam is currently not recommended as standard of care for HDGC[1,6]. Additionally,
there were further concerns regarding the learning curve in chromoendoscopy as well
as pale area detection and interpretation, as the number of pale areas detected by
endoscopists increased annually, despite no change in relative number of annual
surveillance procedures[5,11].

Electronic enhanced imaging
Electronic enhanced imaging takes advantage of pre- and/or post-processing light
wavelengths and filtering to amplify surface, subsurface and vascular prominence
and contours. Beyond careful white-light examination with targeted and random
biopsies, electronic enhanced imaging techniques have not proven to be particularly
valuable for diagnosis, screening or surveillance of patients with pathologic CDH1
gene mutations[5,25,35]. Lim et al[25] report that auto-fluorescence imaging (AFI) and
narrow band imaging (NBI) were of limited utility, failing to reliably identify abnormal appearing mucosa for targeted tissue sampling. While AFI did not prove to
aid in the detection of early foci of signet ring cell neoplasia, NBI was a useful
imaging adjunct to delineate pale areas and, in conjunction with zoom magnification,
allowed careful assessment of vascular and mucosal patterns, with a high negative
predictive value in their study. Emerging electronic enhanced imaging techniques
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with depth to the lamina propria layer will be tested in this condition owing to the
unpredictable and patchy distribution of SRCC characteristic of early stage disease.

Endoscopic ultrasonography (EUS)
There is currently no recommendation for routine use of EUS in the management of
HDGC. However, EUS can be considered for further investigation of abnormalities
seen on standard HDWL endoscopic examination, such as poor distensibility of the
stomach[1]. To evaluate the utility of EUS in patients with HDGC due to a CDH1
pathogenic variant, a retrospective analysis of 13 patients who underwent radial
scanning endosonography in addition to guideline-recommended upper endoscopy
before gastrectomy found no benefit in performing endoscopic ultrasound to improve
detection of cancer foci[34]. In that study, the sensitivity for identifying SRCC foci by
HDWL endoscopy was 45%, similar to other descriptive series.

Confocal endoscopic microscopy
There is an ongoing NIH clinical trial evaluating the use of confocal endoscopic
microscopy, which provides histologic imaging of gastric mucosa during upper
endoscopy, and could improve endoscopic surveillance sensitivity (ClinicalTrials.gov
Identifier: NCT03648879)[36]. However, this technique remains experimental at this
time, and should only be pursued in HDGC through a clinical trial.

Colorectal cancer screening
Although the majority of research on HDGC has focused on the role of upper
endoscopic examination, there is limited evidence that there may be an association of
colorectal SRCC in patients with germline CDH1 pathogenic variants[1]. More recent
work has also speculated that the CDH1 variant location may be an important
predictor of colorectal cancer risk [37] . Although based on limited data, enhanced
colorectal cancer screening by colonoscopy is recommended for CDH1 carriers with a
family history of colon cancer, especially when there is a presence of signet ring cells
and/or mucinous features of the cancer[1,17]. In these individuals, screening should
start at age 40 or 10 years prior to the youngest diagnosis in the family, and repeated
every 3-5 years. In all other CDH1 carriers, standard colorectal cancer screening
guidelines should be followed based on the individual’s personal and/or family
history.

ROLE OF ENDOSCOPY IN PATIENTS WITH A PATHOGENIC
CDH1 VARIANT AND NO FAMILY HISTORY OF GASTRIC
CANCER
Individuals with a pathogenic variant of CDH1, but without family history of gastric
cancer, pose a unique challenge. There is limited evidence on endoscopic surveillance
of these patients, and one small series found that despite no family history of gastric
cancer and negative endoscopic evaluation, 50% of patients had SRCC on surgical
pathology[38]. It remains to be determined if these patients truly have decreased gastric
cancer risk and reduced prevalence compared to CDH1 carriers with a strong family
history of gastric cancer[9,14-16]. Another possibility is that in small or poorly reportedon families, family history may be inaccurate, as even in the best circumstances,
family history collection can be poor[39-41]. As such, these patients may have a true
family history of gastric cancer that simply goes unrecognized.
A similar dilemma arises in CDH1 carriers with lobular breast cancer and without a
family history of diffuse gastric cancer. Recent studies regarding the management of
lobular breast cancer, to which a pathogenic variant of CDH1 increased risk, in the
absence of gastric cancer family history have been small, though informative[42-46].
These studies demonstrate that though rare, even in the absence of familial gastric
cancer, lobular breast cancer may develop, and may even represent a separate cancer
syndrome[44,45,47]. This has clinical consequences for the screening of breast cancer in
those with a pathogenic variant of CDH1, though the need for gastrectomy in these
individuals is similarly cloudy[42,43,47]. There have not been large reports of endoscopic
utility in these patients.
An advantage of endoscopic surveillance in these groups would be the finding of
SRCC on endoscopic biopsy, as this would justify the need for gastrectomy in the
physician and patient alike. However, we would expect the sensitivity of endoscopy
to be lacking, as it is in those with pathogenic variants of CDH1 and HDGC, and
therefore a negative endoscopic examination should not be overly reassuring
regarding gastric cancer risk. This is an area with much uncertainty that requires further research, especially in light of the growing preponderance of multi-gene panel
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testing with its resulting identification of incidental CDH1 variants in families without
a history of CDH1-associated cancers.

ROLE OF ENDOSCOPY IN HDGC FAMILIES WITHOUT A
PATHOGENIC CDH1 VARIANT
Individuals from families meeting HDGC criteria who lack a germline CDH1
pathogenic variant present a significant challenge as prophylactic total gastrectomy is
typically not recommended for these individuals. In these cases, endoscopic
surveillance is recommended on a regular basis in a high-volume specialty center, as
the identification of SRCC foci on HDWL endoscopy in these individuals can be
helpful for guiding future surgical management[1].
However, the yield of endoscopy for identifying malignant lesions is lower in those
from families meeting HDGC criteria without a detectable CDH1 pathogenic variant.
This was demonstrated in a United Kingdom-based prospective cohort study of
endoscopic surveillance in families with and without CDH1 pathogenic variants;
patients with CDH1 pathogenic variants had significantly higher rates of SRCC on
endoscopy than their CDH1 negative counterparts[11]. In this study, 85 individuals
underwent endoscopic surveillance, including 54 patients (63.5%) with a CDH1
pathogenic variant opting to delay gastrectomy and 31 patients undergoing
surveillance who were CDH1 negative. Endoscopic surveillance included 30 random
biopsies as well as targeted biopsy of mucosal abnormalities. Of those with CDH1
pathogenic variants, 33 (61.1%) had foci of SRCC detected during surveillance, the
majority of which occurred at the index endoscopy. Those without a CDH1
pathogenic variant had a much lower detection rate of SRCC, 3 of 31 (9.7%) patients.
This difference was statistically significant (P < 0.0005), and no other factors,
including age, sex, proton pump inhibitor use, or H. pylori infection were associated
with the differential detection of cancer foci.
It has been considered that there may be a different pathogenesis for diffuse gastric
cancer in CDH1-negative HDGC individuals, i.e., that SRCC may not be the preceding
lesion; however, this remains unclear and further investigation is required[11]. Given
the number of unanswered questions, including pathogenesis, yield of endoscopy,
and rate and frequency of progression to cancer, the management of individuals from
CDH1-negative HDGC families remains challenging. Mi et al[11] suggested that risk
stratification using allelic expression imbalance (as a marker for progression to
neoplasia) may be helpful to better determine the risk for these individuals. Ideally in
the future, enhanced understanding of the genetic basis for HDGC families currently
without detectable CDH1 pathogenic variants (such as via improved CDH1 variant
detection or identification of additional gastric cancer risk genes) may enable better
risk stratification in this population.
Currently, endoscopic surveillance at a referral center is suggested for individuals
from families meeting HDGC criteria and who lack a CDH1 pathogenic variant. It is
clear in this high-risk group that endoscopic detection of a gastric malignancy,
including foci of SRCC, should prompt a referral for consideration of total
gastrectomy, yet counseling these patients on negative endoscopies presents its own
challenge. Additionally, the optimal frequency of surveillance in this population also
remains to be determined[18].

CONCLUSION
Management of patients with HDGC, both with and without pathogenic variants in
CDH1, remains challenging given our lack of understanding about the critical drivers
of penetrance, differential anatomical location of SRCC, and the imperfect sensitivity
of endoscopy to detect early foci of SRCC. However, given the uncertainties in the
field, the use of endoscopy in these individuals is an area that is ripe for future
research, as improvement in endoscopic surveillance in HDGC would undoubtedly
improve risk stratification, surgical management, and overall patient well-being in
families with HDGC.
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Through the implementation of national bowel cancer screening programmes we
have seen a three-fold increase in early pT1 colorectal cancers, but how these
lesions should be managed is currently unclear. Local excision can be an
attractive option, especially for fragile patients with multiple comorbidities, but it
is only safe from an oncological point of view in the absence of lymph node
metastasis. Patient risk stratification through careful analysis of histopathological
features in local excision or polypectomy specimens should be performed
according to national guidelines to avoid under- or over-treatment. Currently
national guidelines vary in their recommendations as to which factors should be
routinely reported and there is no established multivariate risk stratification
model to determine which patients should be offered major resectional surgery.
Conventional histopathological parameters such as tumour grading or
lymphovascular invasion have been shown to be predictive of lymph node
metastasis in a number of studies but the inter- and intra-observer variation in
reporting is high. Newer parameters including tumour budding and poorly
differentiated clusters have been shown to have great potential, but again some
improvement in the inter-observer variation is required. With the
implementation of digital pathology into clinical practice, quantitative
parameters like depth/area of submucosal invasion and proportion of stroma can
be routinely assessed. In this review we present the various histopathological risk
factors for predicting systemic spread in pT1 colorectal cancer and introduce
potential novel quantitative variables and multivariable risk models that could be
used to better define the optimal treatment of this increasingly common disease.
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Core tip: Since the implementation of national bowel cancer screening programmes we
have seen a three-fold increase in early colorectal cancers but how these lesion should
surgical managed is currently unclear. Conventional histopathological parameters such
as tumour grading or lymphovascular invasion have been shown to be predictive of
lymph node metastasis but the inter- and intra-observer variation in reporting is
significant. This review present the various conventional histopathological risk factors
for predicting systemic spread in pT1 colorectal cancer and introduces novel quantitative
variables and multivariable risk models that could be used to better define the optimal
treatment of this increasingly common disease.

Citation: Brockmoeller SF, West NP. Predicting systemic spread in early colorectal cancer:
Can we do better? World J Gastroenterol 2019; 25(23): 2887-2897
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2887.htm
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INTRODUCTION
Colorectal cancer (CRC) is one of the most common cancers worldwide[1,2]. It is the
third most common cause of cancer death in the United Kingdom and the United
States in both females and males [1] . Through the implementation of national
population screening [3] like the United Kingdom National Health Service Bowel
Cancer Screening Programme (NHS BCSP) we have observed a three-fold increase in
early CRC (stage pT1) from 5% to 17%[4]. Early CRC is defined as the “invasion of
neoplastic glandular epithelial cells through the muscularis mucosae into the submucosa of the bowel wall but not beyond”[5].
Currently it is unclear as to how pT1 CRC should be optimally managed. Major
bowel resection can be performed, however, this is associated with a significant risk of
post-operative mortality, especially in elderly patients, and also morbidity including
permanent colostomy formation, sexual and genitourinary problems, and low
anterior resection syndrome. Internationally, postoperative mortality rates vary
markedly, largely depending on background comorbidity in the population. Local
excision of the tumour and avoidance of major surgery is an attractive option for
patients with rectal cancer or significant comorbidity, but this is only safe from an
oncological viewpoint in the absence of lymph node metastasis (LNM) [6,7] . It is
therefore important that when deciding whether major bowel surgery or local
excision should be performed, the postoperative mortality and lymph node metastasis
risk are accurately estimated to inform the decision. Approximately 10%-15% of all
pT1 CRC have LNM at the time of primary diagnosis with pedunculated pT1 CRC
having an even lower risk (3% to 7% in the Asian population). Despite this major
bowel resection rates in pT1 CRC can be as high as 76%, meaning that many patients
are potentially exposed to unnecessary risk[8-11].
When a local excision (including polypectomy) is performed for pT1 CRC, patient
risk stratification is undertaken by histopathologists through careful analysis of the
specimen to determine the risk of LNM. The detailed macroscopic and microscopic
evaluation of the specimen produces a large amount of information to guide further
treatment. Routine information that is generally collected internationally includes the
type of tumour, differentiation grade, TNM stage, level of invasion, number of lymph
nodes involved, lymphatic invasion status, venous invasion status, perineural
invasion status and resection margin status[12]. Currently various national guidelines
differ in their recommendations as to which histopathological factors should be
reported and used to determine the risk of LNM and therefore use of major surgery,
and there is no established multivariate risk stratification model. The classification of
some factors is also not performed according to an international standard with
various systems in use. This review will present and discuss the various histopathological risk factors that can be used to predict systemic spread in in pT1 CRC
and introduce potential novel quantitative variables and multivariable risk models
that could be used to better define the optimal treatment of this increasingly common
disease.
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LITERATURE SEARCH
Literature searching was performed in PubMed (https://www.ncbi.nlm.nih.gov
/pubmed) for the following keywords: “lymph nodes”, “lymph node metastasis”,
“T1” and “pT1” combined with “colorectal cancer”. Articles published between July
2004 and January 2019 were reviewed. In addition, manual cross-referencing was
performed and further relevant papers published before 2007 identified through
review articles. Inclusion criteria for studies included publication in English, use of at
least 100 patients and availability of LNM status. Studies were excluded if neoadjuvant therapy was used due to the potential effect on tumour staging.

CONVENTIONAL HISTOPATHOLOGICAL PARAMETERS
Histological tumour type
The majority of CRCs are adenocarcinoma but specific histological variants including
cribriform or micropapillary adenocarcinoma have been reported in case series to
have a higher rate of LNM in early CRC[13], and may be used to indicate further
treatment in margin negative local excisions[14]. Mucinous adenocarcinomas (> 50% of
the tumour area composed of extracellular mucin), signet ring cell adenocarcinomas
(> 50% of the area composed of signet ring cells) and medullary carcinomas are
associated with deficient mismatch repair (dMMR), which has a better prognosis
when compared to cases with proficient mismatch repair. Yet in the absence of
deficient mismatch repair, these histological subtypes are associated with a poorer
prognosis than conventional CRC and further treatment may be indicated. The
importance of routine mismatch repair immunostaining is detailed below.

Tumour differentiation grading
Poor tumour differentiation has been shown in numerous studies, including metaanalyses, to be significantly associated with poorer survival[15-17] and prediction of
LNM in early CRC[7,18]. Poor differentiation is primarily based on the architecture of
the tumour and the hallmark is the absence of any tubular formation or irregularly
folded, distorted and often small tubules. Tumour differentiation is a subjective
parameter and grading may vary between assessors. Currently the WHO grading
system proposes a four tier classification including: Grade 1 (well differentiated),
grade 2 (moderately differentiated), grade 3 (poorly differentiated) and grade 4
(undifferentiated)[5]. An improvement in inter-observer agreement can be achieved
through compressing this system into two grades, i.e., well/moderate differentiation
vs poor differentiation[19]. This has been routinely adopted in the United Kingdom on
the basis that poor differentiation is an important high-risk feature in early CRC. With
the implementation of digital pathology into routine clinical practice, tumour
differentiation grading could be further improved by the implementation of automated algorithms to reduce the subjectivity of pathologist assessment[20-22].
For local excision specimens, there is currently uncertainty as to whether grading
should be based on the predominant or worst area of differentiation, as most published studies have not specified how poor differentiation was defined. To avoid the
risk of under-treatment in early CRC, the Royal College of Pathologists re-commend
grading on the worst area in local excision specimens until further data are available[19]. In contrast, a major resection specimen is graded based on the predominant
area of the tumour.
Whilst poor differentiation is generally accepted to be a poor prognostic feature, an
exception in which it is associated with a more favourable stage-adjusted prognosis is
in patients with dMMR, seen in 12%-15% of all cases[23,24]. Most dMMR cases are due to
somatic epigenetic silencing of the MLH1 gene but a minority of cases are due to
Lynch syndrome. From the current literature it is unclear if patients with poorly
differentiated pT1 dMMR CRCs have a lower risk of LNM than poorly differentiated
pT1 CRCs without dMMR. However, given the rarity of metastatic disease in dMMR
CRC it is likely that poor differentiation is only an adverse factor in cases with
proficient mismatch repair. Further evidence is required to confirm this hypothesis.
Mismatch repair immunohistochemistry or alternative technologies including
microsatellite instability testing should therefore be considered mandatory when
determining LNM risk in local excision specimens.

Venous, lymphatic and perineural invasion
The presence of submucosal lymphatic invasion[7,17,25,26] [relative risk (RR) = 5.2, 95%
confidence interval (CI): 4.0-6.8[7] ] and to a much lesser extent venous invasion (RR =
2.2; 95%CI: 1.4 -3.2[7]) and perineural invasion[27] have been shown to be some of the
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strongest predictors of LNM in early CRC. It is therefore important to carefully assess
for their presence and report these factors separately rather than stating the presence
“lymphovascular invasion” for example. The location of the deepest point of
involvement (either intramural or extramural) should be specified as this is also
prognostic[28]. In the context of a local excision, the deepest point visible will usually
be intramural. Lymphatic invasion is well recognised to be subjective with significant
rates of inter-observer variation[29]. This can be caused by difficulties distinguishing
lymphatics from venules, retraction artefacts, tumour budding and poorly differentiated clusters[29,30]. In cases of doubt, D2-40 immunohistochemistry can be
helpful to confirm the presence of a lymphatic channel and elastin stains can be
helpful to identify veins [25] . The use of such ancillary stains has been shown to
significantly improve the inter-observer agreement[31].

Resection margin status
In polypectomy/local excision specimens, the status of the resection margin in
conjunction with other high risk histopathology factors determines the risk of local
recurrence. Tumours which are present at the resection margin or within the diathermised zone should be considered for further treatment regardless of high risk
factors. In cases where the invasive tumour extends to the peripheral resection margin
only, a repeat endoscopy and further local excision should be considered[19].
There is currently significant controversy about the degree of risk in cases where a
tumour extends close to the deep resection margin (1 mm or less) but does not directly
involve it. Within the NHS BCSP, the recently revised pathological reporting guidance
has maintained 1 mm as the optimal cut-off to define margin involvement in order to
reduce the risk of incomplete resection, despite the risk that this strategy will lead to a
higher rate of major bowel surgery. Despite this guidance, in the absence of any other
high-risk histopathology features, local re-excision may be a reasonable treatment
option[11,32,33].

Level of submucosal invasion
Depending on the shape of the lesion (pedunculated or non-pedunculated), and the
status of the muscularis mucosa (identifiable or non-identifiable), different
classification systems may be used to define the level of submucosal invasion. A
qualitative assessment of sessile lesions was initially proposed by Kudo et al[34] which
separated the submucosa into thirds: sm1 (superficial); sm2 (middle); and sm3 (deep).
Invasion into sm3 has been associated with a higher risk of LNM when compared to
invasion confined to sm1/sm2 (RR = 3.6, 95%CI: 1.3-9.8)[7]. This method was further
subsequently modified into a semi-quantitative system by Kikuchi (sm1: Invasion up
to 0.2-0.3 mm; sm2: Intermediate invasion; sm3: Invasion near the muscularis
propria)[35]. A third quantitative measurement with a clear cut-off defining the levels
as sm1: Up to 0.5mm; sm2: 0.5-1.0 mm; sm3: Beyond 1.0 mm[36]. A second classification
system was proposed by Haggitt for pT1 CRC with a polypoid shape, which assesses
the depth of invasion into four levels, with level four invasion described as an adverse
factor[37].
Several issues arise when attempting to apply these two classification systems in a
routine clinical setting. Firstly, the received sample can become fragmented or
suboptimally orientated on histological sections meaning that accurate assessment is
not possible. To apply the Kudo system, the muscularis propria needs to be visible
which is not usually present in local excisions (with the exception of full thickness
transanal resection specimens). Without the muscularis propria indicating that the full
thickness of the submucosa is included, accurate division of the submucosa into thirds
is impossible. Haggitt classification can also be difficult to apply in poorly orientated
specimens or polyps that are lacking a clear stalk. These limitations and difficulties
show the need for better alternative measures that reply on quantitative parameters.

NOVEL HISTOPATHOLOGICAL PARAMETERS
Depth of submucosal invasion
Studies, in particular of Japanese populations, have identified the absolute depth of
submucosal invasion as an important quantitative factor for predicting lymph node
metastasis[38,39]. Ueno et al[11] proposed that the absolute depth of invasion beyond the
muscularis mucosa and the width of the invasive tumour are more objective parameters than the conventional factors described above[11,17]. On univariate analysis,
submucosal invasion ≥ 1 mm was predictive for LNM in pT1 CRC (RR = 5.2, 95%CI:
1.8-15.4)[7].
The current guidelines from the Japanese Society for Cancer of the Colon and
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Rectum recommend major resection if the cancer has an involved deep margin or if
one of the following high risk factors is present: poor differentiation, signet-ring cell
carcinoma, mucinous carcinoma, depth of invasion > 1000 µm, vascular invasion or
budding G2/G3 [14] . Interestingly a study in the Japanese population found that
submucosal invasion depth > 1000 µm alone would lead to approximately 80% of
malignant polyps being treated with laparotomy [39] . This approach has not been
routinely adopted in western populations as it would cause a significant increase in
the major resection rate in patients with a significantly higher risk of post-operative
mortality. In addition, there is only limited data on the prediction of LNM according
to the absolute depth of submucosal invasion in western populations[40].

Area of submucosal invasion
Three dimensional histological reconstructions of the large intestinal submucosa has
demonstrated that the number and size of blood and lymphatic vessels does not
increase towards the base of the submucosa as expected[41,42]. There are a greater
number of vessels in sm1 and the vessels are largest in sm2, suggesting that the
absolute depth of submucosal invasion may not be the most important parameter.
Pilot studies in a western populations have suggested that the width of the cancer
(cut-off 11.5 mm; P = 0.001) and the area of submucosal invasion (cut-off 35 mm2; P <
0.001) were significantly associated with the risk of LNM and showed superior
prediction when compared to the depth of invasion[40]. Taken together, it is highly
likely that the absolute area of submucosal invasion in sm1/sm2 where the majority
of vessels are located is the best predictor of LNM. With the routine adoption of
digital pathology, measuring the area of submucosal invasion is now readily feasible
(Figure 1).

Tumour budding
The predictive value of tumour budding for LNM has been demonstrated for various
cancers[43-46], but implementation into routine guidelines has been hindered by a lack
of practical guidance on assessment. Multiple different systems are described in the
literature leading to confusion over which system should be used[47]. Recently an
international consensus group agreed the definition of budding as “a single cancer
cell or a cell cluster of up to four tumour cells”[48] as well as detailing the practical
steps that should be taken to evaluate this marker (Figure 2). This led to the implementation of tumour budding as an additional prognostic factor in the eighth
edition of the Union for International Cancer Control's (UICC's) TNM classification.
Tumour budding has been included in the College of American Pathologists (CAP)
guidelines but not yet as a core factor in the UK guidelines until sufficient evidence of
reproducibility and its role in patient risk stratification exists[19]. Nevertheless some
studies have shown that the inter-observer variation in tumour budding is improved
by the international consensus definition, although further studies in western
populations are needed given that most of the large studies to date have been performed in Asian populations.

Poorly differentiated clusters
A new emerging risk factor for LNM in pT1 CRC is the presence of poorly differentiated clusters (PDC), which are defined as “malignant clusters with five or
more cells lacking glandular differentiation”[49,50] (Figure 2). Studies have shown that
the presence of PDC is a strong predictor of LNM with greater reproducibility than
tumour differentiation or budding in a study of 3,556 pT1 CRC [OR = 3.3 (95%CI: 2.64.1) P < 0.0001]. Further validation work is now required to confirm the importance of
PDC in early CRC and define the optimal risk cut-offs in addition to clear practical
guidance on the method of assessment[49].

Proportion of stroma
An emerging quantitative prognostic factor is the proportion of stroma within the
overall tumour area[51]. It has been shown in a number of different cancers, including
CRC, that a greater proportion of stroma is a poor prognostic factor[52-55]. The proportion of stroma can be subjectively estimated by the tumour stroma ratio[56] or
accurately quantitated by cell density measurements[54]. It is thought that in CRC the
high stroma group correlates with CMS4 consensus molecular subtyping, with both
groups accounting for around 25% of cases with the poorest prognosis [57-59] . The
prediction of LNM in pT1 CRC according to the proportion of stroma is as yet unknown but studies are ongoing.

Tumor immunology
The quantitation of the total number of tumour infiltrating lymphocytes has been
shown to correlate with prognosis in CRC and other cancer types[60-62]. A study of 29
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Figure 1

Figure 1 An example showing measurement of the area of submucosal invasion on a digital slide of a pT1
colorectal cancer (green area). The position of the destroyed muscularis mucosae has been estimated. The scale
bar signifies 2 mm.

early stage CRC (stage I and II) showed that the combination of CD8(+) plus
CD45RO(+) cells could be predictive for tumour recurrence and survival [63] . An
increase in specific lymphocyte populations has been shown to strongly predict
prognosis in CRC. The best-reported system in the recent literature is the Immunoscore ® , which is generated on the basis of CD3 and CD8 expression in the
tumour[64-66]. Automated algorithms to assess the number of lymphocytes are currently
being explored. Again, the prediction of LNM in pT1 CRC according to tumour immunology is as yet unknown.

META-ANALYSIS OF HISTOPATHOLOGICAL PARAMETERS
A meta-analysis from 2011 included 17 studies with a total of 3621 patients and
showed that the presence of lymphatic invasion (RR = 5.2, 95%CI: 4.0-6.8), high
tumour budding (RR = 5.1, 95%CI: 3.6-7.3), submucosal invasion ≥ 1 mm (RR = 5.2,
95%CI: 1.8-15.4), and poor differentiation (RR = 4.8, 95%CI: 3.3-6.9) were associated
with a higher risk of LNM in pT1 CRC on univariate analysis[7]. Another fixed-effects
meta-analysis included 76 studies and showed that lymphatic invasion (OR = 8.62)
was the strongest factor, followed by tumour depth (pT2 vs pT1; OR = 2.62) and
tumour differentiation (OR = 2.38) in predicting LNM[26]. In a subset analysis, poor
differentiation at the invasive front (OR = 6.08) and tumour budding (OR = 5.82) were
the most predictive in rectal cancer[26]. A meta-analysis from 2013 included 23 studies
with 4510 patients and demonstrated similar findings, with a greater risk of LNM in
pT1 CRC with a depth of submucosal invasion of > 1 mm (OR = 3.87, 95%CI: 1.5010.00, P = 0.005), lymphovascular invasion (OR = 4.81, 95%CI: 3.14-7.37, P < 0.00001),
poor differentiation (OR = 5.60, 95%CI: 2.90-10.82, P < 0.00001) or tumour budding
(OR = 7.74, 95%CI: 4.47-13.39, P < 0.001)[17]. Finally, a meta-analysis in early CRC
included 41 studies with 10137 patients and showed a strong association between the
presence of tumour budding and risk of LNM in pT1 CRC (OR = 6.44; 95%CI: 5.267.87; P < 0.0001)[67].

MULTIVARIATE RISK STRATIFICATION MODELS
The univariate analyses described above have identified a number of conventional
and novel histopathological risk factors for LNM in pT1 CRC. To date, very few
studies have proposed multivariate risk prediction models and currently there is no
single risk stratification model used internationally. Ueno et al[11] demonstrated that
the best risk multivariate prediction model in a cohort of 251 cases included poor
differentiation (OR = 2.9; 95%CI: 1.2-7.4; P = 0.023), vascular invasion (OR = 2.7;
95%CI: 1.1-7.0; P = 0.039), tumour budding (OR = 3.7; 95%CI: 1.4-9.9; P = 0.008) and
width of submucosal invasion (≥ 4000 μm)[11]. Another study of 140 cases used a
logistic regression analysis and built an algorithm based on lymphatic invasion (OR =
1.45, P < 0.05), absence of lymphocyte infiltration (OR = 16.6, P = 0.016), cribriformtype structural atypia (OR = 3.7; P < 0.05), venous invasion (OR = 3.26, P < 0.05), and
depth of invasion (cut-off > 2 mm; OR = 1.45, P < 0.05)[68]. Lymphocyte infiltration was
investigated in the invasive area of submucosal carcinoma and classified as either
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Figure 2

Figure 2 An example of tumour budding (blue arrows) and poorly differentiated clusters (yellow arrows) at
the invasive edge of a pT1 colorectal cancer. The scale bar signifies 100 µm.

negative (no or little infiltration) or positive (follicular structures or infiltration by
more lymphocytes than the number of tumour cells).
A larger retrospective study of 806 cases showed that independent predictors of
LNM in multivariate analysis were: depth of submucosal invasion ≥ 1000 µm (OR =
5.56; 95%CI: 2.14-19.10) and high-grade budding (OR = 3.14; 95%CI: 1.91-5.21). Highgrade budding was defined as five or more buds per high power field (0.95 mm2). The
study proposed a three-tier risk classification system based on the depth of
submucosal invasion and budding: high-risk with a depth of submucosal invasion ≥
1000 µm and high-grade budding, intermediate-risk with a depth of submucosal
invasion ≥ 1000 µm and low-grade budding, and low-risk with a depth of submucosal
invasion < 1000 µm. Additional factors for used to subclassify the intermediate risk
group further were lymphovascular invasion and differentiation grade[69].
A recently published study proposed a risk stratification model for pedunculated
pT1 CRC (3% to 7% LNM rate in Asian populations)[9,10,39,69] and investigated the
following six factors: tumour differentiation; submucosal invasion depth by Haggitt
classification; lymphovascular invasion; tumour budding; PDCs; and the condition of
the muscularis mucosae[70]. Tumour budding and PDC were defined and graded as
above but assessed in a 0.785 mm2 field (grade 1: 0-4; Grade 2: 5-9; Grade 3: 10 or
more). The status of the muscularis mucosa was classified as Type A: Shattered but
aligned muscularis mucosa or Type B: Incompletely or completely disrupted muscularis mucosae. The authors ultimately recommended a new model including the
following four risk factors: lymphovascular invasion; Haggitt level 4 invasion;
muscularis mucosae type B (incompletely or completely disrupted); high grade
PDCs/tumour budding (both grade 2-3). High-grade tumour budding and highgrade PDC were grouped together as “any kind of positive budding”. The model had
a sensitivity of 83.8% and specificity of 70.3% for predicting LNM (area under the
curve value of 0.83), and would classify 32% of all cases in the high-risk group, 68% in
the low risk group and miss 1.3% of all LNM.
Unfortunately the majority of these studies include retrospective series with small
numbers of patients. Due to the 10%-15% rate of LNM in pT1 CRC, only a limited
number of events are present leading to limited data in both Western and Asian
populations. Well-designed prospective cohort studies are urgently needed to define
robust international standards[49,69]. Ultimately a validated multivariate risk stratification model including both clinical and histopathological factors could be used to
define prognosis in a similar way to that already developed for breast cancer.

DISCUSSION
In this review we have summarised the main conventional histopathological risk
factors for LNM in pT1 CRC in addition to a number of novel factors that have
recently been proposed. It is well recognised that parameters including lymphovascular invasion, poor differentiation, and depth of submucosal invasion are
significantly correlated with an increased risk of LNM. Unfortunately, lymphovascular invasion and tumour differentiation grading show high levels of interobserver variation, which limits their clinical usefulness. Univariate markers for LNM
in pT1 CRC should therefore be interpreted with caution when deciding whether to
proceed with major bowel resection after local excision due to the significant risks of
major morbidity and mortality.

WJG

https://www.wjgnet.com

2893

June 21, 2019

Volume 25

Issue 23

Brockmoeller SF et al. Predicting spread in early colorectal cancer

With the routine implementation of digital pathology into clinical diagnostics[20-22],
novel histopathological markers including the absolute depth of invasion, area of
submucosal invasion and proportion of stroma can now be easily measured. Due to
the quantitative nature of these parameters, it is likely that they are considerably more
reproducible than the traditional subjective parameters. However, their evaluation
can take a considerable amount of time to perform manually, hence there is a clear
role for artificial intelligence, which is also likely to improve the reproducibility of
con-ventional and novel risk factors.
Multivariate risk stratification models need to be developed and validated to
optimise the management of pT1 CRC. In the future, artificial intelligence on digital
pathology slides could be applied to compare different multivariate risk stratification
models to identify the optimal way to accurately predict LNM[71]. This will should
reduce the inaccuracy associated with relying on individual subjective markers and
has the potential to further refine the group at highest risk of LNM and therefore
reduce the overall number of patients exposed to the risks of major bowel resection.
By combining the histopathological data with molecular data, patient data and treatment data, a personalised risk stratification model could be created with the aim of
determining the optimal treatment pathway for individual patients[49].

CONCLUSION
In this review we present the various histopathological risk factors for predicting
systemic spread in pT1 colorectal cancer and introduce potential novel quantitative
variables and multivariable risk models that could be used to better define the optimal treatment of this increasingly common disease.
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Abstract
BACKGROUND
NIMA related kinase 2 (NEK2) is closely related to mitosis, and it is currently
considered to be over-expressed frequently in many poorly prognostic cancers.
However, the effect of the up-regulated NEK2 on cellular signaling in tumors,
such as gastric cancer (GC), is con-fusing.
AIM
To determine the role of the up-regulation of NEK2 in GC.
METHODS
To investigate the pathological significance of NEK2 in GC, the expression
pattern of NEK2 in GC was investigated based on the “Oncomain” database and
compared between 30 pairs of cancer samples and adjacent tissues. The coexpression of NEK2 and ERK in GC was analyzed using The Cancer Genome
Atlas (TCGA) database and confirmed in clinical samples by quantitative realtime PCR (qRT-PCR), and the survival curve was also plotted. Western blot or
qRT-PCR was used to analyze the effect of NEK2 on the phosphorylation levels
of ERK and c-JUN in two GC cell lines (BGC823 and SGC7901) with NEK2
overexpression, and the expression of the downstream effector cyclin D1.
Furthermore, CCK8, EdU incorporation assay, and flow cytometry were used to
detect the proliferative ability of BGC823 and SGC7901 cells with stably silenced
ERK.
RESULTS
NEK2 was significantly up-regulated in human GC tissues. ERK was significantly
associated with NEK2 expression in human clinical specimens, and combined
overexpression of NEK2 and ERK potentially forecasted a poor prognosis and
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survival in GC patients. NEK2 knockdown in GC cells inhibited ERK and c-JUN
phosphory-lation and reduced the transcription of cyclin D1. More interestingly,
NEK2 can rescue the inhibition of cellular viability, proliferation, and cell cycle
progression due to ERK knockdown.
CONCLUSION
Our results indicate that NEK2 plays a carcinogenic role in the malignant
proliferation of GC cells via the ERK/MAPK signaling, which may be important
for treatment and improving patient survival.
Key words: NIMA related kinase 2; ERK/MAPK signaling; Cyclin D1; Cell proliferation;
Gastric cancer
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Expression of NIMA related kinase 2 (NEK2) is significantly up-regulated in
human gastric cancer (GC) tissues and cells. Combined NEK2 and ERK expression may
predict overall survival in patients with GC. NEK2 regulates the expression of cyclin D1
by affecting the phosphorylation of ERK and c-JUN in GC and mediates cell
proliferation via the ERK/c-JUN/cyclin D1 axis.

Citation: Fan WD, Chen T, Liu PJ. NIMA related kinase 2 promotes gastric cancer cell
proliferation via ERK/MAPK signaling. World J Gastroenterol 2019; 25(23): 2898-2910
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2898.htm
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INTRODUCTION
Gastric cancer (GC) is a type of malignant tumor in the digestive system with high
incidence, and it is the third cause of human cancer-related death [1-3] . Although
surgery, radiation therapy, and chemotherapy can improve patient survival to some
extent, the 5-year survival rate of GC patients is still low (25%-30%), partly because
the complexity of clinical heterogeneity[4-6]. Due to high cell proliferation is associated
with poor survival in patients with GC[7], exploring the mechanisms of malignant
proliferation of GC cells is important for the treatment and improvement of patient
survival[8].
In mammals, NIMA related kinase 2 (NEK2), as an S/G2 phase kinase, usually
shows a high expression level in various forms of cancer, mediating the cellular
mitosis during cell division[9-11]. In vivo, silencing NEK2 can significantly slow tumor
growth in mice and result in reduced tumor burden in tumor-forming organs[12-14].
Furthermore, some studies have shown that up-regulated NEK2 leads to malignant
proliferation and drug resistance in vivo, and NEK2 siRNA can significantly reduce
tumor formation ability in allogeneic tumor formation studies[15,16]. Although the exact
molecular mechanism of NEK2 in the regulation of tumor formation and progression
is largely unclear, the fact that NEK2 silencing induces the slower proliferation of cells
suggests that NEK2 inhibition can resist tumor progression in vivo, and inhibition of
NEK2 expression may become an effective treatment for GC[14,17-20].
The ERK/MAPK pathway communicates intracellular phosphorylation kinase
signaling from a receptor on the surface of the cell to the DNA in the nucleus, and
produces some changes in cell processes to respond to the extracellular stress[21,22].
Overall, once the extracellular mitogen binds to the receptor on the membrane, ERK
will be activated and its downstream effector c-Jun will also be switched by
transferring a phosphate group [23] , participating in the ERK/MAPK signal transduction[24,25]. Many studies show that activation of the ERK/MAPK pathway plays an
important role in tumorigenesis, progression, survival in GC[26-28].
Here, we showed that NEK2 promotes gastric tumorigenesis by regulating the cell
cycle. Based on the rise of NEK2 expression in GC and the application of bioinformatics and clinical sample analysis, our study focused on the combined
expression of NEK2 and ERK in GC and demonstrated that up-regulation of NEK2 in
GC cells by targeting ERK/c-JUN/cyclin D1 signaling effectively promoted the
proliferation of GC cells and significantly affected the clinical prognosis of GC
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patients. Our study revealed the combined role of the NEK2 and ERK/MAPK pathways in the cell cycle, which is important for the GC treatment and improvement of
patient survival.

MATERIALS AND METHODS
Human tissue specimens and cell lines
GC and paired adjacent tissues were obtained from 30 patients treated at Zhang
jiagang First People's Hospital from 2016 to 2018. All patients had no history of
chemotherapy or immunotherapy, and all samples were classified as GC by two
pathologists. The sample use was approved by the patients and the Hospital Ethics
Committee, and all patients provided informed consent.
The AGS, MGC803, BGC823, and SGC7901 cell lines and human normal gastric
epithelial cell line (GES1) used in the study were purchased from the Chinese
Academy of Medical Sciences Cell Resource Platform (Beijing, China). All cell lines
were cultured in DMEM (Gibco) containing 10% FBS (Gibco) and 1% antibiotic
(Gibco).

Cell transfection and lentivirus transductions
We transfected siRNA oligos into cells using Lipofectamine 3000 (Invitrogen). SiRNAs
against NEK2 (siNEK2-1, 5'- GUCAGAUAUUGAGAAAAAUUACCAA-3'; siNEK2-2,
5'- AAUGAGAAAUCAGAUAUCUGGUCAT-3') and control siRNA [siN.C, 5'UUCUCCGAACGUGUCACGUd(TT)-3'] were obtained from GenePharma (Suzhou).
After 48 h of transfection, cells were harvested for subsequent experiments.
The shRNA targeting the ERK gene (5'- AACCTTTAAAGACTGATATTCAAAT-3')
was designed and cloned into the pGV307-RFP vector (Addgene). Lentiviral
packaging, purification, and infection of the cells of interest were performed
according to the protocol provided by the manufacturer. Cells with stable ERK knockdown were selected using 5 μg/mL puromycin (Sigma) at 3 d after infection.

RNA extraction and quantitative real-time PCR (qRT-PCR)
RNA was extracted from cells or tissue samples using TRIzol Reagent (Sigma), and 2
μg of RNA was transcribed into cDNA with a Prim primer RT Master Mix Kit
(Takara) using random primers, followed by qRT-PCR using GoTaq qRT-PCR Master
Mix (Promega, cat). The ΔΔCT method was used to calculate the expression level of
the target mRNA. Experiments were performed in triplicate. The primers used in our
study are listed in Table 1.

Immunohistochemistry
Paraffin-embedded tissue sections were deparaffinized and dehydrated, and immunohistochemical staining for NEK2 and ERK in tissues was performed using a
DAB substrate kit (Maxin). The staining intensity and staining range were
respectively scored using the standard method, and according to the final score
(staining intensity × staining range), a score of less than 6 was considered to be low
staining, and > 6 high staining.

Western blot analysis
Total cellular protein was extracted using RIPA lysis containing protease and
phosphatase inhibitors. Protein concentration was measured according to the
instructions of the BCA kit (Thermo Scientific). SDS-PAGE separation and immunoblotting were then performed according to standard methods. The primary
antibodies used in our study are listed below: EK2 (Abcam), ERK1/2 (Cell Signaling
Technology), c-JUN (Cell Signaling Technology), phospho-Erk1/2 (Thr202/Tyr204)
(Cell Signaling Technology), phosphorylated c-JUN (Ser63) (Cell Signaling
Technology), cyclin D1 (Abcam), and β-actin (Abcam).

CCK-8 assay
Cells with stable ERK knockdown or NEK2 overexpression were seeded in 96-well
plates at a density of 1000 cells per well. After incubation for 24, 48, and 72 h, CCK-8
reagent (Dojindo) was added at a concentration of 10% to each well, and after incubation for 1 h, the optical density (OD) was measured at 490 nm. Experiments were
performed in triplicate.

EdU incorporation assay
EdU incorporation assay was performed with an EdU Apollo 488 in vitro imaging kit
(RiboBio). One thousand cells were seeded into each well of a 96-well plate. After
incubation for 24 h, the medium was changed to a medium containing 20 mmol/L
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Table 1 Primers used for quantitative real-time PCR
Gene

Primers (5’ to 3’, forward/reverse)

NEK2

TGCTTCGTGAACTGAAACATCC
CCAGAGTCAACTGAGTCATCACT

ERK

CGGGGCATCTTCGAGATCG
CAGAACAACGCCGTTTCAGTT

c-JUN

GTCCTCCATAAATGCCTGTTCC
GATGCAACCCACTGACCAGAT

Cyclin D1

ACGAAGGTCTGCGCGTGTT
CCGCTGGCCATGAACTACCT

GAPDH

GGAGCGAGATCCCTCCAAAAT
GGCTGTTGTCATACTTCTCATGG

EdU, and incubation was continued at 37 °C for 1 h. After fixing the cells with 4%
paraformaldehyde, Apollo staining was performed according to the standard
instructions. Cell proliferation rates are shown as the percentage of EdU positive cells.
Experiments were performed in triplicate.

Flow cytometry
When the cells in the 6-well plate reached 80% confluence, they were harvested using
trypsin and fixed overnight in pre-cooled 70% ethanol. After washing, cells were
incubated in a dark environment with 500 μL of PI/RNase staining buffer (BD
Pharmingen) for 15 min. Cell cycle changes were detected and analyzed using the
FACSCalibur system (BD Biosciences). Experiments were performed in triplicate.

Statistical analysis
Data were analyzed using GraphPad Prism 5 (La Jolla, CA, United States). The chisquare test or Fisher's exact test was used to determine the significance of categorical
data. The Student's t-test or one-way ANOVA was used to determine the significance
of the mean. Differences were considered statistically significant at P < 0.05 (aP < 0.05,
b
P < 0.01, cP < 0.001).

RESULTS
Expression of NEK2 is significantly up-regulated in GC
The amplification of NEK2 has an oncogene effect in various types of tumors,
regulating the process of tumor proliferation and invasion. To clarify the expression
pattern of NEK2 in human GC, we searched the "Oncomine" database for GC data
published by different researchers. It was surprised to find that NEK2 expression in
GC tissues was significantly higher compared to that in normal tissues (Figure 1A). To
confirm the high level of NEK2 expression in GC, we detected the NEK2 expression
level in 30 pairs of GC and adjacent tissues. The results showed that the NEK2 mRNA
level in GC tissues was significantly higher than that in non-cancerous tissues (Figure
1B).
In addition, in order to understand whether the high expression of NEK2 has an
effect on the progression of GC, we divided 30 human GC samples into three grades
(I, II, and III-IV) according to the WHO criteria for clinical GC tumors to evaluate the
expression pattern of NEK2 in various stages of GC. Interestingly, high-grade tumors
(Grade III-IV) showed a higher NEK2 expression level than low-grade tumors (Figure
1C), giving a suggestion that NEK2 expression is gradually increasing in the
progression of GC. These results indicated that the progressively up-regulated
expression of NEK2 may be a tumor-promoting regulator in the progression of GC.
To further verify that NEK2 is up-regulated in GC, the mRNA and protein
expression levels of NEK2 were detected in four gastric tumor cell lines (AGS,
MGC803, BGC823, and SGC7901) and gastric epithelial cell line (GES1). In the four GC
cell lines, both the mRNA and protein expression levels of NEK2 were higher than
those in the normal gastric epithelial cell line (Figure 1D and E), which is consistent
with the expression pattern of NEK2 in the tissues. Taken together, these data can
confirm that NEK2 expression shows a dynamic up-regulation pattern in GC tissues,
and NEK2 plays a potential tumor-promoting role in the pathological process of GC.
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Figure 1

Figure 1 Expression of NIMA related kinase 2 in tissues and cells of gastric cancer. A: Relative mRNA expression level of NIMA related kinase 2 (NEK2) in
gastric cancer and normal tissues (datasets from Oncomine). B: Relative mRNA expression level of NEK2 analyzed by quantitative real-time PCR in 30 pairs of
human gastric cancer tissues (Cancer) and adjacent tissues (Normal). (Paired t-test, P < 0.001). C: The mRNA expression level of NEK2 in different grades of cancer
samples. Data represents the mean ± SD of three replicates. D: Relative NEK2 mRNA expression level in four gastric cancer cell lines compared to gastric mucosal
epithelial cell line (GES1). E: Relative NEK2 protein expression level in different gastric cancer cell lines. β-actin was used as the loading control. NEK2: NIMA related
kinase 2.

Combined NEK2 and ERK expression may predict overall survival in patients with
GC
Research has shown that there is a correlation between the activation of ERK1/2 and
NEK2 during mitosis[29]. In order to further elucidate the molecular mechanism of the
correlation of ERK1/2 and NEK2, we tried to detect the correlation of ERK1/2 and
NEK2 expression in GC. First, we found that NEK2 and ERK had strong co-expression
relationships in GC based on the TCGA database (Figure 2A). We next examined the
ERK expression level in GC tissues, and the result showed that ERK was significantly
up-regulated in GC tissue relative to normal tissue (Figure 2B). In addition, in order to
confirm the expression relationship between NEK2 and ERK in GC, we further
examined the expression relationship between NEK2 and ERK in clinical samples. The
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RT-qPCR result showed that NEK2 was positively correlated with ERK in GC tissues
in terms of the expression level (Spearman, r = 0.594, P < 0.05) (Figure 2C).
Collectively, all results suggest a correlation in expression patterns between NEK2
and ERK in GC.
Although the abnormal NEK2 expression is related to the therapeutic effect and
prognosis in many cancers, the prognostic significance of NEK2 in GC patients
remains unclear. We first classified 30 GC tissues into different groups according the
expression of NEK2 and ERK (Figure 2D). The results showed that 56.67% (17/30) of
the 30 GC samples showed strong NEK2 immunostaining, while in the high NEK2
expression samples, only 23.53% (4/17) of the tumors showed low ERK expression. In
the samples with low expression of NEK2 (43.33%, 13/30), only five samples exhibited high REK expression. Whatever, the χ2 test revealed a significant expression
relation between ERK and NEK2 (P = 0.035, Figure 2E). Analysis of the expression of
NEK2 and ERK using the Kaplan-Meier method in GC patients indicated that patients
with low NEK2 and low ERK expression levels had better overall survival than
patients with high NEK2 and high ERK levels (Figure 3D). The above results suggest
that co-expression of NEK2 and ERK in tissues may be involved in the pathological
process of GC and significantly affect the prognosis of patients with GC.

NEK2 promotes the activation of ERK/MAPK signaling in GC
To elucidate the underlying molecular mechanisms by which NEK2 affects the
pathogenesis of GC and the prognosis of patients with GC, we analyzed the effect of
NEK2 on MEK/ERK signaling. Cell proliferation-related gene expression patterns
were examined in BGC823 and SGC7901 cells after NEK2 silencing. We found that,
when NEK2 expression in BGC823 and SGC7901 cells was significantly reduced
(Figure 4B), the expression of key genes regulating cell proliferation was significantly
down-regulated, including c-JUN and cyclin D1, which are considered to be the
downstream molecule of the ERK/MAPK signaling pathway (Figure 4A).
In addition, NEK2 silencing resulted in decreased levels of c-JUN and ERK phosphorylation, as revealed by Western blot analysis, although c-JUN and ERK did not
change significantly at the protein level. And grayscale comparison showed their
phosphorylation levels were significantly reduced (Figure 4B and C). In addition,
cyclin D1 protein expression was significantly reduced after down-regulation of
NEK2 expression in BGC823 and SGC7901 cells (Figure 4B). These results revealed
that the expression of cyclin D1 can be regulated by NEK2 through the ERK/c-JUN
pathway in GC.

NEK2 promotes cell viability, proliferation, and cell cycle progression in GC via
ERK/MAPK signaling
To evaluate whether NEK2 regulates potential phenotypic changes in GC cells via the
ERK/c-JUN/cyclin D1 pathway, we used shRNA to establish BGC823 and SGC7901
cells with stable ERK knockdown. We found that cyclin D1 was significantly reduced
both at the mRNA and protein levels in the NEK2 knockdown cell line compared to
control cells (Figure 3A and B), while overexpression of NEK2 rescued the decreased
cyclin D1 expression caused by ERK knockdown.
To explore how NEK2 mediates cell viability in GC, the CCK-8 assay was used to
detect the viability of GC cells in BGC823 and SGC7901 cell lines with ERK
knockdown. CCK8 assay showed that down-regulation of ERK significantly reduced
the proliferation of BGC823 and SGC7901 cells after cell seeding, but cell viability was
restored after stably expressing NEK2 in ERK-silenced BGC823 and SGC7901 cells
(Figure 3C and D).
We next investigated the effect of silencing NEK2 on cell cycle progression by flow
cytometry. Cell cycle distribution analysis showed that ERK silencing resulted in cell
cycle arrest in the G0/G1 phase (Figure 4E and F), and the EdU incorporation assay
showed that ERK silencing resulted in a decrease in the percentage of S phase cells,
whereas both the cell cycle and DNA synthesis in BGC823 and SGC7901 cells were
restored to some extent after overexpression of NEK2 (Figure 4G and H). Altogether,
these data indicate that NEK2 can regulate GC cell cycle progression and cell proliferation via the ERK/c-JUN/cyclin D1 axis.

DISCUSSION
Previous studies have indicated that, unlike other kinases, NEK2 can promote cancer
progression by participating in the regulation of centrosome activity during mitosis,
leading to abnormal activation of mitosis. Therefore, the regulation of NEK2 is mainly
involved in cancer during the advanced stage[30-32]. In the development of cancer at
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Figure 2

Figure 2 Combined NIMA related kinase 2 and ERK expression may predict overall survival in patients with gastric cancer. A: ERK co-expressed with NIMA
related kinase 2 (NEK2) in gastric cancer (datasets from TCGA). B: Relative mRNA expression level of ERK analyzed by quantitative real-time PCR in 30 pairs of
human gastric cancer tissues. C: ERK expression is significantly correlated to NEK2 expression in human gastric cancer tissues. D: Immunohistochemistry analysis of
NEK2 and ERK expression in serial gastric cancer samples. E: Correlation between NEK2 and ERK expression. F: Overall survival of patients with gastric cancer
calculated using Kaplan–Meier analysis according to the staining level. NEK2: NIMA related kinase 2.

early stages, for example, NEK2 promotes tumor cell proliferation and participates in
the invasion of tumor cells to epithelial tissues[9,16]. It is speculated that enhanced
activity of centrosomes is a feature of advanced cell carcinogenesis, driving mutations
to progeny cells and providing a source of genetic variation in tumorigenesis[33].
In this study, we for the first time showed that NEK2 overexpression promoted the
activation of c-JUN and the up-regulation of cyclin D1 through the abnormally
activated ERK/MAPK pathway in GC. We also found that NEK2 overexpression
promoted the cell cycle progression in GC cell lines and participated in the regulation
of proliferation of GC cells. In human myeloma, NEK2 promotes myeloma resistance
via activating the ERK pathway, indirectly supporting our conclusion[34-36]. Thus, our
results suggest that NEK2 may have a new and important role in tumor progression.
In many mammalian cell types, the ERK pathway can integrate cellular external
stimulation signals into cells, acting as a significant regulator that mediates cell
growth and proliferation[37,38]. It is well known that uncontrolled growth or malignant
proliferation is a necessary and initial step in the development of tumors [39,40] .
Furthermore, it has been shown that abnormal NEK2 expression obviously affected
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Figure 3

Figure 3 NIMA related kinase 2 mediates the activation of ERK/MAPK signaling. A and B: Relative mRNA expression of ERK/MAPK signaling key factors
analyzed by quantitative real-time PCR in NIMA related kinase 2 (NEK2) silenced BGC823 and SGC7901 cell lines and negative controls. C: Western blot analysis of
ERK/MAPK signaling key factors (ERK, c-JUN, and cyclin D1) and their phosphorylated forms (p-ERK and p-c-JUN) in NEK2 silenced BGC823 and SGC7901 cell
lines and negative controls. D: Relative phosphorylation levels of ERK and c-JUN in C were calculated. β-actin was used as the internal control. Values are presented
as the mean ± SEM. NEK2: NIMA related kinase 2.

the process of mitosis of breast tumor cells, and in breast cancer, NEK2 overexpression was significantly associated with a poor prognosis, indicating that NEK2
may be an ideal target for therapy[9,41]. However, in our study, we demonstrated that
NEK2 was highly expressed in GC and the up-regulated expression of NEK2 was
associated with the activity of the ERK/MAPK pathway. NEK2 can promote phosphorylation of ERK and further promote cyclin D1 expression through the ERK/cJUN pathway, regulating the mitosis of GC cells. In addition, the combined and
elevated expression of NEK2 and ERK was found to be significantly associated with a
poor prognosis in patients with GC, indicating that NEK2 is an essential factor that
mediates the transmission of important signals in GC. Therefore, NEK2 has the
potential to become an ideal target for GC therapy[41,42].
In conclusion, our study reveals a novel mechanism by which NEK2 promotes the
growth of GC cells by activating the ERK/MAPK pathway. Although we have
demonstrated that NEK2 can regulate the phosphorylation of c-JUN and ERK and cell
cycle progression in GC cells, there may be other targets that may also affect cancer
cell proliferation. Nonetheless, our finding that NEK2 targets the ERK/c-JUN/cyclin
D1 pathway provides new insights into NEK2 function and reveals that NEK2 may be
a potential target for developing optimal treatments for GC patients.
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Figure 4 NIMA related kinase 2 promotes gastric cancer cell viability, proliferation, and cell cycle progression via ERK/MAPK signaling. A and B: Relative
mRNA and protein expression of cyclin D1 in cell lines with ERK silencing and NEK2 overexpression. C and D: CCK8 assay showing cell viability in BGC823 and
SGC7901 cell lines and negative controls. E: Flow cytometry analysis of cell cycle distribution in BGC823 and SGC7901 cell lines. F: Quantification of the data shown
in E (n = 3). G: EdU incorporation assay showing the percentage of cells in S-phase. H: Quantification of the data shown in G (n = 3). NEK2: NIMA related kinase 2.

ARTICLE HIGHLIGHTS
Research background
NIMA related kinase 2 (NEK2) is closely related to mitosis, and it is currently considered to be
overexpressed frequently in many poorly prognostic cancers. However, the effect of upregulated NEK2 expression on cellular signaling in tumors, such as gastric cancer (GC), is
confusing.

Research motivation
To explore the treatment of GC and improve patient survival.

Research objectives
To determine the role of the up-regulation of NEK2 in GC.

Research methods
To investigate the pathological significance of NEK2 in GC, the expression of NEK2 in GC was
investigated based on the “Oncomain” database and compared between 30 pairs of cancer and
adjacent tissues. The co-expression of NEK2 and ERK in GC was analyzed based on the TCGA
database and confirmed in clinical samples by quantitative real-time PCR (qRT-PCR), and the
survival curve was also plotted. Western blot or qRT-PCR was used to analyze the effect of
NEK2 on the phosphorylation levels of ERK and c-JUN in BGC823 and SGC7901 cells, and the
expression of the downstream effector cyclin D1. Furthermore, CCK8, EdU incorporation assay,
and flow cytometry were used to detect the proliferative of BGC823 and SGC7901 cell lines with
stable silencing of ERK.

Research results
In this study, we found that NEK2 was significantly up-regulated in human GC tissues. In
addition, ERK was significantly associated with NEK2 expression in human clinical specimens,
and combined overexpression of NEK2 and ERK potentially forecasted a poor prognosis and
survival in GC patients. NEK2 knockdown in GC cells inhibited ERK and c-JUN phosphorylation and reduced transcription of cyclin D1. More interestingly, NEK2 can rescue the
inhibition of cellular viability, proliferation, and cell cycle progression due to ERK knockdown.

Research conclusions
NEK2 plays a carcinogenic role in the malignant proliferation of GC cells via the ERK/MAPK
signaling, which is important for treating GC and improving patient survival.

Research perspectives
Future research may further reveal the mechanism of action of NEK2 to enhance the sensitivity
of cancer cells and promote its application in anti-cancer treatments. And the identification of the
molecular pathway related to ERK/MAPK signaling may further elucidate the underlying
mechanism.
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Abstract
BACKGROUND
Stress-induced gastric ulcer (SGU) is one of the most common visceral
complications after trauma. Restraint water-immersion stress (RWIS) can cause
serious gastrointestinal dysfunction and has been widely used to study the
pathogenesis of SGU to identify medications that can cure the disease. The
mediodorsal thalamic nucleus (MD) is the centre integrating visceral and physical
activity and contributes to SGU induced by RWIS. Hence, the role of the MD
during RWIS needs to be studied.
AIM
To screen for differentially expressed proteins in the MD of the RWIS rats to
further elucidate molecular mechanisms of SGU.
METHODS
Male Wistar rats were selected randomly and divided into two groups, namely, a
control group and an RWIS group. Gastric mucosal lesions of the sacrificed rats
were measured using the erosion index and the proteomic profiles of the MD
were generated through isobaric tags for relative and absolute quantitation
(iTRAQ) coupled with two-dimensional liquid chromatography and tandem
mass spectrometry. Additionally, iTRAQ results were verified by Western blot
analysis.
RESULTS
A total of 2853 proteins were identified, and these included 65 dysregulated (31
upregulated and 34 downregulated) proteins (fold change ratio ≥ 1.2). Gene
Ontology (GO) analysis showed that most of the upregulated proteins are
primarily related to cell division, whereas most of the downregulated proteins
are related to neuron morphogenesis and neurotransmitter regulation. Ingenuity
Pathway Analysis revealed that the dysregulated proteins are mainly involved in
the neurological disease signalling pathways. Furthermore, our results indicated
that glycogen synthase kinase-3 beta might be related to the central mechanism
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through which RWIS gives rise to SGU.
CONCLUSION
Quantitative proteomic analysis elucidated the molecular targets associated with
the production of SGU and provides insights into the role of the MD. The
underlying molecular mechanisms need to be further dissected.
Key words: Mediodorsal thalamic nucleus; Proteome; Restraint water-immersion stress;
Stress-induced gastric ulcer; Glycogen synthase kinase-3 beta
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Quantitative proteomic analysis was used to screen for differentially expressed
proteins in the mediodorsal thalamic nucleus of rats subjected to restraint waterimmersion stress. A total of 65 dysregulated proteins were identified, which are mainly
involved in the neurological disease signalling pathways. Meanwhile, the 31 upregulated
proteins are primarily related to cell division, whereas the 34 downregulated proteins are
related to neuron morphogenesis and neurotransmitter regulation. Furthermore, glycogen
synthase kinase-3 beta might be related to the central mechanism through which restraint
water-immersion stress gives rise to stress-induced gastric ulcer (SGU). Proteomic
analysis elucidated the nervous system molecular targets of SGU.

Citation: Gong SN, Zhu JP, Ma YJ, Zhao DQ. Proteomics of the mediodorsal thalamic
nucleus of rats with stress-induced gastric ulcer. World J Gastroenterol 2019; 25(23): 29112923
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2911.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2911

INTRODUCTION
Stress can cause behaviour, immune, and neural responses, and intense and persistent
stress responses could lead to a wide range of physiological and psychological
dysfunctions in the body [1-3] . Restraint water-immersion stress (RWIS) can cause
serious gastrointestinal dysfunction and has been widely used to study the underlying molecular mechanisms of stress-induced gastric ulcer (SGU) and to screen
potential curative drugs[4,5]. The primary central mechanism through which brainstem
circuits regulate gastric function under normal physiological conditions has been
fundamentally clarified[6-8], and the peripheral regulatory mechanism of gastric ulcers
induced by RWIS has also drawn much attention[9-12]. Previous studies have reported
that neuronal hyperactivity of vagal parasympathetic efferents, which mostly
originate in the primary gastrointestinal control centre of the central medulla (mainly
in the dorsal motor nucleus of the vagus and partly in the nucleus ambiguous) and
are further mediated by the higher central-anterior hypothalamus (mainly the
paraventricular nucleus and supraoptic nucleus), leads to gastric dysfunction[13-15]. In
addition, we previously found that catecholaminergic, vasopressinergic, and
oxytocinergic neurons might be associated with gastric ulcers induced by RWIS[16-18].
The brain nuclei and neurotransmitters or hormones involved in RWIS are shown in
Table 1[10,11,13-15,19,20]. However, we have not yet retrieved relevant papers that discuss
the effects of proteomic changes on the brain of rats during exposure to RWIS.
The mediodorsal thalamic nucleus (MD) has complex connections with the
prefrontal cortex and subcortical structures[21-26], and previous studies have revealed
that the MD is the integration centre of visceral and physical activity and is involved
in the modulation of emotion[27-31], cognition, and memory[32-36]. We previously found
that the expression of Fos, which is used as a marker of neuronal activity, is
significantly increased in the MD of rats after 2 h of RWIS[37]. Hence, the role of the
MD during RWIS needs to be studied. A comparative proteomic analysis of RWISexposed and control rats might not only shed light on the role of the MD in gastrointestinal dysfunction induced by RWIS but also contribute to the detection of
proteomic differences and the identification of targets for more specific therapies.
The combination of isobaric tags for relative and absolute quantitation (iTRAQ)
with multidimensional liquid chromatography and tandem mass spectrometry
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Table 1 Brain nuclei and neurotransmitters/hormones involved in restraint water-immersion
stress
Nucleus

Neurotransmitter or hormone

Dorsal motor nucleus of the vagus[10]
[10]

Acetylcholine[19]
Norepinephrine[13]

Nucleus ambiguous

[10]

Nucleus of solitary tract

Oxytocin[14]

Paraventricular nucleus[10]

Arginine vasopressin[14,15]

[11]

Hydrogen peroxide[20]

Supraoptic nucleus

(LC–MS/MS) analysis is one of the most sensitive proteomic technologies for
detecting and quantitatively analysing low-abundance proteins, and this approach
has been widely used to discover disease-specific targets and biomarkers for a variety
of diseases[12,38-41]. To the best of our knowledge, an iTRAQ-based approach has been
applied to study the central mechanism of gastrointestinal dysfunction induced by
RWIS. To identify dysregulated proteins in the MD, which might help to further
explore the molecular mechanisms and pathogenesis of SGU induced by RWIS, we
quantitatively compared the proteomes of control and RWIS-exposed rats using the
multiplex capability of the iTRAQ approach. The present study provided a novel
understanding of the role of the MD, and the newly identified molecular differences
might provide fundamental information for further study.

MATERIALS AND METHODS
Preparation of animals
Adult male Wistar rats, weiging 250-300 g and provided by the Experimental Animal
Center of Shandong University, Jinan, China, were housed two per cage at 22 °C ± 2
°C under a 12 h light-12 h dark cycle with free access to food and water before the
initiation of RWIS. The sxperiments were initiated at least 7 days after the animals
arrived at the facility. Prior to the experiments, rats were fasted for 24 h but allowed
access to tap water ad libitum.

Stress protocols
Twenty-four male rats, numbered from 01 to 24, were used in the stress experiments.
Twelve rats, which were selected using the random number table method, were
subjected to RWIS for 4 h (RWIS group), and the other rats were not subjected to
RWIS (control group). RWIS was performed as previously described[16]. Experiments
were performed between 8:00 morning and 12:00 afternoon. All procedures were
performed according to the National Institutes of Health Guidelines for the Care and
Use of Laboratory Animals and were approved by the Institutional Animal Care and
Use Committee of Shandong Normal University (Jinan, People’s Republic of China;
No. AEECSDNU2018003). In addition, all efforts were made to minimize the animals’
suffering and to reduce the number of animals used.

Evaluation of gastric mucosal damage
At the end of the procedure, rats were killed through a pentobarbital-Na+ injection
(100 mg/kg BW, i.p.). Stomachs were removed, placed in 1% formaldehyde solution
for 30 min, and incised along the greater curvature. Gastric mucosal lesions were
measured using the erosion index (EI)[42].

Sample collection
After brain dissection, the MD (coordinates: 2.04-3.84 mm rostral to the obex, depth of
5.0-6.0 mm below the surface of the obex, and 1.0 mm lateral to the midline) was
harvested for protein extraction (WPI, Sarasota, United States)[43]. To minimize the
individual differences of rats, every three individual samples were mixed for protein
extraction, and protein extracts were prepared in duplicate for each group.

Protein extraction and iTRAQ labelling
The sample was resuspended in approximately eight times volume of lysis buffer (4%
SDS and 100 mM HEPES (pH = 7.6) containing protease inhibitor cocktail and PMSF).
The homogenate was sonicated for 30 min on ice. After centrifugation at 25 000 g for
30 min at 4 °C, the supernatant was collected and stored at -80 °C. The total protein
concentration was measured using the BCA Kit (Trans Gen Biotech, Beijing, China).
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Equal amounts of the extracted protein were mixed according to groups and then
precipitated with acetone overnight. After the protein was resuspended in triethylammonium bicarbonate (TEAB) buffer, protein quantification was done using the
BCA Kit. The proteins were reduced by 5 mmol/L DTT at 56 °C for 30 min and
alkylated by 10 mM IAA at room temperature for 30 min. The sample was then
diluted with 50 mM ammonium bicarbonate until the concentration of urea was lower
than 1 M. Trypsin (Sigma) was added to the sample at a mass ratio of 1:50
(enzyme:protein) for 12 h. iTRAQ-8plex labelling reagents (AB Sciex) were added to
the peptide samples, which were then incubated at room temperature for 120 min.
The reaction was stopped by the addition of water, followed by concentration of the
product using SpeedVac and desalts. The purified peptides were collected and stored
at -80 °C until use.

High-pH reverse-phase fractionation and LC–MS/MS detection
The peptides were fractionated on a Waters UPLC using a C 18 column (Waters BEH,
Milford, United States, c18 2.1×50 mm, 1.7 µm). Peptides were eluted at a flow rate of
600 μL/min with a linear gradient of 5%−35% solvent B (acetonitrile) over 10 min,
with solvent A composed of 20 mM ammonium formate with pH adjusted to 10. The
absorbance at 214 nm was monitored, and a total of ten fractions were collected.
The fractions were separated by nano-HPLC (Eksigent Technologies) on a
secondary reversed-phase analytical column (Eksigent, C18, 3 µm, 150 mm × 75 µm).
Peptides were subsequently eluted using the following gradient conditions with
phase B (98% ACN with 0.1% formic acid) from 5% to 40% B (5-65 min), 40% to 80% B
(66-71 min), and 80% to 5% B (72-90 min), and total flow rate was maintained at 300
nL/min. Electrospray voltage of 2.5 kV versus the inlet of the mass spectrometer was
used. The QTOF 4600 mass spectrometer was operated in information-dependent data
acquisition mode to shift automatically between MS and MS/MS acquisition. MS
spectra were acquired across the mass range of 350-1250 m/z. The 25 most intense
precursors were selected for fragmentation per cycle with a dynamic exclusion time of
25 s.

Data processing
After product separation, all MS/MS spectra were analysed using Mascot (Matrix
Science, London, United Kingdom; version 2.3.0). Mascot was set up to search the
UniProt_rat database and was searched with a fragment ion mass tolerance of 0.1 Da
and a parent ion tolerance of 25.0 ppm. Additionally, carbamidomethylation of
cysteine and the iTRAQ 8PLEX conjugation of lysine and the N-terminus were
specified in Mascot as fixed modifications. Oxidation of methionine and iTRAQ
8PLEX conjugation of tyrosine were specified in Mascot as variable modifications.
Scaffold (version Scaffold_4.4.1.1, Proteome Software Inc., Portland, OR, United
States) was used to validate the MS/MS-based peptide and protein identifications.
Peptide identifications were accepted at a false discovery rate (FDR) of less than 1.0%
using the Scaffold Local FDR algorithm. Protein probabilities were assigned using the
Protein Proph et al[44] gorithm. Only those proteins with greater than 90% probabilities
were accepted.

Quantitative data analysis
Scaffold Q+ (version Scaffold_4.4.5, Proteome Software Inc., Portland, OR, United
States) was used to quantify the iTRAQ peptide and for protein identifications. To
determine quantitative changes, a ± 1.2-fold change in the MD of rats between the
control and RWIS groups with P < 0.05, as calculated by the Student’s t-test, was used
as the threshold for categorizing upregulated and downregulated proteins.

Bioinformatic analysis
Gene Ontology (GO) annotation and pathway enrichment analysis of all the identified
and differentially expressed proteins were implemented using the online tool DAVID
(http://david.abcc.ncifcrf.gov/). GO annotation includes biological processes (BP),
cellular components (CC), and molecular functions (MF). Ingenuity Pathway Analysis
(IPA) software (version 7.5, Ingenuity System Inc., Redwood City, CA, United States;
www.ingenuity.com) was used to identify the biological functions and signalling
pathways of the annotated differentially expressed proteins. The GO annotations
involving signalling pathways and networks were ranked based on the enrichment of
the differentially expressed proteins.

Western blot analysis
The results of the proteomic experiment were verified by Western blot analysis.
Protein extracts (30 μg) were separated by SDS-PAGE followed by electrotransfer onto
PVDF membranes (PVDF, Millipore, Bedford, MA, United States). The membranes
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were blocked with 5% non-fat dry milk in 0.01 M PBS containing 0.1% Tween-20 for 2
h at room temperature and then incubated at 4 ºC overnight with the following
primary antibodies: Anti-glycogen synthase kinase-3 beta (GSK3B) (mouse monoclonal, 47 kDa; 1:2000 dilution; Abcam plc ab93926, Cambridge Science Park,
Cambridge, CB4 0FL, United Kingdom) and anti-synaptophysin (SYN) (rabbit
monoclonal, 38 kDa; 1:1000 dilution; Abcam plc 32127). After three rinses in TBST
buffer, the secondary antibody (HPR-conjugated anti-mouse; 1/1000 dilution; Dako,
Glostrup, Denmark) was added, and the membranes were incubated for 1 h at room
temperature. After the membranes were rinsed, protein expression levels were
detected by enhanced chemiluminescence and visualized by autoradiography (ECL).
Beta-tubulin (mouse monoclonal, 54 KDa; 1:4000 dilution; Sigma) was utilized as the
loading control.

Statistical analysis
Statistical procedures were performed using SPSS 20.0 software (SPSS, Chicago, IL,
United States). The results were reported as the mean ± SEM. Statistical analyses of
the data were performed by the Student’s t-test. Differences were set as signiﬁcant at
P < 0.05.

RESULTS
Gastric mucosal damage induced by RWIS
A macroscopic analysis showed no gastric mucosal damage in the control group,
whereas scattered spotty and linear haemorrhage was observed in the gastric mucosa
of rats in the RWIS group (Figure 1). The damage index was significantly different
between the control (0.0 ± 0.0) and RWIS groups (47.5 ± 11.1) (P < 0.01).

Identification of differentially expressed proteins
Relative protein expression values were compared between the control and RWIS
groups to identify the differentially expressed proteins. This analysis indentified 2853
proteins (Table S1), including 65 unique (31 significantly upregulated and 34
downregulated) proteins that were dysregulated (fold change ratio ≥ 1.2, with P <
0.05) (Figure 2A). These upregulated proteins (e.g., cell division cycle-16, CDC16)
might be involved in cell division, and the downregulated proteins (e.g., GSK3B)
might be related to motor neuron axon guidance, nutrient delivery to the nervous
system, and neurotransmitter regulation (Table S2). Based on the premise that each
dysregulated protein was assigned at least one term, GO annotation was applied to
reveal the CC, MF, and BP of the identified proteins. Of all the dysregulated proteins,
18% (eight proteins) were annotated as cytoplasm-associated proteins, and the other
main location categories of the proteins are the extracellular exosomes, cytoplasm,
and cytosol (13%) and the nucleus, membrane, and plasma membrane (11%) (Figure
2B). The molecular functions of the dysregulated proteins are associated with poly(A)
RNA binding, ATP binding, metal binding, protein homodimerization activity, and
other processes (Figure 3A). GO annotation analysis showed that the 65 dysregulated
proteins are mainly involved in biological processes, such as response to oxidative
stress, inflammatory response, response to peptide hormones, translation, protein
phosphorylation, protein oligomerization, response to glucose, and pigmentation
(Figure 3B).

IPA network analysis of differentially expressed proteins
Because the molecular function of proteins in organisms is not accomplished by
proteins alone but rather in coordination with many biological molecules, the roles of
differentially expressed proteins were further analysed using the IPA tool according
to -log (P-value). The IPA analysis identified 123 signalling pathways, and the
highest-ranked canonical IPA pathways are shown in Table 2. Specifically, protein
kinase A signalling was found to be significantly negative. The signalling pathways of
the dysregulated proteins are mainly associated with cardiovascular system
development and function and organ morphology, which comprise the first tier. The
second tier consists of infectious diseases, digestive system development and
function, gastrointestinal disease, organismal development, and organismal injury
and abnormalities, and the third tier comprises cellular growth and proliferation,
neurological disease, and haematological system development and function. Notably,
GSK3B participates in five of the top ten most enriched pathways (Table 2) and is
related to all the above-mentioned functions. Moreover, the dysregulated proteins
were co-enriched into five networks, three of which are related to nerve signalling
pathways (Figure 4). The highest-scoring IPA network contained 34 focus molecules
and six upregulated and 10 downregulated proteins that met the significance
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Figure 1

Figure 1 Gastric mucosal damage induced by restraint water-immersion stress. A: Control group. The gastric mucosal surface was intact and smooth; B:
Stressed group. The gastric mucosal surface showed spotty and linear haemorrhages after 4 h of restraint water-immersion stress.

criterion, including GSK3B; these proteins are mostly involved in cardiovascular
system development and function, organ morphology, and neurological disease
signalling pathways (Figure 4A).

Western blot validation
According to both the GO and IPA network analyses, GSK3B was downregulated
(0.71-fold change) and might affect synaptic plasticity[45]. SYN, which is involved in
the process of synaptic neurotransmission, was not among the 2853 proteins showing
significant expression changes between the groups. The GSK3B and SYN expression
levels were validated at the protein level by Western blot, and beta-tubulin was
included as a control for protein loading quantification. As shown in Figure 5, the
protein level of GSK3B was significantly downregulated (n = 9, P = 0.037) in rats after
RWIS for 4 h, whereas the protein level of SYN did not differ between the two groups
(n = 9, P = 0.069). These results are closely consistent with the iTRAQ analysis results.
Because the proteomic and WB data are quite comparable and consistent with each
other, GSK3B might be related to the central mechanism of gastrointestinal dysfunction induced by RWIS, but the underlying molecular mechanisms need to be
further dissected.

DISCUSSION
Many previous studies focused on the peripheral and primary central regulatory
mechanisms of SGU[9-15], but little is known about the higher central mechanism[17-20,46].
This study constitutes the first analysis of the molecular differences in the MD at the
proteome level between control and RWIS-exposed rats and thus, provides further
insights into the molecular mechanisms and pathogenesis of SGU. Screening potential
curative drugs for SGU has created an urgent need to identify new targets and iTRAQ
becomes a powerful tool to explore the response in proteins to stress. Among the 2853
identified proteins, 65 were dysregulated, and these included 31 upregulated and 34
downregulated proteins. Functional analysis indentified 29 unique proteins, such as
Rab31, GSK3B, and Lynx1, and these 29 proteins were primarily related to the
nervous system, due to their involvement in synaptic vesicle exocytosis and
endocytosis, neuron morphogenesis, and particularly neuritis, which indicates that
some differences in synaptic plasticity might exist between the control and stressed
groups[47-49].
To further verify the data acquired by iTRAQ proteomics, the expression of the
downregulated protein GSK3B and the unchanged protein SYN, which are used as
specific markers to reflect changes in the synaptic plasticity of the presynaptic
terminal, was assessed by Western blot using commercially available antibodies. The
Western blot results are consistent with the iTRAQ findings. The 0-3 fold change in
expression obtained by Western blot analysis, which was notably greater than the
changes obtained in the the proteomic analysis, might be due to the cascade amplification of optical signals during the Western blot analysis for GSK3B using the
primary and secondary antibodies.
GO annotation analysis showed that the molecular functions of the 65 identified
proteins are mostly associated with protein binding, including poly(A) RNA binding
and ATP binding. RNA-binding proteins are dynamic posttranscriptional regulators
of gene expression, whereas ATP-binding proteins are known to play a fundamental
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Figure 2

Figure 2 Features of the proteomic data from rats subjected to restraint water-immersion stress for 0 h and 4 h. The data were obtained by isobaric tags for
relative and absolute quantitation shotgun analysis. A: Volcano plot indicating the changes in protein abundance in the mediodorsal thalamic nucleus between the
control and stressed rats. A total of 65 dysregulated proteins with at least a ±1.2-fold change and P < 0.05 were identified. Orange dots indicate the upregulated
proteins, and blue dots indicate the downregulated proteins; B: Subcellular localizations of the identified proteins.

role in biological processes, which indicates that synthetic and metabolic processes
undergo changes in response to RWIS. The biological processes involving the
dysregulated proteins were found to be associated with oxidative stress, inflammatory response, and protein phosphorylation, indicating that inflammatory
disorders and abnormal metabolic functions occur in rats after RWIS for 4 h.
Furthermore, some of the dysregulated proteins, such as glutathione S-transferases
(GSTs), have dehydrogenase activity, which also indicates that the organism has
evolved a mechanism that protects cells against reactive oxygen species during
exposure to RWIS, similarly to that found in response to other stressors[50-52].
According to IPA pathway analysis, the dysregulated proteins are mainly involved
in pathways related to oxidative stress, lipid and amino acid metabolism, hepatotoxicity, and kidney damage. The protein kinase A signalling pathway is the only
one of the top-ranked IPA pathways that was significantly downregulated in rats after
RWIS. This kinase signalling pathway plays a critical role in multiple cellular
processes through the post-translational phosphorylation of various proteins,
including signalling and metabolic enzymes, transcription factors, and ion channels.
The altered proteins involved in this signalling pathway include two downregulated
proteins, calcium/calmodulin-dependent kinase II (CAMK2D) and GSK3B, and two
upregulated proteins, protein tyrosine phosphatase non-receptor type 9 (PTPN9) and
cell division cycle-16 (CDC16). CAMK2, one of the most abundant protein kinases in
the brain, plays a key role in neurotransmission, synaptic plasticity, and brain synapse
development and showed neuroprotective activity both in vitro and in vivo [53,54] .
Previous studies have found that CAMK2 can be rapidly activated and then
inactivated after focal ischaemia and that the degree of inactivation is correlated with
the extent of neuronal damage[55,56]. In the present study, CAMK2D was found to be
downregulated in the stressed group, which indicates that the neurons in the MD
were damaged during the 4-h exposure to RWIS. GSK3B is the major kinase
phosphorylating tau protein and plays an important role in various physiological and
pathological processes, such as glycometabolism, cell proliferation, immune response,
inflammatory response, tumourigenesis, and neural development, degeneration, and
regeneration [57-59] . The inhibition of GSK3 activity can promote neurite regeneration[60,61]. In this study, GSK3B was found to be downregulated, which indicates
that RWIS injures neurons in the MD. However, because GSK3B can participate in
many enriched pathways involved in energy metabolism, inflammation, endoplasmic
reticulum stress, mitochondrial dysfunction and apoptosis pathways and so on, the
molecular regulatory mechanism of GSK3 in gastric stress should be further studied.
PTPN9, a cytoplasmic protein tyrosine phosphatase, is considered a marker of a
tumour suppressor [62] . CDC16 was found in eukaryotic organisms and has been
demonstrated to be involved in cell division[63,64]. The upregulation of PTPN9 and
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Figure 3

Figure 3 Features of the proteomic data from the mediodorsal thalamic nucleus of rats exposed to restraintwater-immersion-stress. The data were obtained by isobaric tags for relative and absolute quantitation shotgun
analysis. A: Gene ontology (GO) analysis of the involved molecular functions; B: GO analysis of the involved
biological processes. Only the top ten terms are shown.

CDC16 in rats after RWIS, as observed in the present study, will be an interesting
topic that should be investigated in future studies using other methods[65].
In conclusion, an iTRAQ-based quantitative proteomic approach has been applied
to detect and quantitatively analyse the alteration in the protein expression profile of
the MD of rats subjected to RWIS. RWIS-induced proteomic alterations indicate that
the neurons in the MD are disordered and show an abnormal function after 4 h of
RWIS. Because heavy metabolic activity indicates great potential for plasticity and
regeneration, the altered proteins might play important roles in cellular energy
conservation and translation regulation to prevent the synthesis of unwanted proteins
that could interfere with the cellular response to stress. Therefore, this study provides
resources for identifying the biological functions of dysregulated proteins and
dissecting pathways that could aid the identification of the molecular regulatory
mechanism of SGU. The functions of key proteins linked to gastric ulcer, e.g., GSK3B,
during RWIS should later be verified by QRT-PCR or immunoblotting, and further
functional studies using RNAi.
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Table 2 Top ten most enriched pathways indentified by an ingenuity pathway analysis of the dysregulated proteins according to –log (Pvalue)
Pathway name

-log (P-value)

Enriched dysregulated proteins

NRF2-mediated oxidative stress response

3.69

GSTM2, DNAJB1, GSK3B, CBR1, DNAJC11

EIF2 signalling

3.42

PTBP1, RPL18A, RPL3, EIF2S3, GSK3B

Fatty acid β-oxidation I

2.44

ACSL5, HSD17B4

Cysteine biosynthesis/homocysteine degradation

2.25

CBS/CBSL

Caveolar-mediated endocytosis signalling

1.77

ARCN1, ITGA6

Melatonin signalling

1.77

CAMK2D, ARAF

Integrin signalling

1.63

WASL, ITGA6, GSK3B

Protein kinase A signalling

1.62

CAMK2D, PTPN9, GSK3B, CDC16

Prostanoid biosynthesis

1.6

PTGDS

Reelin signalling in neurons

1.56

ITGA6, GSK3B

ACSL5: Long-chain acyl-CoA synthetase 5; ARAF: Serine/threonine-protein kinase; ARCN1: Archain 1; CAMK2D: Calcium/calmodulin-dependent kinase
II; CBR1: Cannabinoid receptor 1; CBS/CBSL: Cystathionine beta-synthase; CDC16: Cell division cycle16; DNAJB1: DnaJ homolog subfamily B member I;
DNAJC11: Rattus norvegicus DnaJ (Hsp40) homolog, subfamily C, member 11; EIF2S3: Eukaryotic translation initiation factor (eIF) 2 subunit 3; HSD17B4:
17β-Hydroxysteroid dehydrogenaseIV; GSK3B: Glycogen synthase kinase 3B; GSTM2: Glutathione-s-transferase μ 2; CBR1: Canine carbonyl reductase 1;
ITGA6: Integrin α6; PTGDS: Prostaglandin D2 synthase; PTBP1: Polypyrimidine tract-binding protein 1; PTPN9: Protein tyrosine phosphatase non-receptor
type 9; RPL3: Ribosomal protein L3; RPL18A: Ribosomal protein L18A; WASL: Wiskott aldrich syndrome like protein.

Figure 4

Figure 4 Key signalling pathways involving the proteins that were differentially expressed in the mediodorsal thalamic nucleu of rats exposed to restraint
water-immersion stress. A: Cardiovascular system development and function, organ morphology, and neurological disease; B: Cellular assembly and organization,
nervous system development and function, and tissue morphology; C: Cellular development, cellular growth and proliferation, and nervous system development and
function. Orange labels indicate the upregulated proteins, and blue labels indicate the downregulated proteins.
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Figure 5

Figure 5 Verification of glycogen synthase kinase-3 beta and synaptophysin expression by Western blot. After brain dissection, the proteins in the
mediodorsal thalamic nucleu were separated by SDS-PAGE, and the expression levels of glycogen synthase kinase-3 beta (GSK3B) and synaptophysin (SYN) were
detected by Western blot using antibodies against GSK3B and SYN. The bars represent the changes in the total GSK3B and SYN levels. Each value is the mean ±
SD from at least three independent experiments; aP < 0.05. The expression of GSK3B was increased in the stressed group, whereas SYN showed no significant
difference, which is in agreement with the isobaric tags for relative and absolute quantitation results.

ARTICLE HIGHLIGHTS
Research background
Stress-induced gastric ulcer (SGU) is one of the most common visceral complications after
trauma. Restraint water-immersion stress (RWIS) can cause serious gastrointestinal dysfunction
and has been widely used to study the pathogenesis of SGU to identify medications that can cure
the disease. We have focused on providing a resource for determining the molecular regulatory
mechanisms of stress-induced gastric mucosal lesion since 1990s. The mediodorsal thalamic
nucleus (MD) is the centre integrating visceral and physical activity. There is remarkable Fos
expression in the MD of rats subjected to RWIS.

Research motivation
iTRAQ becomes a powerful tool to explore the response in proteins to stress. A comparative
proteomic analysis of RWIS-exposed and control rats might not only shed light on the role of the
MD in gastrointestinal dysfunction induced by RWIS but also contribute to the detection of
proteomic differences and the identification of targets for more specific therapies.

Recearch objectives
To screen for differentially expressed proteins in the MD of the RWIS rats to further elucidate the
molecular mechanisms of SGU.

Research methods
Male Wistar rats were selected randomly and divided into two groups, namely, a control group
and an RWIS group. Gastric mucosal lesions of the sacrificed rats were measured using the
erosion index (EI) and the proteomic profiles of the MD were generated through isobaric tags for
relative and absolute quantitation (iTRAQ) coupled with two-dimensional liquid chromatography and tandem mass spectrometry (LC–MS/MS). Additionally, iTRAQ results were
verified by Western blot analysis.

Research results
A total of 2853 proteins were identified, and these included 65 dysregulated (31 upregulated and
34 downregulated) proteins (fold change ratio ≥ 1.2). Gene Ontology (GO) analysis showed that
most of the upregulated proteins are primarily related to cell division, whereas most of the
downregulated proteins are related to neuron morphogenesis and neurotransmitter regulation.
Ingenuity Pathway Analysis (IPA) analysis revealed that the dysregulated proteins are mainly
involved in the neurological disease signalling pathways. Furthermore, our results indicated that
glycogen synthase kinase-3 beta (GSK3B) might be related to the central mechanism through
which RWIS gives rise to SGU.

Research conclusions
Quantitative proteomic analysis elucidates the molecular targets associated with the production
of SGU and provides insights into the effects of the MD. The underlying molecular mechanisms
need to be further dissected.

Research perspectives
This study provides resources for identifying the biological functions of dysregulated proteins
and dissecting pathways that could aid the identification of the molecular regulatory mechanism
of SGU. The functions of key proteins linked to gastric ulcer, e.g., GSK3B, during RWIS should
later be verified by qrt-pCR or immunoblotting, and further functional studies using RNAi.
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Abstract
BACKGROUND
The digestive tract is the maximal immunizing tissue in the body, and mucosal
integrity and functional status of the gut is very important to maintain a healthy
organism. Severe infection is one of the most common causes of gastrointestinal
dysfunction, and the pathogenesis is closely related to endotoxemia and intestinal
barrier injury. Bifidobacterium is one of the main probiotics in the human body
that is involved in digestion, absorption, metabolism, nutrition, and immunity.
Bifidobacterium plays an important role in maintaining the intestinal mucosal
barrier integrity. This study investigated the protective mechanism of
Bifidobacterium during ileal injury in rats.
AIM
To investigate the effects of Bifidobacterium on cytokine-induced neutrophil
chemoattractant (CINC) and insulin-like growth factor 1 (IGF-1) in the ileum of
rats with endotoxin injury.
METHODS
Preweaning rats were randomly divided into three groups: Control (group C),
model (group E) and treatment (group T). Group E was intraperitoneally injected
with lipopolysaccharide (LPS) to create an animal model of intestinal injury.
Group T was intragastrically administered Bifidobacterium suspension 7 d before
LPS. Group C was intraperitoneally injected with normal saline. The rats were
killed at 2, 6 or 12 h after LPS or physiological saline injection to collect ileal

https://www.wjgnet.com

2924

June 21, 2019

Volume 25

Issue 23

Wang W et al.Bifidobacterium infantis in the rat ileum

Open-Access: This article is an
open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http://creativecommons.org/licen
ses/by-nc/4.0/

Manuscript source: Unsolicited
manuscript

Received: November 21, 2018
Peer-review started: November 22,
2018

First decision: December 12, 2018
Revised: March 12, 2019
Accepted: March 29, 2019
Article in press: March 30, 2019
Published online: June 21, 2019
P-Reviewer: Higuchi K, Jung DH,
Pourshafie MR
S-Editor: Yan JP
L-Editor: Filipodia
E-Editor: Ma YJ

tissue samples. The expression of ileal CINC mRNA was evaluated by reverse
transcription-polymerase chain reaction (RT-PCR), and expression of ileal IGF-1
protein and mRNA was detected by immunohistochemistry and RT-PCR,
respectively.
RESULTS
The ileum of rats in Group C did not express CINC mRNA, ileums from Group E
expressed high levels, which was then significantly decreased in Group T (F =
23.947, P < 0.05). There was no significant difference in CINC mRNA expression
at different times (F = 0.665, P > 0.05). There was a high level of IGF-1 brown
granules in ileal crypts and epithelial cells in Group C, sparse staining in Group
E, and dark, dense brown staining in Group T. There was a significant difference
between Groups C and E and Groups E and T (P < 0.05). There was no significant
difference in IGF-1 protein expression at different times (F = 1.269, P > 0.05). IGF1 mRNA expression was significantly different among the three groups (P < 0.05),
though not at different times (F = 0.086, P > 0.05).
CONCLUSION
Expression of CINC mRNA increased in the ileum of preweaning rats with
endotoxin injury, and exogenous administration of Bifidobacterium reduced CINC
mRNA expression. IGF-1 protein and mRNA expression decreased in the ileum
of preweaning rats with endotoxin injury, and exogenous administration of
Bifidobacterium prevented the decrease in IGF-1 expression. Bifidobacterium may
increase IGF-1 expression and enhance intestinal immune barrier function in rats
with endotoxin injury.
Key words:Bifidobacterium; Ileum; Cytokine-induced neutrophil chemoattractant; Insulinlike growth factor-1; Rats
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The purpose of this article is to investigate the effects of Bifidobacterium on
cytokine-induced neutrophil chemoattractant and insulin-like growth factor 1 (IGF-1) in
the ileum of rats with endotoxin injury. It was found that Bifidobacterium may increase
IGF-1 expression and enhance intestinal immune barrier function in rats with endotoxin
injury.

Citation: Wang W, Sun M, Zheng YL, Sun LY, Qu SQ. Effects of Bifidobacterium infantis on
cytokine-induced neutrophil chemoattractant and insulin-like growth factor-1 in the ileum of
rats with endotoxin injury. World J Gastroenterol 2019; 25(23): 2924-2934
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2924.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2924

INTRODUCTION
Severe infection is one of the most common causes of gastrointestinal dysfunction,
and the pathogenesis is closely related to endotoxemia and intestinal barrier injury.
Bifidobacterium is one of the main probiotics in the human body involved in digestion,
absorption, metabolism, nutrition, and immunity to infection. In particular,
Bifidobacterium plays an important role in maintaining intestinal mucosal barrier
integrity[1]. Insulin-like growth factor 1 (IGF-1) is a polypeptide that is primarily
secreted from the liver, but it is also expressed in other organs such as the intestine,
making it part of the intestinal immune barrier [2] . This study investigated the
protective mechanism of Bifidobacterium through ileal injury in preweaning rats.

MATERIALS AND METHODS
Materials
Bifidobacterium infantis (KLDS2.0002) suspension was purchased from the Key

WJG

https://www.wjgnet.com

2925

June 21, 2019

Volume 25

Issue 23

Wang W et al.Bifidobacterium infantis in the rat ileum

Laboratory of Dairy Science of Northeast Agricultural University. Escherichia coli (O55:
B5) lipopolysaccharide (LPS) was purchased from Sigma. Immunohistochemical IGF1 rabbit anti-rat IgG (primary antibody) was purchased from Wuhan Boshide
Bioengineering Co. Ltd. (Wuhan, China), and horseradish-peroxidase-labeled IgG
(secondary antibody) and concentrated DAB kits were purchased from Beijing
Zhongshan Jinqiao Biotechnology Co. Ltd (Beijing, China). The primers for IGF-1,
cytokine-induced neutrophil chemoattractant (CINC) and β-actin were designed and
synthesized by Shanghai Shengneng Bocai Biological Technology Co. Ltd. A reverse
transcription-polymerase chain reaction (RT-PCR) kit was purchased from Promega
(Beijing, China).

Instruments
Instruments and equipment were obtained as follows: ultramicrotome (LKB, Sweden);
GIS gel image processing system (Tanon, Shanghai, China); TC-XP gene amplification
instrument (Hangzhou Bioer Technology Co. Ltd., Hangzhou, China); GE-100 gel
electrophoresis system (Hangzhou Bioer Technology Co. Ltd., Hangzhou, China);
Eclipse E800 Camera system (Nikon, Japan); CMIAS2001 Beihang Motic Image
Analysis system (Beijing Mike Audi Image Technology Co. Ltd., Beijing, China);
HFsafe 1200 biosafety cabinet (LiShen Scientific Instrument Co. Ltd., Shanghai,
China); AE200s electronic analytical balance (Mettler Toledo Instruments Shanghai
Co. Ltd., Shanghai, China); MDF-U53V 80 °C low temperature freezer (SANSY,
Japan); Neofuge 23R desktop high speed refrigerated centrifuge (Shanghai, China);
microsample feeder (Eppendorf AG, Germany); and XW-80A vortex mixer (Shanghai,
China).

Animals
Healthy 18-day-old preweaning Wistar rats (31.16 ± 6.38 g) were provided by the
Laboratory Animal Center of the Second Affiliated Hospital of Harbin Medical
University. The rats were randomly divided into three groups: Control (group C),
model (group E) and Bifidobacterium treatment (group T). The animals were sacrificed
2, 6 and 12 h after intraperitoneal injection of endotoxin (LPS) or normal saline, and
ileal samples were collected. Each group had eight preweaning rats for each time
point. Animals that died during the experiment were not included.

Bifidobacterium culture
TPY medium: 10 g casein peptone, 2.5 g yeast extract powder, 5 g glucose, 5 g soy
peptone, 1.0 g Tween 80, 0.5 g L-cysteine hydrochloric acid, 5 mL salt-mixture
solution, and 995 mL distilled water, adjusted to pH 7.2, and sterilized at 121 °C for 20
min. Salt-mixture solution: 20.0 g K2HPO4, 5.0 g MgCl2∙6H2O, 2.5 g ZnSO4∙7H2O, 1.5 g
CaCl2 and 0.5 g FeC13, added to 100 mL distilled water.
Activation of freeze-dried strains: Before activation, cryopreserved strains were
placed at room temperature for several hours. The ampoule was wiped with 70%
alcohol in a sterile room, opened, and 0.2 mL TPY medium was added. The strains
taken by sterilized platinum earrings were inoculated into TPY medium and onto
agar plates. After anaerobic incubation for 48-72 h at 37 °C, three generations were
continuously activated to enhance the viability of the strains.
Morphological observation: Platinum earrings were used to remove bacteria from a
single colony or liquid culture and then smeared onto a microscope slide for Gram
staining. The bacterial morphology was observed under the microscope. Generation
of strains: After microscopic examination, strains with good morphology and no
bacterial colonies in the solid medium were selected, and lines were drawn on TPY
solid medium. At the same time, TPY liquid medium was added to bacteria to culture
anaerobically at 37 °C for 48-72 h.
Measurement of viable bacteria: The 0.5 mL suspension was gradiently diluted 10
times with sterilized normal saline. The 0.2 mL suspension of the appropriate dilution
gradient was extracted and placed on the TPY agar plate two or three times for each
dilution gradient, and the suspension was uniformly spread out using a sterilized rod.
After ventilation in the corridor of the anaerobic incubator, the suspension was
transferred to an incubator for anaerobic cultivation at 37 °C for 48 h. Finally, bacterial
colonies were counted after the strains were grown.

Preparation of animal models
Rats in groups E and T were intraperitoneally injected with 5 mg/kg LPS (5 mg/mL
dissolved in normal saline). In group T, 0.5 mL Bifidobacterium suspension (2.0 × 109
CFU/mL) was administered intragastrically twice daily 1 wk before LPS, until the
end of the experiment. In group C, 1 mL/kg normal saline was intraperitoneally
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injected. The preweaning rats in each group were returned to their cage after
treatment and continued to receive rat’s milk.

Specimen collection
After the animals were sacrificed, the abdomen was aseptically dissected, and the
contents of the intestinal cavity were washed with ice-cold physiological saline. A
0.5–1 cm length of ileum 2–3 cm away from the ileocecal junction was removed and
fixed in 4% paraformaldehyde dissolved in 0.1 M PBS. The tissue was embedded in
paraffin and sectioned for immunohistochemical study. A 4-5 cm length of ileum 3-4
cm away from the ileocecal junction was removed and placed in an RNase-free
Eppendorf tube and stored at – 80 °C prior to total RNA extraction and RT-PCR.

Immunohistochemical detection of IGF-1 protein in ileum
The SP method (peroxidase-labeled streptomycin, and streptavidin/peroxidase) was
used for immunohistochemistry. Paraffin sections were dewaxed and washed twice
with 0.01 M PBS at pH 7.4 for 5 min. The sections were incubated in recently prepared
3% H 2 O 2 (in 80% methanol) at room temperature for 5-10 min to eliminate
endogenous peroxidase activity and washed three times in PBS for 5 min. Antigen
retrieval was performed with 1 mM EDTA (pH 9.0) under high temperature and high
pressure for 10 min. When returning to room temperature, sections were washed with
distilled water, then washed three times with PBS for 5 min, covered with 10% normal
goat serum (PBS diluted) and incubated at room temperature for 20 min to reduce
non-specific staining. Excess liquid was discarded. A total of 50 μL rabbit anti-rat IGF1 antibody (1:100) was incubated at 4 °C overnight or 37 °C for 1 hour, followed by
three washes in PBS for 5 min each. Then, 50 μL biotin-labeled secondary antibody
was incubated at 37 °C for 10-30 min, and washed three times with PBS for 5 min.
Finally, 50 μL horseradish-peroxidase-labeled streptavidin was incubated at room
temperature for 20 min and washed three times in PBS for 5 min. The sections were
stained with newly prepared diaminobenzidine color developing agent at room
temperature for 5-10 min, with the degree of dying being monitored under
microscope, then washed with distilled water for 5 min. The sections were stained
again with hematoxylin for 2 min, and washed with distilled water for 5 min. They
were differentiated by 0.1% hydrochloric acid alcohol, and washed in flowing water
for 30 min. The stained sections were dehydrated in graded series of ethanol, cleared,
and sealed with gum. For the negative controls, PBS was used in place of the rabbit
anti-rat IGF-1 primary antibody. The other steps were the same as above, excluding
non-specific staining.
Homogeneous brown staining was considered positive. For immunohistochemical
analysis, five to eight stained sections were selected for each time point. Five nonoverlapping views were randomly selected under light microscopy (× 400), and the
optical density of each view was measured by Nikon Eclipse E800 Image Acquisition
System and Beihang Motic Pathological Image Analysis System.

RT-PCR for detection of IGF-1 and CINC mRNA in ileum
For total RNA extraction, ileal tissues preserved at –80 °C were ground in liquid
nitrogen under aseptic conditions, then poured into an Eppendorf tube. TRIzol
Reagent (50-200 mg tissue/mL TRIzol) was added to the ileal tissues for 5 min at
room temperature to facilitate dissociation of nucleic acid–protein complexes. Protein
and DNA were removed by addition of 0.2 mL chloroform, and the supernatant was
extracted by rapid vibration and centrifugation at 12000 rpm at 4 °C for 15 min.
RNA was precipitated by addition of 0.5 mL isopropanol. After mixing and
incubating at room temperature for 10 min, the samples were centrifuged at 12000
rpm at 4 °C for 15 min. The supernatant was discarded, and the precipitate was
resuspended in 1 mL 75% ethanol (prepared in 0.1% DEPC water) and centrifuged at
7500 rpm at 4 °C for 5 min. The supernatant was discarded and dried for 5-10 min.
The RNA was dissolved in RNase-free DEPC-treated water to a volume of 20 mL,
mixed, and stored at – 20 °C.
For reverse transcription into cDNA, 2 μL RNA was added to the total reaction of
20 μL. The reverse transcription reaction solution was prepared as follows: 2 μL 10 ×
buffer, 4 μL MgCl2 (25 mM), 2 μL dNTP (10 mM), 0.5 μL RNase, 0.7 μL AMV (22
U/μL), 1 μL oligo-dT 15 (50 μM), 2 μL total RNA and 7.8 μL enzyme-free water. The
reverse transcription reaction was carried out at 42 °C for 15 min, 95 °C for 15 min,
and 0-5 °C for 5 min. The cDNA concentration was determined by ultraviolet
spectrophotometry.
Amplification of CINC, IGF-1 and β-actin was as follows: CINC, primer sequence:
5′-TGA GCT GCG CAG TCA GTG CCT GCA-3′, antisense primer sequence: 5′-ACA
CCC TTT AGC ATC TTT TGG ACA-3′. The length of product was 390 bp. IGF-1,
primer sequence: 5′-GCT GCC ACT TGG ATC GCT ATT C-3′; antisense primer
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sequence: 5′-CGT CCC GGG TCG TTT ACA CA-3′. The length of product was 300 bp.
β-actin, primer sequence: 5′-CAT CTG CTG GAA GGT GGA CA-3′; antisense primer
sequence: 5′-GAG AGG GAA ATC GTG CGT GAC-3′. The length of product was 452
bp.
The total reaction system volume was 25 μL, with 2 μg cDNA (the volume of cDNA
was calculated according to the cDNA concentration of each sample); each reaction
system was brought to 25 μL with enzyme-free water. Other specific components and
volumes were as follows: 1.0 μL MgCl2 (50 mM), 2.5 μL 10 × buffer, 0.5 μL dNTPs (10
mM), and 0.5 μL Taq polymerase (5 U/μL). The amplification conditions for CINC
were: 94 °C for 5 min; 35 cycles of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s; then
72 °C for 7 min. The amplification conditions for IGF-1 were: 94 °C for 5 min; 35 cycles
of 94 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s; then 72 °C for 7 min. The
amplification conditions for β-actin were: 94 °C for 5 min; 30 cycles of 94 °C for 30 s,
56 °C for 40 s and 72 °C for 22 s; then 72 °C for 7 min.
For semi-quantitative analysis of PCR products, PCR reaction products (3-5 μL)
were mixed with ethidium bromide and subjected to 2% agarose gel electrophoresis.
The PCR products were quantified by ImageJ analysis, and β-actin was the internal
reference for RNA detection. The relative expression of genes = optical density of
tested genes/intrinsic optical density.

Statistical analysis
Statistical analyses were performed using SPSS version 21.0 software. The results
were expressed as mean ± SD. The variance analysis of factorial design was used for
statistical analysis. P < 0.05 was considered statistically significant.

RESULTS
CINC mRNA expression in ileal tissue
CINC mRNA was not expressed in group C at any time examined. There was a
significant difference between groups T and E (F = 23.947, P < 0.05). There was no
significant difference in expression within a group at different time points (F = 0.665,
P > 0.05) (Figures 1 and 2).

IGF-1 protein expression in ileal tissue
There was some IGF-1 expression in group C at every time point examined. There
were more brown granules in the intestinal crypts and epithelial cells compared to the
other groups. The brown staining became faint and sparse in group E. The brown
staining became dark and dense in group T. There was no significant difference in
staining at different time points (F = 1.269, P > 0.05), although there were significant
differences among groups (F = 32.463, P < 0.05). Further analysis showed significant
differences between groups C and E and groups E and T (P < 0.05) (Figures 3-7).

IGF-1 mRNA expression in ileal tissue
IGF-1 mRNA was highly expressed in group C. There was no significant difference in
expression at different times (F = 0.086, P > 0.05), although there were significant
differences between groups (F = 46.670, P < 0.05). Further analysis revealed that there
was a significant difference between groups C and E, groups C and T, and groups E
and T (P < 0.05) (Figure 8).

DISCUSSION
Gastrointestinal dysfunction plays an important role in the development of multiple
organ dysfunction syndrome (MODS). The intestine is one of the target organs injured
in MODS, and it plays an important role in initiating MODS, in which intestinal
mucosal barrier damage is a key factor. Bacterial or endotoxin translocation is closely
related to excessive growth of opportunistic pathogens in the intestine, weakened
intestinal immunity, and intestinal mucosal damage[3]. The intestinal flora is a key
component of the mechanical, immune and biological barriers of the intestinal
mucosa, as it plays a key role in preventing bacterial or endotoxin translocation.
Bifidobacterium is one of the main components of the intestinal mucosal barrier and
is one of the main probiotics in the human body. It is involved in digestion,
absorption, nutrition, metabolism, anti-infective immunity, and especially in
maintaining the integrity of the intestinal mucosal barrier. The digestive tract is the
largest bacterial habitat in the body. The micro-ecological stability of the intestine can
be destroyed by fasting, antacids or antibiotics in critically ill patients, which can
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Figure 1

Figure 1 Optical density ratio of cytokine-induced neutrophil chemoattractant mRNA/β-actin mRNA in ileal
tissue (mean ± SD).

disrupt the stability of the intestinal micro-ecology. Consequently, intestinal flora
imbalance is the primary cause of bacterial translocation and intestinal infection. It
has been reported that Bifidobacterium has an effect on rotavirus enteritis[4] and can
prevent necrotizing enterocolitis in premature rats[5,6], where it has been shown to
have a therapeutic effect on necrotizing enterocolitis[7,8]. Bifidobacterium also improves
immunity and the inflammatory response in weaning rats with colitis[9], and there has
been an increased research focus on the effects of Bifidobacterium on metabolic
syndrome [10-15] . In recent years, Bifidobacterium has been used to prevent cardiac
damage [16] , and its effect on the immune state in early life has been studied [17] .
However, the intestinal protective mechanism of Bifidobacterium has not been entirely
elucidated.
In inflammatory reactions, neutrophils in the blood must be activated after entering
tissue spaces through capillary walls, where they then exert their biological effects.
Neutrophil chemotaxis is mediated by CINC, a murine chemotactic cytokine similar
to human interleukin-8. CINC-1 expression is increased in rat models of ulcerative
colitis[18], intestinal and lung ischemia/reperfusion models and endotoxin injury
models[19,20]. CINC-1 expression in the lung tissue of rats is increased by endotoxin[20,21]
and chronic intermittent hypoxia[22].
In the present study, there was no significant CINC mRNA expression in the ileum
of group C rats at any time point examined. CINC mRNA expression was high at 2
and 6 h in group E, which meant that the model of intestinal injury was successful.
CINC mRNA expression in the ileum of rats in group T was significantly decreased
compared to group E (P < 0.05), which indicated that Bifidobacterium relieved ileal
inflammation and protected the rat intestine.
IGF-1 is a multifunctional cellular regulatory factor that is mainly secreted by the
liver. Thus, the liver is the main source of circulating IGF-1, but IGF-1 is also expressed in other tissues including the intestine, condylar cartilage cells in rats[23], T
lymphocytes in mice dendritic epithelia [24] , brain tissue of rats [25,26] , placenta of
pregnant mice[27-29], and colonic smooth muscle cells in diabetic rats[27]. IGF-1 plays a
role in cell growth [30-32] , differentiation [33,34] and metabolism [35] . One recent study
focused on continuous IGF-1 expression in the intestine in a rat model of short bowel
syndrome[36]. Other studies have shown that exogenous IGF-1 improved intestinal
barrier function in rats with cirrhosis[37] or acute necrotizing pancreatitis[38], where
survival rates have been significantly improved by minimal invasive
interventions [39-43] . How IGF-1 is expressed during intestinal infection and how
Bifidobacterium affects that expression have not been reported.
In this study, IGF-1 protein and mRNA expression in the ileum decreased after
intraperitoneal injection of endotoxin, as reported previously [44] . Intragastric
administration of Bifidobacterium increased IGF-1 protein and mRNA expression,
indicating that IGF-1 plays an important role in the recovery of ileal mucosal damage.
Bifidobacterium may enhance the immunological barrier function of the intestine by
inhibiting local inflammatory responses and increasing IGF-1 expression.
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Figure 2

Figure 2 Cytokine-induced neutrophil chemoattractant mRNA expression in ileal tissue. M: DNA marker; C: Group C; E1–3: Group E 2 h, 6 h, and 12 h,
respectively; T1–3: Group T 2 h, 6 h, and 12 h, respectively; 390 bp: Expected size of cytokine-induced neutrophil chemoattractant RT-PCR product.
Figure 3

Figure 3 Immunohistochemical density of insulin-like growth factor 1 in the ileum (mean ± SD).
Figure 4

Figure 4 Insulin-like growth factor 1 expression in the ileum of group C, showing a large number of brown granules in the intestinal crypt and epithelial
cells (× 400).
Figure 5

Figure 5 Expression of insulin-like growth factor 1 in the ileum of Group E and T at 2 h. A: Expression of insulin-like growth factor 1 in the ileum of group E at 2
h, showing many brown-staining granules in the intestinal epithelial cells (× 400); B: Expression of insulin-like growth factor 1 in the ileum of group T at 2 h, showing

WJG

https://www.wjgnet.com

2930

June 21, 2019

Volume 25

Issue 23

Wang W et al.Bifidobacterium infantis in the rat ileum

many brown-staining granules in intestinal crypt and epithelial cells (× 400).
Figure 6

Figure 6 Expression of insulin-like growth factor 1 in the ileum of group E and T at 6 h. A: Expression of insulin-like growth factor 1 in the ileum of group E at 6
h, showing faint brown-staining granules in the intestinal epithelial cells (× 400); B: Expression of insulin-like growth factor 1 in the ileum of group T at 6 h, showing
many densely distributed brown-staining granules in the intestinal crypt and epithelial cells (× 400).
Figure 7

Figure 7 Expression of insulin-like growth factor 1 in the ileum of group E and T at 12 h. A: Expression of insulin-like growth factor 1 in the ileum of the group E
at 12 h, showing faint and sparse brown-staining granules in the intestinal epithelial cells (× 400); B: Expression of insulin-like growth factor 1 in the ileum of group T at
12 h, showing diffuse and dense distribution of brown-staining granules in intestinal crypt and epithelial cells (× 400).
Figure 8

Figure 8 Optical density ratio of insulin-like growth factor 1 mRNA/β-actin mRNA in the ileum (mean ± SD).

ARTICLE HIGHLIGHTS
Research background
Severe infection is one of the most common causes of gastrointestinal dysfunction, and its
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pathogenesis is closely related to endotoxemia and intestinal barrier injury.

Research motivation
Bifidobacterium plays an important role in maintaining the integrity of the intestinal mucosal
barrier.

Research objectives
This study investigated the protective mechanism of Bifidobacterium during ileal injury in rats.

Research methods
Using endotoxin injured rat models, ileal cytokine-induced neutrophil chemoattractant (CINC)
mRNA expression was evaluated by reverse transcription-polymerase chain reaction (RT-PCR),
and expression of ileal insulin-like growth factor 1 (IGF-1) protein and mRNA was detected by
immunohistochemistry and RT-PCR, respectively.

Research results
There was a significant difference in CINC mRNA expression between the different groups (P <
0.05). There was a significant difference in IGF-1 brown granule expression among the different
groups (P < 0.05), and expression of IGF-1 mRNA significantly differed among the three groups
(P < 0.05)

Research conclusions
Bifidobacterium may increase IGF-1 expression and enhance intestinal immune barrier function in
rats with endotoxin injury.

Research perspectives
This study can provide a new therapeutic tool and theoretical support for gastrointestinal dysfunction.
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Abstract
BACKGROUND
Clinically significant portal hypertension (CSPH) and severe portal hypertension
(SPH) increase the risk for decompensation and life-threatening complications in
liver cirrhosis. Pathologic angiogenesis might contribute to the formation of these
conditions. Placental growth factor (PlGF) and Nogo-A protein are biomarkers of
pathological angiogenesis, but data on their role in liver cirrhosis and portal
hypertension is scarce.
AIM
To determine plasma levels of PlGF and Nogo-A in patients with liver cirrhosis,
CSPH, SPH and potential to predict portal hypertension.
METHODS
A cohort of 122 patients with hepatitis C virus and/or alcohol-induced liver
cirrhosis with characterized hepatic venous pressure gradient (HVPG) were
included in the study. Demographic data, medical history, Child-Turcotte-Pugh
and Model of End Stage liver disease score, clinical chemistry, liver stiffness
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values were recorded on the day of the procedure prior HVPG measurement. The
degree of portal hypertension was determined by the invasive HVPG
measurement. Nogo-A and PlGF plasma levels were evaluated using enzyme
linked immunosorbent assay. The control group consisted of 30 healthy age- and
sex- matched individuals.
RESULTS
Peripheral PlGF levels were higher and Nogo-A levels were lower in patients
with liver cirrhosis (23.20 vs 9.85; P < 0.0001 and 2.19 vs 3.12; P = 0.004
respectively). There was a positive linear correlation between peripheral levels of
PlGF and HVPG (r = 0.338, P = 0.001) and negative linear correlation between the
peripheral Nogo-A levels and HVPG (r = -0.267, P = 0.007). PlGF levels were
higher in CSPH and SPH (P = 0.006; P < 0.0001) whereas Nogo-A levels were
lower (P = 0.01; P < 0.033). Area under the curve for the diagnosis of CSPH for
PlGF was 0.68 (P = 0.003) and for Nogo-A - 0.67 (P = 0.01); for SPH 0.714 (P <
0.0001) and 0.65 (P = 0.014) respectively. PlGF levels were higher and Nogo-A
levels were lower in patients with esophageal varices (P < 0.05). PlGF cut-off
value of 25 pg/mL distinguished patients with CSPH at 55.7% sensitivity and
76.7% specificity; whereas Nogo-A cut-off value of 1.12 ng/mL was highly
specific (93.1%) for the diagnosis of CSPH.
CONCLUSION
Plasma PlGF levels were higher while Nogo-A levels were lower in patients with
liver cirrhosis and portal hypertension. Biomarkers showed moderate predictive
value in determining CSPH and SPH.
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Core tip: In this study, we aimed to evaluate plasma levels of angiogenesis mediators
placental growth factor and Nogo-A protein in patients with liver cirrhosis, clinically
significant portal hypertension, severe portal hypertension as well as biomarker potential
to predict clinically significant and severe portal hypertension. Higher levels of placental
growth factor have previously been associated with portal hypertension in animal
models; however, data in patients with liver cirrhosis are scarce. To date this is the first
study to evaluate Nogo-A protein levels in patients with liver cirrhosis and portal
hypertension. Furthermore, to our best knowledge this is the first study to evaluate
prognostic potential of these biomarkers to detect clinically significant and severe portal
hypertension. We believe that this study adds additional knowledge on the complex
pathogenesis of portal hypertension and might provide new insights for future research
of new diagnostic approaches and treatment targets in the field.
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INTRODUCTION
Portal hypertension (PH) is a consequence of liver cirrhosis and can cause serious lifethreatening complications. The degree of portal hypertension is one of the most
important prognostic factors for complications and decompensation of liver cirrhosis
and is defined by the hepatic venous pressure gradient (HVPG)[1]. The presence of
clinically significant portal hypertension (CSPH; HVPG ≥ 10 mmHg) increases the risk
for the formation of varicose veins and decompensation whereas severe portal
hypertension (SPH; HVPG ≥ 12 mmHg) increases the risk for variceal bleeding and
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death[1-3]. In order to optimize the care of patients with liver cirrhosis, it is essential to
detect early PH and prevent the development of CSPH or treat already present CSPH
to avoid decompensation[4]. As current options for the prevention and treatment of
CSPH are limited to attenuating splanchnic vasodilatation, new insights and deeper
knowledge about pathogenetic me-chanisms of PH and molecules involved, would
aid in search for newer and more effective treatment strategies[5].
The main pathophysiological mechanism of PH in cirrhosis is an increase in
intrahepatic vascular resistance (IHVR), mostly caused by structural changes in liver
tissue, but functional disorders of liver circulation are also important pathogenetic
factors[1]. Recent studies suggest that pathologic angiogenesis could also contribute to
an increase in IHVR, causing splanchnic hyperemia, portosystemic collateralization
and pathologic angiogenesis inside the liver, worsening an already existing PH[5-7].
Pathologic angiogenesis has been reported to result from the upregulation of
proangiogenic factors and simultaneous downregulation of angiogenesis inhibitors,
thus both stimuli might be important and contribute to the pathophysiological
mechanisms[8].
Vascular endothelial growth factor (VEGF) family has been recognized as one of
the major proangiogenic mediators associated with PH [9] in number of animal
studies[10-12] and only two small human studies[13,14] demonstrating beneficial effects on
PH when blocking VEGF signaling. However this could cause deleterious side effects,
as angiogenesis is essential for tissue healing and regeneration[5]. Placental growth
factor (PlGF), a member of the VEGF family, on the other hand could be a more
promising target as it has been reported only to enhance angiogenesis in pathological
conditions, not affecting normal tissues[15]. As a porangiogenic factor PlGF escalates
the proliferation, migration and survival of the endothelial cells, intensifies the
proliferation of the mesenchymal cells and regulates the contraction of the mural
cells[16]. The expression and function of PlGF has been addressed in several animal
studies[17,18], however data on plasma levels of PlGF in patients with liver cirrhosis,
portal hypertension and it’s complications is scarce.
Angiogenesis is a two way process including activation and inhibition of angiogenesis stimuli and a number of endogenous angiogenesis inhibitors have been
identified, some of them being associated with PH[19,20]. Nogo-A and Nogo-B proteins
are novel recently discovered angiogenesis mediators that belong to the reticulon 4
protein family. Nogo-A protein, most widely examined as a potent neurite growth
inhibitor, has never been studied in patients with liver cirrhosis or PH. Studies have
examined the expression of Nogo-A in cardiomyocytes[21], enteric nervous system[22],
in ocular diseases[23] and hepatocellular carcinoma[24]. Nogo-A has also been reported
to be a negative regulator of retinal and CNS[25,26] angiogenesis, but the effects on angiogenesis in liver diseases remains unknown. As Nogo-B protein, a splice variant of
Nogo-A, is associated with liver fibrogenesis and liver cirrhosis[27,28], angiogenesis[29,30]
and endogenous tissue repair[31], we hypothesized that Nogo-A, similarly to Nogo-B,
might be associated with liver cirrhosis and the pathogenesis of PH.
In this study we aimed to evaluate plasma levels of PlGF and Nogo-A in liver
cirrhosis patients with normal portal pressure and portal hypertension as well as in
controls. We also aimed to evaluate the potential of plasma PlGF and Nogo-A levels
as biomarkers to predict CSPH and SPH as well as complications of portal hypertension.

MATERIALS AND METHODS
Patients
The study included patients with hepatitis C virus and/or alcohol induced liver
cirrhosis who underwent a scheduled HVPG measurement or transjugular liver
biopsy in the Department of Gastroenterology, Lithuanian University of Health
Sciences from September 2015 to December 2017. A total of 290 patients were
examined, out of which 122 were included in the study. The main criteria for the
exclusion from the study were: Pre- or posthepatic causes of portal hypertension,
cardiovascular, kidney disease, diabetes, neurodegenerative diseases, active infection,
hepatocellular carcinoma or cancer of other location. We also excluded the patients
with the history of current use of beta-blockers or other vasoactive drugs. Demographic data, medical history (presence of ascites, esophageal varices), ChildTurcotte-Pugh and Model of End Stage liver disease (MELD) score, clinical chemistry,
liver stiffness (Fibroscan, Echosens, France), plasma levels of Nogo-A and PlGF,
HVPG values were recorded on the day of the procedure prior HVPG measurement.
Liver cirrhosis was diagnosed according to clinical, laboratory and radiologic data
and/or histology; the presence of portal hypertension was diagnosed by hepatic vein
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catheterization.
Thirty healthy volunteers, matched for age and sex, with normal liver enzymes and
normal liver stiffness measurements were included as controls for peripheral levels of
Nogo-A and PlGF.
The study was approved by Kaunas Region Biomedical Research Ethics Committee
(2015-08-24, No. BE-2-28, Kaunas, Lithuania). Every participant provided a written
informed consent to participate in the study and study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki.

Nogo-A and PlGF measurements
Peripheral blood samples were obtained on the day of the procedure. Blood samples
from the hepatic vein were obtained during the HVPG measurement in EDTA tubes.
Samples were centrifuged at room temperature in 3500 g for 10 min, plasma was
separated and stored in -80 °C for further analysis. Sandwich enzyme-linked
immunosorbent assay (ELISA) kits were used to determine Nogo-A (Elabscience,
United States) and PlGF (Abbexa LTD, United Kingdom) plasma levels, according to
manufacturers’ protocols using Sunrise TM (Tecan Trading AG, Switzerland) microplate reader with 450 nm wavelength filter and MagellanTM (Tecan Trading AG,
Switzerland) software. In each ELISA kit both controls and patients were included.

HVPG measurement
The degree of portal hypertension was determined by the invasive HVPG measurement. The procedure was performed by the same experienced radiologist
according to the standard as described by Groszmann et al[32]. At least three repeated
measurements were performed to determine free and wedged hepatic vein pressure
for calculation of HVPG. HVPG values of 1-5 mmHg were considered to represent
normal portal pressure, whereas portal hypertension was diagnosed at a HVPG ≥ 6
mmHg. HVPG ≥ 10 mmHg was considered to be CSPH and ≥ 12 mmHg-SPH.

Statistical analysis
Statistical analysis was performed using SPSS 25.0 software. Descriptive statistics are
provided as mean and standard deviation (SD), or as median and range for nonparametric data. Differences between the groups were assessed with the Student’s t
test or Mann-Whitney’s test as appropriate. Differences between three groups were
assessed by one-way ANOVA test or the Wilcoxon test, when appropriate.
Correlations were performed by means of Spearman’s correlation for PlGF and
Pearson’s correlation for Nogo-A and expressed by Spearman’s or Pearson’s coefficient. Univariate regression analysis was performed to identify the relationship of
PlGF and Nogo-A with PH and its complications. Receiver operating characteristic
(ROC) curves were created to assess the predictive values of PlGF and Nogo-A for
CSPH, SPH and complications with area under the curve (AUC), sensitivity,
specificity, positive predictive value (PPV) and negative predictive value (NPV). The
value with the best sensitivity and specificity in AUC analysis (Youden’s Index) was
chosen for further analysis. Statistical significance was established at P < 0.05 and
expressed as aP < 0.05.

RESULTS
Patient characteristics
One hundred and twenty-two patients with liver cirrhosis and 30 controls were
included in the study. Sixty-seven patients (54.9%) were male and mean age was 50.45
(± 11.13). Sixty-one (50%) patient had alcohol induced liver cirrhosis and sixty-one
(50%)-hepatitis C virus cirrhosis. Seventy-five (61.5%) patients were classified as
having Child-Pugh A, 30 (24.6%) as Child-Pugh B and 17 (13.9%) as Child-Pugh C
cirrhosis. Fourteen patients (11.5%) had normal HVPG, eighty-six (70.5 %) had HVPG
≥ 10 mmHg, of which 70 (57.4%) had HVPG ≥ 12 mmHg. Demographic, clinical and
endoscopic characteristics are displayed in Table 1. Peripheral Nogo-A and PlGF
levels were examined in 100 patients each and hepatic Nogo-A and PlGF levels were
examined in 30 patients each.

PlGF and Nogo-A plasma levels in liver cirrhosis
Median peripheral PlGF levels were higher in patients with liver cirrhosis when
compared to controls (23.20; range 14.08-37.70 pg/mL vs 9.85; range 4.88-22.72
pg/mL; P < 0.0001; Figure 1). Peripheral PlGF levels were higher in patients with
alcohol-induced cirrhosis when compared to patients with hepatitis C virus cirrhosis
(29.10; range 16.52-41.71 pg/mL vs 20.92; range 13.72-34.42 pg/mL; P = 0.049) and
both were significantly higher than in controls (9.85; range 4.88-22.72 pg/mL). Levels
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Table 1 Demographic, clinical and endoscopic characteristics of the patients and controls
Variable

Patients (n = 122)

Controls (n = 30)

Sex (male/female; %)

55/45

50/50

Age (yr; SD)

51.14 (± 9.73)

48.92 (± 15.46)

BMI (kg/m2; SD)

26.04 (± 4.63)

25.30 (± 3.51)

Etiology (N (%) of patients)
Alcohol induced cirrhosis

61 (50)

HCV cirrhosis

61 (50)

Child-Pugh class (A/B/C; %)

61.5/24.6/13.9

MELD score (SD)

11.15 (± 4.32)

TE (kPa; SD)

31.37 (± 19.79)

Ascites (% of patients)

38.5

Varices (% of patients)
Absent

45.1

F1

27

F2

18.9

F3

9

Risk signs of bleeding (N of patients)

24

HVPG (mmHg; SD)

13.70 (± 6.52)

HVPG 1-5 mmHg (% of patients)

11.5

HVPG 5-9 mmHg (% of patients)

19.7

CSPH; HVPG ≥ 10 mmHg (% of patients)

70.5

SPH; HVPG ≥ 12 mmHg (% of patients)

57.4

SD: Standard deviation; BMI: Body mass index; HCV: Hepatitis C virus; MELD: Model of End Stage Liver
Disease; HVPG: Hepatic venous pressure gradient; CSPH: Clinically significant portal hypertension; SPH:
Severe portal hypertension; TE: Transient elastography.

of PlGF at the hepatic vein did not differ significantly from those at the peripheral
vein (25.22 pg/mL, range 10.51-34.73 vs 21.22 pg/mL, range 9.48-44.87; P = 0.289).
There was a positive linear correlation between the peripheral PlGF levels and ChildPugh score (r = 0.424; P < 0.0001). Peripheral PlGF levels were increasing with the
Child-Pugh stage: in patients with Child-Pugh class A PlGF was 19.64 pg/mL (IQR:
13.38-31.42 pg/mL), in Child-Pugh class B 29.65 pg/mL (IQR: 18.95-46.29 pg/mL) and
in Child-Pugh class C 32.80 pg/mL (IQR: 28.00-49.93 pg/mL). PlGF levels were
significantly higher in Child-Pugh class B (P < 0.042) and class C (P < 0.002) when
compared to Child-Pugh class A. Positive linear correlation was also observed with
MELD score (r = 0.283; P < 0.006). PlGF levels at the hepatic vein correlated with
Child-Pugh score (r = 0.384; P = 0.036) and were significantly higher in Child-Pugh C
stage (P = 0.007), when compared to Child-Pugh A and B stage.
Mean peripheral mean levels of Nogo-A protein were lower in patients with liver
cirrhosis (2.19 ± 1.47 ng/mL) when compared to controls (3.12 ± 1.54 ng/mL; P =
0.004; Figure 2). Peripheral Nogo-A protein levels did not differ between the alcoholinduced (2.22 ± 1.59 ng/mL) and hepatitis C virus cirrhosis (2.02 ± 1.33 ng/mL; P =
0.785), however both were significantly lower than in controls (3.15 ± 1.48 ng/mL).
Peripheral levels of Nogo-A were significantly lower when compared to the levels at
the hepatic vein (1.70 ± 1.19 ng/mL vs 3.48 ± 2.27 ng/mL respect. P < 0.0001). No
significant correlation was observed between peripheral and hepatic Nogo-A levels
and Child-Pugh score as well as MELD score. Peripheral Nogo-A levels did not differ
between the Child-Pugh stage groups (Child-Pugh A 2.19 ± 1.37 ng/mL; Child-Pugh
B 1.9 ± 1.49 ng/mL and Child-Pugh C 2.17 ± 1.84 ng/mL).
To evaluate the relationship of plasma PlGF and Nogo-A levels with liver stiffness
we calculated the correlation of biomarkers with values of transient elastography (TE;
Fibroscan). Transient elastography measurements were available for 74 patients.
There was a positive linear correlation between peripheral PlGF values and TE (r =
0.364; P < 0.001), but hepatic levels of PlGF did not correlate with liver stiffness.
Peripheral Nogo-A levels did not correlate with liver stiffness.

PlGF and Nogo-A plasma levels in portal hypertension
There was a positive linear correlation between peripheral levels of PlGF and HVPG
(r = 0.338, P = 0.001, Figure 3). Hepatic PlGF levels did not correlate with HVPG.
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Figure 1

Figure 1 Peripheral placental growth factor levels in liver cirrhosis and controls. Box plot graph; boxes
correspond to the median value and interquartile range. PlGF: Placental growth factor.

Higher peripheral PlGF values were significantly associated with ascites (OR = 5.59; P
= 0.018). Linear regression revealed that an increase of PlGF by 10 points increased the
HVPG by 0.5 mmHg (P = 0.003).
Peripheral levels of PlGF were significantly higher in patients with CSPH (28.20
pg/mL; range 17.09-41.17 pg/mL) than in patients without CSPH (17.20 pg/mL;
range 10.12-26.00 pg/mL; P = 0.006), as well as in patients with SPH (29.27 pg/mL;
range 19.83-42.68 pg/mL) when compared to patients without SPH (15.39 pg/mL;
range 10.15-24.99 pg/mL; P < 0.0001). AUC for the diagnosis of CSPH was 0.68 (CI:
0.56-0.79; P = 0.003 Figure 4A) and for the diagnosis of SPH 0.714 (CI: 0.61-0.82; P <
0.0001 Figure 4B). A cut-off value of 25 pg/mL provided the most accurate sensitivity
and specificity to discriminate between patients with and without CSPH, whereas a
cut-off value of 26.8 pg/mL helped to differentiate between the patients with and
without SPH (Table 2). When classifying patients according to the cut-off values, OR
for the presence of CSPH was 4.13 (P = 0.004) and for the presence of SPH 5.58 (P <
0.0001).
There was a negative linear correlation between the peripheral Nogo-A levels and
HVPG (r = -0.267, P = 0.007, Figure 5). Hepatic Nogo-A levels did not correlate with
HVPG. Linear regression showed an increase of HVPG by 1.2 mmHg per decrease of
Nogo-A levels by 1 point (P = 0.007).
Peripheral levels of Nogo-A were significantly lower in patients with CSPH (1.96 ±
1.39 ng/mL) than in patients without CSPH (2.77 ± 1.53 ng/mL; P = 0.011), as well as
in patients with SPH (1.94 ± 1.46 ng/mL) when compared to patients without SPH
(2.57 ± 1.42 ng/mL; P < 0.033). AUC for the diagnosis of CSPH was 0.67 (CI: 0.55-0.78;
P = 0.01 Figure 6A) and for the diagnosis of SPH 0.65 (CI: 0.54-0.75; P = 0.014 Figure
6B). A cut-off value of 1.12 ng/mL yielded the most accurate sensitivity and
specificity to differentiate between patients with and without CSPH whereas a cut-off
value of 1 ng/mL helped to differentiate between the patients with and without SPH
(Table 2). When classifying patients according to the cut-off values, OR for the
presence of CSPH was 7.8 (P = 0.008) and for the presence of SPH 6.12 (P = 0.006).

PlGF and Nogo-A plasma levels and esophageal varices
Both peripheral PlGF and Nogo-A were significantly associated with esophageal
varices. Peripheral PlGF values were higher and Nogo-A levels were lower in patients
with esophageal varices when compared to patients without esophageal varices (PlGF
29.96 pg/mL; range 20.34-44.03 vs 17.73 pg/mL; range 11.76-27.97; P = 0.001; and
Nogo-A 1.94 ± 1.48 ng/mL vs 2.52 ± 1.41 ng/mL; P < 0.05, respectively). The PlGF cutoff value of 19.83 pg/mL and Nogo-A cut-off value of 2.3 ng/mL were the most
sensitive and specific in order to discriminate patients having esophageal varices.
When categorizing patients according to peripheral PlGF levels above 19.83 pg/mL,
the OR for the presence of esophageal varices was 5.25 (P = 0.0001). With peripheral
Nogo-A levels below 2.3 ng/mL, the OR for the presence of esophageal varices was
3.2 (P = 0.007). However, the levels of biomarkers did not differ between different
grades of esophageal varices (Figures 1-3).
To evaluate the esophageal varices with high risk of bleeding we selected a
separate group of patients with large (Figure 3) esophageal varices and with varices
containing red wale marks or cherry red spots on endoscopy (n = 21). Higher
peripheral PlGF levels were associated with high risk esophageal varices (OR = 7.512;
P = 0.01). AUC for the presence of high-risk esophageal varices was 0.62 (CI: 0.54-0.77)
(Table 2).
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Figure 2

Figure 2 Peripheral Nogo-A levels in liver cirrhosis and controls. Box plot graph; boxes correspond to the mean
value and standard deviation.

DISCUSSION
With growing burden on chronic liver diseases worldwide[33], the optimization of care
provided to the patients with liver cirrhosis has become a priority. According to the
Baveno VI consensus meeting the detection and treatment of early PH as well as the
prevention and timely treatment of CSPH, in order to avoid complications and
decompensation, are of utmost importance[4]. The consensus has encouraged the
search for new treatment strategies to target different pathogenetic components of
PH[4].
This prospective study was aimed to gain deeper knowledge on the molecules
involved in the abnormal angiogenesis-one of the pathogenetic components of PH.
We have demonstrated differences of proangiogenic mediator PlGF and angiogenesis
inhibitor Nogo-A plasma levels in patients with liver cirrhosis, when compared to
controls. We have also determined a clear correlation of these mediators to PH and
complications of PH. Furthermore, we have for the first time demonstrated that
plasma concentration of Nogo-A is lower in liver cirrhosis and PH, as well as the
predictive values of plasma PlGF and Nogo-A levels in diagnosing CSPH, SPH and
PH complications. This information provides further insights in the pathogenesis of
PH in liver cirrhosis and might be useful in creating new noninvasive diagnostic
models for CSPH, as it is one of the most important prognostic factors for patients
with liver cirrhosis.
Data of recent research suggests that angiogenesis plays an important role in the
development of PH by contributing to all pathogenetic processes involved in the
formation of PH and its complications: An increased intra-hepatic resistance due to
the establishment of abnormal liver angioarchitecture, portosystemic collateralization
and possibly development and maintenance of splanchnic hyperemia as well as hyperdynamic circulation[7,15,20]. This evidence supporting the role of angiogenesis in the
pathogenesis of PH arises from the animal and human studies involving a potent
proangiogenic factor-VEGF. VEGF has been shown to be overexpressed in the
splanchnic circulation in animal models of PH[11,12], an increased VEGF mediated
angiogenesis was observed in animal models as well as cirrhotic patients with PH[34,35].
PlGF is a member of VEGF family, which is upregulated in pathological tissues and
almost undetectable in healthy tissues[16], making it a perspective candidate for the
therapeutic strategies. PlGF has been identified by multiple studies as a disease
modifying agent in various organs and organ systems, including heart, muscles, skin,
solid tumors, nervous system, colon, lungs[16]. In liver PlGF has been found to be
associated with inflammation, fibrosis, angiogenesis[17,18] and portal hypertension[36-38].
The role of PlGF in portal hypertension is believed to be associated with pathological
angiogenesis and vascular maturing through the action on VEGFR-1 receptor[5,20].
Thus PlGF antibodies or PlGF knockout decreased neo-vascularization, splanchnic
blood flow and portal pressure in animal models[9,17,39]. To our knowledge only one
previous study evaluated the association of PlGF to liver cirrhosis and HVPG in
humans. Van Steenkiste et al[17] reported the increase of PlGF expression in cirrhotic
liver, increase in plasma PlGF levels in patients with alcoholic hepatitis and a linear
correlation between plasma PlGF levels and HVPG. Our findings support this
evidence as we have also observed increased plasma PlGF levels in patients with
hepatitis C virus and alcohol-induced liver cirrhosis as well as linear correlation
between plasma PlGF levels and HVPG. PlGF levels at the hepatic vein did not differ
from the levels at the peripheral vein, suggesting that PlGF levels remain stable after
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Figure 3

Figure 3 Relationship between peripheral placental growth factor levels and hepatic venous pressure
gradient. PlGF: Placental growth factor.

passing to the systemic circulation. The reason why in our study hepatic PlGF levels
did not correlate to HVPG needs further research and we are planning to explore this
phenomenon with a higher study sample. Furthermore, in our study we have
observed that plasma PlGF levels were predictors of CSPH (sensitivity 55.7%,
specificity 76.7%) and SPH (sensitivity 59%, specificity 79%) in patients with cirrhosis.
Another important finding of our study was the association of plasma PlGF levels
with high-risk esophageal varices. The cut-off value of 19.83 pg/mL predicted highrisk esophageal varices with high sensitivity 90% and high negative predictive value
94.4%. Hence plasma PlGF levels could be promising candidates for noninvasive
diagnosis of PH and help distinguish the patients with high risk for variceal bleeding.
Nogo-A is a member of reticulon 4 (RTN4) family of membrane-associated
multifunctional proteins[40]. There are three isoforms of RTN4 protein: Nogo-A, NogoB and Nogo C. Nogo-A was initially most widely studied as a neurite growth
inhibitor and was believed to be mainly expressed in the nervous system[36,41]. Apart
from the nervous system, Nogo-A was shown to be expressed in the heart tissue,
testis and liver, although in the latter the signal was considered unspecific [42] .
Furthermore, a recent study by Ramo et al[43] has reported that Nogo-A and Nogo-B
are simultaneously expressed in human hepatoma, fibroblast and neuronal cells,
concluding than none of the isoforms should be considered a cell type specific isoform
and revealed a wider range of functions for Nogo-A outside the nervous system.
Another study addressing the expression of Nogo-A in the liver was performed by
Hao et al[24], where the authors reported that Nogo-A was highly expressed in four
liver cancer cell lines in vitro and the depletion of Nogo-A protein suppressed cancer
cell proliferation. To our best knowledge, this study is the first to demonstrate the
relationship of Nogo-A with liver cirrhosis and PH in humans. Furthermore, the cutoff value of 1.12 ng/mL helped to differentiate CSPH with high specificity (93.1%)
and positive predictive value (92.9%), showing that Nogo-A might be used as a noninvasive marker for the diagnosis of CSPH. Nogo-A levels at the hepatic vein were
significantly higher than in the peripheral vein, suggesting that the protein undergoes
some metabolism processes in the systemic circulation. However to explain this
phenomenon further mechanistic studies are required.
In conclusion, plasma PlGF levels were higher and Nogo-A plasma levels were
lower in patients with liver cirrhosis and PH. Both biomarkers showed correlation
with HVPG and only moderate predictive value in determining clinically significant,
severe portal hypertension and high-risk esophageal varices.
The main limitation of our study is the lack of mechanistic studies concerning
Nogo-A protein in healthy liver tissue and cirrhotic tissue, which could better explain
the expression of the protein in healthy and diseased liver.
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Table 2 Diagnostic performance of placental growth factor and Nogo-A for clinically significant, severe portal hypertension and high-risk
varicose veins
Cut-off value1

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

P value

PLGF

25 pg/mL

55.7

76.7

84.8

42.6

0.003

Nogo-A

1.12 ng/mL

36.6

93.1

92.9

37.5

0.01

PlGF

26.8 pg/mL

59.0

79.5

81.8

55.4

0.0001

Nogo-A

1 ng/mL

33.3

92.5

87

48

0.014

19.83 pg/mL

90.5

44.2

30.6

94.4

0.034

CSPH

SPH

High-risk varicose veins
PlGF

1

Cut-off values with most accurate sensitivity and specificity to differentiate patients with the condition from patients without the condition. PlGF:
Placental growth factor; SPH: Severe portal hypertension; CSPH: Clinically significant portal hypertension; PPV: Positive predictive value; NPV: Negative
predictive value.

Figure 4

Figure 4 Receiver operating characteristic curves showing placental growth factor prediction of clinically significant portal hypertension (A) and severe
portal hypertension (B). ROC: Receiver operating characteristic.
Figure 5

Figure 5 Relationship between peripheral Nogo-A levels and hepatic venous pressure gradient.
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Figure 6

Figure 6 Receiver operating characteristic curves showing Nogo-A protein prediction of clinically significant portal hypertension (A) and severe portal
hypertension (B). ROC: Receiver operating characteristic.

ARTICLE HIGHLIGHTS
Research background
Portal hypertension (PH) is a consequence of liver cirrhosis and can cause serious lifethreatening complications. The degree of portal hypertension is one of the most important
prognostic factors and is defined by the hepatic venous pressure gradient (HVPG). In order to
optimize the care of patients with liver cirrhosis, it is essential to detect early PH and prevent the
development of clinically significant PH (CSPH) to avoid decompensation. As current options
for prevention and treatment of CSPH are limited to attenuating splanchnic vasodilatation, new
insights and deeper knowledge about pathogenetic mechanisms of PH and molecules involved,
would aid in search for newer and more effective treatment strategies.

Research motivation
With growing burden on chronic liver diseases worldwide, the optimization of care provided to
the patients with liver cirrhosis has become a priority. According to the Baveno VI consensus
meeting the detection and treatment of early PH as well as the prevention and timely treatment
of CSPH, in order to avoid complications and decompensation, are of utmost importance. The
consensus has encouraged the search for new treatment strategies to target different pathogenetic components of PH. Recent studies suggest that one of these alternative pathogenetic
components is pathologic angiogenesis. Pathologic angiogenesis has been reported to result from
the upregulation of proangiogenic factors and simultaneous downregulation of angiogenesis
inhibitors, thus both stimuli might be important and contribute to the pa-thophysiological
mechanisms. This prospective study was aimed to gain deeper knowledge on the molecules
involved in abnormal angiogenesis-one of the pa-thogenetic components of PH. PlGF has
previously been associated with portal hypertension in animal models; however, data in patients
with liver cirrhosis are scarce. Nogo-A protein has not been previously evaluated in patients
with liver cirrhosis and PH.

Research objectives
In this study we aimed to evaluate plasma levels of PlGF and Nogo-A in liver cirrhosis patients
with normal portal pressure and portal hypertension as well as in controls. We also aimed to
evaluate the potential of plasma PlGF and Nogo-A levels as biomarkers to predict CSPH and
SPH as well as complications of portal hypertension.

Research methods
A cohort of 122 patients with hepatitis C virus and/or alcohol-induced liver cirrhosis with
characterized HVPG were included in the study. Demographic data, medical history, ChildTurcotte-Pugh and Model of End Stage liver disease score, clinical chemistry, liver stiffness
values were recorded on the day of the procedure prior HVPG measurement. The degree of
portal hypertension was determined by the invasive HVPG measurement. Nogo-A and placental
growth factor levels in plasma were evaluated using enzyme liked im40munosorbent assay. The
control group consisted of 30 healthy age- and sex- matched individuals

Research results
We have demonstrated differences of proangiogenic mediator PlGF and angiogenesis inhibitor
Nogo-A plasma levels in patients with liver cirrhosis, when compared to controls. We have also
determined a clear correlation of these mediators to PH and complications of PH. Furthermore,
we have for the first time demonstrated that plasma concentration of Nogo-A is lower in liver
cirrhosis and PH, as well as the predictive values of plasma PlGF and Nogo-A levels in
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diagnosing CSPH, SPH and PH complications. Futher research will be addressed to evaluate
Nogo-A expression in healthy and cirrhotic liver.

Research conclusions
We have for the first time demonstrated that plasma concentration of Nogo-A is lower in liver
cirrhosis and PH, as well as the predictive values of plasma PlGF and Nogo-A levels in
diagnosing CSPH, SPH and PH complications. We believe that our study expands the
knowledge on pathologic angiogenesis and its role in the pathogenesis of PH as well as
molecules involved. We have demonstrated that indeed PH is a complicated pathology with
multiple pathogenetic pathways, which are important in optimizing the care of patients with
portal hypertension. This information provides further insights in the pathogenesis of PH in liver
cirrhosis and might be useful in creating new noninvasive diagnostic models for CSPH, as it is
one of the most important prognostic factors for patients with liver cirrhosis. We have proposed
the new hypothesis that Nogo-A protein is associated with portal hypertension and pathologic
angiogenesis. This study examined two novel non-invasive markers of portal hypertension,
which could be useful in creatinf noninvasive diagnostic models for PH, or new treatment
targets. We have demonstrated that two biomarkers of pathologic angiogenesis have moderate
predictive value in diagnosing CSPH and SPH as well as high risk esophageal varices. Our study
demonstrated that biomarkers of pathologic angiogenesis are associated with liver cirrhosis and
PH and have moderate ability to predict CSPH and SPH. These findings might be useful in
creating new noninvasive diagnostic models for PH as well as new treatment targets of PH.

Research perspectives
Future research will be directed towards gaining more detailed information about Nogo-A
protein expression in healthy and cirrhotic liver as well as further understanding of Nogo-A
protein roles outside the central nervous system. We plan to conduct mechanistic studies, using
liver cell models as well as liver tissue biopsy specimens.
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Abstract
BACKGROUND
Changes in N-linked glycosylation have been observed in the circulation of
individuals with hepatocellular carcinoma. In particular, an elevation in the level
of core fucosylation has been observed. However, the mechanisms through which
core fucose is increased are not well understood. We hypothesized that a review
of the literature and related bioinformatic review regarding six genes known to
be involved in the attachment of core fucosylation, the synthesis of the
fucosylation substrate guanosine diphosphate (GDP)-fucose, or the transport of
the substrate into the Golgi might offer mechanistic insight into the regulation of
core fucose levels.
AIM
To survey the literature to capture the involvement of genes regulating core Nlinked fucosylation in hepatocellular carcinoma
METHODS
The PubMed biomedical literature database was searched for the association of
hepatocellular carcinoma and each of the core fucose-related genes and their
protein products. We also queried The Cancer Genome Atlas Liver hepatocellular
carcinoma (LIHC) dataset for genetic, epigenetic and gene expression changes for
the set of six genes using the tools at cBioportal.
RESULTS
A total of 27 citations involving one or more of the core fucosylation-related
genes (FPGT, FUK, FUT8, GMDS, SLC35C1, TSTA3) and hepatocellular
carcinoma were identified. The same set of gene symbols was used to query the
371 patients with liver cancer in the LIHC dataset to identify the frequency of
mRNA over or under expression, as well as non-synonymous mutations, copy
number variation and methylation level. Although all six genes trended to more
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samples displaying over expression relative to under-expression, it was noted
that a number of tumor samples had undergone amplification of the genes of the
de novo synthesis pathway, GMDS (27 samples) and TSTA3 (78 samples). In
contrast, the other four genes had undergone amplification in 2 or fewer samples.
CONCLUSION
Amplification of genes involved in the de novo pathway for generation of GDPfucose, GMDS and TSTA3, likely contributes to the elevated core fucose observed
in hepatocellular carcinoma.
Key words: Liver cancer; N-linked glycosylation; Fucose; Guanosine diphosphate fucose;
Hepatocellular carcinoma
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The increased level of core fucosylated N-linked glycoproteins detected in
some patients with hepatocellular carcinoma may occur via several potential molecular
mechanisms. We report that the genes GMDS and TSTA3, which are associated with the
de novo synthesis of the fucose donor species, guanosine diphosphate fucose, can be
amplified in some hepatocellular carcinoma patients. Amplification seems to be the most
common genetic alteration affecting the genes that control the production of core
fucosylated proteins.
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INTRODUCTION
Changes in N-linked glycosylation of liver-derived serum proteins have been
associated with the development of hepatocellular carcinoma (HCC)[1-7]. Of particular
note, an increase in alpha1,6-linked core fucose modified serum proteins, both in total
as well as on individual proteins has been reported in some patients with HCC by us
and others[6,8-12]. However, there is considerable variation, with not all individuals
showing the same magnitude of glycosylation change. An understanding of the
sources of variability in core fucosylation might allow the use of such changes as
potential biomarkers for early, non-invasive detection of HCC.
In humans and other mammals, there is only a single alpha-(1,6)-fucosyltransferase
(also called alpha1-6 FucT); that enzyme attaches fucose via 1,6 linkage to the
innermost core N-acetylglucosamine[5,13,14]. This enzyme is the product of the FUT8
gene. Increases in FUT8 gene expression have been associated with HCC and liver
steatosis [15-17] . Loss of the FUT8 gene in mice is associated with reduced tumor
formation along with impaired liver regeneration[18]. However, core fucose levels can
also be affected by the level of the guanosine diphosphate (GDP)-fucose substrate
and/or its transport into the Golgi[5,13,19,20].
GDP-fucose is generated from L-fucose by two distinct pathways (Figure 1), de novo
synthesis and salvage[5,13]. In de novo synthesis, GDP-mannose is converted to GDP-4keto-6-deoxymannose by the enzyme GDP-mannose 4,6 dehydratase (GMDS). This
intermediate is converted to GDP-fucose by the bifunctional GDP-L-fucose synthetase
1 (FX)[21], encoded by the TSTA3 gene, which performs both final synthetic steps.
Alternatively, in the salvage pathway, L-fucose kinase (encoded by the gene FUK)
phosphorylates L-fucose, which is then acted upon by fucose-1-phosphate
guanylyltransferase (encoded by the gene FPGT) to produce GDP-fucose[5,13,14]. These
reactions all occur in the cytoplasm. GDP-fucose enters the Golgi complex, where the
FUT8 enzyme resides, via the membrane anchored GDP-fucose transporter 1 (encoded
by gene SLC35C1; also called FUCT1). Thus, in principle, alteration of expression of
the genes encoding any of these enzymes could affect the level of core fucosylated
proteins secreted from HCC cells into the circulation.
In this review, we describe the results of a search of the literature for reports linking
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Figure 1

Figure 1 Diagram of the proteins and precursor/product sugars involved with guanosine diphosphate-fucose
synthesis, Golgi transport and attachment of core fucose to N-linked glycoproteins. Proteins are designated by
the symbols of the genes that encode them (bold). The more dominant de novo synthesis pathway is shown at the
bottom, the salvage pathway is at the top. Diagram is based on previous studies[5,13]. GDP: Guanosine diphosphate.

any of the above mentioned proteins or genes with HCC. We also investigate possible
genetic mechanisms that could produce heterogeneity in the levels of alpha 1,6-linked
core fucose in liver-derived serum glycoproteins. The genes associated with core
fucosylation were evaluated for changes in copy number, methylation, mutation
status and mRNA expression level in the data set generated by the Cancer Genome
Atlas project, which included 373 HCC samples. This analysis has revealed several
potential mechanisms that could account for increased core fucose in the context of
HCC.

MATERIALS AND METHODS
This systematic review was conducted according to PRISMA guidelines
(http://www.prisma-statement.org/). We searched PubMed in January of 2019 for
the combination of “hepatocellular carcinoma” along with each individual HUGO
gene symbols or protein name (Table 1). We also recorded the number of citations
provided for each gene in the Uniprot database on the same date (https://www.uniprot.org/).
The molecular analyses described here use data generated by the TCGA Research
Network: http://cancergenome.nih.gov/. The Cancer Genome Atlas Project has
produced a large amount of data to detect somatic DNA mutations, DNA copy
number variations, DNA methylation alterations and changes in mRNA levels in 20
cancer types [22] . The precise amount of data, in terms of the numbers of patient
samples measured as well as the type of data available, including access to other
clinical parameters, varies with the specific set of tumor tissues. However, the amount
of data provides a rich resource for evaluating genetic changes. The HCC dataset
(Liver hepatocellular carcinoma, LIHC) used for the analyses in this report were
captured in May, 2016, prior to official publication[23]. At that time, the database
included 373 samples with mRNA data (RSEM normalized HiSeqRNASeq V2). These
represent samples collected from 371 individual patients. Copy number variation data
was based on 370 cases analyzed by Affymetrix SNP6. Methylation data was analyzed
using Illumina HumanMethylation450 bead chip. Since this data set was unpublished
at the time and designated as Provisional by TCGA, mutation data might not be
complete.

Resources used and analyses performed
Identification of genetic and epigenetic changes as well as changes in gene expression
was carried out on the LIHC dataset using the tools at the cBioportal website
(http://www.cbioportal.org/)[24,25]. The ID symbols for the six genes of interest for
core fucose production are FPGT, FUT8, FUK, GMDS, SLC35C1 and TSTA3. These
were searched individually and as a set for the presence and types of mutations, or for
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Table 1 Literature citations to core fucosylation related genes and hepatocellular carcinoma
Gene symbol

Citations (gene)

Citations (protein name)

EC2

Uniprot ID

Uniprot citations

FPGT

0

0

2.7.7.30

O14772

7

FUK

0

0

2.7.1.52

Q8NOW3

4

FUT8

16

17

2.4.1.68

Q9BYC5

15

1

GMDS

2

4

4.2.1.47

O60547

25

SLC35C1

1

1

NA

Q96A29

13

TSTA3

4

13

1.1.1.271

Q13630

12

1

The protein name searched was mannose dehydratase;
Enzyme commission; NA: Not applicable.

2

changes in copy number. The cBioportal Oncoprint tool was used to provide a graphic
summary of major genetic alterations and changes in gene expression. Increases or
decreases in mRNA level were based on a Z-score threshold of 2.0 or more standard
deviations from the mean of the reference population. The reference population was
the samples that are scored diploid for each gene.
Correlations between overall mRNA levels in the sample set were analyzed by
comparison with gene copy number, either the relative linear copy number (from
Affymetrix SNP6) or the GISTIC2.0 (Genomic Identification of Significant Targets in
Cancer) algorithm calls[26]. DNA methylation levels were measured with the Illumina
Infinium HM450 assay, expressed as beta values (ratio of methylated and unmethylated alleles) and compared with gene expression level. In the event of multiple
methylation probes per gene, the most negatively correlated with expression is
shown. The cBioportal Co-Expression tool was used to view the genes across the
samples with an expression pattern that correlated most positively or negatively with
the query gene and to extract the cytogenetic location (cytoband) of all genes.

RESULTS
Literature search strategy and results
Searching the PubMed database for “hepatocellular carcinoma” along with “core
fucose” yielded 31 references, and “hepatocellular carcinoma” along with “fucose”
produced 153. Searching PubMed revealed only a limited number of citations that
included both “hepatocellular carcinoma” and either the gene symbol or protein name
for each of the six genes encoding enzymes involved in attaching core fucose (FUT8),
generating GDP-fucose (GMDS and TSTA3 via the de novo pathway, FUK and FPGT
via the salvage pathway), or the anti-porter involved in transferring that substrate into
the Golgi (SLC35C1). For comparison, the UniProt IDs (https://www.uniprot.org/)
for each gene product and the number of references listed there also are shown in
Table 1. The enzyme commission number is provided, where pertinent.
The combination of “hepatocellular carcinoma” and “FUT8” had the most citations
with 16[15,18,27-40], with 17 references found using “fucosyltransferase 8” instead. The two
sets were mostly overlapping, but some of the latter referred only to other
fucosyltransferases, and thus were omitted, leaving only three additional relevant
citations[41-43]. Substituting the TSTA3 gene produced four hits[21,44-46], whereas searching
for the gene’s protein product, FX, returned 13 citations. However, the titles or
abstracts of the latter revealed that several used “FX” to refer to fucoxanthin, clotting
factor X or the radiologic term “Gy/fx”. Eliminating these left only four references to
the TSTA3 gene product[19-21,44], two of which were also produced by searching for the
gene symbol. Substituting GMDS produced only two citations[19,35,47,48], only one of
which was not covered in a previous search. Searching for “hepatocellular carcinoma”
and “mannose dehydratase” produced four citations. Searching for SLC35C1
produced a single citation[19]. The gene symbols FPGT and FUK produced no citations
when paired with “hepatocellular carcinoma”, nor did the names of the protein
products. Thus, removing duplicates that appeared in more than one search, we
arrived at a curated set of 27 citations involving one or more of the core fucosylationrelated genes and HCC.

Bioinformatic search and results
As a complement to the literature searches, we were interested in whether genetic
changes to these core fucose-related genes occur in liver cancer. Using the cBioPortal
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interface, the LIHC data set was queried for each of the six genes encoding enzymes
involved in attaching core fucose (FUT8), generating GDP-fucose (GMDS, TSTA3,
FUK, and FPGT), or the anti-porter involved in transferring that substrate into the
Golgi (SLC35C1). None have been causally implicated in cancer, according to the
Cancer Census (http://cancer.sanger.ac.uk/census). Using the cBioPortal's Oncoprint
tool, genome-based changes in these six genes and their expression levels were
compared for 370 patients with liver cancer (Figure 2 and summarized in Table 2).
This display provides both the number and nature of the alterations, as well as
whether these are co-occurring in the same individual patients, illustrated by
examining the vertically aligned segments. None of the total changes, when examine
for either single genes or for the panel of six, showed a significant correlation with
overall or disease-free survival (not shown). Of particular note, the trend for all genes
is toward mRNA increase versus decrease (Figure 2 and Table 2). The behavior of
each gene will be considered in the context of the role of its gene product in
producing core fucose.

De novo pathway genes
The trend toward increased gene expression in HCC is most striking for GMDS (27
samples) and TSTA3 (78 samples), with both gene products involved in the de novo
pathway for fucose synthesis. Neither gene underwent non-synonymous or
truncating mutations that would change the encoded protein. However, both genes
were scored as amplified in multiple samples: 23 for GMDS and 58 for TSTA3. Only
three samples had both amplifications. Closer examination of the GISTIC2 calls
indicated a strong bias for both genes to experience copy number gain versus loss
(Figure 3). TSTA3 showed low HM450 beta values (all < 0.01), indicating a low level
of methylation, which correlated negatively with mRNA levels (Spearman, r = -0.425)
In contrast, GMDS showed more variable methylation levels (0.3-1.0), which were
negatively correlated with mRNA level (Spearman, r = -0.363).
We queried the LIHC dataset using the cBioportal Co-expression tool to identify
genes whose expression pattern across the patient set correlated with that of either
GMDS or TSTA3, with the goal of better understanding the basis for the
amplifications. The top 10 ranked genes with similar expression patterns are listed in
Tables 3 and 4. We see a tendency for the top co-expressed genes to be located near to
the GMDS and TSTA3 genomic loci, which lie at chromosomal intervals 6p25 and
8q24.3, respectively. Chromosomal rearrangements resulting in copy number gain are
likely occurring in those vicinities.

Salvage pathway genes
FUK and FPGT form the salvage pathway for fucose synthesis, which in general
contributes less GDP-fucose than the de novo pathway. The FUK gene was altered in
5% of patients, with two amplifications, mRNA upregulation in 13 and
downregulation in 3 (Figure 2, Table 2). No mutations that would affect the encoded
protein were detected. There was a trend toward shallow deletion (single copy loss)
versus gain (Figure 4). In general, the gene appears to be highly methylated, with
almost all beta-values falling between 0.9-1.0. The FPGT gene was altered in 7% of
samples, with 15 upregulated and 6 downregulated (Figure 2, Table 2). There were
two distinct non-synonymous point mutations, one amplification and one deep
deletion. As with FUK, there was a trend toward shallow deletions versus gains
(Figure 4). HM450 beta-values were almost all < 0.10, indicating little methylation.
The ten genes whose expression correlated most highly with FUK and FPGT are
shown in Tables 5 and 6, respectively. The FUK gene is located at chromosome
16q22.1, and all ten genes also map to 16q, with the majority mapping to 16q22.1. The
FUK gene shows 152 samples with shallow deletion/hemizygosity (Figure 4), and
only 25 samples exhibiting an increase in copy number, with the majority of 187 being
called as diploid. Table 6 shows the ten genes that correlate most highly with FPGT;
FPGT maps to chromosome 1p31.1, and the majority of the ten genes map to 1p31.
Thus, for both salvage pathway genes, there is a trend toward copy number loss,
despite little evidence of mRNA down-regulation.

GDP-fucose transport and transferase genes
The final two genes encode the GDP-fucose transporter SLC35C1 and the
fucosyltransferase FUT8. SLC35C1 is altered in 22 cases (6%), with two amplifications,
two non-synonymous mutations and 18 samples with mRNA upregulation (Figure 2
and Table 2). Methylation was strongly negatively correlated with mRNA level over a
broad range of beta values ranging from 0.1 to 0.9 (Spearman, r = -0.687). This data
suggests that differential DNA methylation might play a major role in determining
the expression level of the SLC35C1 GDP-fucose transporter protein.
The SLC35C1 gene is located at chr. 11p11. Of the ten genes with expression pattern
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Table 2 Summary of mutational and expression data for core fucose related genes
GMDS

TSTA3

FPGT

FUK

FUT8

SLC35C1

Total changes (%)

13

29

7

5

6

6

mRNA up

27

78

15

13

21

18

mRNA down

0

0

6

3

0

0

Non-synonymous or truncating mutation

0

0

2

0

1

2

Copy increase

23

58

1

2

3

2

Deep deletion

3

0

1

0

2

0

most similar to SLC35C1 only one, DKFZP779M0652, maps to the same chromosomal
interval (Table 7); the rest lie on different chromosomes. This predicted gene is
immediately adjacent to SLC35C1 and may encode a lncRNA (ENSG00000205106).
Apart from this exception, it seems unlikely that CNV plays a major role in
influencing SLC35C1 expression levels. There are approximately an equal number of
shallow deletions and presumably single copy gains (Figure 5).
FUT8, which encodes the enzyme directly responsible for attachment of core
fucose, was found to have a low level of genetic alteration, with only 6% of samples
exhibiting changes, mostly upregulation of mRNA levels, with a single exome
mutation resulting in protein truncation (Figure 2 and Table 2). There were also three
instances of apparent amplification and two of deep deletion. There is a trend toward
shallow deletion versus low level copy number gain (Figure 5). Almost all samples
exhibited low beta-values, with only 12 samples > 0.2 and the rest clustered at about
0.1, suggesting a low level of DNA methylation of FUT8 (Spearman, r = 0.232). FUT8
is at located chromosomal interval 14q23.3; none of the ten genes whose expression
pattern correlated most highly with FUT8 localize to chromosome 14 (Table 8).

DISCUSSION
Search of the literature revealed little information about most of the genes involved in
core fucosylation in the context of HCC (Table 1). The majority of citations recovered
involved FUT8. As described in the Introduction, increased FUT8 gene expression has
been observed to be increased in HCC, but not consistently, and it has been difficult to
correlate mRNA expression with actual fucosylation changes occurring in tumors. The
protein FX, the product of the TSTA3 gene, also has been reported as elevated in
HCC, along with the proteins GMDS and FPGT, with less consistent elevation of
FUT8[20]. It is thought that increased GDP-fucose substrate availability could also lead
to increased core fucosylation. A previous study examined the mRNA expression
levels of GMDS, FUK, FPGT, TSTA3 (FX) and SLC35C1 (GDP-Fuc Tr) in a small
number of HCC samples[19]. They found a trend toward elevation of SLC35C1 and
TSTA3 mRNAs in HCC versus other liver diseases, with considerable sample-tosample variation. However, it was not possible to deduce the molecular basis for the
observed expression changes.
Numerous genes have been reported to be altered in genomic analyses of liver
cancers [49-51] . We sought to assess whether genome level changes to core fucoseassociated genes might account for the increase of that post-translational modification
that has been observed in some HCCs. Amplification of TSTA3 occurred in 58 tumors
out of the 370 analyzed (16%). The tendency for amplification and thus
overexpression of genes in the 8q24 chromosomal region could be driven by one or
more other genes present within or near this interval, which lies at the distal terminus
of chromosome 8q. Notably, MYC is present about 15 MB away at 8q24.2. MYC has
been repeatedly implicated as amplified in a subset of HCCs[23,50,52,53]. Indeed, the
publication describing the comprehensive analysis of the dataset used here noted that
8q exhibited frequent copy number gains[23]. Use of the Oncoprint and Plots tools at
cBioPortal revealed high concordance of the GISTIC calls at TSTA3 and MYC, with
95% of the samples with TSTA3 amplification also displaying MYC amplification; 89%
of MYC amplified sampled showed TSTA3 amplification. Thus, it seems reasonable to
hypothesize that TSTA3 is a passenger gene, affected by known driver oncogene
MYC. However, there are many other genes within this fairly large chromosomal
interval.
Changes at 6p25 in the vicinity of GMDS have previously been reported in a subset
of HCC cases[53,54]. Using the UCSC Genome Browser reveals that the gene FOXC1 is in
very close proximity to GMDS. FOXC1 has been linked to multiple cancers, including
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Figure 2 Oncoprint display of genetic events and gene expression changes in liver hepatocellular carcinoma samples for the six genes involved in
generating core fucose. Alterations for each gene are indicated in each horizontal row, with the order of the genes in the display chosen randomly. Data for each
individual patient sample is aligned vertically. Only the 185 affected samples are displayed; the other 188 showed no changes above thresholds. The types of
alterations detected are indicated by the key at the bottom. Data was generated as described in the materials and methods.

HCC[55]. Elevated expression of the nearby genes SERPINB1 and SERPINB6 also has
been linked with HCC[56]. Using the Oncoprint tool demonstrates that all three genes
are elevated in 21 of the 23 samples with amplification of GMDS (data not shown). It
is unknown whether GMDS is a simply a passenger in these amplifications, and what
the specific driver(s) might be.
As to FPGT, there are no reports in the literature associating specific deletions or
amplifications at 1p31.1 with HCC (based on searching PubMed for "hcc 1p31.1"), so
the significance of the deletions detected at this chromosomal interval remains
unclear. Abnormal methylation preceding allele loss at 16q22.1 has been associated
with chronic liver disease [57] . A similar phenomenon might explain the high
methylation rate at FUK, with subsequent copy number loss in a subset of the HCC
samples.
Finally, neither FUT8 or SLC35C1 appear to be associated with copy number
variation occurring with any frequency, with fewer than 1% of samples showing
alterations, despite the elevation in expression of each gene in a subset of tumors.
Changes in gene expression may relate more to transcriptional regulation, perhaps
due to changing levels of transcription factors, or to mutations occurring in nonprotein coding regions.
In conclusion, this was not intended as a comprehensive review of the HCC
literature, but was narrowly focused on core fucose related genes in HCC. The
increase in core fucosylated proteins observed in patient serum samples may be
driven most often by amplification of the genes of the de novo GDP-fucose synthesis
pathway, especially TSTA3. The data do not allow us to distinguish between a driver
versus a passenger gene role, although the latter seems more likely. Alterations to the
expression or copy number of the other core-fucose related genes likely account for a
smaller subset of patients that exhibit enhanced core fucosylation. It will remain to be
seen if these same trends are reflected in the relative levels of these individual
proteins; it has been reported that GMDS protein levels are not well correlated with
mRNA levels[19]. It is also not clear if there are actually elevated levels of GDP-fucose
as a consequence of TSTA3 amplification, although it has been reported previously
that elevated levels of the FX protein correlate with an increase in GDP-fucose[20]. In
summary, we have identified multiple mechanisms that are likely to influence the
extent of core fucosylation of the N-linked glycoproteins found in the blood of
individuals with HCC.
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Table 3 Genes with expression patterns that correlate positively with the GMDS gene
Gene symbol

Cytoband

Spearman score

FLOT1

6p21.3

0.43

SLC39A7

6p21.3

0.38

FKBPL

6p21.3

0.36

SERPINB1

6p25

0.36

PSMG4

6p25.2

0.36

IFT43

14q24.3

0.36

VARS

6p21.3

0.36

KDELR1

19q13.3

0.35

CLIC1

6p21.3

0.35

TRIM27

6p22

0.35

Table 4 Genes with expression patterns that correlate positively with the TSTA3 gene
Gene symbol

Cytoband

Spearman score

SHARPIN

8q24.3

0.67

HGH1

8q24.3

0.68

FBXL6

8q24.3

0.68

EXOSC4

8q24.3

0.65

VPS28

8q24.3

0.65

HSF1

8q24.3

0.63

COMMD5

8q24.3

0.62

CYC1

8q24.3

0.62

MAF1

8q24.3

0.61

GPAA1

8q24.3

0.61

Table 5 Genes with expression patterns that correlate positively with the FUK gene
Gene symbol

Cytoband

Spearman score

TMEM208

16q22.1

0.65

COG4

16q22.1

0.65

PRMT7

16q22.1

0.61

PSMD7

16q22.3

0.60

TRADD

16q22

0.59

WWP2

16q22.1

0.59

MTHFSD

16q24.1

0.58

CHMP1A

16q24.3

0.58

TCF25

16q24.3

0.58

ATP6V0D1

16q22.1

0.58
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Table 6 Genes with expression patterns that correlate positively with the FPGT gene
Gene symbol

Cytoband

Spearman score

IPP

1p34-p32

0.7

ZZZ3

1p31.1

0.63

EPS15

1p32

0.62

PKN2

1p22.2

0.62

ATG4C

1p31.3

0.6

GPBP1L1

1p34.1

0.59

LEPROT

1p31.3

0.59

PIGK

1p31.1

0.59

LRRC40

1p31.1

0.58

FAM73A

1p31.1

0.58

Table 7 Genes with expression patterns that correlate positively with the SLC35C1 gene
Gene symbol

Cytoband

Spearman score

LRG1

19p13.3

0.56

DKFZP779M0652

11p11.2

0.55

NAMPT

7q22.3

0.55

CRP

1q23.2

0.52

FNDC4

2p23.3

0.51

GLRX

5q14

0.51

LBP

20q11.23

0.51

TGM2

20q12

0.49

MGAT4B

5q35

0.48

CREB3L3

19p13.3

0.48

Table 8 Genes with expression patterns that correlate positively with the FUT8 gene
Gene symbol

Cytoband

Spearman score

IQGAP1

15q26.1

0.71

HACD4

9p21.3

0.71

APOBEC3C

22q13.1

0.69

ELF4

Xq26

0.68

HAPLN3

15q26.1

0.68

TRERF1

6p21.1-p12.1

0.68

WIPF1

2q31.1

0.67

RAB31

18p11.3

0.66

FMNL3

12q13.12

0.66

SYT11

1q21.2

0.66
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Figure 3

Figure 3 Correlation plots illustrating the relationship between mRNA expression levels for GMDS and TSTA3 on the Y axes (log base 2) and putative copy
number changes (GISTIC2 calls, see materials and methods[26]) on the X axes. Possible GISTIC2 scores are -2 = Deep (homozygous) deletion; -1 = Shallow
(hemizygous) deletion; 0 = neutral/diploid; 1 = gain (low copy); 2 = high level amplification.
Figure 4

Figure 4 Correlation plots illustrating the relationship between mRNA expression levels for FUK and FPGT. Axes and scoring scale are as for Figure 3.
Figure 5

Figure 5 Correlation plots illustrating the relationship between mRNA expression levels for FUT8 and SLC35C1. Axes and scoring scale are as for Figure 3.
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ARTICLE HIGHLIGHTS
Research background
One type of protein N-linked glycosylation is the addition of fucose to the innermost core Nacetylglucosamine. Increased frequency of this modification has been associated with a number
of cancers, including hepatocellular carcinoma (HCC). Systematically surveying the literature as
well as performing a bioinformatics survey provided insight into what has been known about
the regulation of the six genes that potentially can influence levels of core fucose.

Research motivation
Knowledge of the mechanisms whereby core fucose addition is regulated may provide
information to improve the utility of this protein modification as a biomarker for detection of
cancer.

Research objectives
The main objective was to survey the literature for studies that include any of the six core fucose
related genes in the context of HCC. The second objective was to identify genomic alterations
and gene expression changes for the same six genes in HCC.

Research methods
We searched the PubMed literature database. We performed molecular analyses on the Cancer
Genome Atlas Project LIHC HCC dataset, using the tools provided by the cBioportal website
(http://www.cbioportal.org/).

Research results
A set of 27 non-redundant citations was generated by searching for “hepatocellular carcinoma”
and each of the gene symbols TSTA3, GMDS, SLC35C1 and FUT8 or their gene products. These
gene products are involved in synthesis of guanosine diphosphate (GDP)-fucose, its transport
into the Golgi or its attachment to N-linked glycans. No citations mentioned genes FPGT or FUK,
or their gene products, along with HCC. Analyses of the 373 sample LIHC dataset revealed
limited numbers of mutations affecting protein coding regions in all six genes. However, the
genes TSTA3 and GMDS that encode the enzymes of the GDP-fucose de novo synthesis pathway
appeared to have undergone copy number increase in 16% and 6%, respectively, of the tumor
samples. Copy number increase was observed for other genes in the vicinity of those two, which
lie at 8q24 and 6p25. The other four genes tended to have increased mRNA levels in a subset of
samples, which did not appear to be a consequence of copy number increase.

Research conclusions
The genes that underlie core fucose generation are not well studied in the context of HCC.
Multiple molecular mechanisms appear to account for the increase in core fucosylated
glycoproteins observed in some patients with HCC, with chromosomal amplification being most
common.

Research perspectives
Future studies will be needed to assess whether the results observed with the LIHC dataset will
be generalizable to other patient populations.
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Abstract
BACKGROUND
Recently, the American Association for the Study of Liver Disease suggested no
preference between tenofovir (TDF) and entecavir (ETV) regarding potential
long-term risks of renal complications. Over the years, renal safety has become a
critical concern in nucleos(t)ide analog-treated patients due to the long-term use
of these drugs. However, existing studies do not show significant differences in
renal dysfunction between these two drugs. Further, there is a paucity of studies
comparing the long-term renal effects of TDF and ETV.
AIM
To investigate the effects of TDF and ETV on renal function, we performed
systematic review and meta-analysis.
METHODS
Two investigators independently searched the Cochrane Library, MEDLINE, and
Embase databases for randomized controlled trials and nonrandomized studies
(NRSs) using the keywords “CHB”, “Tenofovir”, and “Entecavir”, and additional
references were obtained from the bibliographies of relevant articles published
through December 2017. The quality of each study was assessed using the
Newcastle-Ottawa scale and the Grading of Recommendations Assessment,
Development and Evaluation criteria. The primary outcome was the change in
serum creatinine level in the TDF and ETV groups at baseline, 6 mo, 12 mo and
24 mo.
RESULTS
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Nine NRSs comprising 2263 participants met the inclusion criteria. Changes in
creatinine levels were higher in the TDF group than in the ETV group at 6 mo
[mean difference (MD) = 0.03 mg/dL; 95%CI: 0.02-0.04; I2 = 0%], 12 mo (MD =
0.05 mg/dL; 95%CI: 0.02-0.08; I2 = 78%), and 24 mo (MD = 0.07 mg/dL; 95%CI:
0.01-0.13; I2 = 93%). The change in estimated glomerular filtration rate (eGFR) was
significantly higher in the TDF group than in the ETV group at 6 mo
[standardized mean difference (SMD), -0.22; 95%Cl: -0.36--0.08; I2 = 0%], 12 mo
(SMD = -0.24; 95%Cl: -0.43--0.05; I2 = 50%), and 24 mo (-0.35; 95%Cl: -0.61- -0.09; I2
= 67%).
CONCLUSION
TDF statistically significantly increased serum creatinine levels and decreased the
eGFR in 6-24 mo compared to ETV, with moderate to low quality of evidence.
However, the differences are negligible.
Key words: Hepatitis B; Chronic; Tenofovir; Entecavir; Safety; Review; Systematic;
Meta-analysis
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Recently, the American Association for the Study of Liver Disease suggested
no preference between tenofovir (TDF) and entecavir (ETV) regarding potential longterm risks of renal complications. Over the years, renal safety has become a critical
concern in nucleos(t)ide analog-treated patients due to the long-term use of these drugs.
However, the existing studies do not show significant differences between the two drugs
in renal dysfunction. We believe that our study could resolve the existing debate. This is
the first meta-analysis comparing the influence of the two drugs on renal function using
continuous variables. TDF statistically significantly decreases renal function compared
to ETV, but the difference is inappreciable.

Citation: Lee HY, Oh H, Park CH, Yeo YH, Nguyen MH, Jun DW. Comparison of renal
safety of tenofovir and entecavir in patients with chronic hepatitis B: Systematic review with
meta-analysis. World J Gastroenterol 2019; 25(23): 2961-2972
URL: https://www.wjgnet.com/1007-9327/full/v25/i23/2961.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i23.2961

INTRODUCTION
An estimated 257 million people worldwide are infected with the hepatitis B virus
(HBV) [1] . Recently, research addressing chronic kidney disease among chronic
hepatitis B patients has emerged[2]. Interest in drugs that can affect renal function has
also increased. Tenofovir (TDF) and entecavir (ETV) are two drugs preferred as firstline treatments for chronic hepatitis B (CHB). In clinical trials, both have been proven
to be safe and well-tolerated with short term follow-up; however, as the treatment
period is indefinite, adverse events associated with these drugs over the long term
remain worrisome[3,4]. Over the years, published studies have provided increasing
evidence that TDF can negatively influence renal function and bone health[5-7]. Further
confusing the issue, two recently announced guidelines make conflicting suggestions.
The European Association for the Study of the Liver (EASL) recommended considering switching from TDF to ETV in CHB patients with underlying renal disease,
especially when exposed to LAM. EASL also suggested selecting ETV (or tenofovir
alafenamide fumarate) over TDF for CHB patients with estimated glomerular
filtration rate (eGFR) < 60 mL/min per 1.73 m 2 , patients with albuminuria, and
patients on hemodialysis. However, the American Association for the Study of Liver
Disease (AASLD) suggested no preference between TDF and ETV use with regard to
renal safety issues[3,4].
Most physicians acknowledge renal concerns associated with TDF use, although
precise data on the degree of renal impairment are still limited. Results of previous
studies have varied, mainly limited by small sample sizes and inadequate follow-up
periods. Previous meta-analyses on antiviral therapy for CHB primarily focused on
therapeutic efficacy rather than renal safety issues [8-10] . Hence, data regarding
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creatinine level and eGFR were not reported comprehensively. Moreover, the
formulas for eGFR calculation were inconsistent, as some studies used the Modification of Diet in Renal Disease (MDRD) formula, while others used the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) equation[8,9]. In addition,
previous studies demonstrated the incidence of acute kidney injury (AKI) as dichotomous data but not the precise changing values of renal function during the
treatment period.
In this study, we aimed to conduct a systematic review and meta-analysis to
provide a clear comparison of the renal safety of TDF and ETV in patients with CHB
using continuous variables. To enhance the clinical importance, we performed
subgroup analyses and sensitivity analysis to determine changes in renal function by
study and patient characteristics.

MATERIALS AND METHODS
This meta-analysis was conducted according to the Preferred Reporting Items for
Systematic Review and Meta-analyses (PRISMA) statement[11] and Metaanalysis of
Observational Studies in Epidemiology (MOOSE) statements[12].

Data and literature sources
Two authors (Lee HY and Oh H) independently searched MEDLINE, Embase, and the
Cochrane Central Register of Controlled Trials (CENTRAL) from inception to
December 31, 2017, without language restriction. Additionally, we examined conference abstracts from the AASLD, the EASL, the Asian Pacific Association for the
Study of the Liver (APASL), Digestive Disease Week (DDW), and The Liver Weeks
(Korean Association for the Study of the Liver) published between 2013 and 2017
(Supplemental Table 1).
The following keywords, MeSH, and free text were searched through MEDLINE:
Tenofovir, Entecavir, chronic hepatitis B, and multiple synonyms (Supplemental
Table 2). After the initial electronic search, further relevant articles and bibliographies
were manually identified using reference lists from included studies. The identified
articles were assessed individually for inclusion (Supplemental Table 3).

Inclusion and exclusion criteria
Two authors (Lee HY and Oh H) independently identified articles eligible for
inclusion based on a two-level screening using the Population Intervention Comparison Outcome (PICO) framework[13]. At the first level, titles and abstracts were
screened, while at the second level, search queries of the full text of articles were
made. The observed agreement between reviewers for eligibility of articles on initial
screening was 98.2%, corresponding to substantial agreement (k = 0.79), and that in
the second screening was 94.6%, corresponding to almost perfect agreement (k = 0.89).
Disagreements between reviewers were resolved by consensus with a third author
(Jun DW).
The inclusion criteria were (1) Human subject study design, including randomized
control trials (RCTs) and non-RCTs with more than two arms, (2) CHB infection, (3)
Intervention therapies of either ETV or TDF monotherapy, (4) Over 6 months of
treatment duration, (5) Over 18 years of age, and (6) Documented data of repeated
measures of serum creatinine level or eGFR every six months.
Exclusion criteria were (1) Coinfection with other hepatitis viruses (A, C, D, or E),
human immunodeficiency virus, cytomegalovirus, or Epstein-Barr virus; (2) Other
liver diseases such as alcoholic liver disease, autoimmune hepatitis, drug-induced
liver injury, or Wilson’s disease; (3) Acute hepatitis and acute exacerbation; (4)
Combination therapy or sequential therapy; (5) Unreported renal parameter data
(serum creatinine or eGFR); (6) Exclusion of either TDF or ETV; (7) Pregnancy and/or
breastfeeding; (8) Complication of decompensated cirrhosis (variceal bleeding,
refractory ascites, hepatorenal syndrome, spontaneous bacterial peritonitis,
hepatoencephalopathy); and (9) Organ transplantation.

Data extraction
Two authors (Lee HY and Oh H) independently extracted data from each study with
a predefined data extraction form using the Cochrane Methods to minimize random
and bias errors. Any disagreement or unresolved concern was independently
reviewed by a third author (Jun DW). The following variables were extracted from the
selected studies: (1) To evaluate the renal side effect, we compared changes in serum
creatinine level and eGFR at baseline, 6 mo, 12 mo and 24 mo. The patient’s eGFR was
calculated using the MDRD formula and CKD-EPI equation (Supplemental Table 4).

WJG

https://www.wjgnet.com

2963

June 21, 2019

Volume 25

Issue 23

Lee HY et al. Renal safety of tenofovir vs entecavir: Meta-analysis

Table 1 Main characteristics of included studies
Patients (n)
Author, year
Design
country

Age (mean)

Sex (M/F)

Duration (mo) Cirrhosis (%) TDF

TDF

TDF

ETV

ETV

ETV

HBV_DNA

Ha et al[14]
2015 United
States

Matched casecohort

24(18-66)

Lee et al[15]
2015 South
Korea

Prospective

≥6

Yu et al[16]
2015 South
Korea

Retrospective

Park et al[20]
2017 South
Korea

Retrospective

Koklu et al[24]
2015 Turkey

Prospective

Idilman et
al[25] 2015
Turkey

Retroprospective

Koksal 2016 et Prospective
al[23] Turkey
[22]

Lopez et al
2016 Spain

Tsai et al[21]
2016 Taiwan

Retrospective

Retroprospective

9.20%

NA

8.45/18.7

50%

24

100%

24

34%

36 (6-78)

39%

NA

12

33.90%

≥ 24

52%

(log10 IU/Ml)

103

43.5

65/38

5.3 ± 1.5

103

43.8

65/38

6.15 ± 1.9

258

66.4

173/85

6.40 ± 1.31

308

50.5

190/118

6.72 ± 1.22

49

48.8

22/27

6.98 ± 1.55

58

51.7

33/25

7.05 ± 1.33

73

56.4

45/28

5.4 ± 1.3

162

55.6

110/52

5.6 ± 1.6

273

47.7

183/90

6.54 ± 1.74

282

49.9

197/85

6.69 ± 1.79

172

47 (15-79)

NA

5.97 ± 1.72

183

≥ 24

End point

NA

44

36 (29-43.7)

19/25

6.8 ± 1.0

32

40 (27.2-46.5)

17/15

7.0 ± 1.2

32

50.2

25/7

1127.4 (192463,121)

32

49.2

23/9

29311.4 (376.24660,135)

37

56.6

32/5

6.3 ± 1.3

62

55.2

46/16

6.4 ± 1.2

RMSRC
Decrease in
eGFR 20%
NA

Creatinine ≥ 0.3
mg/dL or 1.5
times above
baseline
Serum
creatinine
increase > 0.2
mg/dLeGFR <
60 mL/min
(CKDEPI)Decrease in
eGFR > 20%
(CKD-EPI)
Shift from ≥ 90
to 60-89
mL/min per
1.73 m2> 25%
increased
creatinine
Serum
creatinine > 0.5
mg/dL from
baseline, eGFR
< 50 mL/min

eGFR < 60
mL/min per
1.73 m2 eGFR
reduction >
25%Increase in
creatinine > 1.4
mg/dl
Change of
eGFR by 25%

TDF: Tenofovir; ETV: Entecavir; HBV: Hepatitis B virus; CHB: Chronic hepatitis B; M: Male; F: Female; NA: Not available; eGFR: Estimated glomerular
filtration rate; HTN: Hypertension; DM: Diabetes mellitus; HCC: Hepatocellular carcinoma; MDRD: Modification of diet in renal disease; CKD-EPI:
Chronic kidney disease epidemiology collaboration; CTx: Chemotherapy; OT: Organ transplantation; RMSRC: Reclassified to a more severe renal
classification.

All outcomes were assessed for changes due to intervention between treated and
control groups. The results are expressed as the means and standard deviations. (2)
When the study presented data on renal function using a graph rather than measured
numerical data, we extracted comparable data from the graph. (3) When the data of
interest were not available in the published reports, we contacted investigators of
original studies via e-mail to request unpublished data, and 3 investigators responded
to our request[14-16]. And (4) If necessary, we modified the data (combining two data or
converting standard error to standard deviation) to enable comparison according to
the equation presented in the Cochrane Handbook (Supplemental Table 5)[17].

Assessment of methodological quality
Two authors (Lee HY and Oh H) independently evaluated the quality of the included
studies using the Newcastle-Ottawa scale (NOS) for nonrandomized studies (Supplemental Table 6)[18] and the Grading of Recommendations Assessment, Development
and Evaluation (GRADE) criteria to appraise quality of evidence (GRADEpro, Version
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20. McMaster University, 2014) (Supplemental Table 7) [19] . Any disagreements
between reviewers were resolved through discussion or review by the third author
(Jun DW).

Statistical analysis
The primary outcome was the change in serum creatinine levels in the TDF and ETV
groups at baseline, 6 mo, 12 mo and 24 mo. We derived the mean differences in
creatinine levels between the aforementioned time points and the baseline.
Subsequently, we estimated and pooled the differences in the mean between the TDF
and ETV groups using a random effects model. A significant difference was defined
as having a P-value of Z-score smaller than 0.05. To assess for heterogeneity, we
estimated the proportion of inconsistencies due to true differences between studies
(rather than differences due to random error or chance) using the I2 statistic, with
values of 25%, 50%, and 75% considered low, moderate, and high, respectively.
Publication bias was assessed by funnel plots and Egger’s test.
The secondary outcome was the change in serum eGFR. As eGFR was estimated by
different formulas (e.g., MDRD or CKD-EPI), we standardized the mean difference of
eGFR in each included article before pooling them using a random effects model.
Subgroup meta-analyses stratified by proportion of cirrhosis, history of treatment,
region, mean age, and other factors were performed subsequently. Meta-regression
was performed to identify the source of heterogeneity and to investigate the nature of
the studies required to estimate the therapeutic effect. Meta-analyses were performed
using the Review Manager (RevMan, version 5.3; The Cochrane Collaboration,
Oxford, United Kingdom). Publication bias and meta-regression were analyzed using
Comprehensive Meta-Analysis (CMA) statistical software (Version 3, BioStat
Solutions, Inc.).

RESULTS
Identification of studies
Figure 1 shows the details of the literature search and study selection. The initial
search strategy identified 5413 articles (Supplemental Table 3). Of these, 5327
publications were excluded, as they did not fulfill the selection criteria by title and
abstract screening. We performed full manuscript reviews of the remaining 86 articles.
Nine reports (three prospective cohort studies and six retrospective cohort studies)
were deemed eligible and included in the meta-analysis[14-16,20-25].

Study characteristics and patient populations
Table 1 describes the characteristics of the 9 included studies. A total of 2263
participants who received either TDF (n = 1041) or ETV (n = 1222) were included.
Both drugs were administered for 6 mo to 2 years. Three studies were conducted in
South Korea; one each in United States, Taiwan, and Spain; and three in Turkey.
Serum creatinine data were provided in 9 studies and eGFR data in 6 studies. Except
for one study[22], all of the studies recruited treatment-naive patients.

Quality of the included studies
The quality of evidence was assessed using the NOS and GRADE guidelines. The
level of evidence and grade of recommendation for each outcome are summarized in
Supplemental Table 6 and 7.

Primary outcome: Change in serum creatinine
Renal function was assessed using serum creatinine levels at 6, 12, and 24 mo of
treatment and its decrease from baseline. Using a random effects approach, changes in
serum creatinine level compared to baseline increased more in the TDF group than in
the ETV group at 6 mo (MD = 0.03 mg/dL; 95%CI: 0.02-0.04; I2 = 0%), 12 mo (MD =
0.05 mg/dL; 95%CI: 0.02- 0.08; I2 = 78%), and 24 mo (MD = 0.07 mg/dL; 95%CI: 0.010.13; I2 = 93%) (Figure 2). The subgroup difference among different time points was
not significant.

Secondary outcome: Changes of eGFR
Changes in eGFR were significantly higher in the TDF group than in the ETV group.
Most studies used various eGFR formulas (Supplement Table 8). The standardized
mean differences (SMDs) of serum eGFR between the TDF and ETV groups at 6, 12,
and 24 mo were -0.22 (95%CI: -0.36--0.08; I2 = 0%), -0.24 (95%CI: -0.43--0.05; I2 = 50%),
and -0.35 (95%CI: -0.61--0.09; I 2 = 67%), respectively (Figure 3). There was no
significant difference in SMD among different time points.

WJG

https://www.wjgnet.com

2965

June 21, 2019

Volume 25

Issue 23

Lee HY et al. Renal safety of tenofovir vs entecavir: Meta-analysis
Figure 1

Figure 1 PRISMA diagram of the literature search. TDF: Tenofovir; ETV: Entecavir; SD: Standard deviation.

Subgroup analysis
To assess the effect size, we conducted subgroup analysis of calculated MDRD and
CKD-EPI after securing raw data on creatinine (Figure 4). The MDRD and CKD-EPI
equations both showed the same directivity without subgroup difference in each
follow-up period (I2 = 0%). However, the studies used for the analysis of MDRD and
CKD-EPI were different, and the number of studies was insufficient.

Sensitivity analysis
We tested the heterogeneity of studies with 12-mo and 24-mo enrollment categories,
as shown in Figure 2. To determine the cause of heterogeneity, we compared the
inclusion criteria of the enrolled studies (Supplemental Table 8) and conducted metaregression (Figure 5A and B). We considered the possibility that (mean age,
creatinine) may have been a major source of substantial heterogeneity observed across
the studies by research-level factors. In the meta-regression analysis, we did not find
any statistically significant tendency dependent on available study characteristics.
However, individual patient-level data could have been weak due to aggregation
bias. But through meta-regression we identified two studies as potential sources of
heterogeneity. Park et al [20] analyzed only cirrhotic patients in their study, and
included 22% of decompensated cirrhotic patients, diabetics and patients who take
diuretics. Tsai et al[21] showed greater heterogeneity than other studies. Tsai included
patients with all impaired renal function (eGFR 30-90 mL/min per 1.73). When we
excluded the study by Tsai et al[21], heterogeneity decreased from 78% to 1% in the 12mo group and from 93% to 82% in the 24-mo group. After excluding the Tsai et al[21]
study, the effect size remained statistically significant (Figure 5C).

Publication bias
Funnel plots constructed with observed studies showed symmetry (Figure 6). In
Egger’s test, publication bias revealed no significant evidence [bias = 1.967 (95%CI: 2.067-5.980), P = 0.285]. None of the studies trimmed in the Trim & Fill method with
the random effect model. There was no significant publication bias detected by funnel
plots.

DISCUSSION
In this systematic review and meta-analysis of prior studies, (1) The mean differences
in serum creatinine levels between TDF and ETV were 0.03 mg/dL (95%CI: 0.02-0.04;
I2 = 0%), 0.05 mg/dL (95%CI: 0.02 to 0.08; I2 = 78%), and 0.07 mg/dL (95%CI: 0.01-0.13;
I 2 = 93%) at 6, 12, and 24 mo, respectively. Although the mean difference was
statistically significant, a gap of 0.03-0.07 mg/dL does not reach clinical significance.

WJG

https://www.wjgnet.com

2966

June 21, 2019

Volume 25

Issue 23

Lee HY et al. Renal safety of tenofovir vs entecavir: Meta-analysis
Figure 2

Figure 2 Forest plot for the change of serum creatinine. In each enrolled study, the change (between post-treatment and baseline) is calculated in each arm
[tenofovir (TDF) vs entecavir (ETV)]. The difference in mean change between the two changes (δ TDF - δ ETV) is then calculated. TDF: Tenofovir; ETV: Entecavir;
SD: Standard deviation; CI: Confidence interval.

Although the mean difference seemed to increase gradually over time, there was no
significant difference among the estimates. (2) Similarly, there was a significant
standardized mean difference in serum eGFR levels between the two drugs over the
same time periods. TDF showed a greater decrease than ETV after 6, 12, and 24 mo
use. And (3) No significant difference was found through subgroup analysis and
sensitivity analysis by research-level factors and patient-level factors.
Our research is different from existing studies for the following reasons: (1) We
used continuous variables when comparing the influence of drugs on renal function.
(2) We enhanced clinical relevance by using qualified research quality assessment
methods and sensitivity analysis with meta-regression by study and patient
characteristics. Although there have been many studies and efforts to clarify the
influence of anti-HBV agents on renal function, these have resulted in conflicting
data[8-10]. To our knowledge, there were three systematic reviews for efficacy and
safety comparing TDF and ETV, but two of them primarily focused on efficacy rather
than renal safety issues[8,9]. Some critical manuscripts and abstracts were not included
in the previous studies. Moreover, most studies used various eGFR formula and
different AKI definitions. Lok et al[9] only listed dichotomous data that consisted of an
arbitrary definition of deterioration of renal function by NAs and change in eGFR
values without statistical analysis. Han et al[8] suggested more complex conclusions. In
their work, there was a statistically significant difference between TDF and ETV in
eGFR at the endpoint (RR = 1.601, 95%CI: 1.035-2.478, I2 = 0.0%), but no significant
difference in the change of eGFR from baseline (RR = 0.929, 95%CI: 0.616-1.4601, I2 =
0.0%). However, the authors did not clearly show how many studies were included in
the analysis. Because renal safety was defined as a secondary outcome, there were
several missing papers, and selection bias might have occurred. Moreover, in case of
the study by Gish et al, which was one of the studies included by Han et al [8] ,
nephrotoxicity was defined by an increase in serum creatinine of ≥ 0.2 mg/dL. There
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Figure 3

Figure 3 Forest plot for the change of estimated glomerular filtration rate. In each enrolled study, the change (between post-treatment and baseline) is
calculated in each arm [tenofovir (TDF) vs entecavir (ETV)]. The difference in standardized mean change between the two changes (δ TDF - δ ETV) is then
calculated, since each study utilized different formulas. TDF: Tenofovir; ETV: Entecavir; SD: Standard deviation; CI: Confidence interval.

was no difference between the TDF- and ETV-treated groups, but more patients in the
TDF group experienced eGFR decreases than in the ETV group. In this case, changes
in renal function could be underestimated. An article by Chan et al[10] showed effect
size with a continuous variable. They compared the effect of various NAs on renal
function using a network analysis. However, the authors did not include articles
regarding the effects of NAs on renal function comprehensively, with only three
articles making direct comparisons between TDF and ETV. Moreover, the definition
of AKI was inconsistent in the three included articles.
In this study, we determined that while TDF has been linked to declines in renal
function, the difference is not clinically definitive. Although there was a statistically
significant decrease in the short- and medium-term, our study does not guarantee
long-term stability. Moreover, some studies found no significant change in renal
function in TDF users in the longer term[26-28]. In sensitivity analysis, we conjectured
that the use of TDF is associated with mild renal impairment. Although there are very
few studies on CKD patients, many studies have performed a subgroup analysis of
CKD patients in CHB. Recently, Trinh et al[29] showed that in the absence of underlying
disease, the use of TDF did not significantly impair renal function, but the use of TDF
in patients with CKD and over 60 years of age exacerbated a decline in renal function.
In the study by Wong et al[30], the TDF-treated group had a significantly increased risk
of CKD progression (HR = 1.21) and showed a more rapid progression of CKD.
Our study has several limitations: (1) Using GRADE criteria, we found that overall
confidence in estimates was low. Due to the nature of the nonrandomized designs
used in these studies, there was serious inconsistency and the level of quality of most
of the studies was low (Supplemental Table 7). (2) The heterogeneity of several
subgroups were high. Through the sensitivity analysis, we found the weight and
effect size of one specific paper was large and have tried to explain the reason for this
specificity. (3) We used SMD to perform the meta-analysis, as the formulas for eGFR
calculation varied across studies. Therefore, the results need to be interpreted with
caution. (4) There was a fundamental clinical heterogeneity. Although we performed
sensitivity analysis, Child-Turcotte-Pugh score, hepatocellular carcinoma, hypertension, and diabetes mellitus were not controlled perfectly. (5) Our findings should
be interpreted cautiously, since the studies included in our meta-analysis adopted
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Figure 4

Figure 4 Subgroup analysis. Likewise, the change is calculated using a common formula in each arm to assess the effect size. A: Modification of diet in renal
disease, B: Chronic kidney disease epidemiology collaboration. TDF: Tenofovir; ETV: Entecavir; SD: Standard deviation; CI: Confidence interval.

different definitions and inclusion criteria for renal impairment. And (6) Finally, the
total number of studies and patients is small. Larger scale cohort studies with longterm follow-up are warranted to provide more precise data on long-term renal
adverse events.
In summary, our meta-analysis of observational studies reveals that TDF statistically significantly increased serum creatinine levels and decreased the eGFR over 624 mo in comparison with ETV. However, the quality of the evidence was moderate to
low quality and the difference was inappreciable.
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Figure 5

Figure 5 Sensitivity analysis. Meta-regression of difference in mean age (A) and creatinine (B). The circles on the graph represent included studies; the size of the
circle indicates the weight of each study. To check the robustness of this study, we tentatively excluded one heterogeneous study[19] (C). TDF: Tenofovir; ETV:
Entecavir; SD: Standard deviation; CI: Confidence interval.
Figure 6

Figure 6 Funnel plot for publication bias in all included studies. The empty circles represent the observed studies and empty and black-filled diamonds represent
the overall random effects means and 95% confidence intervals of the observed studies.

ARTICLE HIGHLIGHTS
Research background
Tenofovir (TDF) and entecavir (ETV) are preferred first-line treatments for chronic hepatitis B
(CHB). The long-term safety issue of nucleos(t)ide analog is very important because CHB
patients should take it indefinitely. In addition, a number of researchers have recently reported
many CHB patients suffer from CKD through large-scale studies.
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Research motivation
Over the years, several studies have been conducted to compare renal safety of the two drugs,
but the results varied and sometimes conflicted with each other. Confusedly, the recommendations of the recent two guidelines are contradictory.

Research objectives
We aimed to conduct a systematic review and meta-analysis to assess renal safety of TDF and
ETV in patients with CHB using continuous variables.

Research methods
Calculating the change of creatinine and estimated glomerular filtration rate (eGFR), we secured
the distinction from the prior meta-analysis that using dichotomous data. To enhance the clinical
importance, we performed sensitivity analysis with meta-regression.

Research results
With nine NRSs, we conducted meta-analysis. Changes in creatinine levels were higher in the
TDF group than in the ETV group at 6 mo [mean difference (MD) = 0.03 mg/dL; 95%CI: 0.020.04; I2 = 0%], 12 mo (MD = 0.05 mg/dL; 95%CI: 0.02 to 0.08; I2 = 78%), and 24 mo (MD = 0.07
mg/dL; 95%CI: 0.01-0.13; I2 = 93%). The change in eGFR was significantly higher in the TDF
group than in the ETV group at 6 mo [standardized mean difference (SMD) = -0.22; 95%Cl: -0.36-0.08; I2 = 0%], 12 mo (SMD = -0.24; 95%Cl: -0.43 to -0.05; I2 = 50%), and 24 mo (-0.35; 95%Cl: 0.61--0.09; I2 = 67%).

Research conclusions
Until now, in studies comparing the effect on renal function between the two drugs, the differences varied greatly. However, our study found that the difference was negligible.

Research perspectives
The value of creatinine and eGFR in our meta-analysis was a secondary outcome in most of the
included studies. And most of the studies used various eGFR formula and different AKI
definitions. We need further research comparing renal function as a primary outcome and using
universal definition of AKI, if possible, through large-scale RCT.
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Abstract
Until recently, with the exception of coeliac disease, gastroenterologists have not
been particularly interested in the role of diet in the management of
gastrointestinal disorders. However, patients have always felt that diet must play
a part in their symptoms and, in the absence of any medical interest, have turned
to alternative dietary practitioners for help, which can often have no evidence
base. Fortunately, with the advent of the FODMAP diet (fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols) and the
realisation that diet can have a profound effect on the microbiome, medical
opinion is now changing. Nevertheless, research on the various diets that are
now available is often completely lacking. Lectins are carbohydrate binding
proteins which are widely distributed in nature and are found in a whole variety
of commonly consumed foods. It seems likely that the exclusion of lectins from
the diet could become the next “food fashion” for alternative practitioners to
promote, especially as there is some evidence to suggest that certain lectins may
be harmful to health. It is, therefore, the purpose of this viewpoint to try and
stimulate research on the dietary effects of lectins, which is currently minimal, so
that we can pre-empt a situation where we are unable to give patients or the
public evidence based advice on this topic.
Key words: Dietary lectins; Exclusion diets; Gastrointestinal system; Harm; Carbohydrate
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Patients with gastrointestinal problems, as well as the general public, are being
offered an increasing number of different diets which claim to improve their health, often
without any evidence to support a beneficial effect. Lectins are carbohydrate binding
proteins which are found in many foods and some of them, such as those found in red
kidney beans, can cause gastrointestinal symptoms if not cooked properly. Consequently,
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it is possible that a lectin exclusion diet could become fashionable in the future and
research is needed to find out under what circumstances, if any, such a diet may be
advisable.
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INTRODUCTION
The majority of patients with gastrointestinal problems, especially those of a
functional nature, consider that diet is important either in the cause of their symptoms
or at least in their exacerbation. Unfortunately, until relatively recently the medical
profession has largely ignored the role of diet in gastroenterology other than to advise
patients to eat more fibre. However, in 1994 we showed that cereal fibre can actually
exacerbate the symptoms of irritable bowel syndrome (IBS)[1]. In addition, we also
found that fruit and vegetables could cause problems and assumed that this was
likely to be as a result of their fibre content[1]. Despite these findings being published
in the Lancet, this lack of interest in the contribution of diet to gastrointestinal health
persisted with the void gradually being filled by alternative dietary practitioners as
well as the marketing of a whole variety of tests for the detection of food allergies and
intolerances. The proliferation of these alternative sources of advice coupled with the
advent of the Internet may also partly explain why even healthy members of the
general public have now become interested in the possible harmful effects of some
dietary components. As a result of this, a bewildering array of diets are now
fashionable.

GLUTEN
The exclusion of gluten is attracting particular attention. Obviously, the role of gluten
in coeliac disease is beyond doubt but there is now interest in the possible effects of
gluten in those individuals with the genetic predisposition to coeliac disease and even
concepts such as non-coeliac gluten sensitivity[2]. Furthermore, large numbers of
apparently healthy individuals are now adopting a gluten free diet[3]. Consequently, it
is absolutely essential that the medical profession start undertaking good quality
research on the role of gluten and other dietary components in health and disease so
that the public can be given evidence based advice about their diet rather than having
to trawl through questionable information on the Internet.

FODMAPs
Fortunately, the advent of the low FODMAP diet (fermentable oligosaccharides,
disaccharides, monosaccharides, and polyols) for the treatment of IBS has at last
galvanised interest in dietary interventions amongst the gastroenterology community
and, hopefully, this will stimulate further research on other dietary interventions in
both gastroenterology as well as other specialties. FODMAPs are carbohydrates that
are poorly absorbed by the gut and are, therefore, fermented by bacteria. This leads to
symptoms, especially in patients with IBS, possibly by exacerbating the gut
hypersensitivity that exists in these patients[4]. It seems likely that the detrimental
effect of fruit and vegetables on symptoms of IBS that we previously reported is more
likely to be due to FODMAPs rather than fibre as we surmised, although a dual effect
may be a possibility. FODMAPs are contained in cereals, fruits, vegetables, and
legumes as well as milk products and there is now reasonably good evidence that
FODMAP restriction in IBS can improve symptoms [5] . However, there are some
concerns about whether this diet can lead to changes in the gut microbiota that may
not be entirely desirable[5]. Given the sometimes dramatic reduction in symptoms that
can be seen in patients on a low FODMAP diet it is possible that, in the future, it
might be tempting for even healthy individuals to experiment with this approach.
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LECTINS
Lectins are carbohydrate binding proteins that are widely distributed in nature and
occur in a variety of foods such as cereals, fruit, vegetables, animal products and
fish[6]. There is no universally accepted classification of lectins but they do have
characteristics that differ from other proteins. Some lectins such as ricin, which is
derived from the castor bean, are highly toxic with the ingestion of even miniscule
quantities of ricin proving fatal whereas other lectins are relatively harmless [7] .
Lectins, such as phytohaemagglutinin and concanavlin A, agglutinate red cells and
act as lymphocyte mitogens with these properties having been used in the laboratory
for many years. Much of the research on the results of consuming lectins is relatively
old and largely confined to the effect of plant lectins on animals where, for instance,
they can survive transit through the gut and have a variety of local and systemic
effects[8-10]. Furthermore, in contrast to animal proteins, lectins are resistant to heat and
even cooking can fail to inactivate them unless it is above 100 °C for as long as thirty
minutes or more[11]. Animal studies have shown that lectins, which have an affinity for
gut epithelium, can interfere with absorption of nutrients with these effects sometimes
being called “anti-nutritional”[12,13]. For instance, phytohaemagglutinin, which is found
in high concentrations in the red kidney bean, has a range of effects on the gut
including decreased acid secretion, crypt hyperplasia, changes in the brush border
and even an indirect effect on the pancreas and these effects on the gut are not
confined to this particular lectin[10,14-16]. There is also evidence that some lectins may
affect the gut microbiota as well as having systemic effects such as the modulation of
inflammation and immune function[17,18]. It should be noted that these latter properties
may not necessarily always be negative indicating that the therapeutic potential of
some of these proteins might also be worth exploring.
Despite this evidence of the detrimental effects of lectins in animals, their potential
to cause harm in humans has received surprisingly little scientific attention although
“food poisoning” due to red kidney bean consumption has been reasonably well
documented[19]. However, much more needs to be known about which lectins are
harmful and the effects of dose and duration of consumption. It is also interesting to
note that many of the foods that are excluded in the low FODMAP diet are those that
also contain lectins. This raises the possibility that it may not just be the FODMAPs
that are causing problems in those who benefit from their exclusion.

CONCLUSION
As a result of their potential for toxicity and their “anti-nutritional effects” it is almost
inevitable that lectin exclusion could well become a big food fad[13]. Consequently,
now is the time to resume research on this ubiquitous family of proteins so that we
fully understand their role in health and disease. This would then enable us to advise
our patients and the general public accordingly, rather than having to play “catch up”
after everybody starts wondering whether they should be excluding some or adding
others to their diet.
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Hepatocellular carcinoma (HCC) arises on the background of chronic liver
disease. Despite the development of effective anti-viral therapeutics HCC is
continuing to rise, in part driven by the epidemic of non-alcoholic fatty liver
disease. Many patients present with advanced disease out with the criteria for
transplant, resection or even locoregional therapy. Currently available
therapeutics for HCC are effective in a small minority of individuals. However,
there has been a major global interest in immunotherapies for cancer and
although HCC has lagged behind other cancers, great opportunities now exist for
treating HCC with newer and more sophisticated agents. Whilst checkpoint
inhibitors are at the forefront of this revolution, other therapeutics such as
inhibitory cytokine blockade, oncolytic viruses, adoptive cellular therapies and
vaccines are emerging. Broadly these may be categorized as either boosting
existing immune response or stimulating de novo immune response. Although
some of these agents have shown promising results as monotherapy in early
phase trials it may well be that their future role will be as combination therapy,
either in combination with one another or in combination with treatment
modalities such as locoregional therapy. Together these agents are likely to
generate new and exciting opportunities for treating HCC, which are
summarized in this review.
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Core tip: A significant proportion of patients with hepatocellular carcinoma (HCC)
present with advanced disease, for which there are limited systemic therapeutic options.
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Complicating this, HCC often develops on a background of cirrhosis, which can
preclude the use of certain cytotoxic agents. Immunotherapy has previously not been an
available therapeutic option in HCC. However, checkpoint inhibition therapy was
recently licensed as a second line option for advanced disease. Multiple other promising
agents are in development which boost existing immune response or stimulate a de novo
immune response. These agents are discussed herein.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the predominant form of primary liver cancer,
constituting 75%-85% of cases. It presents a significant health burden as the sixth most
commonly diagnosed cancer worldwide in 2018. In addition, reflecting its poor
outcome, it was the fourth leading cause of cancer death[1]. The incidence of HCC
varies country by country depending on the relative prevalence of key risk factors.
These include chronic infection with either hepatitis B virus (HBV) or hepatitis C virus
(HCV), as well as aflatoxin exposure[2]. These are more common in lower human
development index countries. Although vaccination against HBV is recommended to
reduce HCC development and has been used successfully in countries such as
Taiwan, problems such as logistics of delivery and vaccine availability are significant
factors which limit this approach[3].
HCV and HBV related cirrhosis are associated with the highest incidences of HCC.
However, other aetiologies of cirrhosis, including non-alcoholic fatty liver disease
(NAFLD), alcohol related liver disease and hereditary haemochromatosis are also
strongly associated with an increased incidence of HCC[4]. Furthermore, any optimism
about the revelatory impact new HCV drugs will have on HCC burden is forestalled
by the global rise in NAFLD, type 2 diabetes mellitus and the “metabolic syndrome”
as endemic risk factors for HCC development[5,6]. In particular the incidence of HCC is
rising, particularly in countries with a high socio-demographic index, and consistent
with this HCC may arise on the background of a non-cirrhotic liver in NALFD[7,8].
Surgery is the most successful treatment for HCC, either liver transplantation or
liver resection depending on liver function, the presence of portal hypertension and
tumour burden. Selection for surgery remains based upon Barcelona clinic liver
cancer (BCLC) criteria for the most part, although “extended criteria” may be used by
experienced centres[9]. Unfortunately given that liver cancer usually occurs on the
background of cirrhosis, the residual liver post-resection still presents an environment
predisposing to the development of subsequent tumours. Thus recurrence is a
significant problem[10]. Transplantation obviates this concern to an extent by removing
the background liver but patients may be outwith criteria for transplant at
presentation or subsequently become ineligible while waiting for a suitable donor
organ. Post-liver transplantation HCC recurrence appears to occur in 10%-20% of
patients[11].
Locoregional therapy is the main alternative therapy depending on the stage of the
underlying liver disease. This largely comprises two major types: (1) Percutaneous
ablation such as microwave ablation or radiofrequency ablation (RFA); (2) Intraarterial chemoembolotherapy, namely transcatheter chemoembolization[9]. Ablation
may even be a first line option over surgery in selected early stage tumours with
comparable mortality rates, albeit higher recurrence rates[12]. Nonetheless, locoregional
therapy is for the most part not curative treatment with recurrence being common.
Unfortunately the majority (> 70%) of patients present with advanced disease
outwith the criteria for transplant, surgery or locoregional therapeutic options[13]. For
these patients there remains a paucity of approved therapeutic options. Sorafenib is
an oral multi-tyrosine kinase inhibitor (TKI), targeting a number of signaling
pathways such as vascular endothelial growth factor (VEGF), and increasing median
survival by 3 mo[14]. On this basis it is recommended as the standard first line systemic
therapy for patients with Child-Pugh A cirrhosis and BCLC-C[9]. Another oral multiTKI lenvatinib is now recommended as alternative first line therapy based on noninferiority to sorafenib[9,15]. Based upon survival benefits versus placebo in patients
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previously treated with sorafenib both oral multi-TKIs regorafenib and cabozantinib
have been added as second line systemic therapeutic options[16,17]. Importantly, liver
cirrhosis precludes the potential use of many cytotoxic drugs and so, combined with
the resistance of HCC to a number of reagents, the development of prospective
chemotherapy regimens has been relatively difficult[18].
In recent years cancer immunotherapy has seen a rapid expansion in terms of the
number of agents which confer a prognostic benefit by awakening the immune
system to mount a response against developing cancers, with particular success in
metastatic melanoma[19]. Given the paucity of therapeutic options it is therefore logical
that that these immunotherapeutic targets should be explored in HCC, particularly
given the correlation between immunological findings and outcomes in HCC [20] .
Recently, nivolumab was added as the first Food and Drug Administration (FDA)
approved immunotherapy for HCC[15]. This expansion in the therapeutic armoury is a
welcome one. In this article we review the basis for immunotherapy in HCC, the
agents studied to date as well as potential future developments.

LIVER IMMUNOBIOLOGY
Liver immunobiology
In addition to its many metabolic functions the liver has an important immunoregulatory role. Its dual supply of arterial and portal systemic blood makes it a unique
recipient for gut pathogen exposure. This anatomy is combined with a honeycomblike vasculature of sinusoids densely laden with specialized immunocytes including
macrophages (Kupffer cells), liver sinusoidal endothelial cells (LSECs), natural killer
(NK) cells and innate T cells[21].
The LSECs account for roughly 50% of the non-parenchymal cells within the
liver[22]. In conjunction with Kupffer cells and dendritic cells (DCs) one of their roles is
to act as antigen presenting cells as part of the hepatic reticulo-endothelial system[23].
Residing in the space of Dissé between the parenchymal cells and LSECs are hepatic
stellate cells which contribute an immune sentinel role in this nuanced interplay[24].
Further to the LSECs is an abundance of resident liver lymphocytes, including NK
and innate T cells, which serve a number of roles including innate immune response
against viruses, intracellular bacteria, tumours and parasites[25,26]. There is thus a rich
effector population which needs to be responsive to pathogens, but also immunoregulatory when exposed to the non-pathogenic antigens that flood the liver via the
portal vein. These include innocuous nutrient antigens, bacterial degradation
products, damaged cells and of course pathogenic or toxic components. It is for this
reason that the immune response within the liver requires such precise homeostatic
control. The inherent immune tolerogenicity which the liver has developed to adapt
to this unique environment of antigen exposure has been well described[23,27]. This
manifest immunotolerant capacity is evident in the liver’s relatively low rates of
allograft rejection compared to other organ transplants[28,29].

Immunobiology in chronic liver disease
There are two aspects to immunobiology in the context of cirrhosis. One is that in
cirrhosis there is an active immune-mediated inflammatory process and that as
decompensation develops it becomes progressively systemic[30]. However, the precise
nature of the immune activity in cirrhosis depends on the underlying liver disease.
Combined with a dysregulated immune response that predisposes to infection, this
has been elsewhere described as “cirrhosis-associated immune dysfunction”[31]. It is
well established the predisposition to bacterial infection and this is most evident in
acute-on-chronic liver failure[32,33]. Additionally, the structural damage of cirrhosis
compromises reticulo-endothelial function leading to impaired immune
surveillance[21]. However, immune dysregulation is also manifest in non-cirrhotic
patients, with irregularities such as elevated levels of endogenous cytokines, and a
pro-inflammatory environment especially in autoimmune liver disease and viral
hepatitis[34].

HCC immunobiology
In the majority of cases HCC is associated with chronic liver disease and in particular
cirrhosis. The underlying inflammatory process described above drives hepatocellular
DNA damage, endoplasmic reticulum stress and subsequent necrosis of the
hepatocyte which leads to regenerative nodular formation, dysplastic nodules and
ultimately carcinoma[35]. HCV and HBV also drive an immune-mediated inflammatory
response which promotes neoplastic change, the latter also mediating its carcinogenic
properties via direct oncogenic transformation following incorporation into host cell
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DNA[36]. Furthermore, once HCC has developed the tumour can be associated with a
rich immune cell infiltrate. Detailed analysis of HCCs indicated that approximately
25% have high inflammatory scores, with high or moderate levels of lymphocyte
infiltration[37,38]. As one might expect, tumour infiltrating lymphocytes (TILs) form a
large component in solid tumours, in an attempt by the host to mediate an antitumour
reaction[39]. Unfortunately this cellular response can be dysfunctional with a higher
proportion of CD4+ (helper or T regulatory cells) to CD8+ cells. This promotes
immune tolerance and has been shown to confer a worse prognosis[40]. Additionally
the innate immune system may be attenuated as evidenced by the hypofunctionality
of NK cells in HCC[41,42].
However, although TILs can be identified, within the tumour microenvironment in
cirrhosis, they often prove insufficient to control tumour growth[43]. Expansion of
myeloid derived suppressor cells (MDSCs) as well as Tregs appears to further enable
the evasion of tumour cells from immune detection [44] . This creates an immunosuppressive immune environment through the secretion of transforming growth
factor (TGF-β). In addition there are multiple mechanisms of immune evasion
including secretion of other immunoregulatory cytokines such as interleukin-10 (IL10), downregulation of ligands that activate immune cells including MHC class I and
NKG2D ligands and expression of ligands that directly inhibit lymphocytes, including
both T cells and NK cells[45-48]. Thus HCC is a challenging environment for the immune
system. Nevertheless, immunotherapy is one of the most promising avenues for
future therapies.

CURRENT AND FUTURE IMMUNOTHERAPEUTIC
STRATEGIES IN HCC
Current approaches of immunotherapy were shown in Figure 1. Current immunotherapeutic strategies are based on two fundamental principles: (1) The ability to
unmask current immune responses; or (2) The need to stimulate new or different
immune responses. Unleashing current immune response relies on there being a preexisting immune reactivity to cancer which is being held in check by microenvironmental factors, such as inhibitory receptors on T cells especially programmed
cell death protein 1 (PD-1) and cytotoxic T-lymphocyte associated antigen 4 (CTLA-4),
or alternatively immunosuppressive cytokines such as TGF-β. Checkpoint inhibitors
fall within this category, and importantly for these therapies to work the precise
molecules that the cells are targeting do not need to be known. Conversely, antibodies
that directly target molecules expressed on HCC, such as alpha-fetoprotein (AFP) or
glypican-3 (GPC-3) are within the second category. These strategies can be enhanced
by coupling these antibodies to effector cells, such as T cells or even NK cells. Vaccine
therapeutics and the use of oncolytic viruses, discussed below, may straddle these
two mechanisms by unmasking pre-existing and inducing de novo T cell responses to
antigens expressed by HCC. Additionally, tumour ablation liberates antigens into the
periphery and can augment CTL responses, that have been correlated with
survival[49-51].

Checkpoint blockade
A rapidly growing list of blocking antibodies to immune checkpoints has been
approved by the FDA in recent years for cancer treatment. In general, these are
thought to be most effective for tumours with a high mutagenic load, such as
melanoma [52] . Although these have been in trials for some time, it was not until
recently that the first of these checkpoint inhibitors was approved for use in HCC,
when the PD-1 inhibitor nivolumab (Opdivo®) gained FDA approval (Table 1).
Programmed cell death protein 1: PD-1 is a cell surface protein expressed on an
extensive number of immune cell types, predominantly CD8+ T cells but also CD4+ T
cells, B cells, NKs, Tregs, MDSCs and DCs[53-55]. It is upregulated following activation
of T cells and when it binds to PD-L1 (or PD-L2) on target cells this inhibits effector T
cell responses. Therefore, blocking its action is an attractive target of immunotherapy.
Nivolumab’s grading as an approved second line therapy for HCC is supported by
evidence from the CheckMate040 trial. This was a phase I/II, open label, noncomparative, dose escalation and expansion trial in advanced HCC of mixed
underlying chronic liver diseases (n = 262)[56]. 46 (96%) of 48 patients discontinued
treatment in the dose escalation phase, 42 (88%) due to disease progression. However,
the objective response rate was 20% in the dose-expansion phase. Incorporation of
nivolumab into the AASLD guideline on HCC as second line systemic therapy was
made in advance of the first phase III trial results on the basis of CheckMate040[15].
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Figure 1

Figure 1 Current approaches of immunotherapy. Summary of immunotherapeutic agents studied in hepatocellular carcinoma. CAR-T: Chimeric antigen receptor
expressing T cell; CIK: Cytokine-induced killer; CTLA-4: Cytotoxic T-lymphocyte associated antigen 4; DC: Dendritic cell; LAG-3: Lymphocyte activation gene 3; NK:
Natural killer; PD-1: Programmed cell death protein 1; TGF-β: Transforming growth factor-β; Tim-3: T-cell immunoglobulin and mucin-domain containing-3. 1Licensed
by Food and Drug Administration.

CheckMate459 (NCT02576509), is a phase III, randomized, open label trial of
nivolumab versus sorafenib which has closed to recruitment and results are awaited
at the present time.
There are a number of registered phase III trials looking at PD-1 checkpoint
blockade. The ORIENT-32 study (NCT03794440) is a randomized, open-label,
multicentre trial in China randomizing patients to a combination of sintilimab (PD-1
inhibitor) and bevacizumab (anti-VEGF antibody) versus a control arm of sorafenib.
The RATIONALE-301 study (NCT03412773) is a phase III trial randomizing patients
to the PD-1 inhibitor tislelizumab monotherapy versus sorafenib. Pembrolizumab
(Keytruda ® ), another IgG4 isotype antibody targeting the PD-1 receptor of
lymphocytes, has been similarly studied as monotherapy. In the 104 patients enrolled
in the open-label, phase II trial KEYNOTE-240 (NCT02702401) there were mixed
results. An objective response in 17% of patients (complete in 1%, partial in 16%) was
offset by serious treatment-related adverse events in 15%, including 1 death
associated with ulcerative oesophagitis attributed to treatment[57]. However, based on
the promising response rates pembrolizumab was granted accelerated approval for
HCC. Unfortunately Merck and Co. has recently announced that the subsequent
phase III trial of pembrolizumab versus placebo did not meet its co-primary
endpoints of overall survival (OS) and progression-free survival in patients with
advanced HCC [58] . These results, although disappointing, would appear to be
consistent with the opinion that checkpoint blockade may well be most efficacious as
combination therapy[54,59]. Combination of PD-1/PD-L1 blockade may be with VEGF
inhibition (NCT03794440, NCT03713593, NCT03764293, NCT03434379), as well as
with locoregional treatment or resection (NCT03847428, NCT03755739), or indeed
with another checkpoint inhibitor. However, care needs to be taken as combination
therapy with checkpoint inhibitors can lead to higher rates of side-effects including an
immune-mediated hepatitis[60].
Cytotoxic T-lymphocyte associated antigen 4: CTLA-4 is another membrane bound
molecule which keeps the immune response in check. It has a multifaceted role,
actively competing for binding to the co-stimulatory molecule CD28, and leading to
increased secretion of the immunoregulatory cytokine IL-10, as well as serving as a
key mediator by which regulatory T cells (Tregs) dampen immune response[61,62].
Inhibition of CTLA-4 is associated with improved clinical outcomes in other
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Table 1 Phase III trials of checkpoint inhibitors
Trial identifier Targets

Drugs

Other treatment Patient group

Status

n

Estimated
completion date

NCT03794440

PD-1

Sintilimab

vs Sorafenib

Advanced HCC

Recruiting

566

Dec 2022

VEGF

Bevacizumab
biosimilar

CTLA-4

Tremelimumab

vs Sorafenib

Jun 2021

Durvalumab

HCC BCLC stage Recruiting
B not eligibile for
locoregional
therapy

1310

PD-L1

NCT02702401

PD-1

Pembrolizumab

vs Placebo

Advanced HCC

Results available

408

Dec 2019

NCT02576509

PD-1

Nivolumab

vs Sorafenib

Advanced HCC

Active, not
recruiting

726

July 2020

NCT03755739

PD-1

Pembrolizumab

Peripheral vs
hepatic infusion
following TACE

Advanced HCC

Recruiting

200

Nov 2021

NCT03062358

PD-1

Pembrolizumab

vs Placebo

Advanced HCC

Recruiting

450

Jan 2022

NCT03713593

PD-1

Pembrolizumab

Recruiting

750

July 2022

Lenvatinib

vs Lenvatinib
monotherapy

Advanced HCC

VEGR
PD-L1

Durvalumab

June 2023

Bevacizumab

Combination with HCC eligible for
resection/MWA curative
vs
resection/MWA
resection/MWA
alone

Not yet recruiting 888

VEGF

PD-1

Camrelizumab

vs Sorafenib

Advanced HCC

Not yet recruiting 510

Jan 2022

TKI

Apatinib

PD-L1

Atezolizumab

vs Sorafenib

Advanced HCC

Recruiting

June 2022

VEGF

Bevacizumab

NCT03298451

NCT03847428

NCT03764293

NCT03434379

480

HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic Liver Cancer; CTLA-4: Cytotoxic T-lymphocyte-associated antigen 4; MWA: Microwave ablation;
PD-1: Programmed cell death protein 1; TACE: Transcatheter arterial chemoembolization; VEGF: Vascular endothelial growth factor; VEGFR: Vascular
endothelial growth factor receptor.

malignancies such as metastatic melanoma. In 2011, ipilimumab (YERVOY®) was the
first checkpoint inhibitor approved by the FDA. Reports of therapeutic CTLA-4
blockade in HCC have also shown promise. In 2013 there was a reported phase I trial
of 20 patients with advanced HCC and a background of HCV who received the
CTLA-4 inhibitor tremelimumab[63]. Partial response was 17.6% and disease control
was 76.4%. Time to progression was 6.48 mo (95% confidence interval 3.95-9.14).
Although intense elevations in transaminases were common, particularly after first
dose, no course of steroids were required for hepatotoxicity. The randomized phase
III HIMALAYA trial (NCT03298451) is recruiting patients for randomization to a
combination of CTLA-4 inhibitor tremelimumab and PD-L1 inhibitor durvalumab
versus sorafenib. It leads on from the early clinical data of 40 patients enrolled in the
phase I trial of durvalumab and tremelimumab in advanced HCC[64]. Patient selection
for combination checkpoint blockade will no doubt be key with 20% of patients
having at least one grade 3 adverse event.
Furthermore, the combination of checkpoint blockade with locoregional therapy is
attractive, with the potential for CTLA-4 inhibition to uncouple the systemic
immunogenic response which occurs with tumour necrosis. A phase II trial which
enrolled 32 patients (predominantly with HCV) treated with tremelimumab and
followed by subtotal RFA or chemoembolization, demonstrated that of the 19 patients
with lesions evaluable 5 of them (26%) showed partial response[65].
T-cell immunoglobulin and mucin-domain containing-3: TIM-3 is another transmembrane protein which is known to be expressed on CD4+ T Helper 1 cells and CD8+
cytotoxic cells[66]. Initially identified due to a putative pathogenic association with
autoimmune disease, interest in this as a therapeutic has grown due to its role in the
ability of tumour cells to evade immunosurveillance. A propensity of CD8+ cells to
co-express both PD-1 and TIM-3 seems to contribute to the dysfunctional phenotype
of CD8+ T cells[67,68]. We await with interest a phase II trial of dual blockade of antiTIM-3 and PD-1 in HCC (NCT03680508) which has not yet begun recruitment.
Transforming growth factor-β: TGF-β is a membrane bound molecule expressed on
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and associated with a Treg subset which suppresses CD4+ T cell response in tumour
tissue, promoting progression, in both murine models and HCC patients [69] . Coexpression of PD-1 on these CD4+CD69+ Tregs makes for another potential
combination therapy. Results are awaited of a phase I trial assigning patients in
parallel to both the anti-TGF-β monoclonal antibody NIS793 and PD-1 inhibitor
spartalizumab (NCT02947165) due for completion in April 2021.
Lymphocyte activation gene 3: Closely related to CD4, lymphocyte activation gene 3
(LAG-3) is a membrane protein that binds the same ligand, MHC-II[70]. Not only do
these proteins suppress T cell activity and cytokine release, but they are also of
considerable interest due to their upregulation in T cell exhaustion in the context of
chronic viral infection or cancer[71,72]. The synergistic effect of LAG-3 with PD-1 to
induce tumour regression raises another further potential combination therapy[73].
Although engineered LAG-3 binding therapy for solid tumours remains in early
phase trials, given its significant upregulation in tumour infiltrating CD8+ T cells of
HCC patients, its potential in liver cancer is eagerly awaited[74].

Adoptive cell transfer
In contrast to the active augmentation of immune response seen with checkpoint
inhibition therapy, adoptive cell transfer aims to improve HCC outcomes by passively
administering autologous lymphocytes following ex vivo cultivation[75]. This is a longstanding therapeutic strategy starting over 30 years ago, with infusion of TILs leading
to improved responses in metastatic melanoma[76]. The broad cell subsets that have
been studied in HCC to date include NK cells, cytokine-induced killer (CIK) cells or
TILs, and finally chimeric antigen receptor T cells (CAR-T cells).
The first of these, NK cells, form as much as 50% of innate immune cell rich
infiltrate within the liver[26]. With their ability to kill cells without prior activation or
priming they are best known for forming part of the host defence against infection
and tumour development[26]. In a murine model expanded NK cells exert a significant
cytotoxic effect against HCC cells, reducing tumour growth and improving OS.
Furthermore, they enchanced the effect of sorafenib in the same study[77]. Although
clinical data on use is limited, there has been a successfully conducted phase I trial in
patients with liver cirrhosis with HCC undergoing liver transplantation. NK cells
derived from donor liver perfusate, stimulated with IL-2 and administered showed
upregulation of peripheral NK cell cytotoxicity and no adverse events[78]. We await
ongoing trials of high affinity NK cells versus sorafenib (NCT03563170) and
combination therapy of NK cell transfer with irreversible electroporation (IRE) vs IRE
alone (NCT03008343).
Next are the CIK cells which represent another novel immunotherapeutic option.
By incubating peripheral blood monocytes with cytokines including IL-1, IL-2, IFN-γ
and a monoclonal antibody against the T cell marker CD3, these cells show a
significant inhibitory effect on tumorigenesis[79]. These MHC-unrestricted cytotoxic
lymphocytes are made up of a heterogeneous group of efficient cytotoxic effector cells
comprising predominantly CD3+CD56+ T cells, and some CD3-CD56+ NK cells.
Trials into reinfusion of CIK cells have predominantly been studied as an adjunctive
therapy following surgical resection, with a theoretical base in murine models
showing an effect of these cells on micrometastases[80]. Early trials randomizing postcurative resection patients to adjuvant CIK cell therapy or no adjuvant showed
promising results with a significantly reduced risk of recurrence, but without an
improvement in OS[81,82]. The largest study to date, involving 230 patients, was a
multicenter, randomized, open label phase 3 trial studying CIK cell therapy as
adjuvant to RFA, ethanol injection or curative resection. This showed an improvement
of 14 mo in recurrence free survival[83]. A systematic review and meta-analysis of CIK
cell therapy in HCC in Asia reached similar conclusions that in selected patients,
progression free survival and recurrence free survival are improved[84].
Antigen specific T cells have also been studied. These include native TILs and also
CAR-T cells. A phase I trial studied administration of autologous TILs in 15 patients
with HCC post-resection. This showed successful expansion in 88% and there were no
serious adverse events (SAEs) reported[85]. The incorporation of a chimeric antigen
receptor into T cells to modulate their antigen selectivity and signaling offers another
exciting prospect for immunotherapy in HCC. Although discovered 30 years ago,
CAR-T cell therapy for HCC remained relatively in its infancy until more recently[86].
The FDA approved the first two CAR-T cell therapies Kymriah® and Yescarta® for
lymphoma in 2018 and 2017. A plethora of trials into solid tumours have followed in
parallel with these breakthroughs in lymphoma.
HCC has a number of tumour associated antigens (TAAs). Selection of an
appropriate antigen for CAR-T cells is integral to their success as a prospective
immuno-therapeutic option. Given its high expression and association with poor
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prognosis in HCC, GPC-3, a member of the glypican family, has been a natural target
antigen to study[87,88]. There remains one published phase I trial of 13 patients, 8 of
whom had lymphodepletion with fludarabine and cyclophosphamide. These were
patients with advanced HCC, portal vein invasion or extrahepatic metastases. This
has only been published in abstract form to date, but no dose limiting toxicity was
identified and there was one SAE of grade 3 fever found[89]. We await the published
results of a further phase I clinical trial (NCT02723942) that was completed in 2017.
There are currently five Phase I/II trials recruiting, four of which examining GPC-3
and one EpCAM (NCT03198546, NCT03130712, NCT02715362, NCT03013712,
NCT02723942). AFP is another potential target TAA that is being explored [90,91] .
Unfortunately the propensity of AFP to be found on healthy hepatocytes has stymied
its potential as a target antigen of CAR-T cell or other targeted immunotherapies.

Vaccines
Tumour vaccines are agents which increase specific immune responses to tumour
antigens. Registered clinical trials for such tumour vaccines in HCC are currently
relatively few compared to those studying adoptive cellular therapies and checkpoint
inhibitors, in part because of previously disappointing trial results, and also relative
lack of efficacy of other tumour vaccines. This may be related to the previous
difficulty in identifying the correct tumour antigens, which has now become possible
through recent technological breakthroughs allowing massive parallel DNA
sequencing. Thus, priming an immune response whether in isolation, or more likely
in combination with an immune modulator remains an attractive therapeutic strategy
for HCC. A number of agents have been examined to date with regards to this.
Dendritic cells: DCs are professional antigen presenting cells, responsible for a
multitude of tasks, including absorption, processing and presentation of TAAs.
Allogeneic DCs form one broad subset of vaccines by providing both the antigen and
the secondary co-stimulation required to prime an effective T cell response. Isolating
DCs from peripheral blood, expanding them ex vivo and stimulating with cytokines
such as granulocyte-macrophage colony-stimulating factor (GM-CSF) produces
primed DCs for reinfusion. The injection of these cells to induce recruitment of
effector cells and provoke a cascade of tumour lysis and further TAA release, is
another attractive, targeted mechanism[92]. A number of techniques may be employed
to optimize this TAA priming and enhance the efficacy of the vaccine. DCs can be
transduced with DNA or RNA encoding known TAAs, or they may be incubated with
tumour lysate or fusion of DCs and tumour cells[93].
A recently published phase I trial studied intra-tumoral injection of ilixadencel
(pro-inflammatory allogeneic DCs stimulated by GM-CSF and IL-4) either as
monotherapy or in combination with sorafenib in 17 patients. The primary objective
was to evaluate tolerability. Only one grade 3 adverse event was recorded. 73% of the
15 evaluable patients demonstrated increased tumour specific CD8+ T cells in
peripheral blood, suggesting a successful immune provoked response at least[94].
Peptide vaccines: Peptide vaccines constitute an alternative option in terms of
generating an effective immune reaction. However, although there has been success in
terms of immunological surrogates such as generating GPC-3 reactive cytotoxic T
lymphocytes in one phase I trial, this has not translated into clinical successes[95].
Despite a plethora of TAAs identified in HCC only trials utilizing AFP, GPC-3 and
MRP3 have shown any success inducing a T cell response rate over 70%, with other
TAAs such as SSX-2, NY-ESO-1, hTERT and MAGE-A all inducing much lower
rates[96].
Oncolytic viruses: A more recent development in the arena of tumour vaccines is the
use of oncolytic viruses. These therapeutically useful viruses are targeted to
preferentially replicate in cancer cells. To date they have been predominantly
introduced by intra-tumoral injection. The modified poxvirus JX-594 remains the lead
oncolytic virus of interest in clinical trials with regards to HCC. As an immunotherapeutic agent it piqued considerable interest when it conferred a doserelated survival benefit (median of 14.1 mo compared to 6.7 mo) in a phase II dosefinding trial of 30 patients[97]. The global, randomized, open-label, phase III study of
Pexa-Vec (JX-594; an oncolytic vaccinia virus which selectively targets cancer cells) is
currently recruiting patients with advanced HCC to two arms of vaccination with
sorafenib vs. sorafenib alone[98]. We eagerly await the results of this particularly as a
combination therapy.
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Immunotherapy for HCC is still in its infancy compared to other tumours.
Encouraging results with PD-1 inhibitors are emerging, and prospects for
combination therapies arising. This makes immunological sense, as the immune
system is a multi-faceted and integrated effector system. Optimising this response is
challenging, especially because of the immune environment on which HCC arises,
and the challenges of treating an individual with cirrhosis, which substantially
decreases the therapeutic index of these agents. Nevertheless, the massive interest in
immunotherapy, gives hope that better combinations of drugs will be found to treat
this challenging disease.
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Abstract
Big Data, which are characterized by certain unique traits like volume, velocity
and value, have revolutionized the research of multiple fields including
medicine. Big Data in health care are defined as large datasets that are collected
routinely or automatically, and stored electronically. With the rapidly expanding
volume of health data collection, it is envisioned that the Big Data approach can
improve not only individual health, but also the performance of health care
systems. The application of Big Data analysis in the field of gastroenterology and
hepatology research has also opened new research approaches. While it retains
most of the advantages and avoids some of the disadvantages of traditional
observational studies (case-control and prospective cohort studies), it allows for
phenomapping of disease heterogeneity, enhancement of drug safety, as well as
development of precision medicine, prediction models and personalized
treatment. Unlike randomized controlled trials, it reflects the real-world situation
and studies patients who are often under-represented in randomized controlled
trials. However, residual and/or unmeasured confounding remains a major
concern, which requires meticulous study design and various statistical
adjustment methods. Other potential drawbacks include data validity, missing
data, incomplete data capture due to the unavailability of diagnosis codes for
certain clinical situations, and individual privacy. With continuous technological
advances, some of the current limitations with Big Data may be further
minimized. This review will illustrate the use of Big Data research on
gastrointestinal and liver diseases using recently published examples.
Key words: Healthcare dataset; Epidemiology; Gastric cancer; Inflammatory bowel
disease; Colorectal cancer; Hepatocellular carcinoma; Gastrointestinal bleeding
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Digital collection and storage of data has led to the generation of Big Data. Big
Data analysis in the field of gastroenterology and hepatology allows for phenomapping
due to disease heterogeneity (e.g., inflammatory bowel disease, gastrointestinal and liver
cancers) and hence the development of precision medicine, enhances in drug safety and
faster drug discovery. It has also revolutionized clinical study approaches. Although
there are still limitations to Big Data approaches, some of them may be further
minimized with continuous technological advances.
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INTRODUCTION
The etymology of “Big Data” can be dated back to the 1990s, and this term has
become popular after John Mashey, the then chief scientist at Silicon Graphics[1].
Datasets are exponentially expanding every day, fed with a wide array of sources[2]
like mobile communications, websites, social media/crowdsourcing, sensors,
cameras/lasers, transaction process-generated data (e.g., sales queries, purchases),
administrative, scientific experiments, science computing, and industrial manufacturing. The application of Big Data analysis has proven successful in many fields.
Technology giants (e.g., Amazon, Apple, Google) have boosted sales and increased
revenue by means of Big Data approaches[3]. It has also been adopted as part of the
electoral strategies in political campaigns[4].
There is currently no consensus on the definition of Big Data, but the characteristics
pertinent to the process of collection, storage, processing and analysis of these data
helps to forge Big Data as a more tangible term. It was first described by Doug Laney
in 2001 that Big Data possessed 3Vs: Volume (storage space necessary for data
recording and storage), Velocity (speed of data generation and transformation) and
Variety (various data sources)[5]. Since then, many other traits to define Big Data have
been proposed, including veracity, value, exhaustivity (n = all), fine-grained
resolution, indexicality, relationality, extensionality, scalability, and variability[2].

BIG DATA RESEARCH IN GASTROENTEROLOGY AND
HEPATOLOGY
The digitalization of nearly every aspect of daily life has made no exception in the
field of healthcare, with the importance of Big Data application being increasingly
recognised and advocated in recent years. While there are various definitions of Big
Data outside of the medical field, the specific definition with respect to health has
only been proposed in recent years. According to the report produced under the third
Health Programme (2014-2020) from the Consumer, Health, Agriculture and Food
Executive Agency mandated by the European Commission[6], Big Data in Health are
defined as large datasets that are collected routinely or automatically, and stored
electronically. It merges existing databases and is reusable (i.e., multipurpose data that
are not intended for a specific study), with the aim of improving health and health
system performance. A further supplement is the scale and complexity of the data
that mandates dedicated analytical and statistical approaches[7]. Such large volume
and scale of Big Data arise not only from the number of subjects included, but also the
diversity of variables from different domains (clinical, lifestyle, socioeconomic,
environmental, biological and omics) at several time points. The estimated healthcare
volume of 153 exabytes (1018) in 2014 is projected to hit 2,300 exabytes by 2020[8,9].
Big Data in Health relies on a wealth of sources: Administrative databases,
insurance claims, electronic health records, cohort study data, clinical trial data,
pharmaceutical data, medical images, biometric data, biomarker data, omics data (e.g.,
genomics, proteomics, metabolomics, microbiomics), social media (e.g., Facebook,
Twitter), income statistics, environmental databases, mobile applications, e-Health
tools, and telemedicine (diagnosis and management at a distance, particularly by
means of the internet, mobile phone applications and wearable devices) [9] . The
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importance of “data fusion” therefore relies on the systematic linking of datasets from
different sources to add values and new insights, enabling the analysis of health data
from different perspectives (individual, group, social, economic and environmental
factors) across different regions or nations.
Disease entities in the field of gastroenterology and hepatology are often
heterogeneous [e.g., malignancy, inflammatory bowel disease (IBD)] with a wide
range of clinical phenotypes (e.g., age of onset, severity, natural course of disease,
association with other diseases, treatment response). Big Data analysis allows for the
subclassification of a disease entity into distinct subgroups (i.e., phenomapping),
which enhances understanding of disease pathogenesis, as well as the development of
more precise predictive models of disease outcomes. The use of only clinical and
laboratory data (as in traditional clinical research) in predicting disease course,
outcome and treatment response may not achieve a high accuracy [9] . Similarly,
although genome-wide association studies (commonly known as GWAS) and
identification of single nucleotide variants have linked particular disease phenotypes
to genetic defects, most genetic variants have a small impact on disease risk,
behaviour and treatment response[10]. This inaccurate differentiation has led to the
unnecessary use of therapeutics (which are sometimes costly with undesirable side
effects) in many patients (e.g., biologics in IBD patients). It therefore appears that only
by considering the complex interactions between genetic, lifestyle, environmental
factors, and previously unconsidered factors (e.g., omics) in Big Data approaches can a
reliable predictive prognostic model be developed, which ultimately guides a targeted
approach for selecting treatment regimens for individual patients (i.e., precision or
personalized medicine)[9,11,12].
Apart from phenomapping and precision medicine, other important implications of
Big Data approaches are drug discovery and safety. Drug research and development
(R and D) is an expensive and lengthy process, with each drug approval costing $3.232.3 billion US dollars[13]. Many of the trial drugs have proven futile or harmful in
early or even late stages of the development (e.g., secukinumab in Crohn’s disease[14]).
Even for drugs proven to be beneficial, they may only work in certain subgroups of
patients. The heterogeneity of therapeutic outcomes is again likely multifactorial.
Precision medicine from Big Data approaches will help pharmaceutical companies
predict drug action and prioritize drug targets on a specific group of patients[15]. This
ensures a cost-effective approach in developing new therapeutics with a lower chance
of futility.
Recently, “drug repositioning” or “drug repurposing” has been advocated, in
which currently approved drugs are explored for other indications of gastrointestinal
and hepatic diseases. However, to make sense of the large-scale genomic and
phenotypic data, advanced data processing and analysis is an indispensable element,
hence giving rise to the term “computational drug repositioning or repurposing”[16].
This involves a process of various computational repositioning strategies utilizing
different available data sources, computational repositioning approaches (e.g.,
machine learning, network analysis, text mining and semantic inference), followed by
validation via both computational (electronic health records) and experimental
methods (in vitro and in vivo models). Applicable disease areas include oncology [e.g.,
hepatocellular carcinoma (HCC)][17,18], infectious diseases, and personalized medicine,
just to name a few. New indications of existing medications constituted 20% of 84
drugs products introduced to the market in 2013[19]. Drug repositioning is expected to
play an increasingly important role in drug discovery for gastrointestinal and liver
diseases.
With regards to drug safety, monitoring currently relies on data from randomized
controlled trials (RCTs) or post-marketing studies. However, RCTs may be
underpowered to detect rare but important side effects, and fail to capture adverse
effects that only manifest beyond the designed follow-up time (e.g., malignancy). Postmarketing studies based on registries are resource-intensive in terms of cost and time,
and the safety profile of a drug can only be depicted several years after marketing.
The application of text mining, the computational process of extracting meaningful
information from unstructured text, has proven useful to improve pharmacovigilance
(e.g., arthralgia in vedolizumab users in IBD[20]). The sources are not limited to medical
literature and clinical notes, but also product labelling, social media and web search
logs[21,22].

ADVANTAGES AND SHORTCOMINGS OF BIG DATA
APPROACHES
In healthcare research, RCT is regarded as the gold standard to investigate the
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causality between exposure and the outcome of interest. Randomization balances
prognostic factors across intervention and control groups. It eliminates both measured
and unmeasured confounding, making the establishment of causality possible.
However, it is resource-intensive to conduct RCTs in terms of money, manpower and
time. It is difficult to study rare events (e.g., cancer, death) or long-term effects. Due to
the stringent inclusion and exclusion criteria, as well as differential levels of care and
follow-up in a clinical trial setting, results from RCTs may not reflect real-life
situations, and may not be generalizable to other populations. Finally, effects of
harmful exposure cannot be studied due to ethical concerns.
To circumvent these shortcomings of RCTs, observational studies are alternatives.
Case-control studies are cheaper and quicker to conduct, and can study multiple risk
factors of rare diseases, as well as potentially harmful exposure that is otherwise
impossible in RCTs. On the other hand, prospective cohort studies can investigate
multiple exposures and outcomes, effects of rare exposure, as well as potentially
harmful exposure. Nonetheless, it is difficult to study rare exposures in case-control
studies, as well as rare diseases or long-term effects in prospective cohort studies. It is
also impossible and unethical to prospectively follow the natural history of chronic
diseases and its complications without appropriate interventions[23]. In addition, for
both study designs, multiple biases (e.g., reverse causality, selection bias, interviewer
bias, recall bias) can exist, and confounding, whether measured or unmeasured, is
always possible.
The application of Big Data analysis in healthcare research has revolutionized
clinical study approaches. Clinical studies making use of these datasets usually
belong to either retrospective cohort studies (non-concurrent/historical cohort
studies) or nested case-control studies. As the clinical data are readily available
without delays, and easily retrieved from the electronic storage system, a multitude of
risk factors can be included to analyse the outcome. It also enables the study of rare
exposures, rare events and long-term effects within a relatively short period of time.
Resources are much less than that required for prospective cohort study design,
except for dedicated manpower with the aid of high-performance computers and
software, e.g., R, Software for Statistics and Data Science, Statistics Analysis System,
Python. In essence, it retains most of the advantages while avoiding some of the
disadvantages of case-control and prospective cohort studies. Unlike RCTs, it reflects
the real-world efficacy, and studies patients who are often under-represented in or
completely excluded from RCTs (e.g., the elderly, pregnant women). Furthermore, the
huge sample size of Big Data permits subgroup analysis to investigate interactions
between different variables with the outcome of interest without sacrificing statistical
power. It enables the investigation of varying effects due to time factors (i.e., division
of the follow-up duration into different segments) on the association between
exposure and outcome, given a sufficiently long observation period (in terms of years
or decades) and sample size. It also allows for multiple sensitivity analyses by
including certain sub-cohorts, modifying definitions of exposure (e.g., duration of
drug use), or different statistical methods to prove the robustness of study results. A
reliable capture of small variations in incidence or flares of a disease according to
temporal variations also heavily depend on the sample size. In the most ideal
situation of n = all, selection bias will no longer be a concern.
However, it should be acknowledged that without randomization, residual and/or
unmeasured confounding remains a concern in Big Data research. As such, one may
argue that causality cannot be established. The inclusion of RCT datasets with the
extensive collection of data and outcomes for trial participants or linkage with other
data sources may partly address this issue[24]. The possibility of causality can also be
strengthened via the fulfilment of the Bradford Hill criteria[25]. Second, data validity
concerning the accuracy of diagnosis codes (e.g., International Classification of
Diseases) in electronic databases has been challenged[26]. In addition, milder disease
tends to be omitted in the presence of more serious disease, and hence the absence of
a diagnosis code may not signify the absence of that particular disease[27]. For instance,
depression, which is often not coded among the elderly with other serious medical
diseases, may be paradoxically associated with reduced mortality. To a certain extent,
data validity can be verified through validating the diagnosis codes by cross
referencing the actual diagnosis of a subset of patients in the medical records.
Third, missing data can potentially bias the result via a differential misclassification
bias. There are different remedies, although the use of multiple imputation is
preferred, which involves constructing a certain number of complete datasets (e.g., n =
50) by imputing the missing variables based on the logistic regression model [28] .
Nonetheless, missing data with differential misclassifications are not a major problem
in Big Data health research, as diagnosis codes are recorded by healthcare
professionals, with other clinical/laboratory information being automatically
recording in electronic systems. This is unlike questionnaire studies in which missing
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data occur due to patient preferences to reveal their details (i.e., misclassification bias).
Fourth, some clinical information may be too sophisticated to be recorded[26] (e.g.,
lifestyle factors, dietary pattern, exercises), incompletely or selectively recorded (e.g.,
smoking, alcohol use, body mass index, family history), or not represented by the
coding system (e.g., bowel preparation in colonoscopy research). This may be partially
addressed by using other variables as proxies for unmeasured variables. For example,
chronic pulmonary obstructive disease is a surrogate marker of heavy smoking.
Certainly, in the most ideal situation, adjusting for a perfect proxy of an unmeasured
variable achieves the same effect as adjusting for the variable itself. Large healthcare
datasets will usually contain a sufficient set of measured surrogate variables, insofar
as it represents an overall proxy for relevant unmeasured confounding. A more
fascinating and precise approach is the analysis of unstructured data within the
electronic health records [e.g., natural language processing (NLP) to extract
meaningful data from text-based documents that do not fit into relational tables][29]. As
an example, free-text searches outperformed discharge diagnosis coding in the
detection of postoperative complications[30]. In the field of pharmacoepidemiological
studies, over-the-counter medication usage is frequently not captured in electronic
database systems. These “messy data” (false, imprecise or missing information), more
often representing non-differential misclassification bias instead of a differential one,
will usually attenuate any positive association, and even trend towards null [23] .
Generally, a “false-negative” result is preferred to a “false-positive ” one in epidemiological studies.
Lastly, ethical concerns over an individual’s right to privacy versus the common
good have yet to be satisfactorily addressed[31]. The issue of privacy can be tackled
with de-identification of individuals using anonymous identifiers (e.g., unique
reference keys in terms of numbers and/or letters), although in rare occasions a
remote possibility of discerning individuals still exists[23]. For instance, individuals
with a very rare disease may be identified via mapping with enough geographical
detail.
Although Big Data analysis generates hypothesis-free predictive models wherein
no clear explanation accountable for the outcome may be found, it provides a valuable
opportunity to derive hypotheses based on these observations, which may not be
otherwise conceivable. This strategy (in silico discovery and validation) applies to
both candidate biomarkers and therapeutic targets to accelerate the development
process for an earlier clinical application. In the end, traditionally hypothesis-driven
scientific method research should still be applied to validate the results in multicentre, prospective studies or RCTs. Table 1 summarizes the advantages and
shortcomings of Big Data analysis in gastroenterology and hepatology research, as
well as its proposed solutions.

PROPENSITY SCORE METHODOLOGY IN BIG DATA
ANALYSIS
As stated previously, confounding is an inevitable problem of observational studies,
irrespective of the sample size. Confounding is a systematic difference between the
group with the exposure of interest and the control group[27]. It arises when other
factors that affect the exposure of interest are also independent determinants of the
outcome. Common sources of confounding include confounding by indication/
disease severity, confounding by functional status and cognitive impairment, healthy
user/adherer bias, ascertainment bias, surveillance bias, access to healthcare, selective
prescription, and the treatment of frail and very sick patients[27].
Propensity score (PS) methodology has become a widely accepted and popular
approach in Big Data analysis of analytic studies in healthcare research. A PS is the
propensity (probability) of an individual being assigned to an intervention/exposure
conditional on other given covariates, but not the outcome[32]. It is derived from the
logistic regression model by regressing the covariates (exclusive of the outcome) onto
the exposure of interest. By taking into account this single score in further statistical
analysis, a balance of the characteristics between exposure and control groups could
theoretically be achieved in the absence of unmeasured confounding. PS methodology
entails PS matching, PS stratification/subclassification, PS analysis by inverse
probability of treatment weighting, PS regression adjustment, or a combination of
these methods, and we refer readers to other articles for further details[33].
To control for confounding, outcome regression models are traditionally applied.
However, this is constrained by the dimensionality of available variables in healthcare
datasets (i.e., “curse of dimensionality”). In the simulation study on logistic regression
analysis by Peduzzi et al[34], a low events per variable (EPV) was found to be more
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Table 1 Advantages and shortcomings of Big Data analysis (with proposed solutions)
Advantages
Clinical data readily available with minimal resources required
Can study rare exposures
Can study rare events
Can study long-term effects
Real-world data
Large sample size
Subgroup analysis
Sensitivity analysis
Interaction of different variables
Adjustment of outcome to a multitude of risk factors
Precise estimation of effect size
Reliable capture of small variations in incidence or disease flare
No selection bias if n = all
Shortcomings specific of Big Data analysis

Solution

Data validity

Cross reference with medical records in a subset of the sample

Missing data

Statistical methods to deal with missing data, e.g. multiple imputation
Text mining or natural language processing of unstructured data

Incomplete capture of variables or unavailability of certain diagnosis codes Surrogate markers (e.g., COPD for smoking, alcohol-related diseases for
alcoholism)
Inclusion of a large set of measured variables
Text mining or natural language processing of unstructured data
Privacy

De-identification of individuals
Review of study plan by local ethics committee

Hypothesis-free predictive models

Validation in prospective studies or randomized control trials

Shortcomings of all observational study including Big Data analysis

Solution

Residual and/or unmeasured confounding

Inclusion of a large set of measured variables
Inclusion of RCT datasets with extensive collection of data and outcomes for
trial participants or linkage with other data sources
Fulfilment of Bradford Hill criteria

Reverse causality/protopathic bias (outcome of interest leads to exposure
of interest)

Cohort study design instead of case-control study design

Selection bias

Encompassing entire study population (n = all)

Indication bias (or confounding by indication/disease severity)

Balance of patient characteristics, in particular comorbidities that are
indications for a certain treatment (e.g., PS matching of a large set of
measured variables)

Excluding prescriptions of drugs of interest (e.g., PPIs) within a certain
Example: Early symptoms of undiagnosed GC leads to PPI use, rather than period (e.g., 6 mo) before development of the outcome of interest (e.g., gastric
PPIs cause GC
cancer)

Negative control exposure
Confounding by functional status and cognitive impairment

Balance of patient characteristics, in particular comorbidities that can affect
functional and cognitive status (e.g., PS matching)

Healthy user bias / adherer bias (individuals who are more health
conscious tend to have better health outcomes)

Adjustment for other lifestyle factors – text mining or natural language
processing of unstructured data

Immortal time bias (arises when the study outcome cannot occur during a
period of follow-up due to study design)

Landmark analysis

Ascertainment bias / surveillance bias / detection bias (differential degree
of surveillance or screening for the outcome among exposed and
unexposed individuals) Example: PPI users may undergo upper endoscopy
more frequently than non-PPI users, and hence more GC detected in PPI
users

Selection of an unexposed group with a similar likelihood of
screening/testing

Analysis using time varying covariates

Selection of an outcome that are likely to be diagnosed equally in exposed
and control groups
Adjustment for the surveillance rate

Access to healthcare

Stratified analysis according to patients’ residential regions (e.g., rural vs
urban), socioeconomic status, immigration status, race/ethnicity,
institutional factors (e.g., restrictive formularies)

Selective prescription and treatment in frail and very sick patients

PS methodology (trimming of areas of non-overlap, PS matching, PS by
treatment interaction)

COPD: Chronic pulmonary obstructive disease; RCT: Randomized controlled trial; GC: Gastric cancer; PPI: Proton pump inhibitor; PS: Propensity score.
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influential than other problems, such as sample size or the total number of events. If
the number of EPV is less than ten, the regression coefficients may be biased in both
positive and negative directions, the sample variance of the regression coefficients
may be over- or under-estimated, the 95% confidence interval may not have proper
coverage, and the chance of paradoxical associations (significance in the wrong
direction) may be increased. The use of PS methodology, by condensing all covariates
into one single variable (PS), can thus address this “curse of dimensionality” [35] .
However, PS methodology may not offer additional benefits if the EPV is large
enough. Statistical significance differs between the two methods in only 10% of cases,
in which traditional regression models give a statistically significant association not
otherwise found in PS methodology[36]. In addition, the effect estimate derived by
traditional models differs by more than 20% from that obtained by PS methodology in
13% of cases[37].
The use of PS allows the recognition of subjects with absolute indications (or
contraindications) of an intervention, who have no comparable unexposed (or
exposed) counterparts for valid estimation of relative or absolute differences in the
outcomes [35] . This can be easily identified by plotting a graph of PS distribution
between the two groups to look for areas of non-overlap. This pitfall is unlikely to be
recognised by traditional modelling, and could be influential as a result of effect
measure modification or model misspecification. PS methodology allows trimming
(i.e., excluding individuals with areas of non-overlap in PS distributions) or matching
to ensure comparability between exposure and control groups. In particular, PS
matching does not make strong assumptions of linearity in the relationship of
propensity with outcome, and is also better than other matching strategies to achieve
an optimal balance of a large set of covariates. The interaction effect of PS with
treatment may exist, as effectiveness of an intervention varies according to the
indications. An intervention is beneficial in patients with clear indications, but
paradoxically provides no benefit, or is even harmful in those with weak indications
or contraindications. This was nicely illustrated in the study by Kurth et al[38] on the
effect of tissue plasminogen activator on in-hospital mortality. Table 2 summarizes the
major advantages of PS methodologies.

EXAMPLES OF GASTROINTESTINAL DISEASE RESEARCHE
USING BIG DATA APPROACHES
Tables 3-7 show a list of research using Big Data approaches from different
regions/countries worldwide. This list is by no means exhaustive, however provides
a few distinct examples of how Big Data analysis can generate high-quality research
outputs in the field of gastroenterology and hepatology. Specifically, in the following
section, we will demonstrate how researchers conducted research on some important
gastrointestinal and liver diseases, including gastric cancer, gastrointestinal bleeding
(GIB), IBD, colorectal cancer (CRC), and HCC. It should be noted that the majority of
database systems fulfil the characteristics of the 3Vs (volume, velocity and variety).
This is with the exception of the Nurses Health Study (known as NHSII) and Health
Professionals Follow-up Study (known as HPFS), which are prospective studies
without instantaneous updates of the clinical information using participant
questionnaires, thus limiting the velocity of data generation and transformation.

Gastric cancer
Gastric cancer is the fifth most common cancer and third leading cause of cancerrelated deaths worldwide [39] . Around two-thirds of patients have gastric cancer
diagnosed at an advanced stage, rendering curative surgery impossible[40,41]. Infection
by Helicobacter pylori (H. pylori), a class I human carcinogen[42], confers a two- to threefold increase in gastric cancer risk[43,44]. RCTs and prospective cohort studies on the
effect of H. pylori eradication on gastric cancer development are difficult to perform
due to the low incidence of gastric cancer, as well as the long lag time of any potential
benefits, which mandate a huge sample size with long follow-up duration.
However, Big Data analysis may shed new light on the role of H. pylori eradication
on gastric cancer development based on population-based health databases. It was
shown in a Swedish population-based study that H. pylori eradication therapy was
associated with a lower gastric cancer risk compared with the general population, but
this effect only started to appear beyond 5 years post-treatment[45]. Stratified analysis
in a Taiwanese study based on the National Health Insurance Database (commonly
known as NHID) showed that early H. pylori eradication was associated with a lower
gastric cancer risk than late eradication when compared with the general
population[46]. Based on a territory-wide public healthcare database in Hong Kong
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Table 2 Advantages of propensity score methodology
Advantages

Remarks

Addressing “curse of dimensionality” when EPV < 10

Traditional multivariable regression models yield similar results if EPV ≥ 10

Recognition of subjects with absolute indications (or contraindications) of
an intervention

Exclusion of areas of non-overlap of the PS distribution between exposed
and unexposed groups to ensure comparability

Identification of PS interaction with treatment

Variation of effectiveness of an intervention according to indications (PS)
may only be identified via stratified analysis by PS

EPV: Events per variable; PS: Propensity score.

called the Clinical Data Analysis and Reporting System, H. pylori eradication therapy
was beneficial even in older age groups (≥ 60 years) [47] . Apart from H. pylori
eradication, regular non-steroidal anti-inflammatory drug use was also shown to be a
protective factor for gastric cancer based on the study from NHID from Taiwan[48].
Long-term aspirin use further reduced gastric cancer risk in patients who had
received H. pylori eradication therapy[49]. Moreover, the long-term use of metformin
was associated with a lower gastric cancer risk in our patients who had received H.
pylori eradication therapy[50].
On the other hand, long-term proton pump inhibitor (PPI) use was associated with
an increased gastric cancer risk in patients who had received H. pylori eradication
therapy[51], which is otherwise difficult to be addressed by RCTs[52]. This finding was
echoed by another nationwide study[53]. A study on the interaction between aspirin
and PPIs further showed that PPIs were associated with a higher cancer risk among
non-aspirin users, but not among aspirin users[54]. However, pantoprazole, a longacting PPI, was not associated with an increased gastric cancer risk compared with
other shorter-acting PPIs in a United States Food and Drug Administration
(commonly known as FDA)-mandated study[55]. Other risk factors for gastric cancer
determined by large healthcare datasets included the extent of gastric intestinal
metaplasia, as well as a family history of gastric cancer[56]. In addition, racial/ethnic
minorities had a 40%-50% increase in gastric cancer risk compared with the Hispanic
and white populations[57].

GIB
Upper GIB is one of the most common causes of hospitalization, and emergency
department visits that pose significant economic burdens on the healthcare system.
Antiplatelet agents (including aspirin and P2Y12 inhibitors) were major causative
agents[5]. In a nationwide retrospective cohort study, it was shown that H. pylori
eradication and PPIs were associated with reduced incidences of gastric ulcer (42%48%) and duodenal ulcers (41%-71%)[58]. However, importantly, concomitant use of
clopidogrel, H2-receptor antagonists (referred to as H2RAs) and PPIs was associated
with an increased risk of acute coronary syndrome or all-cause mortality[59]. This
harmful effect was particularly prominent for PPIs with high CYP2C19 inhibitory
potential[60]. These findings raised the need for judicious use of gastroprotective agents
in clopidogrel users, and called for further studies to determine causality versus biases
(e.g., indication bias).
When novel oral anticoagulants (NOACs) were first introduced, there was a
paucity of real-world data on the GIB risk and its preventive measures [61] . In a
territory-wide retrospective cohort study, the risk of GIB was determined in
dabigatran users, with risk factors identified and effects of gastroprotective agents
(PPIs and H2RAs) investigated[62]. All patients who were newly prescribed dabigatran
were identified (n = 5041). There were 124 (2.5%) GIB cases, with an incidence rate of
GIB of 41.7 cases per 1,000 person-years. PPIs were found to protect against upper
GIB. This important finding has recently been echoed by an even larger-scale study
involving more than 3 million NOAC users[63], with a consistent beneficial effect of
PPIs on upper GIB across various NOACs (dabigatran, rivaroxaban and apixaban).
Head-to-head comparisons between different NOACs and their interaction with PPIs
would barely be possible in other study designs, given the huge number of study
subjects required to ensure statistical power. These drug safety data can be easily
ascertained by Big Data analysis of electronic health databases, which would be
otherwise difficult in other observational studies or RCTs due to the various
limitations previously mentioned, especially if the absolute risk difference is small.

IBD
Precise outcome prediction in IBD remains challenging, as it is a highly heterogeneous
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Table 3 Examples of studies on gastric cancer research by utilization of large healthcare datasets
Gastric cancer
Country/Region

Database

Area of research

Taiwan, China

Taiwan National Health GC
Insurance Database
Wu et al[46], 2009
(NHID)

Sample size
80255

Design, statistical
methods and 3V

Application

Nationwide
retrospective cohort
study

Early vs late H. pylori
eradication on GC risk

Comparison with
general population to
derive SIR
Volume, Velocity and
Variety
GC

52161

Wu et al[48], 2010

Nationwide
retrospective cohort
study

Association between
NSAIDs and GC

Comparison with
general population to
derive SIR
Volume, Velocity and
Variety
Hong Kong, China

Clinical Data Analysis
and Reporting System
(CDARS)

GC

63397

Cheung et al[51], 2018

Territory-wide
retrospective cohort
study

Association between
PPIs and GC

PS regression
adjustment
Volume, Velocity and
Variety
GC

63605

Cheung et al[49], 2018

Territory-wide
retrospective cohort
study

Association between
aspirin and GC

PS regression
adjustment
Volume, Velocity and
Variety
GC

63397

Leung et al[47], 2018

Territory-wide
retrospective cohort
study

Effect of H. pylori
eradication among
different age groups

Comparison with
general population to
derive SIR
Volume, Velocity and
Variety
GC

7266

Cheung et al[50], 2018

Territory-wide
retrospective cohort
study

Association between
metformin and GC

PS regression
adjustment
Sensitivity analysis: PS
weighting by IPTW and
PS matching
Volume, Velocity and
Variety
Sweden

Swedish Cancer
Registry

GC

797067

Brusselaers et al[53], 2017

Swedish Prescribed
Drug Registry

Nationwide
retrospective cohort
study

Association between
PPIs and GC

Comparison with
general population to
derive SIR
Volume, Velocity and
Variety
GC

95176

Doorakkers et al[45], 2018

Nationwide
retrospective cohort
study

Effect of H. pylori
eradication on GC risk

Comparison with
general population to
derive SIR
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Volume, Velocity and
Variety
United States

Kaiser Permanente (KP) GC

61684

Schneider et al[55], 2016

Retrospective cohort
study

Association between
different PPIs and GC

Volume, Velocity and
Variety

This list is not exhaustive, but serves to provide a few distinct examples of how Big Data analysis can generate high-quality research outputs in the field of
gastroenterology and hepatology. 3V: Volume/velocity/variety; GC: Gastric cancer; SIR: Standardized incidence ratio; H. pylori: Helicobacter pylori;
NSAIDs: Non-steroidal anti-inflammatory drugs; PS: Propensity score; PPIs: Proton pump inhibitors; IPTW: Inverse probability of treatment weighting.

disease with numerous predictive factors. Machine learning algorithms are
particularly useful in deriving predictive models, including risk factors[64], disease
outcomes[65] and treatment responses[66,67], hence allowing the identification of at-risk
individuals who require early aggressive intervention. Today, there is still an unmet
need for newer therapeutic agents for IBD, as the long-term efficacy of current options
including anti-tumour necrosis factor (anti-TNF) and anti-integrin α 4 β 7 are still
unsatisfactory. However, the process of new drug discovery for IBD is prolonged and
costly, and success is not guaranteed. For instance, mongersen, an antisense
oligonucleotide showing a promising effect in a phase II trial in Crohn’s disease[68],
was prematurely terminated in the phase III program[69]. The results for secukinumab,
an anti-IL-17A monoclonal antibody, was also disappointing in moderate to severe
Crohn’s disease, in which it was less effective and carried higher rates of adverse
events compared with placebo[14], despite the potential role of IL-17 in Crohn’s disease
as suggested by animal models and GWAS. Drug repurposing from Big Data
applications helps in this regard, as illustrated by Dudley et al [70] . In that study,
computational approaches were used to discover new drugs for IBD in silico by
comparing the gene expression profiles from 164 drug compounds to a gene
expression signature of IBD from publicly available data obtained from the NCBI
Gene Expression Omnibus[70]. A technique, called “signature inversion”[16], was used
to identify drugs that can reverse a disease signature (transcriptomic, proteomic, or
other surrogate markers of disease activity). Topiramate, an FDA-approved drug for
treating epilepsy, was identified to be a potential therapeutic drug in IBD with
experimental validation in a mouse model [70] . The potential role of topiramate,
however, was later refuted by a retrospective cohort study[71], and no further studies
have been conducted.
As discussed previously, some diseases may not be coded in the electronic
database. As an example, the effects of anti-TNF versus vedolizumab on arthralgia in
IBD patients were studied using NLP[20]. As the electronic coding of arthralgia is not
commonly performed in gastroenterology practices, Cai et al[20] used NLP to directly
extract this non-structured information from the narrative electronic medical records,
and converted it into a structured variable (joint pain: yes/no) of analysis. Without
NLP, simply relying on a diagnosis code may bias any potential positive association
towards null. On the other hand, manual review of the electronic medical records
demands an intensive input of manpower, and accuracy is also not fully guaranteed.
In a study that involved 827,239 children, antibiotics exposure during pregnancy
was found to be associated with an increased risk of very early onset IBD[72]. This
study was achieved by merging data from several databases with the unique personal
identity number assigned to Swedish residents. One of the databases, the Swedish
Medical Birth Register, enabled the identification of child-mother links. This study
illustrates the unique role of Big Data applications in investigating childhood
exposure that affects disease development in adulthood, which is nearly impossible in
the setting of RCT (ethical and resource issue) and other types of observational
studies (e.g., recall bias, resource issue).

CRC
CRC is the third most common cancer and the second leading cause of cancer-related
death[39]. As a period of 10 years is required for the development of the adenomacarcinoma sequence[73], identification of risk factors of CRC would have been difficult
with RCTs. A large number of high-quality research has been conducted based on the
NHS, NHSII and HPFS cohorts. Type II diabetes mellitus was associated with a 1.4fold increase in CRC risk[74]. A positive association between obesity and early-onset
CRC also existed among women[75]. Some of the risk factors (e.g., smoking, body mass
index, alcohol intake) and protective factors (e.g., physical activity, folate and calcium
intake) of CRC were found to be associated with the development of its precursors,
adenomas and/or serrated polyps[76]. Among non-metastatic CRC patients, higher
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Table 4 Examples of studies on gastrointestinal bleeding and/or proton pump inhibitor research by utilization of large healthcare
datasets
Gastrointestinal bleeding and/or proton pump inhibitors
Country/Region

Database

Area of research

Taiwan, China

Taiwan National Health PUD
Insurance Database
Wu et al[58], 2009
(NHID)

Sample size
403567

Design, statistical
methods and 3V

Application

Nationwide
retrospective cohort
study

Effect of H. pylori
therapy and PPIs on
PUD

Volume, Velocity and
Variety
PUD

32235

Wu et al[95], 2011

Nationwide
retrospective cohort
study

Risk of rebleeding from
PUD in ESRD patients

Volume, Velocity and
Variety
PPIs

6552

Wu et al[59], 2010
South Korea

Hong Kong, China

Korean Health
Insurance Review and
Assessment Service
(HIRA)

PPIs

Clinical Data Analysis
and Reporting System
(CDARS)

Dabigatran

Nationwide
retrospective cohort
study

Effect of clopidogrel and
PPIs on ACS

Volume, Velocity and
Variety
59233

Kim et al[96], 2019

Nationwide
retrospective cohort
study

Effect of PPIs on
thrombotic risk

Volume, Velocity and
Variety
5041

Chan et al[62], 2015

Territory-wide
retrospective cohort
study

Risk factors for
dabigatran-associated
gastrointestinal bleeding

Volume, Velocity and
Variety

This list is not exhaustive, but serves to provide a few distinct examples of how Big Data analysis can generate high-quality research outputs in the field of
gastroenterology and hepatology. 3V: Volume/velocity/variety; PUD: Peptic ulcer disease; H. pylori: Helicobacter pylori; PPIs: Proton pump inhibitors;
ESRD: End-stage renal disease; ACS: Acute coronary syndrome.

coffee[77], calcium[78] and fibre[79] intake were found to be associated with a lower CRCspecific and all-cause mortality.
Concerning hereditary cancer syndromes, the Dutch Lynch syndrome Registry is
one eminent example of the hereditary cancer registries. It was noted that surveillance
could reduce CRC-related mortality[80]. However, in a subsequent study involving
three countries (the Netherlands, Germany and Finland) with different surveillance
policies, a shorter surveillance colonoscopy interval (annually) was not associated
with a reduction in CRC when compared with longer intervals (1-2 yearly and 2-3
yearly intervals)[81]. The Dutch polyposis registry is another example that includes
adenomatous polyposis coli patients[82].

HCC
Chronic hepatitis B virus (HBV) infection is a major public health threat that results in
significant morbidity and mortality[83]. The prevalence of chronic HBV infection was
estimated at 3.5% (257 million people) worldwide in 2016. Major complications of
chronic HBV infection included HBV reactivation with hepatitis flare[84], cirrhosis and
HCC[85,86].
Nucleos(t)ide analogue (NA) therapy was found to be associated with a lower HCC
risk among chronic hepatitis B (CHB) patients[87]. This was in line with the finding
from an ecologic study showing that NA therapy was associated with a reduction in
age-adjusted liver cancer incidence[88]. The beneficial effect of NA was further proven
among CHB patients who had undergone liver resection for HCC, in which NA
therapy was associated with a lower risk of HCC recurrence[89]. The recent finding that
tenofovir was associated with around a 40% reduction in HCC risk compared with
entecavir has guided the choice of antiviral therapy in CHB patients at high risk of
HCC (e.g., cirrhosis)[90]. Although diabetes mellitus was associated with an increased
HCC risk [91] , each incremental year increase in metformin use resulted in a 7%
reduction in HCC risk for diabetic patients.
The choices of therapeutics drugs for HCC are still currently limited. Big Data
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Table 5 Examples of studies on inflammatory bowel disease research by utilization of large healthcare datasets
Inflammatory bowel disease
Country/Region

Database

Area of research

Sample size

South Korea

Korean Health
Insurance Review and
Assessment Service
(HIRA)

UC

11233

Song et al[97], 2018

Design, statistical
methods and 3V

Application

Nationwide
retrospective cohort
study

Incidence and clinical
impact of perianal
disease in UC

Comparator: general
population
Volume, Velocity and
Variety

Taiwan, China

Taiwan National Health IBD
Insurance Database
Chang et al[98], 2018
(NHID)

38039

Nationwide
Association between
retrospective cohort
IBD and herpes zoster
study to compare IBD
infection
patients with general
population to derive SIR
Hospital based nested
case-control study
Volume, Velocity and
Variety

Sweden

Swedish Patient
Registry

UC

63711

Myrelid et al[99], 2017

Nationwide
retrospective cohort
study

Association between
appendectomy and UC

Volume, Velocity and
Variety
Swedish Medical Birth
Register (child-mother
link)

IBD
[72]

Ortqvist et al

, 2019

827,239 children born
between 2006 and 2013

Nationwide prospective Association between
population-based
maternal exposure to
register study
antibiotics during
pregnancy and very
Volume, Velocity and
early onset IBD in
Variety
adulthood

Not applicable

Signature inversion
study

Swedish
Multigeneration
Register (child-father
link)
Swedish Prescribed
Drug Register National
Patient Register
United States

NCBI Gene Expression
Omnibus (GEO)

IBD
[70]

Dudley et al

, 2011

Topiramate as a
potential therapeutic
agent against IBD

Volume, Velocity and
Variety
United States

Not applicable

IBD

1585
[20]

Cai et al

, 2018

Retrospective cohort
study Natural language
processing
Volume, Velocity and
Variety

Not applicable

United States

International IBD
Genetics Consortium's
Immunochip project

IBD

Not applicable

IBD

53279

Wei et al[64], 2013

Machine learning
algorithm

Predictors of IBD

Volume, Velocity and
Variety

Hou et al[100], 2013

575 colonoscopy reports Retrospective cohort
study Natural language
processing
Volume, Velocity and
Variety

United States

Not applicable

IBD

1080

Waljee et al[66], 2017

Retrospective cohort
study
Random Forest machine
learning algorithm

United States

Not applicable

IBD

20368
[65]

Waljee et al

, 2017

Retrospective cohort
study
Random Forest machine
learning algorithm

Not applicable

Phase 3 clinical trial data IBD

491
[67]

Waljee et al
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Association between
arthralgia and biologics
(anti-TNF vs
vedolizumab)

, 2018

3001

Differentiation of
surveillance from nonsurveillance
colonoscopy

Prediction of IBD
remission in thiopurine
users

Prediction of
hospitalization and
outpatient steroid use

Retrospective cohort
study

Prediction of steroidfree endoscopic
remission with
Random Forest machine vedolizumab in UC
learning algorithm

June 28, 2019

Volume 25

Issue 24

Cheung KS et al. Big Data in gastrointestinal research

Volume, Velocity and
Variety

This list is not exhaustive, but serves to provide a few distinct examples of how Big Data analysis can generate high-quality research outputs in the field of
gastroenterology and hepatology. 3V: Volume/velocity/variety; UC: Ulcerative colitis; IBD: Inflammatory bowel disease; SIR: Standardized incidence
ratio; anti-TNF: anti-tumour necrosis factor.

approaches in drug repurposing have once again shed light on the potential anticancer role of some medications currently approved for other purposes. For example,
Chen et al[17] collected publicly available data from HCC studies on HCC-related
genes, and 6,100 drug-mediated expression profiles from Connectivity Map, which is
a search engine cataloguing the effects of pharmacological compounds on different
cell types. By using “signature inversion” approaches, chlorpromazine and
trifluoperazine were found to have anti-cancer effects on HCC. Another study using a
similar computational approach unveiled the potential anti-HCC effect of
prenylamine[18].

FUTURE PERSPECTIVE OF BIG DATA RESEARCH
Clinicians and scientists in the field of gastroenterology and hepatology should aspire
to optimize the potential advantage of powerful Big Data in translating routine
clinically-collected data into precision medicine, the development of new biomarkers,
and therapeutic agents in a relatively short and effective manner for preventing
diseases and/or improving patient outcomes. However, some areas are still primitive
or under-explored.
Parent-child linkage is one of the examples unique to Big Data analysis. Parental
factors could have important bearings on the development of various diseases during
childhood. One example is linking racial/ethnic and socioeconomic data from both
parents with childhood obesity[92]. As for gastrointestinal and liver diseases, one study
showed that maternal use of antibiotics during pregnancy was associated with an
increased risk of very early onset IBD[72]. One possible mechanism is via the alteration
of the gut microbiome[93]. However, the unavailability of direct linkage is still a major
issue that can only be partly addressed by indirect inference, such as a probabilistic
linkage of maternal and baby healthcare characteristics[94]. It is therefore imperative to
have a database system that has direct parent-child linkages, of which many of the
currently existing electronic databases are still devoid.
Drug safety is another field that could benefit from Big Data research. First,
preclinical computational exclusion of potentially toxic drugs will improve patient
safety while reducing the delay in drug discovery and expense. Second, the efficiency
of post-marketing surveillance on drug toxicities can be enhanced. Concerning the
missing data for some important risk factors (e.g., smoking, alcohol intake, body mass
index), administering institutions should be aware of the immense potential of Big
Data, and take pre-emptive actions to start collecting these data. Although the
hypothesis-free approach of Big Data analysis facilitates the discovery of new
biomarkers and drugs, the results should still be validated in multi-centres. A
network involving multiple centres across nations should be established to foster a
centralized, comprehensive collection and validation of data. While patient privacy
should be upheld, regulatory mechanisms should be realistically enforced without
jeopardizing the conduct of Big Data research.

CONCLUSION
The advent of Big Data analysis in medical research has revolutionized the traditional
hypothesis-driven approach. Big Data analysis provides an invaluable opportunity to
improve individual and public health. Data fusion of different sources will enable the
analysis of health data from different perspectives across different regions. In this era
of digitalized healthcare research and resources, manpower and time are no longer
hurdles to the production of high-quality clinical studies in a cost-effective manner.
With continuous technological advancements, some of the current limitations with
Big Data may be further minimized.
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Table 6 Examples of studies on colorectal cancer research by utilization of large healthcare datasets
Colorectal cancer
Country/Region

Database

Area of research

Sample size

Hong Kong, China

Clinical Data Analysis
and Reporting System
(CDARS)

CRC

197902

Cheung et al[101], 2019

Design, statistical
methods and 3V
Territory-wide
retrospective cohort
study
Volume, Velocity and
Variety

CRC

187897

Cheung et al[69], 2019

Territory-wide
retrospective cohort
study

Application
Epidemiology,
characteristics, risk
factors and prognosis of
postcolonoscopy
Colorectal cancer in
Asians
Association between
statins and CRC

PS matching
Volume, Velocity and
Variety
United States

Nurses’ Health Study II
(NHSII)

CRC

134763
[74]

Ma et al

, 2018

Health Professionals
Follow-up Study (HPFS)
Nurses’ Health Study
(NHS)

Prospective cohort
study

Association between
DM and CRC

Volume and Variety
CRC

1660
[78]

, 2018

1599

Health Professionals
Hu et al[77], 2018
Follow-up Study (HPFS)
Song et al[79], 2018

Yang et al

1575

Nurses’ Health Study
(NHS)

CRC

141143

Nurses’ Health Study II
(NHSII)

de Jong et al[80], 2006

[76]

He et al

, 2018

Prospective cohort
study
Volume and Variety

Prospective cohort
study
Volume and Variety

Effect of calcium intake,
coffee and fibre on
survival after CRC
diagnosis

Risk factors of serrated
polyps and conventional
adenomas

Health Professionals
Follow-up Study (HPFS)
Nurses’ Health Study II
(NHSII)

CRC

Dutch Lynch syndrome
Registry

Various cancers
including

85256

Liu et al[75], 2018

Prospective cohort
study

Association between
obesity and CRC

Volume and Variety
Netherlands

2788

CRC
Netherlands, Germany, Dutch Lynch syndrome
Finland
Registry

CRC
Engel et al[81], 2018

Retrospective cohort
study
Volume, Velocity and
Variety

2747 patients with 16327 Retrospective cohort
colonoscopies
study

German HNPCC
Consortium

Decrease in CRC-related
mortality in Lynch
syndrome families by
surveillance
Surveillance interval on
CRC incidence and
stage

Volume, Velocity and
Variety

Finland

This list is not exhaustive, but serves to provide a few distinct examples of how Big Data analysis can generate high-quality research outputs in the field of
gastroenterology and hepatology. 3V: Volume/velocity/variety; CRC: Colorectal cancer; DM: Diabetes mellitus.

Table 7 Examples of studies on hepatocellular carcinoma research by utilization of large healthcare datasets
Hepatocellular carcinoma
Country/Region

Database

Area of research

Sample size

Taiwan, China

Publicly available data
on HCC-related genes

HCC

Not applicable

Chen et al[17], 2011

Connectivity Map
(CMap) -- includes 6100
drug-mediated
expression profiles
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Design, statistical
methods and 3V
Signature inversion
study
Volume, Velocity and
Variety
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Taiwan National Health HCC
Insurance Database
Wu et al[89], 2012
(NHID)

4569

Nationwide
retrospective cohort
study
Volume, Velocity and
Variety

Taiwan National Health HCC
Insurance Database
Chen et al[91], 2013
(NHID)

292290

Taiwan National Health HCC
Insurance Database
Wu et al[87], 2014
(NHID)

43190

Association between
NA therapy and HCC
recurrence among
patients with HBVrelated HCC after liver
resection

Nationwide case-control Association between
study
DM and HCC
Volume, Velocity and
Variety
Nationwide
retrospective cohort
study

Association between
NA therapy and HCC
among CHB patients

PS matching
Volume, Velocity and
Variety
China

The Cancer Genome
Atlas (TCGA) database

HCC

Not applicable

Wang et al[18], 2016

Connectivity Map
(CMap)
South Korea

Hong Kong, China

Signature inversion
study

Anti-cancer effect of
prenylamine on HCC

Volume, Velocity and
Variety

Korean Health
Insurance Review and
Assessment Service
(HIRA)

HCC

Clinical Data Analysis
and Reporting System
(CDARS)

HCC

24156
[90]

Choi et al

, 2018

Nationwide
retrospective cohort
study

Difference between
tenofovir and entecavir
on reducing HCC risk

Volume, Velocity and
Variety

Seto et al[88], 2017

Entire Hong Kong
population between
1999 and 2012

Territory-wide
retrospective cohort
study

Association between
NA therapy and HCC
among CHB patients

Volume, Velocity and
Variety
Sweden

Swedish Cancer
Registry

HCC

9160 CHB patients

Ji et al[102], 2012

Swedish Patient
Registry

Nationwide
retrospective cohort
study

Association between
concomitant HBV/HDV
infection and HCC

Comparison with
general population to
derive SIR
Volume, Velocity and
Variety

This list is not exhaustive, but serves to provide a few distinct examples of how Big Data analysis can generate high-quality research outputs in the field of
gastroenterology and hepatology. 3V: Volume/velocity/variety; HCC: Hepatocellular carcinoma; NA: Nucleos(t)ide analogue; DM: Diabetes mellitus; PS:
Propensity score; CHB: Chronic hepatitis B; SIR: Standardized incidence ratio; HDV: Hepatitis D virus.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) is a heterogeneous and complex
disease that is imprecisely diagnosed by liver biopsy. NAFLD covers a spectrum
that ranges from simple steatosis, nonalcoholic steatohepatitis (NASH) with
varying degrees of fibrosis, to cirrhosis, which is a major risk factor for
hepatocellular carcinoma. Lifestyle and eating habit changes during the last
century have made NAFLD the most common liver disease linked to obesity,
type 2 diabetes mellitus and dyslipidemia, with a global prevalence of 25%.
NAFLD arises when the uptake of fatty acids (FA) and triglycerides (TG) from
circulation and de novo lipogenesis saturate the rate of FA β-oxidation and verylow density lipoprotein (VLDL)-TG export. Deranged lipid metabolism is also
associated with NAFLD progression from steatosis to NASH, and therefore,
alterations in liver and serum lipidomic signatures are good indicators of the
disease’s development and progression. This review focuses on the importance of
the classification of NAFLD patients into different subtypes, corresponding to the
main alteration(s) in the major pathways that regulate FA homeostasis leading, in
each case, to the initiation and progression of NASH. This concept also supports
the targeted intervention as a key approach to maximize therapeutic efficacy and
opens the door to the development of precise NASH treatments.
Key words: S-adenosylmethionine; Methionine adenosyltransferase; Lipid metabolism;
Multiomics; Lipidomics; Nonalcoholic steatohepatitis; One-carbon metabolism; Very
low-density lipoproteins; Steatosis; Precision medicine
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is a heterogeneous and complex
disease that is imprecisely diagnosed by liver biopsy. The advent of metabolomics has
shown that NAFLD progression from simple steatosis to nonalcoholic steatohepatitis
(NASH) associates with profound alterations in liver and serum lipidomic signatures that
are good indicators of the disease’s development and progression. Lipidomics has also
permitted the classification of NAFLD patients into different subtypes corresponding to
the main alteration(s) leading, in each case, to the initiation and progression of NASH
based on the identification of specific lipid signatures, opening the door to the
development of precise NASH treatments.
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INTRODUCTION
Fat storing is common to many different species. The desert locust stores lipids in the
“fat body”, a dynamic tissue that plays an essential role in energy storage and
utilization in insects [1] , to migrate from south-western Morocco to the Iberian
Peninsula covering a distance of 600 miles without settling down. Some fish also store
fat for their survival. Without eating and powered only by stored fat, salmons swim
2000 miles up the fresh waters of the Yukon River from the Bering Sea to reach their
spawning grounds. Long distance migrating birds, such as the bar-tailed godwit, the
ruby-throated hummingbirds and the bar-headed geese, accumulate large amounts of
fat prior to departing. Likewise, the gray whale increases its fat stores prior to
swimming more than 10000 miles between feeding grounds in the Artic to the nursery
lagoons of Mexico´s Baja Peninsula; and hibernating mammals such as the grizzly
bears, after a period of incomparable hyperphagia, do not eat for 5 to 7 mo subsisting
solely on stored fat.
The energy source for these prodigious feats are fatty acids (FA) stored as
triglycerides (TG) into lipid droplets (LD) primarily in the adipose tissue and liver.
The mobilization of FA from adipose tissue TG stores requires the activity of TG
lipases that generate FA, which are then released into the blood and taken up by
hepatocytes, where are reincorporated into TG (Figure 1). Some of these re-esterified
TG combine with apolipoprotein-B (APOB) to form very low-density lipoproteins
(VLDL), and are exported into circulation. This process is regulated by microsomal
TG transfer protein (MTTP) and accompanied by encapsulating the neutral lipid core
with a phospholipid (PL) monolayer enriched in phosphatidylcholine (PC) molecules
containing polyunsaturated FA (PUFA), such as arachidonic acid (AA; 20:4n-6) and
docosahexaenoic acid (DHA; 22:6n-3)[2,3]. APOB, cholesterol and other apolipoproteins
(like APOC) are also found decorating the surface of the VLDL-TG particle[2,3]. The
largest amount of TG used for the synthesis of VLDL (VLDL-TG) is synthesized from
FA entering the liver from the adipose tissue, even under conditions where the
synthesis of FA from glucose and fructose by de novo lipogenesis (DNL) is high (see
below). Humans preferentially oxidize carbohydrate over fat, a process that helps to
maintain blood glucose homeostasis. Most of the TG in circulation during the postabsorptive phase are associated with VLDL-TG[2]. This mechanism uncouples hepatic
TG synthesis (energy storing) from TG secretion and maintains a low blood content of
FA, which are cytotoxic.

NONALCOHOLIC FATTY LIVER DISEASE
TG are energy dense and chemical stable compounds. By weight, FA provide more
than twice as much energy (9 kcal/g) as carbohydrates and proteins (4 kcal/g), and
match the caloric density of diesel (8 kcal/g). From this perspective, fatty liver may be
considered a physiological adaptation and an evolutionary advantage to anticipate
periods of prolonged food (energy) shortage. However, lifestyle and eating habit
changes during the last century have made fatty liver the most common liver disease
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Figure 1

Figure 1 Lipid metabolism. The mobilization of fatty acids (FA) from their triglyceride (TG) storage in the adipose
tissue is promoted by TG lipases. The resultant FA are then released into the blood and taken up by hepatocytes.
Other sources of hepatic FA are the dietary lipids in chylomicrons and de novo lipogenesis induced by carbohydrates.
These FA are metabolized by mitochondrial or peroxisomal β-oxidation, accumulated in the cytoplasm inducing
lipotoxicity, or subsequently elongated, desaturated and re-esterified for synthesis of complex lipids such us
phospholipids (PL), diglycerides or TG. Some of the re-esterified TG are packed into very low-density lipoproteins
combined with apolipoprotein-B and exported into circulation. This process is regulated by microsomal triglyceride
transfer protein and accompanied by encapsulating the neutral lipid core with a PL monolayer enriched in
phosphatidylcholine molecules containing polyunsaturated FA. Enzyme reactions regulated by S-adenosylmethionine
(SAMe) and pathways in which SAMe deficiency may lead to the accumulation of TG and progression to nonalcoholic
steatohepatitis are indicated in blue. APOB: Apolipoprotein-B; DG: Diglycerides; ER: Endoplasmic reticulum; FA:
Fatty acids; MTTP: Microsomal triglycerides transfer protein; PC-PUFA: Phosphatidylcholines containing
polyunsaturated fatty acids; PL: Phospholipids; SAMe: S-adenosylmethionine; TG: Triglycerides; VLDL: Very lowdensity lipoproteins.

linked to obesity, type 2 diabetes mellitus (T2D) and dyslipidemia, with a prevalence
of 25%[4-7]. Nonalcoholic fatty liver disease (NAFLD) covers a spectrum that ranges
from simple steatosis (NAFL), nonalcoholic steatohepatitis (NASH) with varying
degrees of fibrosis, to cirrhosis, which is a major risk factor for hepatocellular
carcinoma (HCC). NASH is distinguished from steatosis by the presence of
inflammation and hepatocyte injury. Approximately 25% of individuals with NAFL
progress to NASH. Of those that develop NASH, 25% progress to cirrhosis, of whom
at least 1%-2% per year develop HCC[4-6]. NASH is now the leading cause of liver
transplantation in women[8] and projected to be the leading indication in the United
States by 2020 [4-6] . Degree of liver fibrosis is the major factor linked to all-cause
mortality[9]. However, NAFLD does not always follow an orderly progression. For
instance, it is possible for NAFLD patients to develop fibrosis without going through
the NASH stage, or to develop liver cancer despite absence of fibrosis or histologic
NASH[4-6,10]. Studies have reported 10-70% of HCC cases in NAFLD occurred without
cirrhosis[11]. The annual direct medical cost is > $100 billion in the United States alone
for NAFLD[4-6]. Despite the huge investment by the pharmaceutical industry there are
still no approved therapies targeting NASH [12] . Lifestyle changes are the only
therapeutic strategy that can halt the progression of NAFLD[4-6]. Clearly, both a better
understanding of the factors that promote progression from simple steatosis to
NASH, fibrosis and liver cancer is sorely needed to improve our therapeutic strategy.
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LIVER LIPID METABOLISM IN NAFLD
Consisting with its energy storage function, the relationship between the intrahepatic
TG (IHTG) content and VLDL-TG secretion rate is curvilinear. In subjects with normal
IHTG (up to 5% of liver weight), VLDL-TG export increases linearly with IHTG
content; but in individuals with steatosis, VLDL-TG secretion reaches a plateau
independently of the amount of IHTG[13,14]. Genetic defects (APOB, APOC3, MTTP,
TM6SF2) that impair hepatic VLDL-TG secretion cause hepatic steatosis that may
progress to NASH with fibrosis, even without obesity or T2D[15-19]; and impaired
APOB synthesis has been observed in NASH patients as compared to obese
controls[20]. These results indicate that a reduction in the capacity to export VLDL-TG
increases the risk to develop NASH. Consistently, patients treated with antisense
APOB or MTTP inhibitors, which lower VLDL assembly and secretion, are associated
with hepatic steatosis, inflammation and fibrosis, which limit their utility[21,22]. The
discovery that the effect of defective VLDL-TG secretion extends well beyond the
management of liver energy storage to promote the development of NASH and
fibrogenesis emphasizes the importance of identifying therapeutic targets for NASH
reversal in the setting of impaired VLDL-TG secretion. It is important to note,
however, that the increase in susceptibility to develop NASH in obese subjects that
are carriers of the TM6SF2 E167K variant, which impairs VLDL-TG export, is
accompanied by protection from cardiovascular disease due to the reduced serum
levels of atherogenic lipoproteins[23]. This is important when designing treatments that
aim to increase VLDL-TG export in NASH.
Hepatic steatosis arises when the uptake of FA and TG from circulation and DNL
saturate the rate of FA β-oxidation (in the mitochondria and peroxisomes) and VLDLTG export (Figure 1). NAFLD subjects often show an increase in DNL[13,24], and it has
been proposed by many that DNL is a major pathway in the pathogenesis of
NAFLD[25]. On this premise the pharmacological inhibition of DNL that include (1)
Downregulating SREBP-1c, the major transcriptional regulator of the enzymes
involved in DNL, (2) Decreasing the activity of the DNL rate-limiting enzyme,
specifically acetyl-CoA carboxylase (ACC), and (3) Inhibiting stearoyl-CoA
dehydrogenase 1 (SCD1), the first irreversible step committing FA to TG synthesis, are
being studied in phase 2 and 3 clinical trials of NASH [26] . However, a potential
limitation of this approach is that a decrease in DNL may induce an increase in FA
uptake to the liver from circulation, the major source of hepatic lipids, or a decrease in
FA oxidation as compensatory mechanisms[27,28]. From an evolutionary stand point, it
seems unlikely that an increase in DNL would be a major pathway in the
development of NAFLD. FA from the adipose tissue and from the diet contribute
about 59% of TG in the livers of patients with NAFLD, while DNL contributes 26% of
intrahepatic FA, and dietary TG transported by chylomicrons 15% of liver fat[29].
Accordingly, the inhibition of liver FA uptake has been shown to improve NASH in
experimental models[30]; albeit at the risk of increasing FA in circulation, peripheral FA
stores, and weight gain, which may limit its potential therapeutic application. The
importance of increased DNL in NASH development should, however, not be
minimized since increased DNL may just as well overwhelm a deficient VLDL-TG
exporting system which, presumably, is already saturated caused by increased
hepatocellular lipid uptake. The increase in DNL in NAFLD may be an adaptive
mechanism for the generation of metabolic signals that direct lipids toward beneficial
pathways to improve energy balance even in the setting of excess FA accumulation, a
concept known as lipoexpediency (the antonym to lipotoxicity[31,32]). For instance, it
has been shown that FA synthase, the DNL enzyme that catalyzes the conversion of
acetyl-CoA to the 16-carbon FA palmitate, is involved in the activation of PPARα (an
activator of FA oxidation that is expressed at high concentrations in the liver) via the
synthesis of its ligand, palmitoyl-stearoyl-phosphatidylcholine (PC-16:0/18:1)[33].
NAFLD subjects also show an increase in the rate of hepatic FA oxidation[34,35] because
of mitochondrial uncoupling between FA oxidation and ATP synthesis[36]. Increased
FA oxidation in NAFLD may be, however, detrimental to the liver due to the
excessive generation of reactive oxygen species. Together, these results suggest that
different individuals (NAFLD subtypes) could have different alterations in the major
pathway(s) that regulate FA homeostasis leading to NAFLD[37]. Evidence from clinical
trials indicating that only a small percent (20%-50%) of NASH patients benefit from
the different treatments supports this concept [26] . Thus, the identification of
noninvasive metabolic biomarkers that would allow the classification of patients into
different subtypes that correspond to the main alteration(s) leading to the initiation
and progression of NASH would be of great help for the development of precise
treatments.
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S-ADENOSLYMETHIONINE AS A LINK BETWEEN LIPID
METABOLISM AND HEPATOCELLULAR ONE CARBON
METABOLISM
Assessing the hepatic lipid metabolism, it is important to note that LD are not only
critically important for energy metabolism in terms of TG storage, but are also a major
supply of (1) PL precursors, such as diacylglycerols (DG) and other lipids of the
monoalk(en)yl diacylglycerol family, that give rise to diacyl-PL and plasmalogens,
respectively; (2) Cholesterol, which is stored as cholesteryl-esters (CE); and (3) FA, not
only saturated FA, such as palmitate (16:0) and stearate (18.0), which are cytotoxic,
but also PUFA, such as AA, that gives rise to the eicosanoid family of inflammatory
mediators (prostaglandins, thromboxanes, and leukotrienes), and DHA, which is antiinflammatory[38]. The main lipid classes found in the core of liver LD are TG, DG, and
CE, which are enveloped by a PL monolayer (mainly made of PC) decorated with
proteins that are important in lipid remodeling, signaling and energy storing[39,40]. PC
found in LD are synthesized both by the Kennedy route, whose last step is the
reaction of CDP-choline with DG to form PC and cytidine monophosphate; and the
PE N-methyltransferase (PEMT) pathway, which converts PE rich in PUFA (mainly
AA and DHA) into PC through three successive N-methylations of the PE amino
group, with S-adenosylmethionine (SAMe) as the methyl donor[41] (Figure 1). SAMe is
a versatile molecule which is the source of essentially all methyl transfer reactions in
cells[42]. Liver plays a central role in SAMe metabolism, as this is where up to half of
the daily intake of methionine is catabolized via its conversion to SAMe [43] . This
reaction is catalyzed by methionine adenosyltransferase (MAT). Two genes encode for
MAT, MAT1A is expressed in normal differentiated liver and MAT2A is expressed in
all extrahepatic tissues as well as in fetal liver [43] . In liver, SAMe homeostasis is
controlled by MAT-mediated synthesis and utilization, largely accomplished by
glycine N-methyltransferase (GNMT)[43] (Figure 2). Accordingly, GNMT deletion in
mice induces a massive increase in intrahepatic SAMe content[44] that accelerates the
flux of methyl groups through multiple pathways, including PEMT and DNAmethylation, leading to aberrant liver lipid signatures, development of NASH, fibrosis
and HCC[45].
SAMe metabolism is coupled to the folate cycle and together they form the so
called one carbon metabolism (1CM) (Figure 3). 1CM circulates 1-carbon units from
different nutritional and amino acids inputs (choline, betaine, folate, glucose,
methionine, serine, glycine and threonine), via SAMe and 5-methyltetrahydrofolate
(MTHF), into a large variety of outputs, such as PL-, protein- and DNA-methylation,
and glutathione (GSH), polyamines, reduced nicotinamide adenine dinucleotide
phosphate (NADPH), and nucleotide synthesis, that regulate key biological processes
ranging from VLDL-TG export, gene expression and redox homeostasis, to DNA
synthesis and cell growth. Mat1a knockout (KO) mice have chronically low hepatic
SAMe level (75% lower) [46] , show reduced content of PC-PUFA (mainly AA and
DHA)[37] and, as expected, impaired synthesis and release of VLDL-TG, which leads to
the accumulation of TG, DG and FA, accumulation of oxidized FA, oxidative stress,
and abnormal hepatic lipid signatures, which trigger the spontaneous development of
steatosis and its progression to NASH, fibrosis and HCC[37,43,46]. In Mat1a KO mice, low
SAMe also associates with increased serum levels of amino acids methionine, serine
and glycine; increased hepatic MTHF, decreased GSH content, and altered protein
and DNA methylation[37]. MAT1A is often downregulated in NAFLD patients with
more advanced fibrosis[47]. Consistently, several studies showed human NASH have
reduced transmethylation [48] , hepatic PC/PE ratio [49] , and abnormal VLDL-TG
assembly and export[50]. These results suggest that SAMe deficiency may be a critical
driver of NASH in a subgroup of NAFLD patients. Importantly, SAMe treatment of
the Mat1a KO mice after onset of NASH for two months corrected many of the
abnormalities, nearly normalized the liver histology, and reduced blood ALT, AST
and TG levels without altering cholesterol content[37]. SAMe treatment of rats fed a
methionine and choline deficient (MCD) diet, which reduces hepatic SAMe content
and induces steatohepatitis, also improved liver histology[51]. Taken together, these
results support the concept that 1) a reduction in SAMe is a common driver of
NAFLD initiation and progression to NASH in humans, and 2) that NAFLD patients
with M-subtype serum metabolomic profile (see below) will likely benefit from SAMe
treatment, but this has not yet been examined.

CIRCULATING BIOMARKERS OF NAFLD
The advent of lipidomics has taught us that each lipid class (e.g., TG, PC) is made of a
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Figure 2 Regulation of hepatic S-adenosylmethionine homeostasis. Hepatic S-adenosylmethionine (SAMe)
content is regulated by the concerted activity of methionine adenosyltransferase (MAT) and glycine Nmethyltransferase (GNMT). Methionine is mainly metabolized by the liver where is converted to SAMe by the enzyme
MAT using ATP as co-substrate. SAMe, the main cellular methyl donor, is converted to S-adenosylhomocysteine
(SAH) by a legion of methyltransferases (MTs) that catalyze the methylation of multiple substrates (DNA, proteins,
phospholipids, small molecules, toxic and waist products). Excess SAMe is catabolized by GNMT, the most abundant
hepatic MT, to prevent undesirable methylations. The GNMT-sarcosine dehydrogenase (SDH) pathway recycles the
excess of methyl groups via generation of methylene-tetrahydrofolate (CH2-THF) and the methylation of
homocysteine to regenerate methionine (not shown) to maintain SAMe homeostasis. SAH is converted to
homocysteine, a metabolic crossroad that can be used for the regeneration of methionine (not shown) or the
synthesis of glutathione depending on whether the concentration of SAMe is low or high, respectively. SAMe is an
allosteric activator of GNMT and an inhibitor of the re-synthesis of methionine via the CH2-THF pathway (broken
lines). CH2-THF: 5,10-methylene-tetrahydrofolate; Gly: Glycine; GNMT: Glycine N-methyltransferase; MAT:
Methionine adenosyltransferase; Me-Gly: Methylglycine (sarcosine); Me-R: Methylated product; MTs:
Methyltransferases; MTHF: 5-methyltetrahydrofolate; R: Methylation substrate; SAH: S-adenosylhomocysteine;
SAMe: S-adenosylmethionine; SDH: Sarcosine dehydrogenase; THF: Tetrahydrofolate.

multitude of different lipid molecular species varying in the length and number of
double bonds of their FA chains [52,53] ; and that the lipid homeostatic status is
implemented by a large family of FA desaturases and elongases in conjunction with
lipases, acyl-transferases, PL and sphingolipid synthesizing enzymes, and
phospholipases [ 5 4 , 5 5 ] . Changes in lipid signatures (lipid molecular species
compositions) can have profound effects on cell function, regulating processes such as
oxidative phosphorylation [56] . A sequence variant in PNPLA3 that is strongly
associated with NAFLD has been related to TG remodeling and VLDL-TG secretion in
hepatocytes [57,58] , suggesting that abnormal lipid remodeling may be key to the
development and progression of NAFLD. Accordingly, mice modify the liver lipid
profile in response to a variety of conditions that induce steatosis and its progression
to NASH, such as ablation of methionine adenosyltransferase 1A (Mat1a)[46], fasting or
feeding a high fat diet[41], or feeding an MCD diet[59]. It has also been observed that the
serum lipidomic profile reflects the liver lipidome[37], a finding which supports the
search of noninvasive NAFLD biomarkers in blood. At present, liver biopsy is the
“gold standard” to diagnose NASH, an invasive, imprecise and expensive procedure
with possible complications. As a result, numerous studies have been published
aiming to the identification of panels of circulating biomarkers (using genomics,
transcriptomics, proteomics and metabolomics) for steatosis, NASH and fibrosis
diagnosis, as well as for risk prediction of NAFLD progression and response to
therapy [60,61] . Some studies have shown that lipidomic patterns can differentiate
between normal liver and NAFLD[62,63]. Interestingly, recent studies also focus on the
discrimination between simple steatosis and NASH[64] or the detection of advance
fibrosis[65]. However, a burning challenge in NAFLD research is the identification of
which patients with NAFLD will develop NASH and, for those with NASH, how fast
the disease will progress. At present, it is premature to conclude which of these blood
biomarkers, alone or in combination, would be best to precisely and rapidly diagnose
the severity of NASH and monitor the liver’s response to treatment[60,61].
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Figure 3 Schematic representation of one carbon metabolism. One carbon metabolism involves multiple
physiological processes in which one carbon units circulate from different nutritional and amino acids inputs (choline,
betaine, folic acid, glucose, methionine, serine, glycine and threonine), mediated by S-adenosylmethionine and 5methyltetrahydrofolate, and are converted into a wide variety of outputs, such as the methylation of phospholipids,
protein and DNA, and the synthesis of glutathione, polyamines, nucleotides, and reduced nicotinamide adenine
dinucleotide phosphate. CH2-THF: Methylene tetrahydrofolate; Gly: Glycine; GSH: Glutathione; Hcy: Homocysteine;
Met: Methionine; MTHF: 5-Methyltetrahydrofolate; NAPDH: Reduced nicotinamide adenine dinucleotide phosphate;
SAH: S-denosylhomocysteine; SAMe: S-adenosylmethionine; Ser: Serine; THF: Tetrahydrofolate; Thr: Threonine.

IDENTIFICATION OF NAFLD SUBTYPES
Despite the current essential role of biopsy for NAFLD diagnosis, its use as a tool for
determining the different metabolic pathways that lead to the initiation and
progression of NAFLD is certainly limited. Recently, lipidomics has permitted the
classification of NAFLD patients into different subtypes corresponding to the main
alteration(s) leading, in each case, to the initiation and progression of NASH based on
the identification of specific lipid signatures. We identified a unique serum
metabolomic profile that distinguished between Mat1a KO and wild type (WT) mice
and observed, using a large cohort of 535 serum samples from biopsied NAFLD
patients, that nearly half of them showed this Mat1a KO-type (M-subtype)
metabolomic signature[37] (Table 1). Although classification based on this approach is
not indicative of disease progression (M-subtype is equally distributed among
patients with steatosis and NASH), a small group of serum metabolites that could
differentiate simple steatosis from NASH in the Mat1a KO and in NAFLD patients
was also identified. This work defined, for the first time, the metabolic landscape
affected by a chronically reduced hepatic SAMe level and demonstrated key
abnormalities that were corrected by SAMe treatment, which led to resolution of
NASH.
The MCD diet model is a widely-used murine model of NASH but animals lose
weight rapidly, have low serum TG levels, and do not become insulin resistant[66]. The
addition of 0.1% methionine (normal diet contains 0.3% methionine) minimizes
weight loss and yet mice fed the 0.1MCD diet have low liver SAMe content and
developed steatosis, inflammation and fibrosis [59] . The mechanism for steatosis
included impaired VLDL-TG secretion and reduced GSH, due to the decrease in
SAMe content, the concomitant reduction in the synthesis of PC-PUFA through the
PEMT pathway, and increased uptake of FA via CD36. Despite the existence of
important differences between both models [(1) The protein content of SCD1 is
increased in Mat1a KO and decreased in 0.1MCD; and (2) Mitochondrial FA βoxidation is decreased in Mat1a KO and increased in 0.1MCD], the reduction in
hepatic SAMe content is the common driver of NAFLD initiation and progression to
NASH in both of them and, accordingly, NAFLD patients classified as M-subtype
were found to have a metabolic profile similar to the 0.1MCD model[59] (Table 1).
Treatment of the 0.1MCD mice for two weeks, after the onset of NAFLD, with the
SCD1 inhibitor arachidyl amido cholanoic acid (Aramchol, a Phase 2b test drug
candidate in a clinical trial for NASH)[67], improved the liver histology[59] (Table 1).
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Table 1 Nonalcoholic fatty liver disease subtype classification
NAFLD subtype

Characteristics

Mouse model-based classification

Treatments tested

M-Subtype

Increased fatty acid uptake.

Mat1a KO[37]

SAMe

Low liver glutathione and SAMe content.

0.1MCD[59]

Aramchol

Ldlr KO/HFD[68]

Obeticholic acid

Reduced synthesis of PC-PUFA.
Abnormal VLDL-TG assembly and export.
Non-M-Subtype

Increased DNL.
Normal hepatic SAMe levels.
Normal VLDL-TG secretion.
High serum levels of cholesterol and TG.

NAFLD: Nonalcoholic fatty liver disease; SAMe: S-adenosylmethionine; PC-PUFA: Phosphatidylcholines containing polyunsaturated fatty acids; VLDLTG: Very low-density lipoprotein-triglycerides; DNL: de novo lipogenesis; KO: Knockout; MCD: Methionine and choline deficient.

Aramchol has been shown to improve the three key pathologies associated to NASH:
(1) Steatosis, by reducing TG synthesis and increasing VLDL-TG export and FA βoxidation; (2) Inflammation, by decreasing lipotoxicity; and (3) Fibrosis, by
downregulation of collagen production by stellate cells[59]. We speculate Mat1a KO
mice, and therefore NAFLD patients with M-subtype serum metabolomic profile, will
likely benefit from Aramchol treatment.
Interestingly, nearly all NAFLD patients classified as having a non-M-subtype,
according to both the Mat1a KO and 0.1MCD metabolomics models of NASH, were
found to have a lipidomic signature similar to that found in low-density lipoprotein
receptor (Ldlr) KO mice fed a high fat diet (HFD)[68] (Table 1). This mouse model (Ldlr
KO/HFD) shows high serum levels of cholesterol and TG, normal liver SAMe, and
develop NASH and fibrosis. Treatment of the Ldlr KO/HFD mice for ten weeks, after
the onset of NAFLD, with the Farnesoid X Receptor agonist Obeticholic acid (OCA, a
Phase 3 test drug candidate in a clinical trial for NASH)[69], nearly normalized the liver
histology, reduced blood ALT, AST and TG levels and tended to lower cholesterol
content[68]. It would be interesting to determine if in the Aramchol and OCA clinical
trials for NASH, patients that responded to treatment were enriched in M- and nonM-subtype, respectively.
However, this approach also results in a certain number of unclassified patients
(named as indeterminate)[37,59], which can be inherently linked to the unsupervised
classification methodology and validation procedure. Potential integration of other
omics data as well as clinical parameters may improve this novel subtyping approach
of NAFLD patients, allowing further interpretation of the complex biochemical
processes and the heterogeneity of the disease.

CONCLUSION
To understand the pathogenesis of NASH, a useful conceptual framework is that the
liver’s capacity to accumulate and export TG supports two crucial physiological
functions (1) Storing highly energetic, but also highly cytotoxic, FA stably as TG, and
(2) Placing into circulation the right amount of VLDL-TG to meet the energy needs of
extrahepatic tissues. Both functions collide when the IHTG content exceeds 5% and
hepatocytes must safely handle and accumulate excess FA into TG without increasing
the rate of VLDL-TG export[13,14]. The maximum capacity to safely handle FA by the
liver in the presence of increasing levels of IHTG may vary between individuals
depending on the variable contributions from different molecular pathway(s) that
result in TG accumulation; and NASH may develop when this maximum capacity is
exceeded. The observation that it is possible for NAFLD patients to develop NASH at
various grades of steatosis, supports this notion. However, clinical trials currently
designed for the treatment of NASH are based on the mechanism of action of a drug
that is administered to patients without confirming if that specific molecular pathway
is altered; which is against the view that NASH pathogenesis has diverse drivers.
Understandably, no more than 40% of patients in these trials have shown a positive
response to treatment[26]. Alternatively, a comprehensive landscape of the main NASH
drivers may be obtained, for example, by integrating multiomics data of well-defined
mouse models of NASH, for which the efficacy of different drugs have been
validated, with the multiomics data of a large cohort of well-characterized NASH
patients following a similar procedure to that previously described[37]. Such a strategy
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would associate patients’ multiomics signatures to specific therapies that could be
validated reanalyzing the data of clinical trials where the efficacy of these drugs has
been tested. In addition, this approach may allow advances in our understanding of
the complex biochemical processes and pathophysiological responses in NAFLD[70,71].
Moreover, it will be also important to integrate gene products, mRNA, proteins and
metabolites, with environmental factors, such as diet and life style[72,73]. Finally, this
strategy may be extended to the identification of optimal therapeutic drug combinations.
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Abstract
Esophageal cancer is known as one of the malignant cancers with poor prognosis.
To improve the outcome, combined multimodality treatment is attempted. On
the other hand, advances in genomics and other “omic” technologies are paving
way to the patient-oriented treatment called “personalized” or “precision”
medicine. Recent advancements of imaging techniques such as functional
imaging make it possible to use imaging features as biomarker for diagnosis,
treatment response, and prognosis in cancer treatment. In this review, we will
discuss how we can use imaging derived tumor features as biomarker for the
treatment of esophageal cancer.
Key words: Esophageal cancer; Computed tomography perfusion; Dynamic-contrastenhanced magnetic resonance imaging; Texture analysis; Diffusion-weighted imaging;
Positron emission tomography
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Advances in imaging techniques enable us to assess tumor biology such as
viability, vascular physiology, heterogeneity, or metabolism, which can be new
approaches to investigate biomarker for cancer treatment. In this review, we will discuss
various functional imaging techniques including computed tomography/magnetic
resonance perfusion, texture analysis, diffusion-weighted imaging, and positron emission
tomography in terms of prediction of treatment response or prognosis in esophageal
cancer.
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INTRODUCTION
Esophageal cancer is the seventh most common cancer, and sixth leading cause of
death in the world[1]. Surgical resection is the only curative method for esophageal
cancer, but is limited to early stage disease, and the recurrence rate after radical
resection of esophageal cancer is reported to be approximately 50%, and most cases of
recurrence occur within two years after surgery[2-4].
In this context, personalized or precision medicine, which enables the best choice of
treatment based on certain biomarkers, is highly desirable, preventing side-effect and
extra expenses, leading to more effective multidisciplinary treatments. Angiogenesis,
tumor stroma, hypoxia, heterogeneity, and metabolism are known as typical
biological features of malignancies, and these have been investigated to be biomarkers
for diagnosis, prognosis, and treatment response. These biological features are usually
investigated by the cell and molecular biology, but recent advances in imaging
technique enable non-invasive assessment of various tumor functions, which have
been investigated their biomarker value in malignancies. Imaging derived markers
have the advantage of being non-invasive, spatially resolved and repeatable,
compared to bio-specimen biomarkers which are obtained by removing a sample
from a patient. Recent increasing interests in “Radiomics”, which is an emerging field
that converts imaging data into a high dimensional mineable feature space using a
large number of automatically extracted data-characterization algorithms, makes
imaging derived biomarkers more valuable. In these contexts, this review will discuss
how we can use various imaging derived biomarkers including perfusion analysis
using computed tomography (CT) or magnetic resonance imaging (MRI), texture
analysis, diffusion-weighted imaging (DWI), and positron emission tomography
(PET) in terms of prediction of treatment response or prognosis to improve outcome
of esophageal cancer patients.

PERFUSION ANALYSIS
Perfusion analysis using dynamic contrast-enhanced CT (DCE-CT/CT perfusion) and
DCE-MRI (MR perfusion) can quantify tissue hemodynamics by measuring the
temporal changes in tissue attenuation after administration of intravenous contrast
media[5-7]. Since “angiogenesis” plays an important role in almost all types of cancer
progression[8-10], quantification of vascular physiology using CT or MR perfusion
techniques may reflect tumor angiogenesis, and has a potential to be a biomarker in
cancer treatment[11]. These perfusion techniques are readily incorporated into the
existing CT and MRI protocol, and enables in vivo quantification of tissue
hemodynamics using the modeling tracer kinetics on the imaging workstation (Figure
1)[5,6]. In esophageal cancer, several previous papers reported associations of CT or MR
perfusion parameters with treatment response to chemotherapy or chemoradiotherapy (Table 1). In MR perfusion studies, it was reported that higher Ktrans
value (a parameter related to vessel permeability and tissue blood flow) before
chemoradiation therapy (CRT) was associated with better treatment response[12,13]. In
CT perfusion studies, Hayano et al[14] reported that higher blood flow of the tumor
before CRT was associated with better treatment response and overall survival in
esophageal squamous cell carcinoma patients. Makari et al[15] also reported that high
tumor BF measure by CT perfusion might predict good response to neoadjuvant
chemotherapy and CRT. Interestingly, all these reports suggested that a higher blood
flow/perfusion of the tumor was associated with a better outcome of CRT or
chemotherapy. It is reasonable because a higher tumor blood flow/perfusion leads to
a better drug delivery and a higher oxygenation, resulting in better chemo- and radiosensitivity. There are a few paper reporting perfusion change in esophageal cancer
during chemotherapy or CRT. Sun et al[12] demonstrated that the complete response
group showed a significant decrease in Ktrans. Similarly, Hayano et al[16] reported that
a significant decrease of blood flow in the tumor was observed from CT perfusion
study of esophageal cancer, and they reported that patients with a greater reduction
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in tumor blood flow during CRT survived significantly longer than those with lower
tumor blood flow reduction. It is speculated that the tissue fibrosis due to CRT leads
to compression of tumor capillaries and increased flow resistance, results in decrease
of blood flow/perfusion after CRT. In fact, it was reported that patients who achieved
pathological complete response (pCR) after neoadjuvant CRT had tumors with lower
blood flow than non-pCR[17].
Regarding relationship between CT/MR perfusion and angiogenesis, published
results are controversial. For example, Chen et al[18] demonstrated that tumor blood
volume measured by CT perfusion was significantly correlated with micro-vessel
density in esophageal cancer, while Sato et al[19] reported that there was no significant
correlation of tumor blood flow with the micro-vessel density in CT perfusion study
of gastric cancer. Sato et al[19] speculated that blood flow assessed with perfusion
imaging reflected only the functional vessels with a lumen, and not the functionless
tumor vascularity; and therefore, micro-vessel density studied immunohistochemically in vitro using surgical specimens might be inadequate for “in vivo
tumor vascular physiology. These factors may affect controversial results on
relationship of CT/MR perfusion with immunohistochemically evaluated
angiogenesis.
This perfusion technique using CT and MRI is very interesting and exciting
technique with a potential to be a useful biomarker, but this technique is still
considered a research tool in the realm of oncology. A consensus and standardization
of data acquisition and analysis methods have yet to be established. The definition of
the tumor region of interest (ROI) is subject to similar consideration, because the
method used to draw the ROI clearly influences the perfusion parameters. Relatively
high radiation dose and complicated procedure should be improved to be more
common examination in clinical practice of esophageal cancer.

TEXTURE ANALYSIS
Analysis of texture within tumor on medical imaging such as CT, MRI, and PET,
which reflects structural abnormality or heterogeneity in the tumor, is emerging as a
potential biomarker to predict prognosis and treatment response in patients with
cancer[20], because most malignant tumors show a striking amount of intratumor
heterogeneity, which has implications for diagnosis, treatment efficacy, and the
identification of drug targets[21]. There are various methods including statistical-,
model-, and transform-based methods with various texture parameters[22]. Common
texture parameters are entropy (a measure of irregularity), uniformity (a measure of
uniform distribution of grey-levels), skewness (a measure of asymmetry of the
histogram), kurtosis (a measure of peakedness and tailedness), and fractal dimension
(a measure of complexity)[23-25]. Ganeshan et al[26] reported that tumor heterogeneity
(uniformity) assessed on unenhanced CT was correlated with 18F-fluorodeoxyglucose
(18F-FDG) uptake, and was an independent predictor of survival in 21 patients with
esophageal cancers. Yip et al[27] reported that post-treatment uniformity and entropy of
the tumor measured on contrast-enhanced CT were correlated with overall survival in
esophageal cancer patients treated with CRT. In fractal analysis of PET imaging,
Tochigi et al[28] reported that the low fractal dimension of tumor 18F-FDG uptake was
associated with favorable survival, and they concluded that metabolic heterogeneity
measured by fractal analysis can be a novel imaging biomarker for survival in patients
with esophageal squamous cell carcinoma.
These texture analysis is a post-processing mathematical technique, which can
apply to any medical imaging with no additional radiation exposure, special protocol,
and cost, and maximizes the information obtained from current standard medical
imaging (Figure 2). This technique still needs further investigation and
standardization to be used in clinical practice, but has a potential to be a valuable
clinical tool in the management of esophageal cancer.

DIFFUSION-WEIGHTED IMAGING
In 1905, Einstein described molecular diffusion or Brownian motion formally on the
basis of the random translational motion of molecules[29]. Recent advances in magnetic
resonance gradient technology have allowed acquisition of the apparent diffusion
coefficient (ADC) value, which can be calculated by the DWI measurements acquired
with a different gradient duration and amplitude (b-values) [30] . DWI has been
discussed in terms of its biomarker value for cancer treatment in a consensus meeting,
and a publication on consensus and recommendations for DWI as a cancer biomarker
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Table 1 Summary of reports on computed tomography or magnetic resonance perfusion in esophageal cancer
Prediction of treatment
outcome

Year

Patients

Biomarker candidate

Hayano et al[14]

2007

31

Baseline BF (CT perfusion)

High baseline BF associated
with good response and OS
after CRT (31)

Makari et al[15]

2007

46

Baseline BF (CT perfusion)

High baseline BF associated
with good response and OS
after chemotherapy (36) and
CRT (10)

Djuric-Stefanovic et al[17]

2015

40

Post-therapeutic BF (CT
perfusion)

Post-therapeutic BF < 30
mL/min/100 g can predict
pCR with 100% of sensitivity
and specificity

Lei et al[13]

2015

25

Baseline Ktrans (MR
perfusion)

Ktrans was significantly
different between CR and
non-CR after CRT

Sun et al[12]

2018

59

Change of Ktrans (MR
perfusion)

Change in Ktrans was the
best parameter to assess
treatment response

BF: Blood flow; pCR: Pathological complete response; CRT: Chemoradiation therapy; OS: Overall survival; CT: Computed tomography.

has been published highlighting the potential of this technique in the management of
cancer patients (Figure 3)[31].
In esophageal cancer, there are seven papers evaluating DWI for prediction of CRT
response and prognosis[32], but the results are controversial (Table 2). In 2011, Aoyagi
et al[33] reported that higher baseline tumor ADC was associated with better survival.
Another study also suggested that high baseline tumor ADC was associated with
good response to CRT[34] , while De Cobelli et al[35] reported that the high baseline
tumor ADC was associated with poor response to CRT. Because of these conflicting
results, it is still unclear whether pre-therapeutic tumor ADC can really predict
response or survival after CRT. Cheng et al[32] performed meta-analysis, and reported
that change of ADC and post-therapeutic ADC of the tumor were promising reliable
and valuable predictor for the response to CRT, rather than pre-therapeutic ADC.
Interestingly, Imanishi et al[36] reported that early increase of tumor ADC (> 15% after
20 Gy) could predict treatment response with 85% of accuracy and 100% of positive
predictive value. Similarly, three studies suggested importance of post-CRT ADC and
the change of ADC after 2-3weeks of CRT in terms of prediction of response to CRT in
esophageal cancer[37-39].
Because DWI does not need radiation exposure and contrast agents, it can be an
ideal biomarker. However, standardization of data acquisition and analysis methods
have yet to be established for DWI. Low spatial resolution, especially in high b-value
image, should be improved for accurate detection and quantification of the tumor.

POSITRON-EMISSION TOMOGRAPHY
PET is a quantitative imaging technique with use of various types of tracers. 18F-FDG,
which can quantify glucose metabolism of the tissue, is the most common clinical PET
tracer. Theoretically, malignant tumor cells exhibit strongly enhanced energy
consumption, and lead to increased 18F-FDG uptake due to the increased number of
glucose transporters and the increased hexokinase activity (Figure 4). The
standardized uptake value (SUV) is generally used to quantify the tissue glucose
metabolism, which has been reported its biomarker value in the treatment response
and prognosis in various types of malignancies.
Regarding the biomarker value of pre-therapeutic PET in surgically treated
esophageal cancer, Fukunaga et al[40] reported that a high SUV of the tumor before
surgery had a poorer prognosis compared with those with low FDG uptake in
esophageal cancer patients who received curative surgery without neoadjuvant
therapy in 1998. After this paper had been published, seven papers on this subject
were published[41-47], and all those papers suggested that high tumor SUV before
surgery was associated with poor survival in surgically treated esophageal cancer (no
neoadjuvant therapy)[48]. On the other hand, interestingly, pretherapeutic tumor SUV
may not associate with survival in patients who received neoadjuvant chemotherapy
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Figure 1

Figure 1 Perfusion change of esophageal cancer during chemoradiation therapy. A: Computed tomography
(CT) image at baseline; B: CT image at post-chemoradiation therapy (CRT); C: Blood flow map by CT perfusion at
baseline; D: Blood flow map at post-CRT. Baseline blood flow of this tumor was low, and this patient was diagnosed
as no-responder. CRT: Chemoradiation therapy; CT: Computed tomography.

or CRT[49,50], while the tumor SUV after neoadjuvant therapy can be a biomarker for
survival. Swisher et al. reported that the tumor SUV after CRT is the most accurate test
to predict survival in esophageal cancer patients (87% is adenocarcinoma) who were
treated CRT followed by curative surgery[51]. Higuchi et al[52] also demonstrated that
post-CRT SUV uptake in the tumor (cut-off 2.5) was the preoperative prognostic
factor in esophageal squamous cell carcinoma patients who were treated neoadjuvant
CRT or chemotherapy. Regarding change in tumor SUV during neoadjuvant therapy,
early decrease (after 2 wk of neoadjuvant therapy) in FDG uptake is reported to be a
predictive marker for response and survival[53-59]. However, some studies included
patients with a wide range of disease (adenocarcinomas and squamous cell
carcinomas, stage I through IV), and studies used different neoadjuvant treatment
regimens.
Nevertheless, FDG-PET seems to be served as a useful biomarker for treatment
response and prognosis in various types of treatments, and we need further
investigation with a large multicenter prospective trial to confirm usefulness of FDGPET in the management of esophageal cancer.

CONCLUSION
Ideal biomarker should be simple, non-invasive, reproducible, and widely available.
Given the wide availability and the less invasiveness, imaging has a big potential to
be an ideal biomarker. As we reviewed, various imaging biomarkers showed
interesting results, and some of them are ready to use in clinical practice of
esophageal cancer patients, which would provide patients more personalized and
effective treatment, leading better outcome.
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Table 2 Summary of reports on diffusion-weighted imaging in esophageal cancer
Year Patients Biomarker candidate

Prediction of treatment outcome

Aoyagi et al

2011

80

Baseline ADC

High baseline ADC associated with favorable survival after CRT

Imanishi et al[36]

2013

27

Early change of ADC, post-CRT
ADC

Increase of ADC/high post-CRT ADC associated with good response to
CRT

De Cobelli et al[35]

[33]

2013

32

Baseline ADC

High baseline ADC associated with poor response to CRT

Van Rossum et al[39] 2015

20

Early change of ADC

Increase of ADC associated with good response to CRT

Wang et al[37]

2016

38

Early change of ADC, post-CRT
ADC

Increase of ADC/high post-CRT ADC associated with good response to
CRT

Li et al[38]

2017

28

Early change of ADC, post-CRT
ADC

Increase of ADC/high post-CRT ADC associated with good response to
CRT

Cong et al[34]

2019

52

Baseline ADC

High baseline ADC associated with good response to RT

ADC: Apparent diffusion coefficient; CRT: Chemoradiation therapy; RT: Radiation therapy.

Figure 2

Figure 2 Histogram analysis of diffusion-weighted imaging. Histogram analysis is one of the texture analyses. This is the histogram analysis of apparent diffusion
coefficient (ADC) map. Region of interest (ROI) for the tumor is drawn on ADC map, and distribution of pixels in the ROI is quantified as histogram parameters such as
kurtosis and skewness. ADC: Apparent diffusion coefficient; ROI: Region of interest.
Figure 3

Figure 3 Advanced esophageal squamous cell carcinoma in contrast enhanced computed tomography image and diffusion-weighted imaging at b = 1000.
A: Contrast enhanced computed tomography image; B: Diffusion-weighted imaging. The tumor showed conspicuous high signal intensity on high b-value diffusionweighted imaging.
Figure 4

Figure 4 18F-fluorodeoxyglucose positron emission tomography image of esophageal cancer. A: Axial image; B: Coronal image. Malignancies exhibit strongly
enhanced energy consumption, resulting in increased 18F-fluorodeoxyglucose uptake.
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Abstract
BACKGROUND
Hepatocellular carcinoma (HCC) ranks second in terms of cancer mortality
worldwide. Molecular magnetic resonance imaging (MRI) targeting HCC
biomarkers such as alpha-fetoprotein (AFP) or glypican-3 (GPC3) offers new
strategies to enhance specificity and help early diagnosis of HCC. However, the
existing iron oxide nanoparticle-based MR molecular probes singly target AFP or
GPC3, which may hinder their efficiency to detect heterogeneous micro
malignant HCC tumors < 1 cm (MHCC). We hypothesized that the strategy of
double antibody-conjugated iron oxide nanoparticles which simultaneously
target AFP and GPC3 antigens may potentially be used to overcome the tumor
heterogeneity and enhance the detection rate for MRI-based MHCC diagnosis.
AIM
To synthesize an AFP/GPC3 double antibody-labeled iron oxide MRI molecular
probe and to assess its impact on MRI specificity and sensitivity at the cellular
level.
METHODS
A double antigen-targeted MRI probe for MHCC anti-AFP–USPIO–anti-GPC3
(UAG) was developed by simultaneously conjugating AFP andGPC3 antibodies
to a 5 nm ultra-small superparamagnetic iron oxide nanoparticle (USPIO). At the
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same time, the singly labeled probes of anti-AFP–USPIO (UA) and antiGPC3–USPIO (UG) and non-targeted USPIO (U) were also prepared for
comparison. The physical characterization including morphology (transmission
electron microscopy), hydrodynamic size, and zeta potential (dynamic light
scattering) was conducted for each of the probes. The antigen targeting and MRI
ability for these four kinds of USPIO probes were studied in the GPC3-expressing
murine hepatoma cell line Hepa1-6/GPC3. First, AFP and GPC3 antigen
expression in Hepa1-6/GPC3 cells was confirmed by flow cytometry and
immunocytochemistry. Then, the cellular uptake of USPIO probes was
investigated by Prussian blue staining assay and in vitro MRI (T2-weighted and
T2-map) with a 3.0 Tesla clinical MR scanner.
RESULTS
Our data showed that the double antibody-conjugated probe UAG had the best
specificity in targeting Hepa1-6/GPC3 cells expressing AFP and GPC3 antigens
compared with single antibody-conjugated and unconjugated USPIO probes. The
iron Prussian blue staining and quantitative T2-map MRI analysis showed that,
compared with UA, UG, and U, the uptake of double antigen-targeted UAG
probe demonstrated a 23.3% (vs UA), 15.4% (vs UG), and 57.3% (vs U) increased
Prussian stained cell percentage and a 14.93% (vs UA), 9.38% (vs UG), and 15.3%
(vs U) reduction of T2 relaxation time, respectively. Such bi-specific probe might
have the potential to overcome tumor heterogeneity. Meanwhile, the coupling of
two antibodies did not influence the magnetic performance of USPIO, and the
relatively small hydrodynamic size (59.60 ± 1.87 nm) of double antibodyconjugated USPIO probe makes it a viable candidate for use in MHCC MRI in
vivo, as they are slowly phagocytosed by macrophages.
CONCLUSION
The bi-specific probe presents enhanced targeting efficiency and MRI sensitivity
to HCC cells than singly- or non-targeted USPIO, paving the way for in vivo
translation to further evaluate its clinical potential.
Key words: Hepatocellular carcinoma; Molecular imaging; Magnetic resonance imaging;
Ultra-small superparamagnetic iron nanoparticles; Alpha-fetoprotein; Glypican-3
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: The single targeting of existing hepatocellular carcinoma-targeted magnetic
resonance imaging (HCC-targeted MRI) probes may weaken the detection efficiency due
to biomarker associated tumor heterogeneity. Here, double antibody-conjugated ultrasmall superparamagnetic iron nanoparticles (USPIO) were synthesized to simultaneously
target HCC markers of alpha- fetoprotein (AFP) and glypican-3 (GPC3) antigens in
Hepa1-6/GPC3 cells. Such probe showed higher cancer cell labeling efficiency than
singly- or non-targeted USPIO probes by Prussian blue staining and in vitro MRI,
indicating enhanced specificity and sensitivity of MRI diagnosis for micro hepatocellular
carcinoma (MHCC). Meanwhile, USPIO with a small core (~5 nm) and hydrodynamic
size (~60 nm) after antibody labelling may undergo slow phagocytosis, which could
enhance liver tumor MRI contrast in the animal or clinical trial study.

Citation: Ma XH, Wang S, Liu SY, Chen K, Wu ZY, Li DF, Mi YT, Hu LB, Chen ZW, Zhao
XM. Development and in vitro study of a bi-specific magnetic resonance imaging molecular
probe for hepatocellular carcinoma. World J Gastroenterol 2019; 25(24): 3030-3043
URL: https://www.wjgnet.com/1007-9327/full/v25/i24/3030.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i24.3030

INTRODUCTION
Hepatocellular carcinoma (HCC) is the major type of primary malignant liver tumor,
and it has a high incidence rate and ranks second in terms of cancer mortality
worldwide[1,2]. Surgical resection is one of the most effective methods for treating
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HCC. However, only 10%–15% of the patients can be operated on when diagnosed,
because most HCC patients present with a locally advanced stage disease or distant
metastasis. It is encouraging that for micro hepatocellular carcinoma (MHCC) patients
with tumors smaller than 1 cm in diameter and without lymph node metastasis and
local invasion, the 5-year survival rate after radical operation can reach >70%[3,4].
Therefore, early and timely diagnosis of MHCC could help improve the success of
surgery and significantly improve patients’ survival rates.
Non-invasive imaging is the most convenient and effective way to diagnose MHCC
in patients with no obvious clinical signs. Among the diverse clinical imaging
methods, magnetic resonance imaging (MRI) is becoming one of the most important
imaging techniques for clinical HCC screening, diagnosis, and therapeutic evaluation.
MRI is a comprehensive imaging technique that is used without ionizing radiation
and has a potential for quantitative analysis of morphological and functional imaging,
based on high resolution of soft tissue and multi-sequence imaging parameters. MRI
is sensitive and accurate for diagnosing typical HCCs with tumor diameters larger
than 1 cm[5]. However, it is still a challenge for MRI to identify benign and malignant
hepatic nodules less than 1 cm, mostly due to the low tumor contrast or lack of
specificity for MR contrast agents[6].
Recent achievements in targeted molecular MR imaging offer new strategies to
enhance specificity and contrast for detecting such small lesions[7-11]. One of the most
commonly studied HCC-targeted MRI systems utilizes antibody (aptamer)-guided
iron oxide nanoparticles as probes, which are intended to bind specifically with
unique overexpressed HCC-related antigens or genes, such as alpha-fetoprotein (AFP)
or glypican-3 (GPC3)[12-15]. AFP is a clinically widely used HCC serum bio-marker that
is secreted from the cytoplasm. The specificity and sensitivity of AFP are 76%–96%
and 40%–65%, respectively, whereas the false-positive and false-negative detection
rates are approximately 40% and are easily affected by other liver diseases or
tumors[16-18]. GPC3 is a heparan sulfate proteoglycan linked to the cell membrane by
glycosylphosphatidylinositol. It is involved in regulating HCC cell proliferation and
potentially serves as an HCC tissue biomarker[19,20]. GPC3 expression is highly specific
to HCC tumors (84.6%), and its mRNA expression level is even higher than that of
AFP, especially for tumors smaller than 3 cm[19,21].
However, the drawback of most existing HCC-targeted MRI molecular probes is
that the singularity of the target may weaken the detection specificity and sensitivity,
considering the tumor heterogeneity and false positive or false negative diagnoses
associated with cancer biomarkers. Therefore, a more complex targeted probe design
such as double antigen-targeted probes are well appreciated to precisely capture the
molecular features of tumors[22,23] and, hence, are expected to further enhance the
precision and imaging quality of small HCC or MHCC lesions.
Therefore, we developed a double antigen-targeted MRI probe for MHCC by
simultaneously conjugating AFP and GPC3 antibodies to a 5 nm ultra-small
superparamagnetic iron oxide nanoparticle (USPIO). USPIOs with a small core size (5
nm) were chosen because their slow phagocytosis by macrophages could make them
ideal for liver tumor MRI in future in vivo studies or clinical trials[24-26]. The aim of the
current research was to explore the feasibility of using a doubly targeted HCC MRI
molecular probe for cancer labeling at the cellular level. A bi-specific USPIO probe, as
well as single-targeting probes conjugated with only AFP or GPC3 antibodies and
unlabeled USPIO, was prepared and studied in the murine hepatoma cell line Hepa16/GPC3, in terms of their selectivity towards AFP and GPC3 antigens and their T2
MRI properties in vitro on a 3.0 Tesla clinical scanner.

MATERIALS AND METHODS
Materials
N-succinimidyl ester-functionalized 5 nm USPIOs were from Sigma–Aldrich (catalog
#747440, Saint Louis, MO, United States). AFP antibodies were purchased from
Abcam Company (ab213328, Cambridge, United Kingdom) and R&D Systems, Inc.
(MAB1368, Minneapolis, United States). GPC3 antibodies were obtained from Abcam
(ab66596) and R&D Systems, Inc. (MAB2119, Minneapolis, United States). Other
chemical reagents were from Sigma–Aldrich and were of analytical grade.

Preparation of antibody-conjugated USPIO probes
The 5 nm USPIO (abbreviated as U) was N-succinimidyl ester-functionalized, which
enabled its efficient conjugation with primary amines of antibodies by amide bond
formation between them. Single and double antibody-conjugated USPIOs were
synthesized separately as anti-AFP–USPIO (UA), anti-GPC3–USPIO (UG), and anti-
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AFP–USPIO–anti-GPC3 (UAG). For single antibody-conjugated probes, 18 mg/mL
USPIO was reacted separately with AFP and GPC3 antibodies (400 µg/mL) in 1 mL
phosphate-buffered solution (PBS, pH 7.4). For double antibody-conjugated probe, 18
mg/mL USPIO was reacted with equal amounts of AFP and GPC3 antibodies (400
µg/mL each) in a final volume of 1 mL. The mixture was gently stirred and allowed to
react for 3 hours at room temperature. Each product was then purified by
ultrafiltration with 1 ´ PBS (pH 7.4) for three cycles using 100 kDa MWCO centrifugal
filter (Amicon Ultra-0.5) to remove the uncoupled antibodies. The probes were stored
at 4 ºC for future experiments.

Physical characterization of USPIO probes
The morphology, average size, and size distribution of USPIO probes were characterized by transmission electron microscopy (TEM; FEI Tecnai G2 F30, United
States) at an acceleration voltage of 300 kV. TEM samples were prepared by dropping
each probe solution onto a 400-mesh copper grid with carbon film. The hydrodynamic
diameters and zeta potential of the U, UA, UG, and UAG probes were measured by
dynamic light scattering (DLS; Zetasizer Nano ZS90, Malvern Instruments Ltd.,
Worcestershire, United Kingdom). Each sample was diluted with double-distilled
water and measured in the non-invasive back scatter (NIBS) mode at 25 ºC with a
scattering angle of 173º.
To deduce transversal relaxivity r2 of USPIO, the transversal relaxation time T2 of
USPIO water solution at different iron concentrations (0.25, 0.5, 0.75, 1, 1.5, and 2
mmol/L) were measured using a 3.0 Tesla clinical MR scanner (750W, GE Healthcare,
United States) with 8-channel head coil. T2 images were acquired using spin echo (SE)
sequence with different TE ranging from 10 ms to 170 ms. The parameters were set as
follows: TR = 2000 ms, TE = 10, 20, 30, 40, 50, 70, 80, 90, 110, 130, 150, or 170 ms,
matrix = 256 × 256, field of view (FOV) = 20 mm × 20 mm, and slice thickness/slice
separation = 3 mm/3.3 mm, and NEX = 2.0.

Cell culture
The murine hepatoma cell line Hepa1-6 was purchased from ATCC (CRL-1830;
Manassas, VA, United States). GPC3-expressing Hepa1-6 cell line (Hepa1-6/GPC3)
was developed according to the established protocol[27] and cultured in RPMI-1640
supplemented with 10% fetal bovine serum (FBS), 1% penicillin-streptomycin, and 1
mg/mL G418 (Invitrogen, CA, United States) at 37 oC in a 5% CO2 atmosphere.

Cell experiment procedure
Cellular experiments were performed as illustrated schematically in Figure 1. First,
AFP and GPC3 antigen expression in Hepa1-6/GPC3 cells was confirmed by flow
cytometry and immunocytochemistry. Then, the cellular uptake of USPIO probes was
investigated by Prussian blue staining assay and in vitro MRI. The detailed
experimental and analysis methods are described below.

Confirmation of antigen expression
Expression of AFP and GPC3 antigens in Hepa1-6/GPC3 cells was confirmed by flow
cytometry and immunocytochemistry, based on indirect fluorescence/chemical
horseradish peroxidase (HRP) labeling.
Flow cytometry analysis: The rabbit anti-mouse AFP (Abcam, ab213328) and rabbit
anti-mouse GPC3 (Abcam, ab66596) antibodies were used as primary antibodies,
respectively, which were further binding with the secondary antibody of PEconjugated F(ab’)2-donkey anti-rabbit IgG (12-4739-81, eBioscience) for flow
cytometry measurement. For intracellular staining for AFP, cells first experienced
fixation and permeabilization, followed by staining with rabbit anti-mouse AFP
(Abcam, ab213328) and PE-conjugated F(ab’)2-donkey anti-rabbit IgG (Cat#: 12-473981, eBioscience). Data were acquired using an LSR-II instrument (BD, CA, United
States) and analyzed using FlowJo software (Tree Star, OR, United States).
Immunocytochemistry: Hepa1-6/GPC3 cells were seeded in an 8-well chamber slide
(ThermoFisher) at a density of 2 × 10 4 cells per well and allowed to attach the
coverslips for 24 hours. Following incubating cells with 1 µg/ml rabbit anti-mouse
AFP monoclonal antibody (Abcam, ab213328) or rabbit anti-mouse GPC3 polyclonal
antibody (Abcam, ab66596), cells were processed with the Horseradish Peroxidase
(HRP) Color Development Kit (PV-9001, ZSGB-BIO, China). Cells blocked with 10%
goat serum were used as a control. 3,3′-diaminobenzidine (DAB) staining was
subsequently performed and hematoxylin staining was finally processed for blue cell
nuclei. The 8-well chamber was then ready for bright-field optical microscopy.

Uptake of USPIO molecular probes by Hepa1-6/GPC3 cells
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Figure 1

Figure 1 Flow of cell-based experiments. First, AFP and GPC3 antigen expression on Hepa1-6/GPC3 cells was
confirmed by flow cytometry and immunocytochemistry (step 1). Next, the cellular uptake of USPIO probes was
investigated by performing Prussian blue-staining assays for iron (step 2). Finally, in vitro MRI was performed,
including T2-weighted imaging (T2WI) and T2 Map imaging (step 3). HRP: Horseradish peroxidase; PE:
Phycoerythrin; Ab: Antibody; USPIO: Ultra-small superparamagnetic iron oxide; MRI: Magnetic resonance imaging;
T2WI: T2-weighted imaging.

Prussian blue staining assay: Prussian blue staining was utilized to visibly assess the
probes’ targeting efficiency and the corresponding iron uptake by cells that were
treated with four different molecular probes including U, UA, UG, and UAG. Hepa16/GPC3 cells were seeded in an 8-well chamber slide (ThermoFisher) at a density of 2
× 104 cells in each chamber and incubated for 4 h with one molecular probe at a
concentration of 50 µg Fe/mL. The cells were gently rinsed three times with 1 × PBS
and fixed with 4% paraformaldehyde for 30 min at RT. After washing three more
times with 1 × PBS, the resulting cells were incubated with Prussian blue staining
solution (Prussian Blue Staining Kit, Solarbio, China) for 15 min, washed with
ultrapure water, and were then ready for microscopic observation. The cells that
appeared blue were counted to determine the percentage of all cells that efficiently
internalized iron or the probe. Each cell-adhering chamber was divided into a 3 × 3
matrix for stained cell counting.
In vitro MRI: Cells were seeded in six-well plates in 2 mL culture medium at a
density of 1 × 106 cells/well and incubated for 24 h. Four kinds of probes (U, UA, UG,
and UAG) were dissolved in fresh cell culture medium and incubated in each well
with attached cells and 100 µg Fe/mL for 4 h (37 ºC, 5% CO2). Blank cell samples were
also prepared by substituting the same volume of 1 × PBS with nanoprobes. After the
incubation, the cells were washed three times with 1 × PBS and detached using 150 µL
trypsin per well. After centrifugation, the cells were suspended in 300 µL of 1%
agarose gel in PBS and quickly transferred to a 96-well plate and were ready for MRI
scanning after concretion at RT.
In vitro MRI was performed using a 3.0 Tesla clinical MR scanner (750W, GE
Healthcare, United States) with an 8-channel head coil. T2 images were acquired
using spin echo (SE) sequence with different multi-echo TE time ranging from 10 ms
to 170 ms. The parameters were set as follows: TR = 2000 ms; TE = 10, 20, 30, 40, 50,
70, 90, 110, 130, 150, or 170 ms; matrix = 256 × 256; FOV = 20 mm × 20 mm; and slice
thickness/slice separation = 3 mm/3.3 mm; NEX = 2.0. The T2 values for each sample
were fitted as an exponential decay constant from signal intensity vs multi-echo TE
time curves.

Statistical analysis
Quantitative data are described as the mean ± SD. The Kolmogorov–Smirnov test was
used to evaluate whether the continuous variables are normally distributed.
Differently treated cell groups were statistically compared using the Mann–Whitney
U-test or Student’s t-test. Significant differences between two groups was defined as P
< 0.05. The statistical methods of this study were reviewed by Wang SM from
National Cancer Center/Cancer Hospital, Chinese Academy of Medical Sciences and
Peking Union Medical College, Beijing, China.

RESULTS
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Physical characterization of USPIO probes
The morphologies of U, UA, UG, and UAG probes were characterized by TEM and
are illustrated in Figure 2A-D. The core diameter of the USPIOs was ~5 nm (4.88 ±
0.16 nm), as demonstrated by the TEM images (Figure 2A) and core size-distribution
analysis from 147 nanoparticles (Figure 2E). TEM images of UA, UG, and UAG
revealed that each probe maintained good dispersion and uniformity in size after
antibody conjugation as shown in Figure 2B-D. The T2-weighted MRI contrast
enhancement effects of the USPIO in water solutions are shown in Figure 2F (left
column). The transversal molar relaxivity r 2 at 3.0 Tesla was extracted as 42.75
mM−1·s−1 by linear regression ﬁtting of transversal relaxation rate (1/T2) data vs
different iron concentrations (Figure 2F, right column). The scheme used to construct
the U, UA, UG, and UAG probes is illustrated in Figure 3A, and their hydrodynamic
size distributions are shown in Figure 3B (which were determined by analyzing the
DLS intensity-distribution data). Table 1 summarizes the hydrodynamic size and zeta
potential of the U, UA, UG, and UAG probes. The hydrodynamic size of UA, UG, and
UAG were 56.48 ± 0.52 nm, 54.76 ± 1.02 nm, and 59.60 ± 1.87 nm, respectively, which
were lager than the unlabeled USPIOs (40.46 ± 0.53 nm). The larger size was ascribed
to conjugation of the antibody to the USPIO surface, which is in accord with TEM
results. Following the binding of antibodies, the negative surface charges of UA, UG,
and UAG changed to –12.74 mV, –11.22 mV, and –10.23 mV, respectively, compared
with –26.13 mV for unlabeled NHS-ester-functionalized USPIO.

Confirmation of antigen expression
AFP and GPC3 expression in Hepa1-6/GPC3 cells were confirmed by flow cytometry
and immunocytochemistry.
The flow cytometry results are presented in Figure 4A–C. The Hepa1-6/GPC3 cells
were subjected to intracellular (Figure 4A) and membrane (Figure 4B) staining with a
rabbit anti-mouse AFP monoclonal antibody or isotype control of rabbit IgG, followed
by incubation with a PE-conjugated anti-rabbit IgG secondary antibody. Staining with
the AFP antibody was significantly higher in the cytoplasm (85.4%, mean fluorescence
intensity [MFI]: 10.8) than with the cytoplasmic IgG isotype control (47.4%, MFI: 6.5;
a
P < 0.0001). The AFP antigen was also expressed on the membrane, based on a
comparison between with the membrane isotype control and membrane AFP
antibodies (bP < 0.01), as shown in Figure 4B. However, AFP was expressed mainly in
the cytoplasm, with only minor membrane staining (cP < 0.0001). Membrane staining
with a rabbit anti-mouse GPC3 polyclonal antibody in Hepa1-6/GPC3 cells showed
greater fluorescence (71.6% positive, MFI: 11.1) than the isotype control of rabbit IgG
(46.8% positive, MFI: 5.92; d P < 0.01). GPC3 was clearly expressed on the cell
membrane, although the expression level was not very high. HRP-based
immunological staining showed similar staining patterns for AFP and GPC3 in
Hepa1-6/GPC3 cells, in which yellow-brown staining appeared (Figure 5), in contrast
to the isotype control.

Uptake of USPIO molecular probes by Hepa1-6/GPC3 cells
The in vitro uptake of four kinds of USPIOs was investigated by Prussian blue staining
and cellular MRI.
Prussian blue staining assay: Figure 6A–E shows Prussian blue-staining images of
control-treated Hepa1-6/GPC3 cells and cells treated with unlabeled U, UA, UG, and
UAG probes, respectively. The table in Figure 6F summarizes the percentages of
stained cells treated with different kinds of USPIO probes. Cells incubated with the
UAG probe possessed the highest staining percentage (~90%, n = 119) compared with
the other three kinds of probes. The staining percentage in the UAG-treated cell group
increased 23.3% (vs UA, n = 133), 15.4% (vs UG, n = 199), and 57.3% (vs U, n = 84)
compared with UA-, UG-, and U-treated groups, respectively. Meanwhile, the single
antibody-conjugated USPIOs also had higher cell binding efficiency relative to the
unlabeled USPIO. The higher-level staining results revealed specific binding of
antibody-labeled probes to the cellular antigens, AFP and GPC3.
In vitro MRI results: The double antibody-conjugated USPIO probe was designed for
MRI of MHCC, with the aim of enhancing the detection specificity and sensitivity. To
evaluate the targeting specificity and imaging capacity of such functionalized probe,
in vitro MRI measurements were performed for Hepa1-6/GPC3 cell samples treated
with USPIO probes. Figure 7A and B illustrates the T2WI and T2 map of Hepa16/GPC3 cells incubated with unlabeled USPIO, UA, UG, or UAG probes at 100 µg
Fe/mL. The mean intensity for these four kinds of cell samples vs the corresponding
TE values was plotted to calculate T2 values by exponential fitting (Figure 7C). The
derived T2 values of 154.83 ms (blank control), 118.31 ms (U), 117.2 ms (UA), 110.02
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Table 1 Hydrodynamic size and zeta potential of different ultra-small superparamagnetic iron
oxide probes
USPIO probe

Hydrodynamic size (nm)

Zeta potential (mV)

USPIO

40.46 ± 0.53

-26.13

Anti-AFP-USPIO

56.48 ± 0.52

-12.74

Anti-GPC3-USPIO

54.76 ± 1.02

-11.22

Anti-AFP-USPIO-anti-GPC3

59.60 ± 1.87

-10.23

USPIO: Ultra-small superparamagnetic iron oxide.

ms (UG), and 99.7 ms (UAG) are summarized in the inset table of Figure 7C. The
largest reduction of the T2 value was observed with UAG-treated cell samples, which
showed a 14.93%, 9.38%, and 15.3% reduction compared with UA, UG, and unlabeled
USPIO, respectively. According to the darkest T2-weighted image of UAG-treated
cells in Figure 7A, the results indicated that the largest amounts of iron or USPIO
were bound to or internalized in Hepa1-6/GPC3 cells via the targeted antigens. In
addition, comparing the T2 imaging results between double and single antibodyconjugated probes suggested that the double antibody-labeled USPIO probe showed
enhanced binding efficiency.

DISCUSSION
The performance of double antibody-conjugated USPIO binding to cells was studied
to examine the antigen-targeting ability and the potential as MRI probes for HCC.
Based on simultaneous expression of AFP and GPC3 in Hepa1-6/GPC3 cells, it was
clearly demonstrated (both by Prussian blue staining and MRI) that the targeting
efficiency of the double antibody-conjugated USPIO probe was higher than that of the
single antibody-conjugated probes and unlabeled USPIO. Flow cytometry
demonstrated that AFP and GPC3 were expressed mainly in the cytoplasm and
membrane, respectively. Referring to other cellular studies that suggested a safe
USPIO dosing range of ≤100 µg Fe/mL[28,29], a moderate probe concentration of 50 µg
Fe/mL and a 4-hour incubation time were chosen for Prussian blue iron staining in
this study. While considering the MRI signal sensitivity, a higher probe dosage of 100
µg Fe/mL was used for the in vitro cellular MRI experiments. In these experimental
situations, the iron-internalization difference between UAG, UA, UG, and unlabeled
USPIO probes could still be distinguished by statistical analysis of the percentage of
Prussian blue-stained cells and the reduction of T2 values from in vitro MRI. The in
vitro MRI results showed that the UAG probe-treated cells had the most significant
reduction in the T2 value, followed by the UG group that possessed a smaller T2
value than the UA group, all of which were smaller than the T2 values of the
unlabeled USPIO-treated group and the blank control group. At a lower probe dosage
of 50 µg Fe/mL, the Prussian blue-staining results suggested a similar variation
tendency, in which the UAG-treated group demonstrated the highest percentage of
blue-stained cells among all of the comparison groups. Thus, three points can be
discerned. First, the cellular-targeting effect of USPIO probes occurred through a
combination of AFP and GPC3 antibodies and the corresponding antigens. Second,
the MRI sensitivity of the USPIO probes was related to the expression level of the
targeted antigens, and double biomarker-labeled probes may have the potential to
overcome the tumor heterogeneity and enhance the imaging sensitivity. Third, the
antibody binding did not significantly influence the magnetic properties of USPIO
during MRI.
Considering the effects of vascular permeability on most solid tumors and
phagocytosis by the mononuclear phagocytic system, the probe’s hydrodynamic size
plays an important role in entering the tumor[25,26,30]. In our study, the USPIO with a
small core size (~5 nm) was adopted as the platform to further conjugate with
targeting biomarkers such as AFP and GPC3 antibodies. The hydrodynamic sizes of
the probes ranged from 40 nm to 59.6 nm after single or double antibody conjugation
to the USPIO particles. Such size range was appropriate for in vivo studies, as it may
help avoid leakage into the blood or fast clearance and phagocytosis by macrophages
rich in normal liver tissue, which could facilitate specific probe binding to tumor
antigens with a low level of background signal and clearance by the immune
system[24,31-33].
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Figure 2

Figure 2 Physical characterization of ultra-small superparamagnetic iron oxide probes by transmission electron microscopy and magnetic resonance
imaging. A-D: Transmission electron microscopy (TEM) images of ultra-small superparamagnetic iron oxide (USPIO) probes of U, UA, UG, and UAG, respectively. E:
The core size distribution of USPIO with a mean diameter of 4.88 nm and a standard deviation of 0.16 nm (n = 147), as determined from the TEM images. F: T2weighted magnetic resonance images of a series of water solutions containing different concentrations of USPIO as indicated by iron concentration (left) and linear
regression ﬁtting of the transversal relaxation rate (1/T2) data vs different iron concentrations for extracting the transverse relaxivity r2 (right). UAG: AntiAFP–USPIO–anti-GPC3; UA: Anti-AFP–USPIO; UG: Anti-GPC3–USPIO; U: Unlabeled (non-targeted) USPIO.

The present study had several limitations. First, an NHS-ester-functionalized
USPIO was chosen as the basic nanoplatform for covalent conjugation with amino
groups on the antibodies. Such random conjugation may block some antibodybinding sites and decrease the binding efficiency of the probes. Second, because the
AFP and GPC3 antibodies had similar molecular weights (~65 kDa), the only
quantification control during probe synthesis was to add the same quantity of each
antibody. The exact number of labeled antibodies was not quantified, and we lacked a
reference for controlling the precise ratio of the different antibodies. Third, the iron
content in the study was just enough to present differences in MRI signal changes
between each USPIO probe. A noticeable difference may require a further increase in
the iron concentration, especially for in vivo experiments.
Several issues require further study in the future. In this study, the HCC
biomarkers, AFP and GPC3, were chosen based on clinical considerations. The
cytoplasmic expression of AFP raised the complexity of the study in terms of probe
internalization. The binding of UA with AFP antigens could be inferred by comparing
the Prussian blue-stained cell percentage and T2 reduction between the UA- and
unlabeled USPIO-treated samples, although the differences were not significant. We
hypothesized that AFP proteins secreted into the membrane play a main role in
USPIO binding-induced reduction of the T2 relaxation time during in vitro MRI.
However, the exact internalization route for such probes and whether the secreted
AFP proteins contribute to UA internalization require detailed studies in the future. In
addition, monoclonal antibodies against AFP and GPC3 were chosen in the study to
ensure the specificity and purity. In future in vivo studies or investigation of
cytoplasmic targeting by USPIO, small antibody fragments possessing even smaller
molecular weights might generate improved results. The shrinkage of the
hydrodynamic size may induce elongation of blood circulation time and shorter
period of time reaching the best tumor-to-background contrast. Furthermore, the
surface coating is an equally important factor for in vivo fate of nanoparticle-based
probes. Compared with hydrophobic coatings, hydrophilic surface may help
nanoparticles to avoid plasma protein adsorption and accumulation, which could lead
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Figure 3

Figure 3 Hydrodynamic size distribution of antibody-conjugated ultra-small superparamagnetic iron oxides.
A: Schematic illustration of the conjugation between antibodies (anti-AFP and anti-GPC3) and USPIO-NHS ester to
form single or double antibody-conjugated USPIO probes. B: Hydrodynamic size distribution of USPIO (U), antiAFP–USPIO (UA), anti-GPC3–USPIO (UG), and anti-AFP–USPIO–anti-GPC3 (UAG). USPIO: Ultra-small
superparamagnetic iron oxide; AFP: Alpha-fetoprotein; GPC3: Glypican-3; NHS ester: Succinimidyl ester.

to reticuloendothelial system (RES) or mononuclear phagocytic system recognition
and uptake[34]. Therefore, to further reduce non-specific uptake of USPIO by the RES
system, surface modifications, such as hydrophilic PEG coatings for the USPIO, could
be also considered in the in vivo experiments.
In conclusion, USPIO conjugated with antibodies against two biomarkers (AFP and
GPC3) were synthesized as an HCC MRI probe and evaluated using a murine
hepatoma cell line expressing GPC3. The coupling of multiple antibodies did not
weaken or influence the magnetic performance of USPIO, and the double antibodyconjugated USPIO probe targeted the cancer cells with higher efficiency and
sensitivity than single antibody-labeled USPIO probes. Therefore, the multi-targeting
strategy may be potentially applied in MRI probe design to overcome the tumor
heterogeneity and enhance sensitivity for animal experiments and early clinical
diagnosis of MHCC. The current study contributes preliminary data to support future
in vivo or clinical investigations. The further validation or optimization of the probe to
enhance the circulation time and suppress the background signal from normal liver,
including the hydrodynamic size and surface coatings, is expected in the future in vivo
experiments.
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Figure 4

Figure 4 Detection of alpha-fetoprotein and glypican-3 antigen expression in Hepa1-6/GPC3 cells by flow cytometry. Flow cytometry data showed significantly
higher alpha-fetoprotein expression in the cytoplasm (A) than in the membrane (B), compared with blank cell and IgG isotype controls. C: The positive shift of
fluorescence distribution compared with isotype control illustrated higher membrane expression of the glypican-3 antigen. AFP: Alpha-fetoprotein; GPC3: Glypican-3.
Figure 5

Figure 5 Cellular immunocytochemistry results. From left to right: Horseradish peroxidase-based immunological staining with IgG isotype control, anti-alphafetoprotein antibody, and anti-glypican-3 antibody.
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Figure 6

Figure 6 Prussian blue staining of Hepa1-6/GPC3 cells treated with four kinds of ultra-small superparamagnetic iron oxide probes. Prussian blue-staining
images of blank Hepa1-6/GPC3 cells (A) and Hepa1-6/GPC3 cells treated with 50 µg Fe/mL of (B) USPIO (U), (C) anti-AFP–USPIO (UA), (D) anti-GPC3–USPIO
(UG), or (E) anti-AFP–USPIO–anti-GPC3 (UAG). (F) Quantitation of the percentages of blue stained cells. The total counted cell number for the U, UA, UG, and UAG
groups was 84, 133, 199, and 119, respectively. USPIO: Ultra-small superparamagnetic iron oxide; AFP: Alpha-fetoprotein; GPC3: Glypican-3; UAG: AntiAFP–USPIO–anti-GPC3; UA: Anti-AFP–USPIO; UG: Anti-GPC3–USPIO; U: Unlabeled (non-targeted) USPIO.
Figure 7

Figure 7 In vitro magnetic resonance imaging results demonstrating the binding efficiency and imaging properties of different ultra-small
superparamagnetic iron oxide probes. A: T2WI of different samples contained in a 96-well plate. From left to right: H2O, 1% agar, blank Hepa1-6/GPC3 cells, and
hepa1-6/GPC3 cells treated with 100 µg Fe/mL USPIO (U), anti-AFP–USPIO (UA), anti-GPC3–USPIO (anti-GPC3–USPIO), or anti-AFP–USPIO–anti-GPC3 (UAG).
B: Pseudocolor T2 map of cell samples treated with U, UA, UG, and UAG, respectively, compared with blank cells. T2 values are illustrated with a color bar. C: Signal
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intensities of cells after different probe treatments under different TE and exponential fits for the T2 values. Inset: The fitted T2 relaxation time for cells treated with
different USPIO probes (blank control, U, UA, UG, or UAG). USPIO: Ultra-small superparamagnetic iron oxide; AFP: Alpha-fetoprotein; GPC3: Glypican-3; UAG: AntiAFP–USPIO–anti-GPC3; UA: Anti-AFP–USPIO; UG: Anti-GPC3–USPIO; U: Unlabeled (non-targeted) USPIO; T2WI: T2-weighted imaging.

ARTICLE HIGHLIGHTS
Research background
Hepatocellular carcinoma (HCC) ranks second in terms of cancer mortality worldwide.
Molecular magnetic resonance imaging (MRI) targeting HCC biomarkers such as alphafetoprotein (AFP) or glypican-3 (GPC3) offers new strategies to enhance specificity and help
early diagnosis of HCC. However, the existing iron oxide nanoparticle-based MR molecular
probes singly target AFP or GPC3, which may hinder their efficiency to detect heterogeneous
micro malignant HCC tumors < 1 cm (MHCC).

Research motivation
We hypothesized that the strategy of double antibody-labeled iron oxide nanoparticles which
simultaneously target AFP and GPC3 antigens may potentially be used to overcome the tumor
heterogeneity and enhance detection rate for MRI-based MHCC diagnosis, including the
sensitivity and specificity.

Research objectives
The main objective of the current research was to synthesize an AFP/GPC3-double antibodylabeled iron oxide MR molecular probe and to assess its impact on MRI specificity and sensitivity
at the cellular level. The preliminary in vitro data could help to optimize the key factors of MRI
molecular probe design including labeled biomarkers and hydrodynamic size for future in vivo
experiments.

Research methods
The double antigen-targeting MRI probe for MHCC anti-AFP–USPIO–anti-GPC3 (UAG) was
developed by simultaneously conjugating alpha-fetoprotein (AFP) and glypican-3 (GPC3)
antibodies to a 5 nm ultra-small superparamagnetic iron oxide nanoparticle (USPIO). At the
same time, the singly labeled probes of anti-AFP–USPIO (UA), anti-GPC3–USPIO (UG), and
non-targeted USPIO (U) were also prepared for comparison. The physical characterization
including morphology (transmission electron microscopy), hydrodynamic size, and zeta
potential (dynamic light scattering) was conducted for each of the probe. The antigen targeting
and MR imaging ability for these four kinds of USPIO probes were studied in the GPC3expressing murine hepatoma cell line, Hepa1-6/GPC3. First, AFP and GPC3 antigen expression
in Hepa1-6/GPC3 cells was confirmed by flow cytometry and immunocytochemistry. Then, the
cellular uptake of USPIO probes was investigated by Prussian blue staining assay and in vitro
MRI (T2-weighted and T2-map) with a 3.0 Tesla clinical MR scanner. The sensitivity and
specificity were evaluated based on the cellular uptake of four kinds of USPIO probes at the
same dosage of iron concentration.

Research results
The in vitro data showed that the double antibody-conjugated probe UAG had the best
specificity in targeting Hepa1-6/GPC3 cells expressing AFP and GPC3 antigens (vs other USPIO
probes including single antibody-labeled and unlabeled USPIOs). The iron Prussian blue
staining and quantitative T2-map MRI analysis showed that, compared with UA, UG, and U, the
uptake of the double-targeting UAG probe demonstrated a 23.3% (vs UA), 15.4% (vs UG), and
57.3% (vs U) increased Prussian stained cell percentage and a 14.93% (vs UA), 9.38% (vs UG), and
15.3% (vs U) reduction of T2 relaxation time, respectively. Such bi-specific probe might have the
potential to overcome tumor heterogeneity with enhanced sensitivity and HCC specificity.
Meanwhile, the coupling of two antibodies did not influence the magnetic performance of
USPIO and the relatively small hydrodynamic size (59.60 ± 1.87 nm) of the double antibodyconjugated USPIO probe makes it a viable candidate for use in MHCC MRI in vivo, as they are
slowly phagocytosed by macrophages. AFP and GPC3 were chosen based on clinical
considerations. However, the cytoplasmic expression of AFP raised the complexity of the study
in terms of probe internalization. The exact internalization route for such cytoplasmic antigentargeted probes and whether the secreted AFP proteins contribute to probe internalization
require detailed studies in the future.

Research conclusions
The iron Prussian blue staining assay and in vitro MRI results confirmed that the bi-specific
probe presents enhanced targeting efficiency and MRI sensitivity to HCC cells than singly- or
non-targeted USPIO. Therefore, it implies that the multi-targeting strategy may be potentially
applied in MRI probe design to enhance the malignant tumor recognition and MRI detection
efficiency of MHCC for animal experiments and early clinical diagnosis.

Research perspectives
The current research utilized monoclonal antibodies against AFP and GPC3 to ensure the
specificity and purity. In future in vivo studies or investigation of cytoplasmic targeting by
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USPIO, small antibody fragments possessing smaller molecular weights might be more effective.
In addition, to further reduce non-specific uptake of USPIO by the reticuloendothelial system or
mononuclear phagocytic system, surface modifications, such as hydrophilic PEG coatings for the
USPIO, could be also considered in the in vivo experiments.

REFERENCES
1

2
3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18
19
20
21
22

23

24

WJG

https://www.wjgnet.com

Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, Forman D, Bray F.
Cancer incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 2012. Int
J Cancer 2015; 136: E359-E386 [PMID: 25220842 DOI: 10.1002/ijc.29210]
Chen W, Zheng R, Baade PD, Zhang S, Zeng H, Bray F, Jemal A, Yu XQ, He J. Cancer statistics in
China, 2015. CA Cancer J Clin 2016; 66: 115-132 [PMID: 26808342 DOI: 10.3322/caac.21338]
Wang M, Wei C, Shi Z, Zhu J. Study on the diagnosis of small hepatocellular carcinoma caused by
hepatitis B cirrhosis via multi-slice spiral CT and MRI. Oncol Lett 2018; 15: 503-508 [PMID: 29375718
DOI: 10.3892/ol.2017.7313]
Laurent S, Henoumont C, Stanicki D, Boutry S, Lipani E, Belaid S, Muller RN, Elst LV, MRI Contrast
Agents. MRI Applications: Classification According to Their Biodistribution. SpringerBriefs in Applied
Sciences and Technology. MRI Contrast Agents. Singapore: Springer 2017; 111-125
Arif-Tiwari H, Kalb B, Chundru S, Sharma P, Costello J, Guessner RW, Martin DR. MRI of
hepatocellular carcinoma: an update of current practices. Diagn Interv Radiol 2014; 20: 209-221 [PMID:
24808419 DOI: 10.5152/dir.2014.13370]
Elsayes KM, Hooker JC, Agrons MM, Kielar AZ, Tang A, Fowler KJ, Chernyak V, Bashir MR, Kono Y,
Do RK, Mitchell DG, Kamaya A, Hecht EM, Sirlin CB. 2017 Version of LI-RADS for CT and MR
Imaging: An Update. Radiographics 2017; 37: 1994-2017 [PMID: 29131761 DOI:
10.1148/rg.2017170098]
Zhang C, Liu H, Cui Y, Li X, Zhang Z, Zhang Y, Wang D. Molecular magnetic resonance imaging of
activated hepatic stellate cells with ultrasmall superparamagnetic iron oxide targeting integrin αvβ for
staging liver fibrosis in rat model. Int J Nanomedicine 2016; 11: 1097-1108 [PMID: 27051285 DOI:
10.2147/IJN.S101366]
Chen YW, Liou GG, Pan HB, Tseng HH, Hung YT, Chou CP. Specific detection of CD133-positive
tumor cells with iron oxide nanoparticles labeling using noninvasive molecular magnetic resonance
imaging. Int J Nanomedicine 2015; 10: 6997-7018 [PMID: 26635474 DOI: 10.2147/IJN.S86592]
Qiao H, Wang Y, Zhang R, Gao Q, Liang X, Gao L, Jiang Z, Qiao R, Han D, Zhang Y, Qiu Y, Tian J,
Gao M, Cao F. MRI/optical dual-modality imaging of vulnerable atherosclerotic plaque with an
osteopontin-targeted probe based on Fe3O4 nanoparticles. Biomaterials 2017; 112: 336-345 [PMID:
27788352 DOI: 10.1016/j.biomaterials.2016.10.011]
Chen Q, Shang W, Zeng C, Wang K, Liang X, Chi C, Liang X, Yang J, Fang C, Tian J. Theranostic
imaging of liver cancer using targeted optical/MRI dual-modal probes. Oncotarget 2017; 8: 32741-32751
[PMID: 28416757 DOI: 10.18632/oncotarget.15642]
Shevtsov MA, Nikolaev BP, Yakovleva LY, Marchenko YY, Dobrodumov AV, Mikhrina AL, Martynova
MG, Bystrova OA, Yakovenko IV, Ischenko AM. Superparamagnetic iron oxide nanoparticles conjugated
with epidermal growth factor (SPION-EGF) for targeting brain tumors. Int J Nanomedicine 2014; 9: 273287 [PMID: 24421639 DOI: 10.2147/IJN.S55118]
Li Y, Chen Z, Li F, Wang J, Zhang Z. Preparation and in vitro studies of MRI-specific superparamagnetic
iron oxide antiGPC3 probe for hepatocellular carcinoma. Int J Nanomedicine 2012; 7: 4593-4611 [PMID:
22956868 DOI: 10.2147/IJN.S32196]
Li YW, Chen ZG, Zhao ZS, Li HL, Wang JC, Zhang ZM. Preparation of magnetic resonance probes using
one-pot method for detection of hepatocellular carcinoma. World J Gastroenterol 2015; 21: 4275-4283
[PMID: 25892879 DOI: 10.3748/wjg.v21.i14.4275]
Huang KW, Chieh JJ, Horng HE, Hong CY, Yang HC. Characteristics of magnetic labeling on liver
tumors with anti-alpha-fetoprotein-mediated Fe3O4 magnetic nanoparticles. Int J Nanomedicine 2012; 7:
2987-2996 [PMID: 22787394 DOI: 10.2147/IJN.S30061]
Zhao M, Liu Z, Dong L, Zhou H, Yang S, Wu W, Lin J. A GPC3-specific aptamer-mediated magnetic
resonance probe for hepatocellular carcinoma. Int J Nanomedicine 2018; 13: 4433-4443 [PMID: 30122918
DOI: 10.2147/IJN.S168268]
Tsuchiya N, Sawada Y, Endo I, Saito K, Uemura Y, Nakatsura T. Biomarkers for the early diagnosis of
hepatocellular carcinoma. World J Gastroenterol 2015; 21: 10573-10583 [PMID: 26457017 DOI:
10.3748/wjg.v21.i37.10573]
Stefaniuk P, Cianciara J, Wiercinska-Drapalo A. Present and future possibilities for early diagnosis of
hepatocellular carcinoma. World J Gastroenterol 2010; 16: 418-424 [PMID: 20101765 DOI:
10.3748/wjg.v16.i4.418]
Richards T. Hepatocellular carcinoma: the potential for an effective genetic screening test .Australian
Medical Student Journal 2017; Available from: http://www.amsj.org/archives/6011
Chauhan R, Lahiri N. Tissue- and Serum-Associated Biomarkers of Hepatocellular Carcinoma. Biomark
Cancer 2016; 8: 37-55 [PMID: 27398029 DOI: 10.4137/BIC.S34413]
Wu Y, Liu H, Ding H. GPC-3 in hepatocellular carcinoma: current perspectives. J Hepatocell Carcinoma
2016; 3: 63-67 [PMID: 27878117 DOI: 10.2147/JHC.S116513]
Filmus J, Capurro M. Glypican-3: a marker and a therapeutic target in hepatocellular carcinoma. FEBS J
2013; 280: 2471-2476 [PMID: 23305321 DOI: 10.1111/febs.12126]
Ahmed MSU, Salam AB, Yates C, Willian K, Jaynes J, Turner T, Abdalla MO. Double-receptor-targeting
multifunctional iron oxide nanoparticles drug delivery system for the treatment and imaging of prostate
cancer. Int J Nanomedicine 2017; 12: 6973-6984 [PMID: 29033565 DOI: 10.2147/IJN.S139011]
Kovach AK, Gambino JM, Nguyen V, Nelson Z, Szasz T, Liao J, Williams L, Bulla S, Prabhu R.
Prospective Preliminary In Vitro Investigation of a Magnetic Iron Oxide Nanoparticle Conjugated with
Ligand CD80 and VEGF Antibody As a Targeted Drug Delivery System for the Induction of Cell Death in
Rodent Osteosarcoma Cells. Biores Open Access 2016; 5: 299-307 [PMID: 27843708 DOI:
10.1089/biores.2016.0020]
Daldrup-Link HE. Ten Things You Might Not Know about Iron Oxide Nanoparticles. Radiology 2017;
284: 616-629 [PMID: 28825888 DOI: 10.1148/radiol.2017162759]

3042

June 28, 2019

Volume 25

Issue 24

Ma XH et al. Bi-specific MRI molecular probe for HCC
25

26
27

28

29

30

31

32

33

34

WJG

https://www.wjgnet.com

Cortajarena AL, Ortega D, Ocampo SM, Gonzalez-García A, Couleaud P, Miranda R, Belda-Iniesta C,
Ayuso-Sacido A. Engineering Iron Oxide Nanoparticles for Clinical Settings. Nanobiomedicine (Rij) 2014;
1: 2 [PMID: 30023013 DOI: 10.5772/58841]
Xiao YD, Paudel R, Liu J, Ma C, Zhang ZS, Zhou SK. MRI contrast agents: Classification and application
(Review). Int J Mol Med 2016; 38: 1319-1326 [PMID: 27666161 DOI: 10.3892/ijmm.2016.2744]
Chen K, Wu Z, Zang M, Wang C, Wang Y, Wang D, Ma Y, Qu C. Immunization with glypican-3
nanovaccine containing TLR7 agonist prevents the development of carcinogen-induced precancerous
hepatic lesions to cancer in a murine model. Am J Transl Res 2018; 10: 1736-1749 [PMID: 30018715]
Mu K, Zhang S, Ai T, Jiang J, Yao Y, Jiang L, Zhou Q, Xiang H, Zhu Y, Yang X, Zhu W. Monoclonal
antibody-conjugated superparamagnetic iron oxide nanoparticles for imaging of epidermal growth factor
receptor-targeted cells and gliomas. Mol Imaging 2015; 14 [PMID: 26044549 DOI:
10.2310/7290.2015.00002]
Aliakbari M, Mohammadian E, Esmaeili A, Pahlevanneshan Z. Differential effect of
polyvinylpyrrolidone-coated superparamagnetic iron oxide nanoparticles on BT-474 human breast cancer
cell viability. Toxicol In Vitro 2019; 54: 114-122 [PMID: 30266435 DOI: 10.1016/j.tiv.2018.09.018]
Veiseh O, Gunn JW, Zhang M. Design and fabrication of magnetic nanoparticles for targeted drug
delivery and imaging. Adv Drug Deliv Rev 2010; 62: 284-304 [PMID: 19909778 DOI:
10.1016/j.addr.2009.11.002]
Feng Q, Liu Y, Huang J, Chen K, Huang J, Xiao K. Uptake, distribution, clearance, and toxicity of iron
oxide nanoparticles with different sizes and coatings. Sci Rep 2018; 8: 2082 [PMID: 29391477 DOI:
10.1038/s41598-018-19628-z]
Longmire M, Choyke PL, Kobayashi H. Clearance properties of nano-sized particles and molecules as
imaging agents: considerations and caveats. Nanomedicine (Lond) 2008; 3: 703-717 [PMID: 18817471
DOI: 10.2217/17435889.3.5.703]
Pham BTT, Colvin EK, Pham NTH, Kim BJ, Fuller ES, Moon EA, Barbey R, Yuen S, Rickman BH,
Bryce NS, Bickley S, Tanudji M, Jones SK, Howell VM, Hawkett BS. Biodistribution and Clearance of
Stable Superparamagnetic Maghemite Iron Oxide Nanoparticles in Mice Following Intraperitoneal
Administration. Int J Mol Sci 2018; 19: pii: E205 [PMID: 29320407 DOI: 10.3390/ijms19010205]
Laurent S, Saei AA, Behzadi S, Panahifar A, Mahmoudi M. Superparamagnetic iron oxide nanoparticles
for delivery of therapeutic agents: opportunities and challenges. Expert Opin Drug Deliv 2014; 11: 14491470 [PMID: 24870351 DOI: 10.1517/17425247.2014.924501]

3043

June 28, 2019

Volume 25

Issue 24

World Journal of
Gastroenterology

WJ G

Submit a Manuscript: https://www.f6publishing.com

World J Gastroenterol 2019 June 28; 25(24): 3044-3055

DOI: 10.3748/wjg.v25.i24.3044

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

ORIGINAL ARTICLE
Basic Study

Effect of NLRC5 on activation and reversion of hepatic stellate cells
by regulating the nuclear factor-κB signaling pathway
Yan-Zhen Zhang, Jian-Ning Yao, Lian-Feng Zhang, Chun-Feng Wang, Xue-Xiu Zhang, Bing Gao
ORCID number: Yan-Zhen Zhang
(0000-0002-7314-5177); Jian-Ning
Yao (0000-0001-3463-3431); LianFeng Zhang (0000-0002-2968-099X);
Chun-Feng Wang
(0000-0002-2710-1333); Xue-Xiu
Zhang (0000-0002-6631-8461); Bing
Gao (0000-0001-5234-9473).

Yan-Zhen Zhang, Jian-Ning Yao, Lian-Feng Zhang, Chun-Feng Wang, Xue-Xiu Zhang, Bing Gao,
Department of Second Gastroenterology, the First Affiliated Hospital of Zhengzhou
University, Zhengzhou 450052, Henan Province, China
Corresponding author: Yan-Zhen Zhang, MD, Doctor, Department of Second
Gastroenterology, the First Affiliated Hospital of Zhengzhou University, No. 1, Jianshe East
Road, Zhengzhou 450052, Henan Province, China. zhangyz8848@163.com
Telephone: +86-371-66271117

Author contributions: Zhang YZ,
Yao JN, and Zhang LF designed
the research; Zhang YZ, Yao JN,
and Wang CF performed the
research; Zhang LF and Wang CF
contributed new reagents and
analytic tools; Zhang XX and Gao B
analyzed the data; Zhang YZ, Yao
JN, Zhang LF, Wang CF, Zhang
XX, and Gao B wrote the paper.

Institutional review board
statement: The study was
approved by the ethics committee
of the First Affiliated Hospital of
Zhengzhou University.

Institutional animal care and use
committee statement: The study
was approved by the institutional
animal care and use committee of
the First Affiliated Hospital of
Zhengzhou University.

Conflict-of-interest statement: The
authors declare that they have no
competing interests.

Data sharing statement: No
additional data are available.

ARRIVE guidelines statement: The
authors have read the ARRIVE
guidelines, and the manuscript
was prepared and revised
according to the ARRIVE
guidelines.

Open-Access: This is an open-

WJG

Abstract
BACKGROUND
The formation of liver fibrosis is mainly caused by the activation of hepatic
stellate cells (HSCs) and the imbalance of extracellular matrix (ECM) production
and degradation. The treatment of liver fibrosis mainly includes removing the
cause, inhibiting the activation of HSCs, and inhibiting inflammation. NOD-like
receptor (NLR) family, caspase activation and recruitment domain (CARD)
domain containing 5/NOD27/CLR16.1 (NLRC5) is a highly conserved member
of the NLR family and is involved in inflammation and immune responses by
regulating various signaling pathways such as nuclear factor-κB (NF-κB)
signaling. It has been found that NLRC5 plays an important role in liver fibrosis,
but its specific effect and possible mechanism remain to be fully elucidated.
AIM
To investigate the role of NLRC5 in the activation and reversion of HSCs induced
with transforming growth factor-β (TGF-β) and MDI, and to explore its
relationship with liver fibrosis.
METHODS
A total of 24 male C57BL/6 mice were randomly divided into three groups,
including normal, fibrosis, and recovery groups. Twenty-four hours after a liver
fibrosis and spontaneous reversion model was established, the mice were
sacrificed and pathological examination of liver tissue was performed to observe
the degree of liver fibrosis in each group. LX-2 cells were cultured in vitro and
treated with TGF-β1 and MDI. Real-time quantitative PCR (qPCR) and Western
blot were used to analyze the expression levels of NLRC5, α-smooth muscle actin
(α-SMA), and collagen type I alpha1 (Col1a1) in each group. The activity of NFκB in each group of cells transfected with NLRC5-siRNA was detected.
RESULTS
Compared with the normal mice, the expression level of NLRC5 increased
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significantly (P < 0.01) in the fibrosis group, but decreased significantly in the
recovery group (P < 0.01). In in vitro experiments, the content of NLRC5 was
enhanced after TGF-β1 stimulation and decreased to a lower level when treated
with MDI (P < 0.01). The expression of α-SMA and Col1a1 proteins and mRNAs
in TGF-β1-mediated cells was suppressed by transfection with NLRC5-siRNA (P
< 0.01). Western blot analysis showed that the expression of NF-κB p65 protein
and phosphorylated IκBα (p-IκBα) was increased in the liver of mice in the
fibrosis group but decreased in the recovery group (P < 0.01), and the protein
level of nuclear p65 and p-IκBα was significantly increased after treatment with
NLRC5-siRNA (P < 0.01).
CONCLUSION
NLRC5 may play a key role in the development and reversal of hepatic fibrosis
through the NF-κB signaling pathway, and it is expected to be one of the clinical
therapeutic targets.
Key words: NLRC5; Hepatic stellate cells; Liver fibrosis; Recovery
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Liver fibrosis is a pathological tissue repair process characterized by excessive
deposition of extracellular matrix in the liver, accompanied by inflammation, and
eventually progresses to cirrhosis. Several recent reports have shown that effective
treatment can reverse liver fibrosis, which is associated with inactivation of hepatic
stellate cells (HSCs) and multiple signaling pathways. NOD-like receptor (NLR) family,
caspase activation and recruitment domain (CARD) domain containing
5/NOD27/CLR16.1 (NLRC5) is the largest member of the NLR family and is highly
expressed in immune tissues or organs such as the spleen, lung, thymus, and liver,
mediating inflammation inhibition and antiviral response. This study aimed to
investigate the role of NLRC5 in activating and devitalization of HSCs and its
mechanism. The results demonstrate that NLRC5 may be involved in the development
and reversal of liver fibrosis by negative regulation of nuclear factor-κB.

Citation: Zhang YZ, Yao JN, Zhang LF, Wang CF, Zhang XX, Gao B. Effect of NLRC5 on
activation and reversion of hepatic stellate cells by regulating the nuclear factor-κB signaling
pathway. World J Gastroenterol 2019; 25(24): 3044-3055
URL: https://www.wjgnet.com/1007-9327/full/v25/i24/3044.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i24.3044

INTRODUCTION
Liver fibrosis is a common consequence of long-term liver repair after injury caused
by different etiologies[1-3]. The condition of liver fibrosis assumes the chronic process
and continually progresses in the presence of injury factors. Ultimately, it will lead to
a series of serious complications and increase the mortality rate related to liver
cirrhosis[4,5]. With the gradual understanding of the fibrosis mechanism, a series of
treatment measures such as removing the cause and inhibiting the activation of
hepatic stellate cell (HSC) have been applied to clinical therapy[6-9]. Several recent
reports have shown that frequent activation of HSCs for a long time will lead to
extensive deposition of collagen fibers, resulting in liver fibrosis and liver
dysfunction[10]. Transforming growth factor-β1 (TGF-β1) plays an important role in the
activation of HSCs and is considered to be one of the most important fibrotic factors
because it can inhibit extracellular matrix (ECM) degradation while promoting ECM
synthesis[11-14]. It is well known that clearly knowing genes related to hepatic fibrosis,
blocking the persistent damage of the liver, and then reversing liver fibrosis can be
helpful in the treatment of this disease. The reversal of liver fibrosis is controversial
for a long time. Studies in recent years, however, have found that liver fibrosis is
reversible, and even patients with advanced liver fibrosis may return to normal,
which has a correlation with the degradation of ECM and various signaling
pathways [15-21] . Moreover, Abidali et al [22] confirmed that rat liver fibrosis can be
automatically reversed after stopping the injection of carbon tetrachloride (CCl4), but
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the possible mechanism of progression and reversal of liver fibrosis was not analyzed.
Our previous study found that NLRC5 protein levels fluctuated abnormally during
progression and reversal of liver fibrosis. As the largest member of the NOD-like
receptor (NLR) family, NLRC5 is widely expressed in various tissues and cell lines of
humans and mice, but is mainly concentrated in immune cells and immune-related
tissues[23,24]. Current studies on NLRC5 are mostly focused on the regulation of major
histocompatibility complex (MHC) I gene expression and the participation in the
antiviral innate immune response[25,26]. In the study by Catalano et al[27], NLRC5 can
negatively regulate the nuclear factor-κB (NF-κB) signaling pathway by inhibiting the
phosphorylation of κB-inhibiting protein kinase alpha antibody (IKKα) and κBinhibiting protein kinase beta antibody (IKKβ), while the activation of this signaling
pathway is closely related to the activation of HSCs. These results suggest that NLRC5
is involved in the development of liver fibrosis, however, there are few reports on the
role of NLRC5 in liver fibrosis. Therefore, this study aimed to investigate the role and
mechanism of NLRC5 in HSC activation and reversal, and to explore its relationship
with liver fibrosis to evaluate its clinical application value.

MATERIALS AND METHODS
Animal model
A total of 24 male C57BL/6 mice weighing 16-18 g were provided as the CCl4 liver
injury model by the First Affiliated Hospital of Zhengzhou University. Animals were
randomly divided into the following groups: normal mice (normal group), mice with
liver fibrosis (fibrosis group), and mice with reversal of liver fibrosis (recovery group).
Before the experiments, they were placed in a clean animal room at 24 °C with free
access to water and food for one week. Fibrosis was induced in mice by subcutaneous
administration of CCl4 (10% CCl4 in olive oil, Shanghai Zhanyun Chemical Co., Ltd.)
at a dose of 2 mL/kg, 3 times a week for 6 wk, and in the recovery group, it was
discontinued for another 4 wk. The normal group was injected with the same dose of
olive oil for the same treatment time. The mice were sacrificed at 24 h after the last
injection of CCl4 and liver tissues were excised to confirm the successful establishment
of the fibrosis model.

Cell culture
Human hepatic stellate cell line LX-2 (Shanghai Yaji Biotechnology Co., Ltd.) was
cultured in DMEM medium (Gibco) containing 10% fetal bovine serum (FBS, Gibco),
100 IU/mL penicillin/streptomycin, and 1% glutamine. Then, the medium was placed
in an incubator with 5% CO2 and 70%-80% humidity at 37 °C. In accordance with the
routine culture, the medium was changed daily. Digestion and passage were
performed until 80% confluence of cells. Cells in the logarithmic growth phase were
used in experiments. Four groups of LX-2 cells were studied: (1) TGF-β1: treated with
recombinant human 5 ng/mL TGF-β1 (PeproTech, United States) and cultivated for
24 h; (2) Control: normal cells; and (3) TGF-β1 + MDI: MDI (50 μL 3-isobutyl-1methylxanthine + 10 μL dexamethasone + 576.7 μL insulin, Sigma, United States) was
added into culture of LX-2 cells for 48 h following treatment with 2.5 ng/mL TGF-β1.

Histological examination
The fresh liver tissues of mice were removed and fixed in fixative solution prepared
(10% formalin, Bouin's fixative) to denature and coagulate tissue and cellular proteins.
Then, the tissue blocks were dehydrated using graded ethanol, cleared in xylene,
embedded in paraffin, and sectioned at 5 μm thickness. After xylene dewaxing and
gradient ethanol hydration, hematoxylin and eosin staining and Masson staining
(Shanghai Ruchuang Biotechnology Co., Ltd.) were performed to observe the
histopathological changes of the liver.

Immunohistochemistry
Routine xylene dewaxing, gradient ethanol hydration, and citric thermal remediation
for 15 min were done and paraffin-embedded liver tissue was handled with 3% H2O2
for 10 min to block endogenous peroxidase activity. Then, normal sheep serum was
used to seal up the nonspecific sites. After that, the sections were incubated with
primary antibody against α-SMA (dilution, 1:400; Shanghai Ru Chuang Biotechnology
Co., Ltd.) overnight at 4 °C, followed by incubation with a biotinylated secondary
antibody (Shanghai Ruchuang Biotechnology Co., Ltd.) for 60 min at room
temperature. The sections were stained with DAB, counterstained with haematoxylin,
finally mounted, and observed under a microscope.

SiRNA transfection
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The design and synthesis of specific siRNA for NLRC5 were assisted by Shanghai
Hengfei Biotechnology Co., Ltd. The NLRC5-siRNA sense sequence was 5'-GGG
ACTGAGAGCTTTGTAT-3', and the antisense sequence was 5'-CGC
ACCCTAGACTGAAA-3'. The sense sequence of the NLRC5-siRNA negative control
was 5'-UUCUCCGAACGUGUCACGUTT-3', and the antisense was 5'-ACG
UGACACGUUCGGAGAATT-3'. LX-2 cells were cultured in DMEM medium with
10% FBS at a density of 2 × 10 5 cells/mL. The diluted LipofectamineTM 2000
(Invitrogen, United States) were mixed with the diluted siRNA oligomer and
incubated for 20 min, then the mixture was added into the medium. The medium was
changed at 6 h post-transfection, and TGF-β1 was added at a concentration of 10
ng/mL to culture for an additional 48 h. Q-PCR and Western blot were used to detect
the expression of NLRC5, and normal LX-2 cells transfected with NLRC5-siRNA
negative control were used as controls.

Real-time fluorescent quantitative PCR
Total RNA was extracted from liver tissue and LX-2 cells using Trizol reagent
(Invitrogen, United States) according to the manufacturer’s instructions. cDNA was
synthesized using a reverse transcription kit (Dalian Bao Bioengineering Co., Ltd.),
and the target gene was detected using an SYBR Green Fluorescence Quantitation Kit
(Dalian Bao Bioengineering Co., Ltd.). The 25-μL PCR reaction system consisted of 1
μL of upstream and downstream primers (1 μmol/L), 1 μL of cDNA product, 2.5 μL
of Taq 10 × Buffer, 1 μL of Taq DNA polymerase, and 3 μL of dNTP mixture, and the
remaining volume was supplemented with deionized water. The amplification
parameters were pre-denaturation at 94 °C for 5 min and 35 cycles of denaturation at
94 °C for 5 s, annealing at 59 °C for 30 s, and extension at 72 °C for 1 min. β-actin was
used as an internal reference gene, and the Ct value of each sample was analyzed. The
primer sequences were designed according to the Genbank database and using Prime
5 software, and the sequences used are as follows: NLRC5 forward, 5’CTATCAACTGCCCTTCCACAAT-3’ and reverse, 5’-TCTCTATCTGCCCACAGCCTAC-3’; α-SMA forward, 5’-CTATTCCTTCGTGACTACT-3’ and reverse, 5’ATGCTGTTATAGGTGGTGGTT-3’; Col1a1 forward, 5’-CCCGGGTTTCAGAGACAACTTC-3’ and reverse, 5’-TCCACATGCTTTATTCCAGCAATC-3’; β-actin
forward, 5’-GAGGCACTCTTCCAGCCTTC-3’ and reverse, 5’-GGATGTC
CACGTCACACTTC-3’.

Western blot
Nuclear and cytoplasmic proteins were obtained from mouse liver tissues and cells
using radioimmunoprecipitation assay (RIPA) lysis buffer and PMSF (100:1 Beijing
Saibaisheng Gene Technology Co., Ltd.). The protein contents of the samples were
determined by the bicinchoninic acid (BCA, Beijing Saibaisheng Gene Technology Co.,
Ltd.) method. Twenty micrograms of protein samples were separated by 10% SDSPAGE, and transferred to polyvinylidene fluoride membranes. Following blocking
with 5% skim milk for 1 h at room temperature, the membranes were incubated with
primary antibodies against NLRC5 (Shanghai Youningwei Biotechnology Co., Ltd.) at
1:3000 dilution, α-SMA (Shanghai Gefan Biotechnology Co., Ltd.) at 1:3000 dilution,
Col1a1 (Shanghai Gefan Biotechnology Co., Ltd.) at 1:3000 dilution, β-actin (Santa
Cruz) at 1:1000 dilution, IκBα (Cell Signal) at 1:2000 dilution, p-IκBα (Cell Signal) at
1:2000 dilution, and p65 (Cell Signal) at 1:2000 dilution overnight at 41 °C. After
washing with TBST, diluted IgG antibody conjugated with horseradish peroxidase
(1:2000 Santa Cruz) was added to incubate for 2 h at room temperature. The
membranes were developed with an enhanced chemiluminescence detection kit
(Beijing Saibaisheng Gene Technology Co., Ltd.).

Statistical analysis
Statistical analyses were performed using SPSS 19.0 software, and the experimental
data are expressed as the mean ± standard deviation. One-way ANOVA was applied
to determine the significant difference, and the differences between groups were
tested using the LSD test. P < 0.05 was considered statistically significant.

RESULTS
Histopathological results of liver fibrosis
Fibrosis was determined by HE staining and Masson staining. After 6 wk of CCl4
induction, the mouse liver become coarse and dark gray in color. The liver tissue
showed relative swelling, punctate necrosis, and regeneration. Infiltration of
inflammatory cells, fibrous hyperplasia, steatosis, and ballooning changes were found
in the central vein and the portal area, and the structure of partial hepatic lobules was

WJG

https://www.wjgnet.com

3047

June 28, 2019

Volume 25

Issue 24

Zhang YZ et al. NLRC5 function in activation and reversion of HSCs

not clear. In contrast, the liver of the normal mice was red in color and well
marginated, the structure of the hepatic lobule was normal and integral, the cords of
liver cells were arranged orderly, and there was no degeneration, necrosis, or
inflammatory cells infiltration. In the recovery group, the contour of liver tissue was
fine and the structure became normal (Figure 1). In addition, the results of
immunohistochemistry showed that the expression of α-SMA was high in the
experimental group, distributed in the cytoplasm of hepatocytes, and aggregated in
the portal area, but only a little was observed in the normal and recovery groups
(Figure 2). The relative protein and mRNA levels of α-SMA and Col1a1 were
increased in LX-2 cells under TGF-β1 stimulation (P < 0.01), while decreased after
MDI treatment (P < 0.05). As shown in Figure 3, the successful establishment and
reversal of fibrosis model were confirmed.

Expression of NLRC5 in liver tissue and LX-2 cells
To investigate the differential expression of NLRC5 during fibrosis and reversal
model, Western blot and qPCR were used to analyze the relative protein and mRNA
expression levels of NLRC5. In contrast with the normal group, the expression level of
NLRC5 increased significantly in the fibrosis group (P < 0.01), but significantly
decreased in the recovery group (P < 0.01) (Figure 4). For the in vitro experiments, the
expression level of NLRC5 was enhanced after TGF-β1 stimulation (P < 0.01), and
decreased to a lower level when treated with MDI (P < 0.01) (Figure 5).

Effect of NLRC5-siRNA transfection on the expression of NLRC5 in LX-2 cells
Western blot was applied to confirm whether NLRC5-siRNA was successfully
transfected into LX-2 cells. The results showed that the NLRC5 protein level in LX-2
cells transfected with NLRC5-specific siRNA was obviously lower compared with
control cells and NLRC5-siRNA negative control (P < 0.01) (Figure 6).

Effect of NLRC5 on the expression of α-SMA and Col1a1 in LX-2 cells
α-SMA is one of the markers of activated HSCs. Q-PCR and Western blot were used
to analyze the relationship between the change of NLRC5 in LX-2 cells and the
expression of α-SMA. As shown in Figure 7, it was observed that the down-regulation
of NLRC5 decreased the expression levels of α-SMA protein and mRNA in LX-2 cells
stimulated with TGF-β1 (P < 0.01), and Col1a1 expression was also suppressed by
transfection of NLRC5-siRNA (P < 0.01).

Effect of NLRC5 on NF-κB activity in hepatic fibrosis
Western blot analysis showed that the expression of p65 and p-IκBα increased in the
liver of mice in the fibrosis group (P < 0.01), but decreased in the recovery group (P <
0.05). There was no significant change in total protein of IκBα (Figure 8). To detect the
relationship between NLRC5 and the NF-κB signaling pathway during the activation
of HSCs, the effect of NLRC5-siRNA on LX-2 cells induced with TGF-β1 was
investigated. The results showed that the protein levels of nuclear p65 and p-IκBα
were significantly increased after treatment with NLRC5-siRNA (P < 0.01), while the
level of cytoplasmic p65 was decreased (P < 0.05), and the expression of IκBα protein
was almost unchanged (Figure 9).

DISCUSSION
Hepatic fibrosis is a common pathological change in chronic liver injury, involving
multiple types of molecules, cells, and tissues[28]. If treated not appropriately, the
condition would develop to histological cirrhosis or hepatocellular carcinoma, and
result in serious consequences. From the pathological mechanism, liver fibrosis is
mainly induced by the accumulation of ECM protein in the hepatic lobules and portal
area. Excessive deposition of ECM destroys the normal structure of the liver, leading
to hepatic function damage[29,30]. In this process, activation of HSCs is the key point in
hepatic fibrosis. Phenotypic modulation of activated HSCs is enhanced, then these
cells are transformed into myofibroblast-like cells, express α-SMA, produce ECM, and
accelerate liver fibrosis following hepatic damage[31-33]. Meanwhile, TGF-β1 inhibits
HSC apoptosis by means of autocrine and paracrine mechanisms, induces matrix
protein expression, and therefore becomes one of the most important cytokines in the
process of liver fibrosis[34]. Since the promoter of the TGF-β1 activating factor tissue
transglutaminase gene contains a binding site for NF-κB, the synthesis of TGF-β1 is
regulated by NF-κB[35,36]. Additionally, experimental studies have shown that NF-κB
can amplify the liver inflammatory reaction by enhancing the expression of some
factors related to HSC activation including inflammatory factors (IL-1, TNF-α, and IL6), cell adhesion factors, and transforming growth factors, aggravating the disease[37-40].
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Figure 1

Figure 1 Masson staining for assessment of liver tissue in each group (×200). A: Liver tissue from normal mice (normal group); B: Mice with liver fibrosis (fibrosis
group); C: Reversal of liver fibrosis in mice (recovery group).

Currently, NLRC5 is a new direction in the study of the NF-κB signaling pathway. It
has been confirmed that NLRC5 plays an important role in regulating the NF-κB
signaling pathway, type I interferon (INF-I) signaling pathway, and MHC-I gene
expression[41,42]. As a member of the NLR family, NLRC5 can respond to various
pathogens and intracellular danger signals and participates in the body's innate and
adaptive immune responses. It is worth mentioning that NLRC5 is related to immune
responses, besides that it may be a key regulator during development and reversal of
hepatic fibrosis[43], but little is known about the role of NLRC5 in hepatic fibrosis.
Therefore, this article analyzed the relationship between NLRC5 and hepatic fibrosis
and its related mechanism, in order to evaluate its clinical application value.
In this study, the expression levels of NLRC5 in liver tissue and LX-2 cells were
analyzed to explore the role of NLRC5 in liver fibrosis, and the results showed that
the expression of NLRC5 in the fibrosis group was significantly higher than that in the
normal and recovery groups. Moreover, NLRC5 was increased in LX-2 cells treated
with TGF-β1 while decreased in cells following treatment with MDI as compared with
the control cells. Based on these results, it was suggested that NLRC5 may play an
important role during the occurrence and reversal of liver fibrosis. Transfection with
NLRC5-siRNA in activated LX-2 cells can reduce the expression of α-SMA and
Col1a1, suggesting a decrease in the number of activated HSCs.
Large animal experiments indicated that the major pathophysiological mechanism
of HSC activation is transcriptional activation mediated by NF-κB[44,45]. The expression
and secretion of various inflammatory factors and adhesion molecules can be induced
and involved in the formation of liver fibrosis during increased NF-κB activity. In the
resting state, p65 subunit binds to the IκB monomer and is located in the cytoplasm,
and NF-κB in the nucleus is deficient. When suffering the outsider incitement, p65
translocates into the nucleus and activates NF-κB through the classical pathway
following the phosphorylation and degradation of IκBα[46]. The results of this study
showed that the expression levels of p65 and p-IκBα in the nucleus were significantly
increased after NLRC5-siRNA treatment, suggesting that NLRC5 may be involved in
liver fibrosis by negative regulation of NF-κB. In the study by Chang G et al[47], the
high expression of NLRC5 protein in mouse hepatic fibrosis after activation of the NFκB signaling pathway was presented. NLRC5 protein, because of its high expression
level and large relative molecular mass, can inhibit the binding of NEMO to IKKα and
IKKβ and down-regulate the expression of nuclear p65 and p-IκBα, and it is also
activated by IKKα and IKKβ, forming a negative regulation cycle[48,49]. The inactive
NF-κB stays within the cytoplasm, close to IκB family members in the inhibitory
protein family. The interaction of NLRC5 with IKKα and IKKβ blocks the
phosphorylation of the inhibitory protein IκB and eventually inhibits the activation of
NF-κB signaling pathway[50]. More importantly, it was found that specific knockout of
NLRC5 not only enhanced NF-kB and type I interferon signaling and target gene
expression, but also modulated antiviral immune responses of multicellular lines and
primary cells in a study of NLRC5 and NF-κB[51]. With conserved biological functions
in humans and mice, as well as in various cell types, NLRC5 may be critical in the
maintenance of immune homeostasis, particularly in regulation of innate immune
responses[52]. However, the relationship between NLRC5 and the NF-kB signaling
pathway and its roles in many types of diseases have yet to be determined. According
to the results of this study, we infer that NLRC5 itself is induced by NF-κB-dependent
mechanisms in LX-2 cells. Activation of TGF-β1 increases the expression of
phosphorylated IκBα, stimulates the translocation of p65 from the cytoplasm to
nucleus, and promotes the expression of NLRC5 in HSCs. The interaction of NLRC5
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Figure 2

Figure 2 Immunohistochemical staining for α-SMA in liver tissue in each group (×200). A: Liver tissue from normal mice (normal group); B: Mice with liver
fibrosis (fibrosis group); C: Reversal of liver fibrosis in mice (recovery group).

and NF-κB accelerates the development of liver fibrosis. There are still some
limitations that need to be improved in this paper. The research on the NF-κB
signaling pathway is not deep enough and whether there are other signaling
pathways involved requires further research.
In conclusion, NLRC5 may participate in the process of HSC activation and ECM
synthesis through the NF-κB signaling pathway. It can intervene in the key processes
related to liver fibrosis, which provides a theoretical basis for clinical treatment of
liver fibrosis.
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Figure 3

Figure 3 Expression of α-SMA and Col1α1 in LX-2 cells. A: Relative mRNA expression; B: Quantification of Western blot. aP < 0.05 vs control; bP < 0.05 vs
transforming growth factor-β1. TGF-β1: Transforming growth factor-β1.
Figure 4

Figure 4 Expression level of NLRC5 in each group of mice. A: Relative mRNA expression; B: Quantification of Western blot. aP < 0.05 vs normal; bP < 0.05 vs
fibrosis.
Figure 5

Figure 5 Expression level of NLRC5 in LX-2 cells. A: Relative mRNA expression; B: Quantification of Western blot. aP < 0.05 vs control; bP < 0.05 vs transforming
growth factor-β1. TGF-β1: Transforming growth factor-β1.
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Figure 6

Figure 6 Effect of NLRC5 knockdown in LX-2 cells. A: Western blot; B: Quantification of Western blot. Lane 1: LX-2 cells transfected with NLRC5-siRNA; Lane 2:
LX-2 cells transfected with control-siRNA; aP < 0.05 vs control-siRNA.
Figure 7

Figure 7 Effect of NLRC5 knockdown on α-SMA and Col1a1 expression in LX-2 cells. A: Relative mRNA expression; B: Quantification of Western blot. aP < 0.05
vs control; bP < 0.05 vs NLRC5-siRNA.
Figure 8

Figure 8 Effect of NLRC5 on nuclear factor-κB activity in mice hepatocytes. A: Western blot; B: Quantification of Western blot. Lane 1: Normal mice (normal
group); Lane 2: Mice with liver fibrosis (fibrosis group); Lane 3: Reversal of liver fibrosis in mice (recovery group); aP < 0.05 vs normal; bP < 0.05 vs fibrosis.
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Figure 9

Figure 9 Effect of NLRC5 on nuclear factor-κB activity in LX-2 cells. A: Western blot; B: Quantification of Western blot. Lane 1: Control; Lane 2: LX-2 cells
transfected with NLRC5-siRNA; Lane 3: LX-2 cells transfected with control-siRNA; aP < 0.05 vs control; bP < 0.05 vs NLRC5-siRNA.

ARTICLE HIGHLIGHTS
Research background
Continuous progression of liver fibrosis is the key to the development of chronic liver disease to
cirrhosis. The nuclear factor-κB (NF-κB) signaling pathway is closely related to the formation
and reversion of hepatic fibrosis. It has been found that NLRC5 is involved in the development
of liver fibrosis by regulating the NF-κB signaling pathway and some studies suggest that
NLRC5 is a key regulator of liver fibrosis and its reversal, but the role of NLRC5 in liver fibrosis
remains unclear.

Research motivation
NLRC5 is highly expressed in immune tissues or organs and involved in the regulation of innate
and adaptive immunity by inducing inflammation and cell death. Researches have shown that it
may play an important role in the activation and inactivation of hepatocytes, but the research on
the mechanism of action fell far behind the immunological study. Our study aimed to investigate
the role and mechanism of NLRC5 in liver fibrosis to evaluate its clinical application value.

Research objectives
In this study, we analyzed the expression levels of NLRC5 in liver tissue and LX-2 cells and the
activity of NF-κB in hepatic fibrosis after treatment with NLRC5-siRNA. The purpose of this
study was to explore the relationship between NLRC5 and the NF-κB signaling pathways during
the development and reversal of hepatic fibrosis.

Research methods
Eight-week-old male C57BL/6 mice were randomly divided into groups to establish liver
fibrosis and its reversal model. Meanwhile, human hepatic stellate cell (HSC) line LX-2 was
cultured in vitro and treated with transforming growth factor-β1 (TGF-β1) and MDI to activate
and inactivate the cells. The degree of liver fibrosis and the expression of NLRC5 in mouse
tissues and LX-2 cells were detected by qPCR and Western blot. After interfering with NLRC5 by
siRNA, the activity of NF-κB in liver fibrosis was detected.

Research results
The expression level of NLRC5 was higher in liver tissue of fibrosis mice and activated HSCs,
but decreased in mice with hepatic fibrosis with spontaneous reversion and inactivated HSC
cells (P < 0.01). After treatment with NLRC5-siRNA, the activity of the NF-κB signaling pathway
was increased in the liver of fibrosis mice and activated HSCs (P < 0.05).

Research conclusions
NLRC5 may play a key role in regulating the progression and reversal of liver fibrosis by
negatively regulating the NF-κB signaling pathway, and it is expected to be one of the clinical
therapeutic targets.

Research perspectives
NLRC5 plays a physiologically important role in maintaining immune homeostasis, particularly
in regulating innate immune responses. Exploring the role and mechanism of NLRC5 and NF-κB
in liver fibrosis can provide an important reference for the treatment of liver fibrosis.
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Abstract
BACKGROUND
Non-alcoholic fatty liver disease (NAFLD) is a common chronic liver disease
worldwide. However, to date, there is no ideal therapy for this disease.
AIM
To study the effects of Si-Ni-San freeze-dried powder on high fat diet-induced
NAFLD in mice.
METHODS
Twenty-four male C57BL/6 mice were randomized into three groups of eight.
The control group (CON) was allowed ad libitum access to a normal chow diet.
The high fat diet group (FAT) and Si-Ni-San group (SNS) were allowed ad libitum
access to a high fat diet. The SNS group was intragastrically administered Si-NiSan freeze-dried powder (5.0 g/kg) once daily, and the CON and FAT groups
were intragastrically administered distilled water. After 12 wk, body weight,
liver index, visceral fat index, serum alanine aminotransferase (ALT), portal
lipopoly-saccharide (LPS), liver tumor necrosis factor (TNF)-α and liver
triglycerides were measured. Intestinal microbiota were analyzed using a 16S r
DNA sequencing technique.
RESULTS
Compared with the FAT group, the SNS group exhibited decreased body weight,
liver index, visceral fat index, serum ALT, portal LPS, liver TNF-α and liver
triglycerides (P < 0.05). Intestinal microbiota analysis showed that the SNS group
had different bacterial composition and function compared with the FAT group.
In particular, Oscillospira genus was a bacterial biomarker of SNS group samples.
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CONCLUSION
The beneficial effects of Si-Ni-San freeze-dried powder on high fat diet-induced
NAFLD in mice may be associated with its anti-inflammatory and changing
intestinal microbiota effects.
Key words: Nonalcoholic fatty liver disease; Si-Ni-San; High fat diet; Intestinal
microbiota; Inflammation
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: We studied the effects of Si-Ni-San freeze-dried powder on high fat dietinduced nonalcoholic fatty liver disease (NAFLD) in mice. We found that Si-Ni-San
freeze-dried powder ameliorated high fat diet-induced NAFLD in mice, and the
mechanism of action of Si-Ni-San freeze-dried powder against NAFLD may be
associated with its anti-inflammatory and changing intestinal microbiota effects. Our
findings provide some useful information for therapy of NAFLD.
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DOI: https://dx.doi.org/10.3748/wjg.v25.i24.3056

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a condition of excess fat accumulation in
the liver without significant alcohol consumption, and it consists of liver damage,
ranging from steatosis to steatohepatitis, advanced fibrosis and cirrhosis. Obesity,
hypertriglyceridemia, hyperglycemia, and type 2 diabetes are the best-known risk
factors for NAFLD[1,2]. Besides these risk factors, plus-size clothing and sleep shortage
may also be associated with NAFLD[3].
Over recent decades, we have witnessed a markedly increasing incidence of
NAFLD, and it has become one of the most common chronic liver diseases
worldwide[4,5]. In the United States, the proportion of patients with this chronic liver
diseases rose from 47%-75% [6] . With the prevalent use of hepatitis vaccine and
unchanged lifestyle, we can foresee that this proportion will continue to rise in the
future. Nonalcoholic steatohepatitis (NASH), a more severe form of NAFLD, can lead
to cirrhosis, liver failure, hepatocellular carcinoma and liver-related death[7-9]. In
addition, NAFLD is a risk factor for cardiovascular diseases, diabetes and chronic
kidney disease, and it also causes a high level of non-liver-related mortality[10,11].
Although NAFLD poses a threat to human health, the exact pathogenesis of this
disease remains unclear. Moreover, until now, there are no approved medications for
NAFLD treatment. Despite guidelines[12,13] recommending lifestyle modification as the
first line treatment for NAFLD, compliance is a challenge. Therefore, it is important to
look for new drug therapies.
Si-Ni-San, first recorded by Zhong-Jing Zhang during the Eastern Han Dynasty, is a
famous prescription of traditional Chinese medicine to coordinate the functions of
liver and spleen, and it has been used in China for thousands of years. This
prescription consists of four herbal medicines: Bupleuri Radix, Paeoniae Alba Radix,
Aurantii Immaturus Fructus, and Honey-fried Licorice Root in equal proportions. SiNi-San can alleviate liver injury through protecting hepatocyte membranes,
increasing NO release and facilitating apoptosis of liver-infiltrating cells [14] , and
modified Si-Ni-San also has hepatoprotective effects[15]. Moreover, glycyrrhizin[16] and
paeoniflorin [17] , two components of Si-Ni-San, have shown beneficial effects on
NAFLD. Therefore, we hypothesize that Si-Ni-San may have some beneficial effects
against NAFLD.
The human intestine harbors 10-100 trillion microorganisms, mainly bacteria,
collectively referred to as the intestinal microbiota[18,19]. The intestinal microbiota
carries 150-fold more genes than the human genome, and these vast number of genes
endow our body with special functions that we have not acquired during evolution,
such as digesting plant polysaccharides [20,21] . Although the homeostasis of the
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intestinal microbiota is important for human health, dysbiosis of intestinal microbiota
may cause disease. Previous studies have demonstrated that intestinal microbiota
play a crucial role in the development of NAFLD[22-24], and patients with NAFLD have
a different intestinal microbiota composition compared with healthy controls[25]. After
oral administration, herbal medicines are exposed to the intestinal microbiota, and
interactions are inevitable. Emerging studies have found that some herbal medicines
can change the composition of the intestinal microbiota, which is viewed as an
underlying therapeutic mechanism of herbal medicines[26,27]. In contrast, for other
herbal medicines, such as berberine[28] and hesperidin[29], the intestinal microbiota play
a critical role in mediating their therapeutic effects.
The purpose of the present study was to preliminarily investigate the therapeutic
effect of Si-Ni-San freeze-dried powder on high fat diet-induced NAFLD in a mouse
model, and its effect on the composition and function of the intestinal microbiota,
which will provide us with a deeper understanding of the therapeutic mechanism of
Si-Ni-San freeze-dried powder.

MATERIALS AND METHODS
Preparation of Si-Ni-San freeze-dried powder
Bupleuri Radix, Paeoniae Alba Radix, Aurantii Immaturus Fructus, and Honey-fried
Licorice Root were purchased from Beijing Tongrentang (Beijing, China) and were
authenticated by our team. The herbs were mixed at a mass ratio of 1:1:1:1, and the
mixture (2000 g) was decocted with distilled water and then filtered. The filtrate was
prepared by freeze-drying, and five major constituents in the freeze-dried powder
were quantified by HPLC (Table 1).

Animals, diets, and treatments
Twenty-four male 5-wk-old C57BL/6 mice (Beijing Vital River Laboratory Animal
Technology Co. Ltd., Beijing, China) were acclimated for 1 wk at a temperature of 2022 °C and humidity of 40%-45% in controlled rooms with an alternating 12-h light and
dark cycle. After acclimation, mice were randomized into three groups of eight. The
control group (CON) was allowed ad libitum access to a normal chow diet for 12 wk.
The high fat diet group (FAT) and Si-Ni-San group (SNS) were allowed ad libitum
access to a high fat diet for 12 wk. The composition of normal chow diet and high fat
diet are shown in Table 2. SNS group mice were intragastrically administered Si-NiSan freeze-dried powder (5.0 g/kg) once daily. The CON and FAT groups were
intragastrically administered distilled water once daily. The study was approved by
the Animal Ethics Committee of Hebei North University (No. 2016-1-0-06).

Liver index and visceral fat index assays
After 12 wk treatment, all mice were anesthetized with ketamine (80 mg/kg) and
xylazine (6 mg/kg). The liver, mesenteric fat, retroperitoneal fat and epididymal fat
were isolated and weighed. Liver index was calculated as the ratio of liver to body
weight. The visceral fat index was calculated as the ratio of visceral fat (mesenteric,
retroperitoneal and epididymal fat) to body weight.

Hepatic lipid measurement
Liver lipid was extracted as previously described[30], and liver triglycerides were
measured using a Triglyceride Reagent Kit (Dongou, Wenzhou, China). Frozen
sections stained with Oil Red O were also used for hepatic lipid detection.

Biochemical assays
When the mice were killed, blood samples were collected via cardiac puncture and
centrifuged. Serum alanine aminotransferase (ALT) was measured by standard
procedures. One milliliter of portal blood was collected for analysis by
lipopolysaccharide (LPS) assay. The level of portal LPS was measured using a
chromogenic limulus amoebocyte lysate test kit (Bokang, Zhanjiang, China) according
to the manufacturer’s instructions.

Liver TNF-α
Portions of liver tissues were homogenized (100 mg/mL) in RIPA lysis buffer
(Beyotime, Shanghai, China). Liver TNF-α was measured using Mouse TNF-alpha
Quantikine ELISA Kit (R&D Systems, Minneapolis, MN, United States).

Intestinal microbiota analysis
One week before the mice were killed, fecal samples were collected and stored at -80
°C. The total fecal DNA was extracted using QIAamp Fast DNA Stool Mini Kit
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Table 1 Five major constituents in Si-Ni-San freeze-dried powder
Compound

Saikoside A

Paeonilorin

Naringin

Hesperidin

Licorice acid

Contents1 In mg/g

89.5 ± 0.02

458.2 ± 0.03

143.4 ± 0.03

138.3 ± 0.02

140.3 ± 0.01

1

Data expressed as mean ± SD (n = 5).

(QIAGEN, Valencia, CA, United States). V4 hypervariable region of 16S rRNA genes
was amplified using specific primers (515F: 5'-GTGCCAGCMGCCGCGGTAA-3',
806R: 5'-GGACTACHVGGGTWTCTAAT-3'). PCR products were mixed in
equidensity ratios. Sequencing libraries were prepared using the TruSeq DNA PCRFree Sample Preparation Kit (Illumina, San Diego, CA, United States). The library was
sequenced on an Illumina HiSeq2500 platform and paired-end reads were generated.
QIIME pipeline (1.9.1) was used to process and analyze the raw data[31]. The main
scripts used in our study were as follows: join_paired_ends.py, split_libraries_fastq.py, pick_open_reference_otus.py and core_diversity_analyses.py.
Operational taxonomic units (OTUs) were clustered at 97% similarity, and sequences
were taxonomically assigned against the Greengenes database (gg_13_8). The results
of α diversity, β diversity and bacterial taxonomy were generated by core_diversity_analyses.py script. We used the linear discriminant analysis (LDA) effect size
(LEfSe) method to identify bacterial biomarkers in different groups[32]. We predicted
the bacterial functions of different groups. For functional prediction, we reclustered
sequences into OTUs (97% similarity) against the Greengenes database (gg_13_5)
using pick_closed_reference_otus.py script, and then the PICRUSt pipeline[33] was
used to predict bacterial functions. After using the norma-lize_by_copy_number.py
script, the predict_metagenomes.py script was used to generate Kyoto Encyclopedia
of Genes and Genomes (KEGG) ortholog predictions. We also applied the LEfSe
method to find functional biomarkers in different groups.

Statistical analysis
Data are presented as mean ± SD. The differences in data were statistically analyzed
by one-way analysis of variance with Bonferroni’s multiple-comparison test as post
hoc analysis. SPSS version 20.0 was used for statistical analysis, and P < 0.05 was
considered statistically significant.

RESULTS
Effects of Si-Ni-San freeze-dried powder on body weight, liver index and visceral fat
index
At the beginning of the experiment, the body weight of the three groups of mice did
not differ significantly (data not shown). After 12 wk, the FAT and SNS groups
exhibited higher body weight, liver index and visceral fat index compared with the
CON group (Figure 1A-C, P < 0.05, respectively). However, the SNS group, compared
with the FAT group, showed decreased body weight, liver index and visceral fat
index (Figure 1A-C, P < 0.05, respectively).

Si-Ni-San freeze-dried powder ameliorates high fat diet-induced inflammation and
liver injury
After 12 wk of eating the high fat diet, the FAT group had significantly increased
levels of portal LPS, liver TNF-α and ALT compared with the CON group (Figure 2AC, P < 0.05, respectively). However, compared with the FAT group, the SNS group,
which was intragastrically administered Si-Ni-San freeze-dried powder every day for
12 wk, significantly decreased levels of portal LPS, liver TNF-α and ALT (Figure 2AC, P < 0.05, respectively). Compared with the CON group, the SNS group only
exhibited higher levels of liver TNF-α and ALT (Figure 2B and C, P < 0.05,
respectively).

Si-Ni-San freeze-dried powder reduces high fat diet-induced triglyceride
accumulation in the liver
Oil Red O staining was used to morphologically observe triglyceride accumulation in
the livers of mice. The CON group nearly had no triglyceride accumulation in the
liver; however, the FAT group had obvious triglyceride accumulation (Figure 3A).
The SNS group exhibited less triglyceride accumulation compared with the FAT
group (Figure 3A). Triglyceride accumulation was measured using a colorimetric
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Table 2 Composition of diets
Normal chow diet in g/kg

High fat diet in g/kg

Casein

212.33

261.02

L-Cystine

2.84

3.50

Corn starch

275.84

56.87

Maltodextrin

33.18

116.53

Sucrose

331.77

201.36

Cellulose

47.40

58.26

Soybean oil

23.70

29.13

Lard

18.96

206.84

Mineral mix

9.84

11.65

Dicalcium phosphate

12.32

15.15

Calcium carbonate

5.21

6.41

Potassium citrate

15.64

19.23

Vitamin mix

9.48

11.56

Choline bitartrate

1.90

2.33

FD&C dye

0.047

0.058

method, and the results were consistent with the findings of Oil Red O staining. The
levels of triglycerides were significantly increased in the liver of the FAT and SNS
groups compared with the CON group (Figure 3B, P < 0.05). Si-Ni-San freeze-dried
powder significantly decreased the levels of triglycerides in the SNS group compared
with the FAT group (Figure 3B, P < 0.05).

Intestinal microbiota composition in different group samples
A total of 1,380,651 high-quality reads (average of 57,527 ± 14,266 sequences per
sample) were used for biological information analysis, and 15,253 OTUs were
clustered at 97% similarity (Figure 4A). Good coverage, which was > 0.96, and the
rarefaction curves of all samples indicated that we obtained sufficient OTUs to reflect
the bacterial composition of different samples accurately (Figure 4B). Although we
calculated the values of Shannon Index and Chao 1, the three groups of mice showed
no significant differences (date not shown). To observe the β diversity of different
groups of mice, we used Unweighted UniFrac PCoA, and the result of this
evolutionary distance-based method showed that the intestinal microbiota of the
CON group was obviously separated from that of the FAT and SNS groups (Figure
4C). Despite partially overlapping, the intestinal microbiota of the FAT and SNS
groups were roughly separated (Figure 4C). Analysis of molecular variance was used
to further assess the spatial separation, and revealed that samples from the three
groups differed significantly (CON vs FAT group, P < 0.001; FAT vs SNS group, P <
0.001; CON vs SNS group, P < 0.001).
At the phylum level, 27 bacterial phyla were identified, and the top five were
Firmicutes, Bacteroidetes, Proteobacteria, Deferribacteres and Actinobacteria. The
phyla of BRC1, Chlamydiae, Chlorobi, Fibrobacteres, GN04 and OP3 were only found
in the CON and SNS groups. Moreover, the bacterial phyla of Synergistetes and TM6
were only found in the SNS group. The FAT group samples increased the ratio of
Firmicutes to Bacteroidetes compared with the CON group samples; however, this
ratio in the SNS group samples did not differ significantly compared with the CON
and FAT group samples. At the genus level, 227 genera were identified. To find taxon
differences, we used the LEfSe method and showed that S24-7 (family level),
Bacteroidales (order level), Bacteroidia (class level), Bacteroidetes (phylum level),
Mucispirillum (genus level), Deferribacteraceae (family level), Deferribacterales (order
level), Deferribacteres (class level), Deferribacteres (phylum level), Erysipelotrichaceae (family level), Erysipelotrichales (order level), Erysipelotrichi (class level),
Desulfovibrionaceae (family level), Desulfovibrionales (order level), Deltaproteobacteria (class level), and Proteobacteria (phylum level) were biomarkers in the
CON group samples (Figure 5A and B). Lactobacillus (genus level), Lactobacillaceae
(family level), Lactococcus (genus level), Streptococcaceae (family level), Lactobacillales
(order level), Bacilli (class level), and Firmicutes (phylum level) were biomarkers in
the FAT group samples (Figure 5A and B). Oscillospira (genus level), Ruminococcaceae
(family level), Clostridiales (order level), and Clostridia (class level) were biomarkers
in the SNS group samples (Figure 5A and B).
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Figure 1

Figure 1 Effects of Si-Ni-San freeze-dried powder on body weight, liver index and visceral fat index. A: Body weight at 12 wk; B: Liver index (liver weight/body
weight); C: Visceral fat index (visceral fat weight/body weight). aP < 0.05 vs CON group mice, bP < 0.05 vs FAT group mice.

Intestinal microbiota functions in different group samples
We used PICRUSt to predict the functions of bacterial microbiota using KEGG
database at level 3, and then the LEfSe method to find functional biomarkers in
different group samples. LEfSe showed that metabolism, genetic information
processing, glycan biosynthesis and metabolism, energy metabolism, translation,
amino acid metabolism, and replication and repair were functional biomarkers of the
CON group samples (Figure 6A and B). Transcription and carbohydrate metabolism
were functional biomarkers of the SNS group samples (Figure 6A and B).
Environmental information processing, transporters, ABC transporters and
transcription factors were functional biomarkers of the FAT group samples (Figure 6A
and B).

DISCUSSION
The present study preliminarily investigated the effects of Si-Ni-San freeze-dried
powder on high fat diet-induced NAFLD in mice. We demonstrated that Si-Ni-San
freeze-dried powder ameliorates high fat diet-induced high levels of body weight,
liver index, visceral fat index, portal LPS, serum ALT, liver TNF-α and liver
triglyceride accumulation in mice. We also found that Si-Ni-San freeze-dried powder
can alter intestinal microbiota composition and function in mice.
Previous research has studied the effects of Si-Ni-San on NAFLD, and found that
Si-Ni-San can reduce the liver concentration of total cholesterol, triglyceride, free fatty
acid and interleukin (IL)-6 in rats with NAFLD [34] . However, animal models of
NAFLD, in this research, were induced using a long-term chronic stress method that
is not widely used in NAFLD studies. In addition, this method caused a decrease in
body weight compared with control rats, which does not match the real-life situation.
In the present study, we adopted a high fat diet to induce animal models of NAFLD,
which is a stable and widely used method in NAFLD studies. This method always
induces obesity, insulin resistance, dyslipidemia and liver triglyceride accumulation,
which more accurately reflect real-life situations. Thus, our present study has a wider
practical significance.
NAFLD is always considered to be the hepatic manifestation of metabolic
syndrome, and insulin resistance plays an important role in the pathogenesis of
NAFLD[35-37]. In the present study, although the level of insulin resistance in the SNS
group exhibited a decreased trend compared with the FAT group, the difference was
not significant (data not shown), suggesting that improving insulin resistance is not a
mechanism of action of Si-Ni-San freeze-dried powder, or its improvement of insulin
resistance is not due to small sample size. Thus, additional large-sample studies
addressing the effect of Si-Ni-San freeze-dried powder on insulin resistance are
warranted.
Previous studies have revealed the key role of LPS, a constituent of Gram-negative
bacteria and main constituent of endotoxemia, in the development of metabolic
diseases, and elevated LPS has been observed in patients with NAFLD[25,38]. LPS is an
inflammatory trigger, and it can promote the secretion of proinflammatory cytokines,
such as tumor necrosis factor (TNF)-α, IL-1 and IL-6. In the present study, we found
that high fat diet increased the levels of portal LPS and liver TNF-α compared with
normal chow diet; however, Si-Ni-San freeze-dried powder reduced these increases,
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Figure 2

Figure 2 Si-Ni-San freeze-dried powder ameliorates liver inflammation and injury. A: Portal lipopolysaccharide; B: Liver tumor necrosis factor-α; C: Serum
alanine aminotransferase. aP < 0.05 vs CON group mice, bP < 0.05 vs FAT group mice. ALT: Alanine aminotransferase; LPS: Lipopolysaccharide; TNF-α: Tumor
necrosis factor-α.

suggesting that the anti-inflammatory effect of Si-Ni-San freeze-dried powder may be
a mechanism underlying its beneficial effect. Although the portal LPS of the CON and
SNS groups did not differ significantly, the SNS group only exhibited higher levels of
liver TNF-α and ALT, suggesting that in addition to LPS, there may be other
proinflammatory factors.
The important role of intestinal microbiota in the pathogenesis of NAFLD has been
revealed in previous studies[22,39]. Given the tight links between intestinal microbiota
and NAFLD, manipulation of the intestinal microbiota of NAFLD is a promising
therapeutic strategy[40-42]. Thus, in the present study, we investigated the effect of SiNi-San freeze-dried powder on intestinal microbiota, and found that the intestinal
microbiota composition and function in the SNS group differed clearly from those in
the FAT group, suggesting that Si-Ni-San freeze-dried powder alters high fat dietinduced intestinal microbiota dysbiosis. So, the therapeutic effect of Si-Ni-San freezedried powder on high fat diet-induced NAFLD may be achieved by changing the
intestinal microbiota. The fact that the Oscillospira genus was a bacterial biomarker in
the SNS group samples demands our further attention. Up to now, there has been
little knowledge about this genus, mainly because it has never been cultured. Our
former study found that Oscillospira is associated with a high protein diet, which has
beneficial effects on NAFLD [30] . Other studies have found that Oscillospira is
significantly reduced in patients with NASH or inflammatory bowel disease[43-45], and
is positively associated with leanness [46] . A recent study has found that some
Oscillospira species may be able to utilize glycans to secrete butyrate[47], which can
prevent inflammation[48], and plays an important role in metabolic diseases[49-51]. Using
a combination of our results with those of former studies, we infer that Si-Ni-San
freeze-dried powder may achieve its beneficial effect by providing more special
glycans to Oscillospira bacteria and then producing more butyrate, which has multiple
beneficial effects on host health. The result that carbohydrate metabolism was a
functional biomarker in the SNS group partly supports our inference, and further
studies are warranted to confirm our hypothesis.
An interesting finding in our study was that Lactobacillus genus was a bacterial
biomarker of the FAT group. Some strains of Lactobacillus are frequently used as
probiotics[52]. Thus, our finding needs confirmation by further studies.
There were several limitations to the present study. First, there was a lack of
metabonomics analysis, so the effects of Si-Ni-San freeze-dried powder on the
metabolism of intestinal microbiota are not known. Second, we did not administer SiNi-San freeze-dried powder to normal chow diet mice, so the effects of Si-Ni-San
freeze-dried powder on normal chow diet mice are not known. Third, the sample size
was small, so our results need further studies for confirmation. Fourth, the change in
some cytokines, such as IL-1 and IL-6, was not detected in the present study. These
limitations will be addressed in our future studies.
In conclusion, our present study preliminarily confirmed the beneficial effects of SiNi-San freeze-dried powder on high fat diet-induced NAFLD in mice, and that the
mechanisms of action of Si-Ni-San freeze-dried powder against NAFLD may be
associated with its anti-inflammatory effects and its changes to the intestinal
microbiota. Our findings provide some useful information for NAFLD therapy. We
provide the basis for the clinical use of Si-Ni-San freeze-dried powder and some
underlying mechanisms of its action. Although more in-depth research is needed in
the future, Si-Ni-San freeze-dried powder may also be a clinical option for NAFLD
treatment.
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Figure 3

Figure 3 Si-Ni-San freeze-dried powder ameliorates high fat diet-induced hepatic triglyceride accumulation. A: Representative Oil Red O staining
(magnification 200 ×); B: Liver triglycerides. aP < 0.05 vs CON group mice, bP < 0.05 vs FAT group mice.
Figure 4

Figure 4 Intestinal microbiota composition in different group samples. A: Venn diagram of operational taxonomic units; B: Rarefaction curves; C: Unweighted
Uni Frac PCo A. OUTs: Operational taxonomic units.
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Figure 5

Figure 5 Bacterial biomarkers of different group samples. A: Bacterial biomarkers found by linear discriminant analysis effect size (LEfSe); B: Taxonomic
cladogram obtained from LEfSe. Taxa meeting an linear discriminant analysis significant threshold > 4 are shown. c: class level; f: family level; g: genus level; o: order
level; p: phylum level. LDA: Linear discriminant analysis.
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Figure 6

Figure 6 Intestinal microbiota functions in different group samples. A: Functional biomarkers found by linear discriminant analysis effect size (LEfSe); B:
Functional cladogram obtained from LEfSe. Functions meeting an linear discriminant analysis significant threshold > 3.1 are shown. LDA: Linear discriminant analysis.

ARTICLE HIGHLIGHTS
Research background
The incidence of nonalcoholic fatty liver disease (NAFLD) dramatically increased in the last few
decades. Unfortunately, until now, the clinical treatment of this common chronic liver disease is
difficult, and some new effective therapies are needed.

Research motivation
Some herbal medicines have hepatoprotective effects, so we want to know if some famous
prescriptions of traditional Chinese medicine can provide beneficial effects on NAFLD.

Research objectives
To explore the effects of Si-Ni-San, a famous prescription of traditional Chinese medicine, on
NAFLD and intestinal microbiota.

Research methods
We intragastrically administered Si-Ni-San freeze-dried powder (5.0 g/kg) to mice, which were
allowed ad libitum access to a high fat diet. After 12 wk of treatment, we measured body weight,
liver index, visceral fat index, serum alanine aminotransferase (ALT), portal lipopolysaccharide
(LPS), liver tumor necrosis factor (TNF)-α, liver triglycerides and intestinal microbiota, and we
compared the results of these parameters with mice in another group to find whether Si-Ni-San
freeze-dried powder have some beneficial effects on NAFLD.

Research results
After Si-Ni-San freeze-dried powder treatment, the levels of body weight, liver index, visceral fat
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index, serum ALT, portal LPS, liver TNF-α and liver triglycerides were improved. The
composition of intestinal microbiota was also changed, especially the Oscillospira genus.

Research conclusions
Si-Ni-San freeze-dried powder can ameliorate NAFLD by an anti-inflammatory action and
intestinal microbiota-changing effect.

Research perspectives
Although we provide basis for the clinical use of Si-Ni-San freeze-dried powder and some
underlying mechanisms of its action, the effects of Si-Ni-San freeze-dried powder on the
metabolism of intestinal microbiota and some cytokines, such as interleukin (IL)-1 and IL-6, need
to be addressed in future studies.
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Abstract
BACKGROUND
Esophageal adenocarcinoma (EAC) and high-grade dysplasia (HGD) may appear
in young patients with Barrett’s esophagus (BE). However, characteristics of
Barrett’s-related neoplasia in this younger population remain unknown.
AIM
To identify clinical characteristics that differ between young and old patients
with early-stage Barrett’s-related neoplasia.
METHODS
We conducted a retrospective analysis of a prospectively maintained database
comprised of consecutive patients with early-stage EAC (pT1) and HGD at a
tertiary-referral center between 2001 and 2017. Baseline characteristics, drug and
risk factor exposures, clinicopathological staging of EAC/HGD and treatment
outcomes [complete eradication of neoplasia (CE-N), complete eradication of
intestinal metaplasia (CE-IM), recurrence of neoplasia and recurrence of intestinal
metaplasia] were retrieved. Multivariate analyses were performed to identify
factors that differed significantly between older and younger (≤ 50 years)
patients.
RESULTS
We identified 450 patients with T1 EAC and HGD (74% and 26%, respectively);
45 (10%) were ≤ 50 years. Compared to the older group, young patients were
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more likely to present with ongoing gastroesophageal reflux disease (GERD)
symptoms (55% vs 38%, P = 0.04) and to be obese (body mass index > 30, 48% vs
32%, P = 0.04). Multivariate logistic regression analysis showed that young
patients were significantly more likely to have ongoing GERD symptoms [odds
ratio (OR) 2.00, 95% confidence interval (CI) 1.04-3.85, P = 0.04] and to be obese
(OR 2.06, 95%CI 1.07-3.98, P = 0.03) whereas the young group was less likely to
have a smoking history (OR 0.39, 95%CI 0.20-0.75, P < 0.01) compared to the old
group. However, there were no significant differences regarding tumor histology,
CE-N, CE-IM, recurrence of neoplasia and recurrence of intestinal metaplasia
(mean follow-up, 44.3 mo).
CONCLUSION
While guidelines recommend BE screening in patients > 50 years of age, younger
patients should be considered for screening endoscopy if they suffer from obesity
and GERD symptoms.
Key words: Barrett’s Esophagus; Gastroesophageal reflux disease; Obesity; Esophageal
adenocarcinoma; High-grade dysplasia; Guideline; Young patient
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Esophageal adenocarcinoma (EAC) and high-grade dysplasia (HGD) may
appear in young patients with Barrett’s esophagus (BE). To identify clinical
characteristics of young patients with Barrett’s neoplasia, we conducted a retrospective
analysis. 450 patients with T1 EAC and HGD were identified; 45 (10%) were young
patients at age ≤ 50 years. Compared to the older group, young patients were more likely
to present with ongoing gastroesophageal reflux disease (GERD) symptoms and to be
obese on multivariate analysis. While guidelines recommend BE screening in patients >
50 years of age, younger patients should be considered for screening endoscopy if they
suffer from obesity and GERD symptoms.

Citation: Iwaya Y, Shimamura Y, Goda K, Rodríguez de Santiago E, Coneys JG, Mosko JD,
Kandel G, Kortan P, May G, Marcon N, Teshima C. Clinical characteristics of young patients
with early Barrett’s neoplasia. World J Gastroenterol 2019; 25(24): 3069-3078
URL: https://www.wjgnet.com/1007-9327/full/v25/i24/3069.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i24.3069

INTRODUCTION
Barrett’s esophagus (BE) is a premalignant condition for esophageal adenocarcinoma
(EAC) [1] , which has a poor prognosis with a 5-year survival rate below 20% [2] .
However, screening endoscopy of the general population for BE or EAC is not
recommended because of the low incidence of EAC and the lack of randomized
controlled trials supporting its efficiency[3-6]. According to recent guidelines, screening
should be considered only in patients with multiple risk factors for BE or EAC; such
as long standing gastroesophageal reflux disease (GERD) symptoms, age > 50 years,
white race, male sex, obesity, family history of BE or EAC, and smoking[3-6].
Older age is one of the most important risk factors for BE[7,8]. Most guidelines set the
cut-off at age 50. On the other hand, the diagnosis of Barrett’s-related neoplasia in
younger patients is becoming more common in daily clinical practice. In fact, the
incidence rate of EAC for the young has been steadily increasing in recent years[9].
However, the clinical characteristics of these younger EAC patients are poorly known.
Even though some studies have evaluated the prognosis of EAC among young
patients[10-12], few articles have identified the baseline clinical characteristics of this
patient group with EAC[13,14]. Moreover, features and outcomes of young patients with
early-stage EAC are poorly described. Yet detecting early-stage neoplasia holds the
opportunity for curative endoscopic resection with excellent long-term outcomes.
Thus, if this younger cohort differs significantly with respect to specific clinical
characteristics from the more typical age category of BE neoplasia, these features
could help to improve screening recommendations. Hence, we conducted a
retrospective analysis of a prospectively maintained database of patients diagnosed
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with BE and early-stage EAC/high-grade dysplasia (HGD) to identify factors
associated with the development of Barrett’s-related neoplasia occurring in younger
patients. Additionally, we examined for any correlation between age groups and
treatment outcomes.

MATERIALS AND METHODS
Study participants
We conducted a retrospective analysis of a prospective database comprised of
consecutive patients with early-stage EAC (T1a and T1b) and HGD in BE at a single,
tertiary-referral center (St Michael’s Hospital, Toronto, Canada) between May 2001
and May 2017. For cases that occurred prior the establishment of the Prague criteria,
we only included cases in which the circumferential and maximum BE length were
documented at their index endoscopy[15]. Exclusion criteria were: (1) Patients who did
not undergo endoscopic mucosal resection (EMR) (because of the absence of precise
histopathological staging); (2) Patients who underwent esophagectomy or
chemo/radiotherapy due to unfavorable features of the first EMR specimen such as
submucosal invasion, poorly differentiated cancer (G3) and lympho-vascular invasion
(Figure 1). All patients provided written informed consent for their inclusion in our
database. The study was carried out in accordance with the Declaration of Helsinki
and was approved by the St. Michael’s Hospital research ethics committee (#08-265).

Data collection and procedures
All patients provided detailed information via a demographic, medical history, and
lifestyle questionnaire that ascertained the following characteristics: age at diagnosis
for EAC or HGD, sex, ethnicity, height, weight, body mass index (BMI), comorbidites,
family history of malignancy including EAC, tobacco and alcohol consumption,
ongoing GERD-related symptoms (defined as having at least two episodes of reflux
symptoms within the most recent three months) and medication [including proton
pump inhibitors (PPIs), low-dose aspirin, nonsteroidal anti-inflammatory drugs
(NSAIDs), and statins].
Regarding endoscopic findings, the circumferential (C) and maximum (M) length
of BE based on the Prague criteria were systematically recorded[15]. The recorded
distance from the diaphragm to the gastroesophageal junction, defined as the oral end
of the gastric folds, was used to determine the presence or absence of a hiatus hernia.
According to the Seattle protocol, multiple, 4-quadrant biopsies were obtained every 1
to 2 cm to identify intestinal metaplasia or dysplasia. EMR was performed when a
visible lesion was found or to completely eradicate BE via radical EMR, particularly
for short-segment BE. Most patients underwent radiofrequency ablation (RFA) of the
remaining BE segments for complete eradication of BE, as described elsewhere[16].
Some patients underwent other eradication techniques such as bipolar electrocoagulation (BiCAP), photodynamic therapy (PDT), cryotherapy and hot avulsion due
to the evolution of treatment strategies during the study period. Hot avulsion is our
previously described technique used to eradicate small persistent BE areas 1 cm or
less using hot biopsy forceps with cauterization[17].
All specimens were fixed in 10% neutral buffered formalin, embedded in paraffin
and stained with hematoxylin and eosin staining. At least two experienced
gastrointestinal pathologists analyzed all specimens. A diagnosis of BE was made
based on the presence of intestinal metaplasia with goblet cells. The final T-staging
diagnosis was based on pathology from the EMR specimen. Pathological reports were
recorded in accordance with the Vienna classification[18] and EMR reports included the
information such as grade of differentiation (G), depth of invasion according to the
Vieth and Stolte system (M1-4, SM)[19], vertical margin and the presence or absence of
lymphovascular invasion (LVI).
For assessment of endoscopic treatment-related outcomes, we included only
patients followed up for more than 12 mo after initial EMR. Patients who underwent
EMR were followed-up by endoscopy in 3- to 6-mo intervals with surveillance
biopsies and additional endoscopic therapies (ablative methods or additional EMR),
at the discretion of the endoscopist, until all visible BE was eradicated. Complete
eradication of neoplasia (CE-N) was defined as the absence of endoscopic and
pathologic evidence of adenocarcinoma or any dysplasia after endoscopic treatment.
Complete eradication of intestinal metaplasia (CE-IM) was defined as complete
absence of endoscopic evidence of BE and pathologic evidence of intestinal metaplasia
on all follow-up biopsies. Recurrence of neoplasia and intestinal metaplasia were
defined as any biopsy-confirmed dysplastic lesion and intestinal metaplasia detected
on subsequent endoscopies following CE-N and CE-IM, respectively.

WJG

https://www.wjgnet.com

3071

June 28, 2019

Volume 25

Issue 24

Iwaya Y et al. Early Barrett’s neoplasia in young patients
Figure 1

Figure 1 Flow diagram for the study patients. EAC: Esophageal adenocarcinoma; HGD: High-grade dysplasia;
BSC: Best supportive care; EMR: Endoscopic mucosal resection.

Statistical analysis
The mean ± standard deviation (SD) was used for variables with a normal
distribution, and the median and interquartile range was used for variables with a
skewed distribution. Differences between groups were analyzed using the Chi-square
test and Fisher’s exact for categorical data, the Student t-test for comparing means and
the Mann-Whitney U test for comparing medians for continuous data. Multivariable
logistic regression models were performed to identify clinical and pathologic
differences between younger (≤ 50 years) and older patients. We included the
following variables in the multivariate logistic regression analysis: BMI (> 30 or < 30),
history of smoking, ongoing GERD symptoms, family history of EAC, ethnicity
(white) and sex (male); as these factors are well known to be associated with EAC and
used to guide screening endoscopy in most guidelines[3-6]. We calculated adjusted
odds ratios (ORs) and 95% confidence intervals (CIs) by multivariate logistic
regression analysis using StatFlex software (Artech Co., Osaka, Japan). Two-sided P
values < 0.05 were considered statistically significant.

RESULTS
Study population and clinical characteristics
We identified 450 patients diagnosed with Barrett’s-related EAC (T1a or T1b) or HGD
during the study period. Of these, 45 patients (10%) were 50 years of age or younger
[39 men (87%)] and 405 patients (90%) > 50 years [342 men (84%)].
Patient clinical characteristics are summarized in Table 1. Male and white patients
were predominant in both groups with no significant differences. Young patients
were more likely to be obese (BMI > 30, 48% vs 32%, P = 0.04) and to have ongoing
GERD symptoms (55% vs 38%, P = 0.04), and less likely to have diabetes and
hypertension, and to have ever been smokers on univariate analysis. There were no
significant differences between the groups with regards to family history of EAC and
alcohol consumption. Regarding medication use, we found that the older group was
more likely to have used low-dose aspirin and statins compared to the younger
patients, while there were no significant differences regarding use of PPIs and
NSAIDs. With regard to endoscopic findings, the median circumferential extent of BE
(Prague C) in the young and old groups were 2 cm and 1cm, respectively (P = 0.52)
and the median maximal extent of BE (Prague M) was 4 cm and 4cm, respectively (P =
0.43). The prevalence of a hiatus hernia was not significantly different between groups
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(P = 0.12).
Multivariate modeling (Table 2) showed that young patients were significantly
more likely to be obese (BMI > 30, OR 2.06, 95%CI 1.07-3.98, P = 0.03) and to have
ongoing GERD symptoms (OR 2.00, 95%CI 1.04-3.85, P = 0.04), whereas the young
group was less likely to have a smoking history (OR 0.39, 95%CI 0.20-0.75, P < 0.01)
compared to the old group.

Pathological features
A comparison of the pathological features between young and old patients is
summarized in Table 3. Thirty-one (69%) and 317 (78%) patients had EAC among
young and old groups, respectively (P = 0.15). There were no significant differences
between the groups in terms of depth of EAC invasion, tumor differentiation, LVI and
rate of positive vertical (deep) margin.

Endoscopic treatment-related outcomes and follow-up
Clinical outcomes following endoscopic treatment were available for 287 patients who
met inclusion criteria (Figure 1, young, n = 30; old, n = 257). Mean follow-up duration
was 44.3 ± SD: 30.2 mo. All patients underwent EMR and 176 patients had additional
one or more ablative therapies following the first EMR; RFA (n = 114), BiCAP (n = 17),
PDT (n = 14), cryotherapy (n = 3) and hot avulsion (n = 107). The overall rates of CE-N
and CE-IM were 86% and 63%, respectively. There were no significant differences
between young and old groups in terms of CE-N (93% vs 86%, P = 0.38) and
recurrence rates of neoplasia after CE-N (14.3% vs 18%, P = 0.81) (Table 4). Similarly,
no differences were found regarding CE-IM (77% vs 62%, P = 0.16) and recurrence
rates of intestinal metaplasia after CE-IM (30% vs 26%, P = 0.83).

DISCUSSION
The clinical and pathologic characteristics of early-stage EAC in young patients has
been poorly documented because of its low incidence. Our current study, based on a
large prospective cohort of patients diagnosed with early-stage BE neoplasia, suggests
that younger patients (≤ 50 years) with early-stage EAC or HGD were more likely to
have ongoing GERD symptoms and to be obese compared to their older counterparts.
Furthermore, we found that there were no significant differences in terms of
endoscopic treatment-related outcomes between groups.
The incidence of EAC in young patients has been generally considered to be very
low. Consequently, most guidelines recommend screening endoscopy only for
patients > 50 years who have multiple risk factors. Murphy et al[9] demonstrated that
the incidence of EAC amongst younger patients has been increasing just as the total
number of EAC patients has increased. Thrift et al [20] speculated that declining
infection rates of Helicobacter pylori may lead to higher rates of EAC in young cohorts
in the near future, given the theory that this infection may reduce the risk for EAC.
Indeed, our data revealed that the percentage of young early-stage EAC/HGD
patients was significant (45/450, 10%). Another recent study using a large cohort
demonstrated that the proportion of young (≤ 50 years) EAC patients was 9%
(125/1363)[14] which is similar to our results, underlining that a significant number of
Barrett’s-related neoplasms appear before the age of 50.
The prognosis of young EAC patients is still controversial. Some studies have
reported that young patients with EAC presented with a more advanced stage of the
disease and had poorer survival than older EAC patients[11,12,21]. In our cohort, the
outcomes of endoscopic treatment for T1 EAC or HGD between both groups were
similar. Therefore, it becomes of utmost importance to elucidate the risk factors that
may facilitate the early detection of EAC in this younger population.
GERD symptoms are the most important risk factor for BE and EAC[3,5,6]. Cook et
al[22], using a large pooled analysis of five population-based case-control studies,
showed that the risk of EAC in patients with GERD symptoms for at least 30 years
was 6.2-fold higher than in patients without GERD symptoms. On the other hand,
another analysis comprising three additional studies revealed that this association
was stronger in patients under the age of 50 [14] . Similarly, we found that 92% of
younger patients had ongoing GERD symptoms despite taking PPIs in our cohort
(data not shown), which suggests that refractory GERD is strongly related to EAC risk
in younger patients. However, Becher et al[23] demonstrated that GERD symptoms are
more severe among younger than older patients, while aging is associated with more
severe patterns of acid reﬂux and reﬂux esophagitis. Therefore, the mere presence of
GERD symptoms is not sufficient to perform endoscopy. Additional risk factors
should be considered in order to increase the efficiency of screening endoscopy
especially among young patients.
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Table 1 Patient characteristics
Young (≤ 50 yr)

Old (> 50 yr)

(n = 45)

(n = 405)

Sex (male)

39/45 (87%)

342/405 (84%)

0.86

Ethnicity (white)

43/44 (98%)

377/387 (97%)

0.70

BMI, kg/m2 (mean ± SD)

29.69 ± 6.05

28.53 ± 5.72

0.09

BMI > 30 kg/m

21/44 (48%)

124/389 (32%)

0.04

Diabetes

5/45 (11%)

91/390 (23%)

0.01

Hypertension

13/45 (29%)

211/382 (55%)

< 0.001

Family history of malignancy

21/44 (48%)

234/382 (61%)

0.08

Family history of esophageal adenocarcinoma

1/44 (2%)

17/382 (5%)

0.78

GERD symptoms

24/44 (55%)

148/386 (38%)

0.04

Ever smoking

25/44 (57%)

297/393 (76%)

0.01

Current smoking

4/44 (9%)

47/392 (11%)

0.75

Pack-years (mean ± SD)

13.97 ± 15.56

23.46 ± 27.21

0.02

Ever alcohol

37/45 (82%)

297/387 (77%)

0.52

Current alcohol

31/45 (69%)

241/375 (64%)

0.54

Proton pump inhibitors

38/43 (88%)

335/374 (90%)

0.98

Low-dose aspirin

5/45 (11%)

130/388 (34%)

< 0.01

NSAIDs

4/45 (9%)

34/384 (9%)

0.79

Statins

10/45 (22%)

189/388 (49%)

< 0.001

Prague C, median (IQR), cm

2 (0-5)

1 (0-5)

0.52

Prague M, median (IQR), cm

4 (2-7)

4 (2-7)

0.43

Hiatus hernia

35/45 (78%)

350/405 (86%)

0.12

P value

2

Smoking

Alcohol

Medication use

Endoscopy

BMI: Body mass index; GERD: Gastroesophageal reflux disease; NSAIDs: Nonsteroidal anti-inflammatory
drugs; SD: Standard deviation; IQR: Interquartile range.

Obesity is another important risk factor for BE and EAC[24]. Central adiposity is
thought to be more critical for esophageal carcinogenesis than merely increased BMI,
since central adiposity contributes not only to increasing acid reflux due to
mechanical disruption of the gastroesophageal junction, but also promotes a
proinflammatory state by releasing adipocytokines from visceral adipose tissue[25].
Adipocytokine-mediated carcinogenesis is thought to play an important role in other
gastrointestinal malignancies such as colon[26] and pancreas[27] cancers. However, few
studies have investigated the relationship between obesity and gastrointestinal
carcinogenesis specifically in young patients. How obesity and central adiposity affect
EAC risk, especially in young patients, remains unclear. Chak et al[13] demonstrated
that obesity is associated with the development of EAC at an earlier age. We also
found that obesity was more common in young patients with early-stage Barrettrelated neoplasia. Altogether, our results suggest that screening endoscopy should be
strongly considered in obese young patients with ongoing GERD symptoms.
Additionally, our results showed that any history of smoking had a stronger
association with the older EAC/HGD group (> 50 years). Although cigarette smoking
is a well-known risk factor for the development of both BE and EAC[28,29], the precise
role of smoking in EAC carcinogenesis remains unclear. We have to emphasize that
this result does not suggest smoking has a protective role for Barrett’s carcinogenesis
in young cohort. In our cohort, the number of pack-years in older EAC group was
significantly higher. We hypothesized that this association could be related to the
accumulation of toxicity for a longer time span. We also thought why our results
showed older patients was more likely to have hypertension and diabetes, and to take
low-dose aspirin and statins were just due to aging.
It should be highlighted that our study population was based exclusively on
patients diagnosed with early stage neoplasia. To the best of our knowledge, this is
the first study to compare the baseline clinical characteristics and treatment outcomes
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Table 2 Adenocarcinoma/high-grade dysplasia risk according to multivariate analysis: Young vs old
Adjusted Odds ratio

95% confidence interval

P value

BMI > 30

2.06

1.07-3.98

0.03

Ever smoking

0.39

0.20-0.75

< 0.01

Ongoing GERD symptoms

2.00

1.04-3.85

0.04

Family history of esophageal adenocarcinoma

0.73

0.09-5.85

0.77

Ethnicity (white)

0.77

0.09-6.42

0.81

Sex (Male)

1.44

0.56-3.70

0.45

BMI: Body mass index; GERD: Gastroesophageal reflux disease.

between the young and old onset groups using a relatively large cohort including
only early stage Barrett’s-related neoplasia. On the other hand, including only HGD
and T1 tumor might be also interpreted as a limitation. However, focusing on early
Barrett’s-related neoplasia amenable to endoscopic treatment allowed us to develop a
suggestion that if we could detect the young patients with early stage Barrett’s
neoplasia using the risk factors of ongoing GERD symptoms and obesity, their
prognosis may compare favorably with older patients. We believe that this can
complement the current guidelines for Barrett’s screening.
This study has some limitations. First, we did not have control groups such as
young and old patients without Barrett’s-related neoplasia. Because of this point and
retrospective nature of our study, we cannot say that GERD symptoms and obesity
are predictive factors for EAC in young patients. Therefore, the risk factors that we
extracted should be proved by a prospectively designed study. Second, as our
institution is a tertiary referral center, our cohort may not be representative of the
general population or community practice BE population. Third, due to the
retrospective nature of the study, some patients were lost to follow-up. Therefore, we
could not assess long-term morbidity and mortality.
In conclusion, we identified that patients ≤ 50 years old with early-stage EAC or
HGD had greater odds of having ongoing GERD symptoms and to be obese than
older patients. Our results may serve to improve the selection of younger patients
who would most benefit from screening endoscopy. Further prospective studies are
needed to clarify the risk factors specific to young patients with Barrett’s-related
neoplasia.
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Table 3 Pathological features of esophageal adenocarcinoma, n (%)
Young (≤ 50 yr)

Old (> 50 yr)

(n = 45)

(n = 405)

EAC

31 (69)

317 (78)

HGD

14 (31)

88 (22)

M1

7 (23)

63 (20)

M2

8 (26)

75 (24)

M3

8 (26)

47 (15)

M4

4 (13)

96 (30)

SM

4 (13)

36 (11)

G1

21 (68)

212 (67)

G2

6 (19)

91 (29)

G3

P value
Histology

EAC depth

Differentiation

0.15

0.41

4 (13)

14 (4)

0.22

Lympho-vascular invasion

1 (3)

32 (10)

0.36

Vertical margin positive rate

3 (10)

32 (10)

0.81

EAC: Esophageal adenocarcinoma; HGD: High-grade dysplasia; M: Mucosa; SM: Submucosa.

Table 4 Clinical outcomes following endoscopic treatment
Young (≤ 50 yr)

Old (> 50 yr)

(n = 30)

(n = 257)

Complete eradication of neoplasia

28/30 (93%)

220/257 (86%)

0.38

Recurrence of neoplasia

4/28 (14%)

40/220 (18%)

0.81

Complete eradication of intestinal metaplasia

23/30 (77%)

159/257 (62%)

0.16

Recurrence of intestinal metaplasia

7/23 (30%)

41/159 (26%)

0.83

P value

ARTICLE HIGHLIGHTS
Research background
Older age is one of the most important risk factors for Barrett’s esophagus. Most guidelines set
the cut-off at age 50. On the other hand, the diagnosis of Barrett’s neoplasia in younger patients
is becoming more common in daily clinical practice.

Research motivation
The clinical characteristics of these younger esophageal adenocarcinoma (EAC) and high-grade
dysplasia (HGD) patients are poorly known. If this younger cohort differs significantly with
respect to specific clinical characteristics from the more typical age category of Barrett’s
neoplasia, these features could help to improve screening recommendations.

Research objectives
To identify factors associated with the development of Barrett’s neoplasia occurring in younger
patients.

Research methods
A retrospective analysis of a prospectively maintained database comprised of consecutive
patients with early-stage EAC (pT1) and HGD at a tertiary-referral center between 2001 and 2017
was conducted. Baseline characteristics, drug and risk factor exposures, clinicopathological
staging of EAC/HGD and treatment outcomes [complete eradication of neoplasia (CE-N),
complete eradication of intestinal metaplasia (CE-IM), recurrence of neoplasia and recurrence of
intestinal metaplasia) were retrieved. Multivariate analyses were performed to identify factors
that differed significantly between older and younger (≤ 50 years) patients.

Research results
Four hundred fifty patients with T1 EAC and HGD were enrolled in this study. Forty-five
patients (10%) were ≤ 50 years. Compared to the older group, young patients were more likely to
have ongoing gastroesophageal reflux disease (GERD) symptoms and to be obese. The same
pattern of differences was maintained with an even greater magnitude of effects on multivariate
analysis. However, there were no significant differences regarding tumor histology, CE-N, CE-
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IM, recurrence of neoplasia and recurrence of intestinal metaplasia (mean follow-up, 44.3 mo).

Research conclusions
We identified that patients ≤ 50 years old with early-stage EAC or HGD had greater odds of
having ongoing GERD symptoms and to be obese than older patients. Our results may serve to
improve the selection of younger patients who would most benefit from screening endoscopy.

Research perspectives
Further prospective studies are needed to clarify the risk factors specific to young patients with
Barrett’s-related neoplasia.
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Abstract
BACKGROUND
Pediatric functional gastrointestinal disorders (FGIDs) are common and wellaccepted to be etiologically complex in terms of the contribution of biological,
psychological, and social factors to symptom presentations. Nonetheless, despite
its documented benefits, interdisciplinary treatment, designed to address all of
these factors, for pediatric FGIDs remains rare. The current study hypothesized
that the majority of pediatric patients seen in an interdisciplinary abdominal pain
clinic (APC) would demonstrate clinical resolution of symptoms during the study
period and that specific psychosocial variables would be significantly predictive
of GI symptom improvement.
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AIM
To evaluate outcomes with interdisciplinary treatment in pediatric patients with
pain-related FGIDs and identify patient characteristics that predicted clinical
outcomes.

Open-Access: This article is an

METHODS
Participants were 392 children, ages 8-18 [M = 13.8; standard deviation (SD) =
2.7], seen between August 1, 2013 and June 15, 2016 in an interdisciplinary APC
housed within the Division of Gastroenterology in a medium-sized Midwestern
children’s hospital. To be eligible, patients had to be 8 years of age or older and
have had abdominal pain for ≥ 8 wk at the time of initial evaluation. Medical and
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psychosocial data collected as part of standard of care were retrospectively
reviewed and analyzed in the context of the observational study. Logistic
regression was used to model odds of reporting vs never reporting improvement,
as well as to differentiate rapid from slower improvers.
RESULTS
Nearly 70% of patients followed during the study period achieved resolution on
at least one of the employed outcome indices. Among those who achieved
resolution during follow up, 43% to 49% did so by the first follow up (i.e., within
roughly 2 mo after initial evaluation and initiation of interdisciplinary treatment).
Patient age, sleep, ease of relaxation, and depression all significantly predicted
the likelihood of resolution. More specifically, the odds of clinical resolution were
14% to 16% lower per additional year of patient age (P < 0.001 to P = 0.016). The
odds of resolution were 28% to 42% lower per 1-standard deviation (SD) increase
on a pediatric sleep measure (P = 0.006 to P < 0.040). Additionally, odds of
clinical resolution were 58% lower per 1-SD increase on parent-reported measure
of depression (P = 0.006), and doubled in cases where parents agreed that their
children found it easy to relax (P = 0.045). Furthermore, sleep predicted the
rapidity of clinical resolution; that is, the odds of achieving resolution by the first
follow up visit were 47% to 60% lower per 1-SD increase on the pediatric sleep
measure (P = 0.002).
CONCLUSION
Outcomes for youth with FGIDs may be significantly improved by paying
specific attention to sleep, ensuring adequate skills for relaxation, and screening
of and referral for treatment of comorbid depression.
Key words: Pediatric functional gastrointestinal disorders; Integrated care; Behavioral
health consultation; Treatment outcomes; Abdominal pain clinic
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Naturalistic data collection as part of standard of care in an interdisciplinary
specialty clinic allows for early identification of psychosocial factors that complicate the
course of pediatrics functional gastrointestinal disorders (FGIDs), thereby allowing for
proactive intervention. The current study demonstrates that outcomes for youth with
FGIDs may be significantly improved by paying specific attention to sleep, ensuring
adequate skills for relaxation, and screening of and referral for treatment of comorbid
depression.

Citation: Deacy AD, Friesen CA, Staggs VS, Schurman JV. Evaluation of clinical outcomes in
an interdisciplinary abdominal pain clinic: A retrospective, exploratory review. World J
Gastroenterol 2019; 25(24): 3079-3090
URL: https://www.wjgnet.com/1007-9327/full/v25/i24/3079.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i24.3079

INTRODUCTION
Abdominal pain associated with pediatric functional gastrointestinal disorders
(FGIDs) often interferes with daily activities [1] , increases risk for psychological
comorbidity[2,3], and decreases quality of life[4]. It is well accepted that FGIDs are
multiply-determined; that is, there is no single and specific cause for the conditions.
Instead, a host of biological, psychological and social contributors interact in
complicated and varying ways to produce symptoms[5]. Historically, treatment for
pediatric FGIDs has been conducted in a step-wise fashion, with referral for
psychological work up and intervention occurring after the medical evaluation has
been “negative” and/or medical treatment has been unsuccessful[6]. This approach has
the potential to fragment care, and perhaps worse, follow through on referral for
psychological services is known to be poor[7].
One alternative to this model is the delivery of co-located medical and psy-
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chological care in the context of an interdisciplinary treatment team[8]. While the
benefits of integrated care have been increasingly well documented in the pediatric
health arena[9], interdisciplinary treatment remains the exception, rather than the
standard, in the care of pediatric FGID patients. In this study, we sought to add to the
small, but growing literature on the efficacy of interdisciplinary treatment for
pediatric FGIDs in an outpatient tertiary care setting. We evaluated clinical resolution
as measured by change in pain and its associated interference, as well as healthrelated quality of life. Further, we sought to identify patient characteristics that served
as predictors of clinical resolution. We hypothesized that the majority of pediatric
patients seen in an interdisciplinary abdominal pain clinic (APC) would demonstrate
clinical resolution of symptoms during the study period and that specific psychosocial
variables would be significantly predictive of GI symptom improvement.

MATERIALS AND METHODS
Participants
Participants were 392 children, ages 8-18 (M = 13.8; SD = 2.7), seen for initial
evaluation (IE) between August 1, 2013 and June 15, 2016 in an interdisciplinary APC
(Table 1).

Study design
Data collected as part of the APC standard of care were retrospectively reviewed and
analyzed for the purposes of this investigation, a process approved by the
institutional review board. Fifty-three patients (13.7%) were seen for an IE only. This
group of patients was generally similar to those who returned for clinic follow up
(Table 2). Two statistically significant differences, however, did arise. Patients who
attended at least one follow up visit reported at IE that they were less likely to
sacrifice important life goals or values in the service of managing pain [Activity
Engagement on the Chronic Pain Acceptance Questionnaire-Adolescent, CPAQ-A; t =
2.46 (380), P = 0.014] than those who attended the IE only. Additionally, females,
compared to males, were disproportionately represented among the patients who
attended at least one clinic follow up [χ2 (1) = 5.26, P < 0.022]. All subsequent reported
analyses include only patients who attended at least one follow up visit. The number
of follow up visits ranged from 1-15 [median = 3; interquartile range (IQR) 2-6]. The
median time between the IE and first follow up was 1.7 mo (IQR 1.4-2.2, range 0.522.8); the median time between IE and second follow up was 4.2 mo (IQR 3.2-5.7,
range 1.3-33.1).

Procedure
The APC is an interdisciplinary clinic housed within the Division of Gastroenterology
in a medium-sized Midwestern children’s hospital in the United States. Patients
eligible for care in the APC must be 8 years of age or older and have had abdominal
pain for ≥ 8 wk. The APC is staffed by two pediatric gastro-enterologists, two
advanced practice nurses (APNs), a social worker, two licensed psychologists, one
certified biofeedback clinician, and four full-time nurses. A pediatric
gastroenterologist and a psychologist jointly conduct the IEs, with both professionals
reviewing pre-visit questionnaires and medical history, participating in the
development of a treatment plan, and overseeing the in-person clinic visit. Follow up
appointments are typically staffed by an APN and a psychologist. For a more in-depth
description of the clinic model and typical treatments, see Schurman and Friesen[10].
As part of standard care in the APC, patients and their caregivers complete a
battery of assessment measures. An abbreviated battery is collected at all subsequent
follow ups, which are scheduled naturalistically as dictated by clinical need. For
patients seen during the study period, all clinical information obtained during the IE
and subsequent follow up visits was extracted for analyses.

Measures
Primary outcomes: Outcome variables were chosen based on PedIMMPACT
consensus recommendations[11], and include aspects of the chronic pain itself, as well
as physical, emotional, and role functioning. (1) Pediatric Quality of Life Inventory,
Version 4.0[12] (PedsQL 4.0) is a 23-item measure of health-related quality of life.
Physical, Emotional, Social, and School Functioning domain scores and a Total Score
can be calculated. Standard scores range from 0 (worst) to 100 (best), and a score of 76
has been established as a critical clinical cutoff[13]. We defined self-reported resolution
as a PedsQL Self-Report Total ≥ 76 and parent-reported resolution as a PedsQL
Parent-Report Total score ≥ 76; (2) Global Improvement Score (GRF) is a categorical,
composite rating designed to capture change in pain and functioning since last visit.
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Table 1 Participant characteristics at initial evaluation
Variable

n

Age (yr)
Pain hx (yr)

Percent

Range

Mean

SD

392

8.02-20.52

13.84

2.70

288

0-17

2.44

3.49

Sex
Male

103

26.7

Female

283

73.3

White

342

87.5

Black or Afr Am

32

8.2

Amer Indian or Alaskan Native

3

0.8

Asian Indian

1

0.3

Chinese

2

0.5

Filipino

1

0.3

Japanese

0

0

Korean

1

0.3

Vietnamese

1

0.3

Other Asian

0

0

Native Hawaiian

0

0

Guamanian or Chamorro

0

0

Samoan

0

0

Other Pacific Islander

1

0.3

Other

12

3.1

“Prefer not to answer”

7

1.8

FD

341

88.3

IBS

139

36.0

FAP

14

3.6

GERD

41

10.6

Functional constipation

3

0.8

Functional nausea

0

0

Abdominal migraine

0

0

Eosinophilia

301

78.0

Ethnicity

FD: Functional dyspepsia; IBS: Irritable bowel syndrome; FAP: Functional abdominal pain; GERD:
Gastroesophageal reflux disease.

Patients are assigned a score of 1 to 5, where 1 = Worse, 2 = Same, 3 = Better (but not
meeting criteria for 4 or 5), 4 = Better (symptoms nearly gone or minimal, no
interference), and 5 = Better (symptoms gone, no interference). For the purposes of the
current study, scores of 4 and 5 were taken to indicate clinical resolution.
Predictors of outcome: Predictor variables considered relevant and meaningful[11]
were selected from among those available in our assessment battery. Additionally, we
chose two predictors (i.e., presence of eosinophilia and participation in biofeedbackassisted relaxation training between IE and first follow up) unique to the assessment
and intervention strategy in the APC.
(1) Patient age; (2) The Behavior Assessment System for Children, Version 3[14]
(BASC-3) is a measure of parent- and self-reported adaptive and problem behaviors of
youth. T-scores in emotional, behavioral, and social domains are produced and
identified as in the normal, at-risk, or clinical range; (3) The Sleep Disturbances Scale
for Children[15] (SDSC) is a 27-item inventory designed to categorize sleep problems in
children. The SDSC produces a Total Score and five subscale scores, disorders of
initiating and maintaining sleep, sleep breathing disorders, disorders of arousal,
sleep-wake transition disorders, disorders of excessive somnolence, and sleep
hyperhidrosis; (4) The Illness Behavior Encouragement Scale[16] (IBES) is a 12-item
measure that assesses the various ways that parents respond to their children’s
abdominal pain. Higher scores indicate greater engagement in illness-encouraging
behaviors; subscale scores for attention and privileges and release from
responsibility[17] are calculated; (5) The CPAQ-A[18] is a 20-item measure of adolescents’
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Table 2 Baseline comparison of initial evaluation only vs initial evaluation + follow-up patients
IE only

IE + Follow-Up(s)

P value

Variable

n

Mean

SD

n

Mean

SD

Age at IE

53

14.33

2.77

333

13.77

2.68

0.157

Pain hx (in yr)

52

3.13

3.97

332

2.62

3.30

0.315

Sex

53 (21 M; 32 F)

-

-

333 (82 M; 251 F)

-

-

0.022a

Eosinophilia

53 (40 Y; 13 N)

-

-

333 (261 Y; 72 N)

-

-

0.635

ActEng T-score

53

51.72

11.53

329

55.75

11.02

0.014a

PainWill T-score

53

56.28

11.31

329

56.31

11.68

0.989

RfR

53

6.32

2.85

332

5.73

2.76

0.148

AttnPriv

53

5.72

4.18

332

5.51

3.46

0.689

% school missed (in previous 4 wk)

42

25.34

27.85

245

22.03

27.44

0.472

Anxiety

53

58.70

12.10

330

58.28

13.73

0.834

Depression

53

56.30

11.92

330

56.72

13.68

0.834

Atypicality

53

52.1

10.29

330

49.72

9.61

0.096

Anxiety_A

53

53.94

11.31

327

54.38

12.27

0.810

Depression_A

53

49.53

9.39

327

50.36

10.87

0.597

Atypicality_A

53

47.58

8.08

327

47.74

9.33

0.907

Social Stress

53

48.08

9.95

327

48.20

10.87

0.935

SDSCTot

53

45.15

9.61

332

45.19

11.74

0.983

a

Indicates statistical significance. ActEng T-score: Chronic Pain Acceptance Questionnaire-Adolescent Activity Engagement; PainWill T-score: Chronic Pain
Acceptance Questionnaire-Adolescent Pain Willingess; RfR: Illness Behavior Encouragement Scale Release from Responsibility; AttnPriv: Illness Behavior
Encouragement Scale Attention and Privileges; Anxiety: Behavior Assessment System for Children Parent-Reported Anxiety; Depression: Behavior
Assessment System for Children Parent-Reported Depression; Atypicality: Behavior Assessment System for Children Parent-Reported Atypicality;
Anxiety_A: Behavior Assessment System for Children Self-Reported Anxiety; Depression_A: Behavior Assessment System for Children Self-Reported
Depression; Atypicality_A: Behavior Assessment System for Children Self-Reported Atypicality; Social Stress: Behavior Assessment System for Children
Self-Reported Social Stress; SDSCTot: Sleep Disturbances Scale for Children Total Score; IE: Initial evaluation.

acceptance of pain, with higher scores indicating greater pain acceptance. The
measure produces two subscales, Pain Willingness (i.e., a recognition that attempts to
avoid or control pain are often unproductive) and Activity Engagement (i.e., the
pursuit of valued activities regardless of pain); (6) Upset/Relax. Participants and their
parents responded with True or False to the following: “I (my child) get (gets) upset
too easily” and “It is easy for me (my child) to relax”; (7) School attendance. Patients’
school experience in the 4 wk prior to a follow up visit were coded as: Full-time, on a
modified schedule, or not in school; (8) Biofeedback-assisted relaxation training. We
recorded endorsement of biofeedback training in the 4 weeks prior to patients’ first
follow up visit; (9) Eosinophilia. The presence and location of eosinophilia on
endoscopy and colonoscopy were determined by pathology in conjunction with an
additional read of biopsies by the physician co-director of the APC (CF).

Statistical modeling
Using the LOGISTIC Procedure in SAS 9.4, we modeled odds of achieving, at any
follow up visit, clinical resolution as defined by GRF score of 4 or 5 as a function of
patient age, total years since onset of pain, school status, parent and patient responses
to the Upset/Relax questions, SDSC Total score, CPAQ-A subscale scores, IBES
subscale scores, various BASC Self-and Parent-Reported subscales, biofeedback prior
to first follow up visit, and presence of eosinophilia. We fit two additional logistic
regression models to examine odds of achieving the PedsQL cutoff score at a follow
up visit as functions of these same predictors. In these models, the analysis was
limited to those not already at or above the cutoff score on the PedsQL measure of
interest at IE.
In a series of secondary analyses, we examined predictors of rapid resolution
among those achieving resolution according to GRF and self- and parent-reported
PedsQL criteria. In these, we defined resolution as “rapid” if patients achieved
resolution by the 1st follow up appointment and “slow” if it occurred by the 2nd follow
up or anytime thereafter. Given the reduced sample size for these rapid resolution
models, we retained only predictors with P < 0.10 from the previous corresponding
(Y/N) resolution models in order to limit the number of predictors per case. All
analyses were conducted and reviewed by a biomedical statistician (VS).
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RESULTS
Overall resolution
On the outcome of GRF, 56% of patients reported resolution (i.e., no pain or pain that
was nearly gone to minimal with no associated interference) during follow up.
Twenty-eight percent reported resolution by the first follow up visit, another 13% by
the second follow up visit, and an additional 15% thereafter. Excluding those patients
already at or above the clinical cutoff at their IE, 48% of patients, per parents, achieved
or exceeded the PedsQL clinical cut off Total score during follow up. Twenty-one
percent reported resolution by the first follow up visit, another 15% by the second
follow up visit, and an additional 12% thereafter. On the self-report PedsQL, 40% of
patients achieved or exceeded the clinical cutoff overall; 17% reported resolution by
the first follow up, another 10% by the second follow up, and an additional 13%
thereafter.

Predictors of resolution
Results from the following logistic regression models are summarized in Tables 3-5.
Patient age was a significant predictor of resolution on all outcome variables. The
odds of resolution according to GRF [odds ratio (OR) = 0.81 (0.73, 0.90), P < 0.001] and
reaching the parent-reported PedsQL cutoff [OR = 0.85 (0.74, 0.96), P = 0.014] and selfreported PedsQL cutoff [OR = 0.86 (0.75, 0.97), P = 0.016] were 14% to 19% lower per
additional year of age. Sleep also was a significant predictor of resolution. The odds of
resolution per the GRF [OR = 0.72 (0.53, 0.98), P < 0.040] and reaching the parentreported PedsQL criterion [OR = 0.58 (0.39, 0.85), P = 0.006] were 28% and 42% lower,
respectively, per 1-SD increase in the SDSC Total Score. Parent-reported mental
health/behavioral concerns were, likewise, predictive of patients achieving
resolution. Specifically, the odds of achieving resolution on the self-reported PedsQL
variable were 58% lower per 1-SD increase in parent-reported Depression [OR = 0.42
(0.22, 0.76), P = 0.006]. Additionally, parents who agreed, “It is easy for my child to
relax,” had twice the odds [OR = 2.00 (1.02, 3.96), P = 0.045] of reporting resolution at
follow up according to the parent-reported PedsQL. The odds of achieving resolution
according to GRF also were predicted by patients’ self-reported Pain Willingness [OR
= 0.62 (0.46, 0.82), P = 0.001]; surprisingly, the odds of resolution were 38% lower per
1-SD increase in Pain Willingness on the CPAQ-A. Also unexpected, the odds of
reaching the parent-reported PedsQL criterion [OR = 2.80 (1.26, 6.43), P = 0.013] and
self-reported PedsQL criterion [OR = 2.46 (1.09, 5.75), P = 0.033] were well over twice
as high for those patients whose parents agreed, “My child gets upset too easily”.

Predictors of “Rapid” vs “Slow” resolution
Sleep, again, was determined to be a significant predictor of rapidity of clinical
resolution among those achieving resolution. The odds of achieving resolution
according to GRF [OR = 0.53 (0.35, 0.78), P = 0.002] or reaching the parent-reported
QL cutoff [OR = 0.40 (0.22, 0.69), P = 0.002] by the first visit were 47% to 60% lower
per 1-SD increase in SDSC Total Score.

DISCUSSION
Nearly 70% of patients followed during the study period achieved resolution on at
least one of the employed outcome indices. Among those who achieved resolution
during follow up, 43% to 49% did so by the first follow up (i.e., within roughly 2 mo
after IE and initiation of interdisciplinary treatment). In general, younger patient age,
fewer sleep problems, minimal depression, and reported ease of relaxing at the time
of IE significantly predicted patients’ clinical resolution. Likewise, better sleep
predicted patients’ propensity to improve quickly.
Overall, our results are consistent with previous findings. Depression in children
with pain-related FGIDs is known to be associated with increased severity of
abdominal pain and disability[19-21]. Furthermore, evidence suggests that children with
both chronic abdominal pain and depression are at risk for continuation of their pain
as well as psychiatric disorders in adulthood[22,23]. These findings, taken together with
our own, provide support to the notion that down mood complicates clinical recovery
from GI symptoms and improvement in quality of life in the short-term and, quite
likely, in the long-term. Likewise, sleep has been routinely identified as an important
factor in pain outcomes for children and adolescents. Specific evidence suggests that:
(1) Children and adolescents with pain are likely to experience sleep disturbance; (2)
poor sleep in youth with chronic pain is predictive of more pain as well as of
impairments in functioning, including quality of life; and (3) intervention with sleep
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Table 3 Logistic regression results for clinical resolution and rapid clinical resolution on global improvement score
Resolution (area under the curve; AUC =
0.72)

Rapid (vs slow) resolution (AUC = 0.63)

Variable

Odds ratio (95%CI)

P value

Odds ratio (95%CI)

P value

Age at IE

0.81 (0.73, 0.90)

< 0.001a

0.95 (0.85, 1.06)

0.365

Pain hx (in yr)

1.00 (0.92, 1.08)

0.949

Eosinophilia

0.84 (0.45, 1.58)

0.593

ActEng T-score

1.11 (0.83, 1.48)

0.479

PainWill T-score

0.62 (0.46, 0.82)

0.001a

1.06 (0.74, 1.52)

0.742

RfR

0.85 (0.62, 1.15)

0.288

AttnPriv

1.02 (0.77, 1.37)

0.865

School (not in school vs full-time)

1.72 (0.70, 4.45)

0.183

School (modified schedule vs full-time)

0.81 (0.40, 1.66)

0.243

Anxiety

1.08 (0.76, 1.54)

0.667

Depression

1.25 (0.82, 1.93)

0.301

Atypicality

1.02 (0.72, 1.43)

0.92

Anxiety_A

1.15 (0.76, 1.75)

0.502

Depression_A

0.98 (0.64, 1.49)

0.915

Atypicality_A

1.10 (0.79, 1.56)

0.588

SDSCTot

0.72 (0.53, 0.98)

0.040a

0.53 (0.35, 0.78)

0.002a

Social Stress

0.66 (0.42, 1.02)

0.064

1.23 (0.86, 1.76)

0.267

Relax_Parent

1.46 (0.81, 2.61)

0.206

Upset_Parent

0.91 (0.48, 1.75)

0.782

Relax_Patient

0.99 (0.55, 1.75)

0.961

Upset_Patient

1.22 (0.66, 2.27)

0.528

Biofeedback reported at 1st follow up

1.26 (0.76, 2.09)

0.362

a

Indicates statistical significance. ActEng T-score: Chronic Pain Acceptance Questionnaire-Adolescent Activity Engagement; PainWill T-score: Chronic Pain
Acceptance Questionnaire-Adolescent Pain Willingess; RfR: Illness Behavior Encouragement Scale Release from Responsibility; AttnPriv: Illness Behavior
Encouragement Scale Attention and Privileges; Anxiety: Behavior Assessment System for Children Parent-Reported Anxiety; Depression: Behavior
Assessment System for Children Parent-Reported Depression; Atypicality: Behavior Assessment System for Children Parent-Reported Atypicality;
Anxiety_A: Behavior Assessment System for Children Self-Reported Anxiety; Depression_A: Behavior Assessment System for Children Self-Reported
Depression; Atypicality_A: Behavior Assessment System for Children Self-Reported Atypicality; Social Stress: Behavior Assessment System for Children
Self-Reported Social Stress; SDSCTot: Sleep Disturbances Scale for Children Total Score; Relax_Parent: True/False: ”It is easy for my child to relax”;
Upset_Parent: True/False: ”My child gets upset too easily”; Relax_Patient: True/False: ”It is easy for me to relax”; Upset_Patient: True/False: ”I get upset
too easily”; AUC: Area under the curve; CI: Confidence interval.

improves pain outcomes and vice versa[24]. Our data uniquely extend the current
literature by suggesting that, not only do fewer sleep problems predict clinical
resolution and quality of life overall, they predict patients’ tendency to report
improvement quickly. Recent data also indicate that symptoms of anxiety and
depression mediate these pain-sleep relationships[25]. Third, pediatric patients with
FGIDs often are referred to one of several ancillary services with the most, albeit still
limited, empirical support–cognitive-behavioral therapy hypnotherapy, and
biofeedback[26,27] with the goal of alleviating physical symptoms, via general stress
management and coping skills training. As such, it is reasonable that children who
inherently possess these skills for relaxation and general coping at the outset of
treatment for their FGID are more likely to experience clinical resolution of their
symptoms.
Contrary to our expectation, higher levels Pain Willingness reported at IE did not
predict resolution during the follow up period according to our outcome, GRF.
Similar to passive coping strategies, an exclusive focus on elimination of pain as the
top priority – that is, an (un) “willingness” to experience pain and regular attempts to
avoid or control it – is associated with more depression, anxiety, and functional
disability in children and adolescents with chronic pain[18]. As such, we anticipated
that patients with greater pain willingness at the outset would be more, rather than
less, likely to achieve resolution. McCracken et al. also reported, however, that while
greater acceptance of pain (which includes pain willingness) was associated with less
distress and disability, it was not correlated with lower pain intensity. It is possible
and even expected, then, that because resolution according to GRF required positive
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Table 4 Logistic regression results for parent-reported pediatric quality of life inventory resolution (score ≥ 76) and rapid resolution
Resolution (area under the curve; AUC =
0.78)

Rapid (vs slow) resolution (AUC = 0.69)

Variable

Odds ratio (95%CI)

P value

Odds ratio (95%CI)

P value

Age at IE

0.85 (0.74, 0.96)

0.014a

0.93 (0.80 1.09)

0.372

Pain hx (in yr)

0.95 (0.85, 1.05)

0.327

Eosinophilia

1.32 (0.60, 2.96)

0.492

ActEng T-score

1.10 (0.78, 1.58)

0.579

PainWill T-score

1.12 (0.78, 1.59)

0.535

RfR

0.90 (0.63, 1.3)

0.586

AttnPriv

0.86 (0.60, 1.25)

0.441

School (not in school vs full-time)

1.40 (0.50, 4.01)

0.915

School (modified schedule vs full-time)

1.76 (0.78, 4.04)

0.386

Anxiety

1.00 (0.64, 1.55)

0.991

Depression

0.81 (0.49, 1.34)

0.412

Atypicality

0.92 (0.61, 1.36)

0.662

Anxiety_A

0.87 (0.52, 1.46)

0.602

Depression_A

1.18 (0.71, 1.94)

0.516

Atypicality_A

0.99 (0.67, 1.46)

0.941

SDSCTot

0.58 (0.39, 0.85)

0.006a

0.40 (0.22, 0.69)

0.002 a

Social Stress

0.96 (0.56, 1.64)

0.868

Relax_Parent

2.00 (1.02, 3.96)

0.045a

0.96 (0.40, 2.27)

0.924

Upset_Parent

2.80 (1.26, 6.43)

0.013

a

0.91 (0.38, 2.22)

0.841

Relax_Patient

1.50 (0.74, 3.06)

0.261

Upset_Patient

0.77 (0.35, 1.69)

0.513

Biofeedback reported at 1st follow up

1.44 (0.76, 2.77)

0.267

a

Indicates statistical significance. ActEng T-score: Chronic Pain Acceptance Questionnaire-Adolescent Activity Engagement; PainWill T-score= Acceptance
Questionnaire-Adolescent Pain Willingess; RfR: Illness Behavior Encouragement Scale Release from Responsibility; AttnPriv: Illness Behavior
Encouragement Scale Attention and Privileges; Anxiety: Behavior Assessment System for Children Parent-Reported Anxiety; Depression: Behavior
Assessment System for Children Parent-Reported Depression; Atypicality: Behavior Assessment System for Children Parent-Reported Atypicality;
Anxiety_A: Behavior Assessment System for Children Self-Reported Anxiety; Depression_A: Behavior Assessment System for Children Self-Reported
Depression; Atypicality_A: Behavior Assessment System for Children Self-Reported Atypicality; Social Stress: Behavior Assessment System for Children
Self-Reported Social Stress; SDSCTot: Sleep Disturbances Scale for Children Total Score; Relax_Parent: True/False: ”It is easy for my child to relax”;
Upset_Parent: True/False: ”My child gets upset too easily”; Relax_Patient: True/False: ”It is easy for me to relax”; Upset_Patient: True/False: “I get upset
too easily”; AUC: Area under the curve; CI: Confidence interval.

changes in both pain and disability or functioning, higher pain willingness may not
universally predict improvement on this variable.
What the above data suggest is the unequivocal necessity of medical and
psychosocial screening, along with combined medical and behavioral intervention,
from the outset for pediatric patients with FGIDs. In the APC, we provide broad
psychosocial screening as part of the medical history taking and include focused
intervention during both IE and follow up visits on sleep hygiene and general stress
management. Additionally, we provide targeted behavioral health coaching on topics
such as coping, behavioral activation, parenting, medication adherence, and obtaining
school support, as well as make recommendations for psychological and psychiatric
intervention outside the setting of the APC. This manner of practice is in stark
contrast to the typical step-wise intervention (i.e., medical followed by psychological
assessment and intervention) that characterizes the bulk of gastroenterology practice
at present[6].
The current study possesses a number of strengths. The results presented are the
product of naturalistic data collection as part of standard of care in an interdisciplinary specialty clinic. Collecting data in this way allows for early identification
of patient factors that can complicate the treatment course of pediatric FGIDs, thereby
allowing for proactive intervention. Based on our findings, this is likely to include:
intensive targeting of older children and teens to bolster their clinical outcomes (and
mitigate the impact of their older age on their tendency to less readily experience
clinical resolution), consistent attention paid to sleep quality and quantity during
clinic visits, offering of training in specific relaxation training methods, and repeated

WJG

https://www.wjgnet.com

3086

June 28, 2019

Volume 25

Issue 24

Deacy AD et al. Outcomes in an abdominal pain clinic

Table 5 Logistic regression results for self-reported pediatric quality of life inventory resolution (score ≥ 76) and rapid resolution
Resolution (area under the curve; AUC =
0.80)

Rapid (vs slow) resolution (AUC = 0.65)

Variable

Odds ratio (95%CI)

P value

Odds ratio (95%CI)

P value

Age at IE

0.86 (0.75, 0.97)

0.016a

1.01 (0.87, 1.18)

0.888

Pain hx (in yr)

1.03 (0.92, 1.14)

0.610

Eosinophilia

0.89 (0.37, 2.08)

0.786

ActEng T-score

1.11 (0.76, 1.62)

0.574

PainWill T-score

1.01 (0.70, 1.45)

0.975

RfR

0.88 (0.60, 1.28)

0.514

AttnPriv

0.75 (0.51, 1.10)

0.143

School (not in school vs full-time)

0.83 (0.28, 2.42)

0.663

School (modified schedule vs full-time)

1.12 (0.46, 2.77)

0.672

Anxiety

1.04 (0.65, 1.66)

0.872

Depression

0.42 (0.22, 0.76)

0.006a

0.71 (0.32, 1.49)

0.378

Atypicality

1.42 (0.92, 2.20)

0.113

Anxiety_A

1.15 (0.68, 1.97)

0.597

Depression_A

0.67 (0.36, 1.22)

0.206

Atypicality_A

0.73 (0.48, 1.07)

0.115

SDSCTot

0.78 (0.51, 1.18)

0.246

Social Stress

0.68 (0.38, 1.20)

0.190

Relax_Parent

1.50 (0.74, 3.06)

0.260

Upset_Parent

2.46 (1.09, 5.75)

0.033a

1.31 (0.44, 4.07)

0.632

Relax_Patient

1.21 (0.60, 2.46)

0.590

Upset_Patient

1.94 (0.93, 4.11)

0.080

0.41 (0.15, 1.09)

0.076

Biofeedback reported at 1st follow up

0.82 (0.42, 1.57)

0.543

a

Indicates statistical significance. ActEng T-score: Chronic Pain Acceptance Questionnaire-Adolescent Activity Engagement; PainWill T-score= Acceptance
Questionnaire-Adolescent Pain Willingess; RfR: Illness Behavior Encouragement Scale Release from Responsibility; AttnPriv: Illness Behavior
Encouragement Scale Attention and Privileges; Anxiety: Behavior Assessment System for Children Parent-Reported Anxiety; Depression: Behavior
Assessment System for Children Parent-Reported Depression; Atypicality: Behavior Assessment System for Children Parent-Reported Atypicality;
Anxiety_A: Behavior Assessment System for Children Self-Reported Anxiety; Depression_A: Behavior Assessment System for Children Self-Reported
Depression; Atypicality_A: Behavior Assessment System for Children Self-Reported Atypicality; Social Stress: Behavior Assessment System for Children
Self-Reported Social Stress; SDSCTot: Sleep Disturbances Scale for Children Total Score; Relax_Parent: True/False: “It is easy for my child to relax”;
Upset_Parent: True/False: ”My child gets upset too easily”; Relax_Patient: True/False: ”It is easy for me to relax”; Upset_Patient: True/False: ”I get upset
too easily”; AUC: Area under the curve; CI: Confidence interval.

screening and referral for pediatric and adolescent depression. Second, data collection
at each and every visit allows provider teams to be clinically nimble and adapt to
changes in patients’ presentations more quickly than would be possible without this
information. Finally, repeated data collection at naturalistic time points during
provides ample statistical power for modeling complex clinical questions whose
answers reflect the real-world waxing and waning of symptoms and associated
circumstances, thereby decreasing the chance of missing naturally occurring
symptomatic variability.
These strengths notwithstanding, the study possesses limitations worth mention.
To start, the retrospective, uncontrolled nature of the study design does not allow
casual inferences to be made about the specific impact of our interdisciplinary,
standard of care intervention. Second, given the number of predictors included (and,
thus, hypotheses reported) in our analyses, statistical significance should be
interpreted with caution. We report p-values not as arbiters of clinical importance, but
as aids in identifying effects that are unlikely to be attributable solely to chance.
Finally, and perhaps most important, because data were collected naturalistically and
not at predetermined time points, the interpretation of “missing” data becomes
complicated. In the event that patients do not attend scheduled follow up visits
because they are well, “missing” data may, in fact, signal improvement that is
unreported or undetected. We also employed a strict definition of resolution on the
GRF, requiring that symptoms, even if improved, were causing no impairment in
patients’ functioning. Thus, even if patients identified themselves as better, but
continued to experience even mild impairment in their functioning due to abdominal
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pain (i.e., GRF = 3), our analyses classified these as instances of non-resolution. As
such, we argue that our results are likely to be rather conservative estimates of our
patients’ improvement, though additional data would be needed to confirm this
claim.
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ARTICLE HIGHLIGHTS
Research background
Abdominal pain characteristic of pediatric functional gastrointestinal disorders (FGIDs) is
known to be associated with a high degree of psychosocial comorbidity and to persist into
adulthood without intervention. Likewise, it is well accepted that a host of biological,
psychological, and social factors contribute and interact in complicated and varying ways to
produce the various FGID phenotypes. Historically, treatment for pediatric FGIDs has been
conducted such that, following a “negative” medical evaluation and/or unsuccessful medical
treatment, referrals to mental health providers are made and relevant treatments undertaken.
One alternative to this model is the delivery of co-located medical and psychological care in the
context of an interdisciplinary treatment team. Although the benefits of integrated care are well
documented in pediatrics, interdisciplinary care remains the exception, rather than the standard,
in the care of pediatric FGID patients. The current study aims to address this current gap in the
existing literature.

Research motivation
In an effort to measure and improve upon clinical change in both medical and psychosocial
outcomes in pediatrics FGIDs, we employed naturalistic data collection as part of standard of
care in an interdisciplinary specialty clinic. In so doing, we collected a rich and diverse data set
that allowed us to evaluate patients’ clinical resolution, as well as identify factors that complicate
symptom improvement. This is significant in that it adds to the small, existing literature on the
efficacy of interdisciplinary treatment for pediatric FGIDs in an outpatient tertiary care setting.
Furthermore, identification of psychosocial factors that delay or prevent symptom improvement
sets the stage for early, proactive intervention.

Research objectives
The primary research objectives included: evaluation of outcomes with interdisciplinary
treatment in pediatric patients with pain-related FGIDs, and identification of patient
characteristics that predicted clinical outcomes.

Research methods
Study participants were 392 children, ages 8-18 (M = 13.8; SD = 2.7), seen between August 1, 2013
and June 15, 2016 in an interdisciplinary APC housed within the Gastroenterology Division of a
medium-sized children’s hospital in the United States. To be eligible for the study, patients had
to be 8 years of age or older and have had abdominal pain for ≥ 8 wk at the time of initial
evaluation. Medical and psychosocial data collected naturalistically as part of standard of care
were retrospectively reviewed and analyzed. Logistic regression was used to model odds of
reporting vs. never reporting improvement, as well as to differentiate rapid from slower
improvers. Collecting data in this way allows for early identification of patient factors that can
complicate the treatment course of pediatric FGIDs, thereby allowing for proactive intervention.
Second, data collection at each and every visit allows provider teams to be clinically nimble and
adapt to changes in patients’ presentations more quickly than would be possible without this
information. Finally, repeated data collection at naturalistic time points during provides ample
statistical power for modeling complex clinical questions whose answers reflect the real-world
waxing and waning of symptoms and associated circumstances, thereby decreasing the chance
of missing naturally occurring symptomatic variability.

Research results
Nearly 70% of patients followed during the study period achieved clinical resolution on at least
one of the employed outcome indices. Among those who achieved resolution during follow up,
close to half did so within roughly 2 mo after initial evaluation and initiation of interdisciplinary
treatment. Patient age, sleep, ease of relaxation, and depression all significantly predicted the
likelihood of resolution, with older age, poor sleep, difficulty relaxing, and the presence of
depression predicting worse outcomes. Poor sleep also was found to significantly predict the
rapidity of clinical resolution such that it delayed clinical resolution of symptoms beyond the
first follow up visit. The identification of the relationships between patient age, sleep, ease of
relaxation, and depression and FGID symptom improvement is a critical first step in crafting the
most effective biopsychosocial interventions for this complex set of diagnoses.

Research conclusions
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As anticipated, a great majority of patients treated in the context of an interdisciplinary model of
care for chronic abdominal pain demonstrated improvement. In addition, unique psychosocial
characteristics were able to be identified that uniquely predicted the presence and pace of
positive outcomes. Based on our findings, clinical outcomes among youth with pediatric FGIDs
are likely facilitated by intensive targeting of older children and teens to bolster their clinical
outcomes, consistent attention paid to sleep quality and quantity during clinic visits, offering of
training in specific relaxation training methods, and repeated screening and referral for pediatric
and adolescent depression. Furthermore, these findings highlight the need for continued inquiry
into the benefit and necessity of concurrent medical and psychosocial screening and intervention
as standard of care for all for children affected by FGIDs.

Research perspectives
Use of naturalistically collected data in the context of an observational study provides rich and
unique clinical and research opportunities. Data collected as standard of care in a busy clinic
provides opportunities for individualized, in-the-moment intervention with patients as they
present, as well as the ability of researchers to identify patterns among groups of patients. In the
case of the current study, we were able to identify behavioral factors that, if addressed, have the
potential to increase the likelihood of clinical symptom resolution among youth with FGIDs.
Future investigations would benefit from the use of controlled research designs wherein
researchers compared standard medical care to interdisciplinary care.
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Abstract
BACKGROUND
Endoscopic retrograde cholangiopancreatography (ERCP) in patients with
Billroth II gastrectomy has been considered a challenging procedure due to the
surgically altered gastrointestinal anatomy. However, there has been a paucity of
comparative studies regarding ERCP in Billroth II gastrectomy cases because of
procedure-related morbidity and mortality and practical and ethical limitations.
This systematic and comprehensive review was performed to obtain a recent
perspective on ERCP in Billroth II gastrectomy patients.
AIM
To systematically review the literature regarding ERCP in Billroth II gastrectomy
patients.
METHODS
A systematic review was performed on the literature published between May
1975 and January 2019. The following electronic databases were searched:
PubMed, EMBASE, and Cochrane Library. The outcomes of successful afferent
loop intubation and successful selective cannulation and occurrence of adverse
events were assessed.
RESULTS
A total of 43 studies involving 2669 patients were included. The study designs
were 36 (83.7%) retrospective cohort studies, 4 (9.3%) retrospective comparative
studies, 2 (4.7%) prospective comparative studies, and 1 (2.3%) prospective
cohort study. Of a total of 2669 patients, there were 1432 cases (55.6%) of sideviewing endoscopy, 664 (25.8%) cases of forward-viewing endoscopy, 171 (6.6%)
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cases of balloon-assisted enteroscopy, 169 (6.6%) cases of anterior obliqueviewing endoscopy, 64 (2.5%) cases of dual-lumen endoscopy, 31 (1.2%) cases of
colonoscopy, and 14 (0.5%) cases of multiple bending endoscopy. The overall
success rate of afferent loop intubation was 91.3% (2437/2669), and the overall
success rate of selective cannulation was 87.9% (2346/2437). A total of 195 cases
(7.3%) of adverse events occurred. The success rates of afferent loop intubation
and the selective cannulation rate for each type of endoscopy were as follows:
side-viewing endoscopy 98.2% and 95.3%; forward-viewing endoscopy 97.4%
and 95.2%; balloon-assisted enteroscopy 95.4% and 97.5%; oblique-viewing
endoscopy 94.1% and 97.5%; and dual-lumen endoscopy 82.8% and 100%,
respectively. The rate of bowel perforation was slightly higher in side-viewing
endoscopy (3.6%) and balloon-assisted enteroscopy (4.1%) compared with
forward-viewing endoscopy (1.7%) and anterior oblique-viewing endoscopy
(1.2%). Mortality only occurred in side-viewing endoscopy (n = 9, 0.6%).
CONCLUSION
The performance of ERCP in the Billroth II gastrectomy population has been
improving with choice of various type of endoscope and sphincter management.
More comparative studies are needed to determine the optimal strategy to
perform safe and effective ERCP in Billroth II gastrectomy patients.
Key words: Endoscopic retrograde; Cholangiopancreatography; Therapeutic; Endoscope;
Billroth II operation; Adverse event; Systematic review
©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Endoscopic retrograde cholangiopancreatography (ERCP) in Billroth II
gastrectomy anatomy has been considered a difficult procedure due to the surgical
alteration. To date, there has been a paucity of comparative studies regarding ERCP in
Billroth II gastrectomy patients. In current study, we systematically and comprehensively
reviewed the literatures regarding ERCP in Billroth II gastrectomy cases. The
performance of ERCP in the Billroth II gastrectomy has been improving with choice of
various type of endoscope and sphincter therapy. More comparative studies are required
to perform effective and safe ERCP in Billroth II gastrectomy population.

Citation: Park TY, Song TJ. Recent advances in endoscopic retrograde
cholangiopancreatography in Billroth II gastrectomy patients: A systematic review. World J
Gastroenterol 2019; 25(24): 3091-3107
URL: https://www.wjgnet.com/1007-9327/full/v25/i24/3091.htm
DOI: https://dx.doi.org/10.3748/wjg.v25.i24.3091

INTRODUCTION
Billroth II gastrectomy commonly encounters a challenging surgically altered
anatomy when performing endoscopic retrograde cholangiopancreatography (ERCP).
The difficulties in performing ERCP in patients with Billroth II gastrectomy include
the identification and intubation of the afferent loop, visualization of the papilla,
selective cannulation of the desired biliary or pancreatic duct, and sphincter therapy
due to the reverse direction of the papilla[1,2]. As a result, the safety and failure of
ERCP have always been a major concern in Billroth II gastrectomy patients.
For successful and safe ERCP in Billroth II gastrectomy patients, there have been
many choices for the selection of endoscopy other than conventional side-viewing
endoscopy, such as forward-viewing endoscopy (with or without cap-fitting)[3,4],
balloon-assisted enteroscopy (single-balloon or double-balloon)[5,6], anterior obliqueviewing endoscopy (with or without overtube-assisted)[7,8], dual-lumen endoscopy[9],
and multiple bending endoscopy[10]; choices for sphincter therapy, such as endoscopic
sphinc-terotomy (EST), endoscopic papillary balloon dilation (EPBD), and endoscopic
papillary large balloon dilation (EPLBD)[11-13]; and choices for accessories, such as a
needle knife (NK) and rotatable or dedicated inverted papillotome[14,15].
To date, there has been a paucity of comparative studies regarding ERCP in Billroth
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II gastrectomy cases because of procedure-related morbidity and mortality and
practical and ethical limitations. To obtain a more recent perspective on ERCP in
Billroth II gastrectomy, we systematically and comprehensively reviewed the
literature regarding ERCP in Billroth II gastrectomy patients. In detail, the aims of our
study were: (1) To assess the success rate of afferent loop intubation, the success rate
of selective cannulation, and rate of adverse events in ERCP in Billroth II gastrectomy
patients; (2) To assess these outcomes according to each type of endoscopy; (3) To
assess clinical efficacy according to each type of sphincter management methods.

MATERIALS AND METHODS
Search strategy and study selection
This systematic review was conducted according to the PRISMA guidelines [16] .
Electronic databases, including MEDLINE (PubMed), EMBASE, and Cochrane
Library, were searched for all studies published from May 1975 to January 2019. The
search terms included “Billroth II gastrectomy” or “Billroth II operation,” or
“gastrectomy” and “endoscopic retrograde cholangiopancreatography” or
“endoscopic retrograde” combined with “cholangiopancreatography,” or “ERCP.”
Two investigators (T.Y.P. and T.J.S.) independently performed the search of the
electronic databases and assessed the eligibility of all the studies searched from the
databases according to the predetermined selection criteria. Disagreements between
evaluators were resolved through discussion.
Studies were included in the systematic review if they met all of the following
criteria: (1) Relevant clinical studies of ERCP in patients with prior Billroth II
gastrectomy; (2) Studies that enrolled at least 10 Billroth II gastrectomy patients; (3)
Studies with full text available; (4) Studies with available information on the patient
number, indications for the ERCP, type of endoscopy, type of sphincter therapy,
success rate of afferent loop intubation, success rate of selective cannulation,
occurrence of adverse events including bowel perforation, post-ERCP pancreatitis,
bleeding, cardiopulmonary events and mortality; and (5) Studies written in English.
Studies were excluded from the current review if they met any of the following
criteria: (1) Irrelevancy to ERCP in Billroth II gastrectomy patients; (2) Fewer than ten
patients; (3) Review, abstract only article, commentary, and letter; (4) Non-human
study; and (5) Languages other than English.
Data of the sample size, study design, indications for the procedure, type of
endoscopy (side-viewing endoscopy, forward-viewing endoscopy, double-balloon
enteroscopy, single-balloon enteroscopy, anterior oblique-viewing endoscopy,
overtube-assisted endoscopy, multi-bending endoscopy, or dual-lumen endoscopy),
type of sphincter therapy (EST, EPBD, EPLBD, NK), success rate of afferent loop
intubation, success rate of selective cannulation, occurrence of adverse events
including bowel perforation, post-ERCP pancreatitis, procedure-related bleeding,
cardiopulmonary events, and mortality were extracted from the included studies.
Subgroup analysis of successful afferent loop intubation, successful selective
cannulation, bowel perforation, post-ERCP pancreatitis, bleeding, and mortality
according to the type of endoscopy was performed. And clinical outcomes according
to the type of sphincter therapy was also evaluated. Clinical success was defined as
the achievement of the planned therapeutic goals including bile duct stone clearance,
endobiliary biopsy, biliary stent or nasobiliary catheter insertion. Data extraction was
carried out by two independent reviewers (T.Y.P. and T.J.S.) using a standardized
table. Discrepancies were resolved by discussion.

Statistical analysis
The primary outcome was to assess the efficacy of ERCP in Billroth II gastrectomy
patients by afferent loop intubation and the selective cannulation of the desired duct
as well as the safety according to procedure-related adverse events, such as bowel
perforation, post-ERCP pancreatitis, bleeding, cardiopulmonary events, and
mortality. The secondary outcome was to compare the rate of afferent loop intubation,
selective cannulation, and adverse events according each type of endoscope. The
categorical variables were reported as the frequency with respective proportions
(percentages). The pooled rate of outcome measures was calculated by dividing the
percentage of patients or procedures from the included studies.

RESULTS
Literature search and identification of relevant studies

WJG

https://www.wjgnet.com

3093

June 28, 2019

Volume 25

Issue 24

Park TY et al. ERCP in Billroth II gastrectomy patients

The flow diagram of the study identification, screening, eligibility, and inclusion
process is shown in Figure 1. A total of 344 studies were identified through an
electronic search of 3 databases and manual search of the relevant bibliographies. Of
them, 79 duplicate studies were removed during the initial screening. Then, through a
review of the titles and abstracts, 100 studies irrelevant to ERCP in Billroth II
gastrectomy patients were excluded. After a thorough review of 265 relevant studies,
222 studies were excluded from the systematic review. The reasons for study
exclusion were as follows: Case report (n = 28), languages other than English (n = 26),
fewer than 10 patients (n = 25), review (n = 15), abstract (n = 13), letter (n = 7),
commentary (n = 6), and non-human study (n = 2). The remaining 43 studies were
included in the final analysis.

Characteristics of the studies included in the final review
The characteristics of the 43 studies are listed in Table 1. The published year ranged
from 1984 to 2018. Most of the studies were retrospective single-arm studies, and the
most common indications for ERCP were common bile duct (CBD) stones and
pancreaticobiliary malignancies. There were six studies that included more than 100
Billroth II gastrectomy patients and, among them, three studies[17-19] were published in
recent years. The detailed characteristics of the recently published studies including
more than 100 Billroth II gastrectomy cases are summarized in Table 2.

Results of the systematic review
The results of the current systematic review are shown in Table 3. Of the 43 included
studies, there were 36 (83.7%) retrospective cohort studies, 4 (9.3%) retrospective
comparative studies, 2 (4.7%) prospective comparative studies, and 1 (2.3%)
prospective cohort study. There were 2669 identified patients in total. Conventional
side-viewing endoscopy (n = 1432, 55.6%) and forward-viewing endoscopy with or
without cap-fitting (n = 664, 25.8%) were the most frequently used types of endoscopy
when performing ERCP in Billroth II gastrectomy patients. The other types of
endoscopy that were used were balloon-assisted enteroscopy in 171 cases (6.6%),
anterior oblique-viewing endoscopy in 169 cases (6.6%), dual-lumen endoscopy in 64
cases (2.5%), colonoscopy in 31 (1.2%), and multiple bending endoscopy in 14 cases
(0.5%). The overall success rate of afferent loop intubation was 91.3% (2437/2669), and
the overall success rate of selective cannulation was 87.9% (2346/2437). A total of 195
cases (7.3%) of adverse events occurred. These events were bowel perforations in 74
cases (2.8%), post-ERCP pancreatitis in 65 cases (2.4%), bleeding in 37 cases (1.4%),
mortality in 9 cases (0.3%), cholangitis in 7 cases (0.1%), respiratory insufficiency in 1
case (0.04%), aspiration pneumonia in 1 case (0.04%), and cholecystitis in 1 case
(0.04%). All the mortality cases (n = 9, 0.3%) occurred in procedures using
conventional side-viewing endoscopy.

Subgroup analysis
The subgroup analysis according to the type of endoscopy is summarized in Table 4.
The success rates of afferent loop intubation by each type of endoscopy ranged from
82.8% to 98.2%. The success rates of selective cannulation ranged from 95.2% to 100%.
The occurrence rate of adverse events by each type of endoscopy ranged from 3.6% to
7.9%. The rates of afferent loop intubation, selective cannulation, and adverse events
were similar between side-viewing endoscopy and forward-viewing endoscopy,
which are the most frequently used types of endoscopy in ERCP in patients with
Billroth II gastrectomy. The rates of bowel perforation were slightly higher in sideviewing endoscopy (3.6%) and balloon-assisted enteroscopy (4.1%) compared with
forward-viewing endoscopy (1.7%) and anterior oblique-viewing endoscopy (1.2%).
Mortality only occurred in side-viewing endoscopy (n = 9, 0.6%).
The subgroup analysis by each type of sphincter management summarized in Table
5. The clinical success rates of achievement for the planned therapeutic goals
according to the sphincter management ranged from 85.8% to 93.6%. The overall rate
of adverse events according to the sphincter therapy ranged from 5.8% to 8.5%. The
rate of bowel perforation ranged from 1.3% to 3.5%. The most cases of post-ERCP
pancreatitis occurred in patients who underwent EPBD (6.5%). Most of the bleeding
occurred in whom EST was used (EST, n = 25; EST+EPBD, n = 8; EPBLD, n = 3).

DISCUSSION
The gastric bypass surgery was first introduced in 1879 by Jules Emile Pean and 1880
by Ludwik Rydygier[20]. The gastrectomy with gastrojejunal anastomosis (Billroth II
gastrectomy) is the most modern form of gastric bypass surgery, which was first
performed in 1885 by Theodor Billroth[21]. Now, Billroth II gastrectomy has been
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Figure 1

Figure 1 Flow diagram of the study.1Case report (n = 28), review (n = 15), abstract (n = 13), letter (n = 7), and commentary (n = 6).

widely used to treat gastric malignancy, refractory peptic ulcer disease with pyloric
stenosis, or peptic ulcer perforation [22] . There are several types of Billroth II
anastomosis according to reconstruction following partial gastrectomy such as
antecolic or retrocolic, anisoperistaltic or isoperistaltic with or without Roux-en-Y
anastomosis.
ERCP in Billroth II gastrectomy patients is a challenging procedure. The difficulties
in performing ERCP in Billroth II gastrectomy are selective intubation of the
endoscope into the afferent loop due to the acute angulation of the remnant stomach
and small bowel, identification of papilla behind the mucosal fold, selective
cannulation of the desired pancreaticobiliary duct, and optimal sphincter therapy due
to the inverted position[23]. Particularly, because of procedure-related morbidity and
mortality, there has been a paucity of prospective controlled studies in this
population, and the treatment strategy or instrument decision, including the choice of
endoscope or sphincter therapy, has been determined according to the endoscopists’
preference based on their education and experience.
The choice of endoscopy has always been a matter of controversy, and there is no
consensus on the issues. Experienced endoscopists usually recommend using a
conventional side-viewing endoscope because it has an elevator and a large working
channel. However, a side-viewing endoscope has some limitations when used on
Billroth II gastrectomy patients because of its limited visibility due to presenting a
side view, rigidity and relatively large diameter of the scope. Therefore, in Billroth II
gastrectomy patients, ERCP using a side-viewing endoscope may sometimes be
difficult, and it may be associated with a risk of small bowel or an anastomosis site
perforation, particularly for inexperienced endoscopists. By contrast, insertion of a
forward-viewing endoscope may be relatively easy and safe, and various
interventions can also be performed safely. Consequently, the use of a forwardviewing endoscope with or without cap-fitting has become more frequent and now is
the second most common type of endoscope for ERCP in Billroth II gastrectomy
patients despite its disadvantages, such as absence of an elevator, small working
channel, and difficulty in obtaining an en face view of the papilla (Figures 2 and 3).
Recently, a meta-analysis[24] that focused on the efficacy and safety of forwardviewing endoscopy for ERCP in Billroth II gastrectomy compared with conventional
side-viewing endoscopy was reported. The meta-analysis showed a higher success
rate for afferent loop intubation in forward-viewing endoscopy (with or without capfitting) compared to that for conventional side-viewing endoscopy (90.3% vs 86.8%).
Furthermore, the success rate of selective cannulation in cap-fitting forward-viewing
endoscopy has been reported up to 93.7%. This result suggested that forward-viewing
endoscopy with or without cap-fitting can be a potential alternative type of
endoscopy for ERCP in Billroth II gastrectomy cases, particularly when conventional
side-viewing endoscopy fails and balloon-assisted enteroscopy is unavailable. A
forward-viewing endoscopy with or without cap-fitting could be the initial choice of
endoscopy for an inexperienced endoscopist to minimize the risk of adverse events,
such as bowel perforation. However, the studies included in this meta-analysis were
non-comparative and had a retrospective design, and therefore, the applicability of
their pooled estimate results to general practice might be limited.

WJG

https://www.wjgnet.com

3095

June 28, 2019

Volume 25

Issue 24

Park TY et al. ERCP in Billroth II gastrectomy patients

Table 1 Characteristics of the 43 studies included in the systematic review

Study

Study design No.

Indications
for ERCP

Type of
endoscope

Sphincter
therapy

A-loop
intubation,
No. (%)

Selective
cannulation,
No. (%)

Adverse
events

Forbes and
Retrospective
Cotton[1], 1984 cohort

53

N/A

S

EST

45/53 (84.9)

35/45 (77.8)

Bowel
perforation (n =
1, 1.9%)

Osnes et al[2],
1986

147

N/A

S

EST

134/147 (91.2)

134/134 (100)

Bowel
perforation (n =
1, 0.7%)

Retrospective
cohort

Pancreatitis (n
= 1, 0.7%)
Bleeding (n = 1,
0.7%)
Mortality (n =
2, 1.4%)
Hintze et al[31], Retrospective
1997
cohort

59

CBD stone

S

EST

54/59 (91.5)

54/54 (100)

Papillary
stenosis

Bowel
perforation (n =
1, 1.7%)
Mortality (n =
1, 1.7%)

Tumor stenosis
Juxtapapillary
diverticulum
Kim et al[3],
1997

Prospective
comparative

45

N/A

F (n = 23)

EST±NK

44/45

36/44 (80.0)

(97.8)
S (n = 22)

Lin et al[32],
1999

Retrospective
cohort

56

CBD stone

Bowel
perforation (n =
4, 8.9%)
Pancreatitis (n
= 3, 2.2%)

F

EST

43/56 (76.6)

35/43 (81.3)

Bleeding (n = 3,
5.4%)

Cholangitis (n = S
58)

EST

2

2

Bowel
perforation (n =
11, 5.9%)

CBD dilation
RUQ pain with
cholestasis

Faylona et
al[33], 1999

Retrospective
cohort

110

132/185 (71.4)

122/132 (92.4)

CBD stone (n =
41)

Pancreatitis (n
= 1, 0.5%)

Jaundice (n =
28)
CBD dilation (n
= 19)

Bleeding (n = 3,
1.6%)

Pancreatitis (n
= 9)

Mortality (n =
2, 1.1%)

Others (n = 30)
Bergman et
al[11], 2001

Prospective
comparative

34

CBD stone (n =
34)

S

EST/EPBD

N/A

28/34 (82.4)

Bowel
perforation (n =
1, 2.9%)
Pancreatitis (n
= 1, 2.9%)
Bleeding (n = 3,
8.8%)
Respiratory
insufficiency (n
= 1, 2.9%)

Swarnkar et
al[34], 2005

Retrospective
cohort

41

CBD stone (n =
16)

S

EST

2

42/48 (87.5)

CBD dilation (n
= 9)

2

41/42 (97.6)

Bowel
perforation (n =
1, 2.1%)

Pancreatitis (n
= 4)
Gastric cancer
(n = 3)
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Pancreatic
cancer (n = 2)
Others (n = 7)
Kikuyama et
al[35], 2005

Retrospective
cohort

24

CBD stone (n =
14)

Bleeding (n = 2,
4.2%)
AOE

EST

24/24 (100)

22/24 (91.7)

Pancreaticobilia
ry malignancy
(n = 8)

Pancreatitis (n
= 1, 4.2%)
Bleeding (n = 1,
4.2%)

Others (n = 2)
Ciçek et al[36],
2006

Retrospective
cohort

52

CBD stone (n =
27)

Bowel
perforation (n =
1, 4.2%)

S

EST±NK

45/52 (94.2)

43/45 (95.6)

Bowel
perforation (n =
6, 11.5%)

Jaundice (n =
11)

Bleeding (n = 3,
1.6%)

Pancreaticobiliary
malignancy (n
= 10)

(n = 2, 3.8%)

Bile leakage (n
= 2)
Others (n = 2)
Park et al[37],
2007

Retrospective
cohort

10

CBD stone (n =
9)

1

EST

10/10 (100)

10/10 (100)

None

S

EST

11/11 (100)

11/11 (100)

None

F

CBD stricture
(n = 1)
Dolay and
Retrospective
Soylu[38], 2008 cohort

11

Nakahara et
al[39], 2009

Retrospective
comparative

43

CBD stone (n =
43)

AOE

EST/EPBD±NK 38/43 (88.4)

36/38 (94.7)

None

Koo et al[10],
2009

Retrospective
cohort

14

CBD stone (n =
8)

Multiple
bending
endoscope

EST/EPBD

14/14 (100)

13/14 (92.9)

None

Biliary
pancreatitis (n
= 2)
Pancreaticobiliary
malignancy (n
= 3)
Bile leakage
after
cholecystectom
y (n = 1)
Shimatani et
al[40], 2009

Retrospective
cohort

17

N/A

DBE

EST/EPBD

2

2

None

Kikuyama et
al[41], 2009

Retrospective
cohort

11

CBD stone (n =
8)

AOE with over
tube

EST/EPBD

2

2

None

S (n = 22)

EPBD

30/32 (68.8)

28/30 (93.3)

Bowel
perforation (n =
2, 6.3%)

EST+EPLBD

11/11 (100)

11/11 (100)

None

22/22 (100)
10/15 (66.7)

22/22 (100)
10/10 (100)

Pancreaticobiliary
malignancy (n
= 3)
Chronic
pancreatitis (n
= 1)
Lin et al[42],
2010

Retrospective
cohort

32

Itoi et al[12],
2010

Retrospective
cohort

11

N/A

DBE (n = 8)
CBD stone (n =
11)

F (n = 8)
S (n = 1)
AOE (n = 1)
SBE (n = 1)

[30]

Lee et al
2012

,

Byun et al[43],
2012

WJG

Retrospective
cohort

13

CBD stone (n =
13)

1

EPLBD

13/13 (100)

12/13 (92.3)

Bleeding (n = 1,
7.7%)

Retrospective
cohort

46

CBD stone (n =
37)

F

EST+EPBD

42/46 (91.3)

42/42 (100)

Bowel
perforation (n =
1, 2.2%)
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Pancreaticobiliary
malignancy (n
= 5)

Pancreatitis (n
= 1, 2.2%)

Benign biliary
stricture (n = 4)
Choi et al[44],
2012

Retrospective
comparative

26

Kianicka et
al[45], 2012

Retrospective
cohort

120

CBD stone (n =
26)

S (n = 13)

EST±EPBD

26/26 (100)

26/26 (100)

None

EST

109/120 (90.8)

109/120 (90.8)

Bowel
perforation (n =
1, 0.8%)

F (n = 13)

Cholestasis (n = F
100)
Biliary
pancreatitis (n
= 12)

Pancreatitis (n
= 2, 1.7%)

Acute
cholangitis (n =
6)

Bleeding (n = 2,
1.7%)

Bile leakage (n
= 2)
Osoegawa et
al[27], 2012

2

Retrospective
cohort

15

N/A

DBE

EST/EPBD±NK

18/19 (94.7)

Sen-Yo et al[46], Retrospective
2012
comparative

65

CBD stone (n =
38)

AOE

EST/EPBD±NK 60/65 (92.3)

2

Bowel
perforation (n =
1, 0.5%)

60/60 (100)

Bowel
perforation (n =
1, 1.5%)

16/18 (88.9)

Pancreaticobiliary
malignancy (n
= 17)

Pancreatitis (n
= 3, 4.6%)
Cholangitis (n =
2, 3.0%)

Other
malignancy (n
= 2)
Chronic
pancreatitis (n
= 2)
Bile leakage (n
= 2)
Others (n = 4)
Jang et al[47],
2013

Retrospective
cohort

40

CBD stones (n = S
40)

EPLBD±NK

40/40 (100)

40/40 (100)

Pancreatitis (n
= 2, 5.0%)

Yao et al[9],
2013

Retrospective
cohort

46

CBD stone (n =
38)

Dual-lumen
gastroscope

EST/EPBD

38/46 (82.6)

38/38 (100)

None

CBD stone (n =
49)

F (n = 56)

N/A

61/65 (93.8)

51/61 (83.6)

Bowel
perforation (n =
2, 3.1%)

Pancreaticobiliary
malignancy (n
= 26)

S (n = 2)

Biliary stricture
(n = 3)
Pancreaticobiliary
malignancy (n
= 5)
Kawamura et
al[48], 2013

Retrospective
comparative

65

Pancreatitis (n
= 4, 6.2%)

SBE (n = 3)
Others (n = 4)

Bleeding (n = 1,
1.5%)

Benign biliary
stricture (n = 1)
Kim et al[49],
2014

Retrospective
cohort

30

CBD stone (n =
30)

S

EPLBD±EST

30/30 (100)

30/30 (100)

Pancreatitis (n
= 2, 6.7%)
Bleeding (n = 2,
6.7%)

Iwai et al[50],
2014

Retrospective
comparative

19

N/A

SBE

N/A

18/19 (95)

18/18 (100)

None

Cheng et al[51], Retrospective
2015
cohort

77

CBD stone (n =
77)

DBE

EPLBD/
EPBD±NK

73/77 (95)

67/73 (92)

Bowel
perforation (n =
3, 3.8%)
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Intestinal
mucosal tear (n
= 2, 2.6%)
Jang et al[52],
2015

Retrospective
cohort

36

CBD stone (n =
28)

1

F

EPBD± EST

36/36 (100)

32/36 (88.9)

Benign biliary
stricture (n = 6)

Bowel
perforation (n =
3, 8.3%)
Pancreatitis ((n
= 2, 5.6%)

Pancreaticobiliary
malignancy (n
= 1)
Post-operative
bile leakage (n
= 1)
Ki et al[53],
2015

Retrospective
cohort

72

CBD stone (n =
55)

1

F

EST/EPBD

2

125/126 (99.2)

2

125/125 (100)

Cholangitis (n =
11)

Bowel
perforation (n =
1, 0.7%)
Pancreatitis (n
= 3, 2.2%)

CBD stricture
(n = 7)

Bleeding (n = 8,
5.9%)

Pancreaticobiliary
malignancy (n
= 3)
IHD stone (n =
2)
Nakahara et
al[54], 2015

Retrospective
cohort

25

CBD stone (n =
15)

AOE

EST/EPBD

2

2

Pancreatitis (n
= 1, 3.3%)

S (n = 600)

EST

618/713 (86.7)

580/618 (93.8)

Bowel
perforation (n =
22, 3.1%)

26/30 (86.7)

26/26 (100)

Pancreaticobiliary
malignancy (n
= 7)
Chronic
pancreatitis (n
= 3)
Bove et al[17],
2015

Retrospective
cohort

713

CBD stone (n =
365)

F (n = 18)

Obstructive
jaundice (n =
177)

Pancreatitis (n
= 5, 0.7%)

Acute
cholangitis (n =
61)
Chronic
pancreatitis (n
= 55)

Bleeding (n =
11, 1.5%)

Biliary
pancreatitis (n
= 21)

Mortality (n =
2, 0.3%)

Benign biliary
stricture (n = 9)
Others (n = 5)
Wu et al[18],
2016

Retrospective
cohort

135

CBD
S
stone/cholangit
is

EST+EPBD

120/135 (88.8)

117/135 (86.3)

Benign biliary
stricture

2

Bowel
perforation (n =
1, 0.7%)
Pancreatitis (n
= 9, 4.1%)
Bleeding (n = 2,
0.9%)

Park et al[19],
2016

Retrospective
cohort

165

CBD stone (n =
133)

1

F

EPBD±NK

Benign biliary
stricture (n =
21)
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151/165

144/151

Bowel
perforation (n =
3, 1.8%)

(91.5)

(95.4)

Pancreatitis (n
= 13, 7.9%)
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Pancreaticobiliary
malignancy (n
= 11)
Wang et al[28],
2016

Retrospective
cohort

18

CBD stone (n =
15)

Hyperamylase
mia (n = 22,
13.3%)
Dual-lumen
gastroscope

EST/EPBD

15/18 (83.3)

15/15 (100)

Pancreaticobiliary
malignancy (n
= 3)
Wang et al[29],
2016

Retrospective
cohort

52

CBD stone (n =
38)

Bleeding (n = 1,
5.6%)

C (n = 31)

EST/EPBD±NK 50/52 (96.2)

50/52 (96.2)

Biliary stricture F (n = 13)
(n = 9)
Pancreaticobiliary
malignancy (n
= 5)
Shimatani et
al[25], 2016

Prospective
cohort

26

S (n = 11)

Cholangitis (n = DBE
13)

Retrospective
cohort

11

Pancreatitis (n
= 2, 3.8%)
Hyperamylase
mia (n = 2,
3.8%)

EST

25/26 (96.2)

25/25 (100)

Bowel
perforation (n =
2, 7.7%)

Hepatobiliary
disorder (n = 4)

Pancreatitis (n
= 5, 19.2%)

Obstructive
jaundice (n = 4)

Cholangitis (n =
1, 3.8%)

CBD stone (n =
2)

Aspiration
pneumonia (n =
1, 3.8%)

Others (n = 3)
Shimatani et
al[55], 2017

Pancreatitis (n
= 2, 11.1%)

CBD stone (n =
7)

DBE

EST

11/11 (100)

11/11 (100)

None

SBE

N/A

20/20 (100)

19/20 (95)

Bowel
perforation (n =
2, 1.0%)

Obstructive
jaundice (n = 2)
Others (n = 2)
[26]

Yane et al
2017

,

Retrospective
cohort

20

CBD stone

Bile duct
stricture

Pancreatitis (n
= 3, 1.5%)

Aanstomosis
site stricture

Cholangitis (n =
4, 2.0%)
Cholecystitis (n
= 1, 0.5%)

Li et al[56], 2017 Retrospective
cohort

49

CBD stone (n =
49)

S

EPBD

Han et al[57],
2018

15

CBD stone (n =
15)

1

EST/EPBD±NK 15/15 (100)

Retrospective
cohort

F

N/A

42/49 (85.7)

Pancreatitis (n
= 3, 6.1%)

15/15 (100)

Pancreatitis (n
= 1, 6.7%)

1

Cap-fitted forward-viewing endoscope;
The data are per procedure, not per patient. A-loop: Afferent loop; ERCP: Endoscopic retrograde cholangiopancreatography; N/A: Not available; RUQ:
Right upper quadrant; EST: Endoscopic sphincterotomy; NK: Needle knife; EPBD: Endoscopic papillary balloon dilation; EPLBD: Endoscopic papillary
large balloon dilation; CBD: Common bile duct; IHD: Intrahepatic duct; F: Forward-viewing endoscope; S: Side-viewing endoscope; C: Colonoscope; SBE:
Single-balloon enteroscope; DBE: Double-balloon enteroscope; AOE: Anterior oblique-viewing endoscope.
2

As an introduction to balloon-assisted endoscopy, the double-balloon enteroscope
or single-balloon enteroscope have been increasingly used to perform ERCP in
surgically altered anatomy, including Billroth II gastrectomy[5,6]. The success rates of
ERCP in Billroth II gastrectomy cases by balloon-assisted enteroscopy have been
reported from 95.0% to 100%, and seem to be comparable with those of conventional
side-viewing endoscopy or forward-viewing endoscopy [25,26] . Balloon-assisted
enteroscope has significant benefit to overcome the sharp curve of the anastomosis
site and advance much deeper into the small intestine than conventional side-viewing
endoscope or forward-viewing endoscope[5,27]. However, ERCP by balloon-assisted
enteroscopy is technically demanding and requires expertise and specialized
equipments. Balloon-assisted enteroscope is also forward-viewing instrument, which
has disadvantages of difficulty in obtaining an en face view of the papilla. Therefore, a
head to head comparison of outcomes between different types of endoscopy with a
randomized controlled trial (RCT) is needed in the future.
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Table 2 Detailed characteristics of the most recently published studies with more than 100 patients
Bove et al[17], 2015

Wu et al[18], 2016

Park et al[19], 2016

(n = 713)

(n = 135)

(n = 165)

Study design

Retrospective cohort in single center

Retrospective cohort in single center

Retrospective cohort in 5 centers

Male gender, n (%)

567 (79.5)

N/A

116 (70.3)

Age (yr), n (%) or mean ± SD

> 60 yr, 565 (79.2)

N/A

71.1 ± 10.0

Type of endoscope

Side-viewing or forward-viewing

Side-viewing

Cap-fitting forward- viewing

Type of sphincter therapy

EST

EST

EPBD±NK

Success of afferent loop intubation, n (%) 618/713 (86.7)

120/135 (88.8)

151/165 (91.5)

Success of selective cannulation, n (%)

580/618 (93.8)

117/120 (97.5)

144/151 (95.4)

Bowel perforation, n (%)

22/713 (3.1)

1/135 (0.7)

3/165 (1.8)

Post-ERCP pancreatitis, n (%)

5/713 (0.7)

N/A

13/165 (7.9)

Bleeding, n (%)

11/713 (1.5)

N/A

-

Mortality, n (%)

2/713 (0.3)

-

-

ERCP: Endoscopic retrograde cholangiopancreatography; SD: Standard deviation; EST: Endoscopic sphincterotomy; NK: Needle knife; EPBD: Endoscopic
papillary balloon dilation; N/A: Not available.

Recently, the advent of new types of endoscopes, such as a dual lumen or multiple
bending endoscope, has allowed successful afferent loop intubation and selective
cannulation[10,28]. The use of dual lumen endoscope has potential advantage that the
cooperation of two instruments through different channels can facilitate papillary
cannulation in cases with difficult anatomy such as periampullary diverticulum and
surgical altered anatomy. Unfortunately, the success rate of these procedures is not
significantly higher than that of conventional side-viewing endoscopy, easily
available forward-viewing endoscopy or standard colonoscopy (dual lumen
endoscope, 82.8%; multiple bending endoscope, 92.9% vs conventional side-viewing
endoscopy, 93.8%-97.5%; forward-viewing endoscopy, 95.4%; standard colonoscopy,
96.2%)[9,10,17-19,28,29]. Until now, there has been no large-scale retrospective cohort study
or prospective comparative study. Therefore, the new types of endoscopes are
practically and economically limited for widespread use.
Another issue, the choice of sphincter therapy, has also been a matter of debate
regarding ERCP with Billroth II gastrectomy patients. Traditionally, the performance
of sphincterotomy in Billroth II cases is difficult due to its revere position of the biliary
and pancreatic duct. The difficulty of sphincterotomy in optimal direction is
associated with the risk of bowel perforation or bleeding. So, there have been
continued considerable efforts to perform effective and safe sphincter therapy.
Dedicated sphincterotomes for Billroth II anatomy such as inverted sphincterotome or
S-shaped sphincterotome have been developed and widely used. Recently, the use of
EPBD for sphincter management in Billroth II patients has been on the increase. EPBD
is particularly useful in ERCP with a forward-viewing endoscope since
sphincterotomy may be difficult with this scope which does not have an elevator.
Furthermore, in cases with large CBD stones, application of EPLBD can help to
efficiently remove these stones in Billroth II gastrectomy cases[12,30]. Therefore, the
increasing use of balloon dilator has been the general trend in sphincter therapy in
recent years.
This study has potential limitations that should be discussed. First, in this study, it
is not sufficiently and clearly described a recent trend toward a better outcome with
novel technologies in ERCP in Billroth II gastrectomy patients. Because most of
studies regarding novel technologies were case report, case series, and animal study,
they were excluded from current systematic review. This point is major limitation of
current study. Second, the studies included in the current systematic review were
retrospective, observatory publications from more than 30 years with heterogenous
indications for ERCP. The performance bias of ERCP according to the endoscopist’s
experience and technique and operative consideration, including the duration and
type of Billroth II operation (antecolic or retrocolic, anisoperitacltic or isoperistaltic),
were not described. The older studies can lead to bias because there are the difference
of the technological advance such as endoscopic instruments and skill, overall
knowledge and experience of endoscopists in performing ERCP of Billroth II
gastrectomy patients between the past and the present.
In summary, conventional side-viewing endoscopy remains the most commonly
used type of endoscopy for ERCP in Billroth II gastrectomy cases. Forward-viewing
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Table 3 Results of the systematic review
No. (%)
Study design, n (%)
Retrospective cohort

36/43 (83.7)

Retrospective comparative

4/43 (9.3)

Prospective comparative

2/43 (4.7)

Prospective cohort

1/43 (2.3)

Total number of identified patients

2669

1

Type of endoscope, n (%)
Side-viewing endoscope

1432/2575 (55.6)

Forward-viewing endoscope

664/2575 (25.8)

Balloon-assisted enteroscope

197/2575 (7.7)

Anterior oblique-viewing endoscope

169/2575 (6.6)

Dual-lumen endoscope

64/2575 (2.5)

Colonoscope

31/2575 (1.2)

Multiple bending endoscope

14/2575 (0.5)

Others

4/2575 (0.2)

Overall success of afferent loop intubation, n (%)

2437/2669 (91.3)

Overall success of selective cannulation, n (%)

2346/2437 (87.9)

Overall adverse events, n (%)

195 (7.3)

Bowel perforation

74 (2.8)

Post-ERCP pancreatitis

65 (2.4)

Bleeding

37 (1.4)

Mortality

9 (0.3)

2

Others

10 (0.4)

1

Total number can be changed due to unavailable or incomplete specific data;
Cholangitis (n = 7), respiratory insufficiency (n = 1), aspiration pneumonia (n =1), and cholecystitis (n = 1).
ERCP: Endoscopic retrograde cholangiopancreatography.
2

endoscopy has been increasingly used to perform ERCP in Billroth II gastrectomy
cases because of its advantages, including easy availability and good visual field, as
well as the additional advantage of the transparent cap being fitted to the distal end of
the endoscope. In recent years, new types of endoscopy, including balloon-assisted
enteroscopy, anterior oblique-viewing endoscopy, dual-lumen endoscopy, and
multiple bending endoscopy, have been introduced and performed with ERCP safely
and effectively. There have also been various types of sphincter therapy applied,
including EST, EPBD, and EPLBD, with or without precutting by NK, and the use of
diverse types of accessories. As considerable efforts of worldwide investigators have
been applied for safe and effective ERCP in this population, the success rate of the
procedure and occurrence of adverse events have been improving. In addition, a RCT
is required to evaluate the optimal type of endoscopy and sphincter therapy for ERCP
in Billroth II gastrectomy patients in the future.
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Table 4 Subgroup analysis according to the type of endoscope
Side-viewing
endoscope

Forward-viewing
endoscope

Balloon-assisted
enteroscope

Oblique-viewing
endoscope

Dual-lumen
endoscope

(n = 1432)

(n = 664)

(n = 197)

(n = 169)

(n = 64)

1406 (98.2)

647 (97.4)

188 (95.4)

159 (94.1)

53(82.8)

Selective cannulation, n 1340 (95.3)
(%)

616 (95.2)

179 (97.5)

155 (97.5)

53 (100)

Adverse events, n (%)

113 (7.9)

47 (7.1)

14 (7.1)

6 (3.6)

3 (4.7)

Bowel perforation, n
(%)

51 (3.6)

11 (1.7)

8 (4.1)

2 (1.2)

2 (3.1)

Post-ERCP
pancreatitis, n (%)

26 (1.8)

27 (4.1)

6 (3.0)

3 (1.8)

1 (1.6)

Bleeding, n (%)

27(1.9)

9 (1.4)

-

1 (0.6)

-

Mortality, n (%)

9 (0.6)

-

-

-

-

Afferent loop
intubation, n (%)

ERCP: Endoscopic retrograde cholangiopancreatography.

Table 5 Subgroup analysis according to the sphincter management methods
EST

EST+EPBD

EPBD

EPLBD

(n = 1478)

(n = 598)

(n = 246)

(n = 171)

1

1268 (85.8)

546 (91.3)

214 (87.0)

160 (93.6)

Adverse events, n (%)

103 (7.0)

38 (6.4)

21 (8.5)

10 (5.8)

Bowel perforation, n (%)

51 (3.5)

8 (1.3)

5 (2.0)

3 (1.8)

Post-ERCP pancreatitis, n (%)

18 (1.2)

22 (3.7)

16 (6.5)

4 (2.3)

Bleeding, n (%)

25 (1.7)

8 (1.3)

-

3 (1.8)

Mortality, n (%)

9 (0.6)

-

-

Clinical success, n (%)

1

Clinical success was defined as the achievement of the planned therapeutic goals including bile duct stone clearance, endobiliary biopsy, biliary stent or
nasobiliary catheter insertion. The number of patients is much decreased because three studies, unavailable sphincter management information, were
excluded from the subgroup analysis. ERCP: Endoscopic retrograde cholangiopancreatography; EST: Endoscopic sphincterotomy; EPBD: Endoscopic
papillary balloon dilation; EPLBD: Endoscopic papillary large balloon dilation.

Figure 2

Figure 2 Side-viewing endoscopy. A: Naïve papilla; En face view can be obtained with ease. The direction of bile duct is reversed (arrow); B: Selective cannulation
can be achieved with assistance of elevator; C: Sphincter management with papillary balloon dilation; endoscopic view; D: Sphincter management with papillary
balloon dilation; fluoroscopic view; E: Common bile duct stone was removed by basket.
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Figure 3

Figure 3 Cap-fitting forward-viewing endoscopy. A: Naïve papilla; It is difficult to obtain en face view. The direction of bile duct is reversed (arrow); B: Gastroscope
of 7 o’clock position working channel; Sphincter management with inverted sphincterotome; C: Pediatric colonoscope of 5 o’clock position working channel; D:
Endobiliary biopsy was performed in distal common bile duct stricture; E: Bilateral uncovered metal stents were inserted in the malignant hilar stricture.

ARTICLE HIGHLIGHTS
Research background
Endoscopic retrograde cholangiopancreatography (ERCP) in patients who have a Billroth II
gastrectomy has been considered a difficult procedure due to the surgically altered anatomy. The
difficulties of ERCP in patients with Billroth II gastrectomy include the intubation of the afferent
loop, visualization of the papilla, selective cannulation of the bile duct, and optimal sphincter
management due to the reverse direction of the papilla. To perform safe and effective ERCP in
Billroth II gastrectomy cases, considerable efforts have been put in several ways including the
choice of endoscope and sphincter management. However, there has been a paucity of
comparative studies on the efficacy and safety regarding ERCP in Billroth II gastrectomy.

Research motivation
At present, comparative studies on the efficacy and safety of ERCP in Billroth II gastrectomy
cases are lacking because of practical and ethical limitations due to procedure-related morbidity
and mortality. This systematic and comprehensive review was performed to obtain a recent
perspective on ERCP in Billroth II gastrectomy patients.

Research objectives
The main objective of the study was to assess the efficacy and safety of ERCP in Billroth II
gastrectomy patients. In detail, the assessment of success rate of afferent loop intubation and
selective cannulation, and rate of adverse events including bowel perforation, post-ERCP
pancreatitis, bleeding, cardiopulmonary events, and mortality was performed. In addition, the
assessment of these outcomes according to each type of endoscopy and sphincter management
methods was performed.

Research methods
A systematic review was performed on the literatures that evaluated the outcomes of ERCP in
Billroth II gastrectomy patients. Electronic databases were searched, including PubMed,
EMBASE, and Cochrane Library. The outcomes of afferent loop intubation and selective
cannulation, and occurrence of adverse events were assessed.

Research results
A total of 43 studies involving 2669 patients were included. The overall success rate of afferent
loop intubation was 91.3% (2437/2669), and the overall success rate of selective cannulation was
87.9% (2346/2437). A total of 195 cases (7.3%) of adverse events occurred. Bowel perforations
occurred in 74 cases (2.8%), post-ERCP pancreatitis in 65 cases (2.4%), bleeding in 37 cases (1.4%),
mortality in 9 cases (0.3%).

Research conclusions
This systematic review showed that the performance of ERCP in the Billroth II gastrectomy
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patients has been improving with choice of endoscope and sphincter management. To determine
the optimal method to perform safe and effective ERCP in Billroth II gastrectomy patients, more
comparative studies are needed in the future.

Research perspectives
The success of ERCP in Billroth II gastrectomy has been improving with technical advance.
Future research is needed to explore the optimal approach in performance of ERCP in Billroth II
gastrectomy cases.
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