
World Journal of 
Gastroenterology
World J Gastroenterol  2018 May 28; 24(20): 2137-2210

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

Published by Baishideng Publishing Group Inc



S

REVIEW
2137	 Immune therapies in pancreatic ductal adenocarcinoma: Where are we now? 

Hilmi M, Bartholin L, Neuzillet C

MINIREVIEWS
2152	 Liver transplantation and multivisceral transplantation in the management of patients with advanced 

neuroendocrine tumours

Clift AK, Frilling A

2163	 Characteristics and predictors of gastric cancer after Helicobacter pylori  eradication

Shichijo S, Hirata Y

ORIGINAL ARTICLE
Basic Study

2173	 Effects of hepatitis E virus infection on interferon production via  ISG15

Wang M, Huang Y, He M, Peng WJ, Tian DY

Retrospective Study

2181	 Indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 expression prediction for adverse prognosis in colorectal 

cancer

Ma WJ, Wang X, Yan WT, Zhou ZG, Pan ZZ, Chen G, Zhang RX

Clinical Trials Study

2191	 Regulatory polymorphism of CXCL10 rs1439490 in seronegative occult hepatitis C virus infection

Wang X, Wang S, Liu ZH, Qi WQ, Zhang Q, Zhang YG, Sun DR, Xu Y, Wang HG, Li ZX, Cong XL, Zhao P, Zhou CY, 

Wang JB

META-ANALYSIS
2203	 Donor-to-recipient gender match in liver transplantation: A systematic review and meta-analysis

Lai Q, Giovanardi F, Melandro F, Larghi Laureiro Z, Merli M, Lattanzi B, Hassan R, Rossi M, Mennini G

Contents Weekly  Volume 24  Number 20  May 28, 2018

� May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com



NAME OF JOURNAL 
World Journal of  Gastroenterology

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

LAUNCH DATE
October 1, 1995

FREQUENCY
Weekly

EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Profes-
sor, Surgeon, Department of  Surgery, Universidad 
Autonoma de Madrid; Department of  General Sur-
gery, Fundacion Jimenez Diaz University Hospital, 
Madrid 28040, Spain

Stephen C Strom, PhD, Professor, Department of  
Laboratory Medicine, Division of  Pathology, Karo-
linska Institutet, Stockholm 141-86, Sweden

Andrzej S Tarnawski, MD, PhD, DSc (Med), 
Professor of  Medicine, Chief Gastroenterology, VA 
Long Beach Health Care System, University of  Cali-
fornia, Irvine, CA, 5901 E. Seventh Str., Long Beach, 

CA 90822, United States

EDITORIAL BOARD MEMBERS
All editorial board members resources online at http://
www.wjgnet.com/1007-9327/editorialboard.htm

EDITORIAL OFFICE
Ze-Mao Gong, Director
World Journal of  Gastroenterology
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

PUBLISHER
Baishideng Publishing Group Inc
7901 Stoneridge Drive, Suite 501, 
Pleasanton, CA 94588, USA
Telephone: +1-925-2238242
Fax: +1-925-2238243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.f6publishing.com/helpdesk
http://www.wjgnet.com

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Xue-Jiao Wang
Responsible Electronic Editor: Chen Wang	       Proofing Editorial Office Director: Ze-Mao Gong
Proofing Editor-in-Chief: Lian-Sheng Ma

PUBLICATION DATE
May 28, 2018

COPYRIGHT
© 2018 Baishideng Publishing Group Inc. Articles pub-
lished by this Open-Access journal are distributed under 
the terms of  the Creative Commons Attribution Non-
commercial License, which permits use, distribution, 
and reproduction in any medium, provided the original 
work is properly cited, the use is non commercial and is 
otherwise in compliance with the license.

SPECIAL STATEMENT
All articles published in journals owned by the Baishideng 
Publishing Group (BPG) represent the views and opin-
ions of  their authors, and not the views, opinions or 
policies of  the BPG, except where otherwise explicitly 
indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/bpg/gerinfo/204

ONLINE SUBMISSION
http://www.f6publishing.com

World Journal of Gastroenterology
Volume 24  Number 20  May 28, 2018

Editorial board member of World Journal of Gastroenterology , Kentaro 
Yoshioka, MD, PhD, Professor, Department of Liver, Biliary Tract and Pancreas 
Diseases, Fujita Health University, Toyoake 470-1192, Japan

World Journal of  Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online 
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was estab-
lished on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month. 
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 endos-
copy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastroin-
testinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional ther-
apy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal 
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterol-
ogy, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biol-
ogy, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, 
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal 
therapeutics. WJG is dedicated to become an influential and prestigious journal in gas-
troenterology and hepatology, to promote the development of  above disciplines, and to 
improve the diagnostic and therapeutic skill and expertise of  clinicians.

World Journal of  Gastroenterology (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 and Directory of  Open Access Journals. The 
2017 edition of  Journal Citation Reports® cites the 2016 impact factor for WJG as 3.365 (5-year 
impact factor: 3.176), ranking WJG as 29th among 79 journals in gastroenterology and hepatol-
ogy (quartile in category Q2). 

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

II May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com



Immune therapies in pancreatic ductal adenocarcinoma: 
Where are we now?

Marc Hilmi, Laurent Bartholin, Cindy Neuzillet

Marc Hilmi, Cindy Neuzillet, Service d’Oncologie Médicale, 
Hôpital Henri Mondor, Assistance Publique-Hôpitaux de Paris, 
Université Paris Est Créteil, Créteil 94010, France

Laurent Bartholin, Université de Lyon, Université Claude 
Bernard Lyon 1, Inserm U1052, CNRS 5286, Centre Léon 
Bérard, Centre de Recherche en Cancérologie de Lyon, Lyon  
69008, France

ORCID number: Marc Hilmi (0000-0003-4762-6740); Laurent 
Bartholin (0000-0002-5637-3223); Cindy Neuzillet (0000-0001 
-7037-7477).

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

Conflict-of-interest statement: Neuzillet C reports non-
financial support from OSE Immunotherapeutics; Hilmi M and 
Bartholin L have no potential conflicts of interest relevant to this 
article were reported.

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

Manuscript source: Invited manuscript

Correspondence to: Cindy Neuzillet, MD, MSc, Service d’
Oncologie Médicale, Hôpital Henri Mondor, Assistance Publique-
Hôpitaux de Paris, Université Paris Est Créteil, 51 Avenue du 
Maréchal de Lattre de Tassigny, Créteil 94010, 
France. cindy.neuzillet@gmail.com 
Telephone: +33-682-550492

Received: March 28, 2018
Peer-review started: March 29, 2018
First decision: April 27, 2018

Revised: May 5, 2018
Accepted: May 18, 2018
Article in press: May 18, 2018
Published online: May 28, 2018

Abstract
Pancreatic ductal adenocarcinoma (PDAC) is one of the 
deadliest cancers, mostly due to its resistance to treatment. 
Of these, checkpoint inhibitors (CPI) are inefficient when 
used as monotherapy, except in the case of a rare subset 
of tumors harboring microsatellite instability (< 2%). This 
inefficacy mainly resides in the low immunogenicity and 
non-inflamed phenotype of PDAC. The abundant stroma 
generates a hypoxic microenvironment and drives the 
recruitment of immunosuppressive cells through cancer-
associated-fibroblast activation and transforming growth 
factor β secretion. Several strategies have recently 
been developed to overcome this immunosuppressive 
microenvironment. Combination therapies involving CPI 
aim at increasing tumor immunogenicity and promoting 
the recruitment and activation of effector T cells. Ongoing 
studies are therefore exploring the association of CPI 
with vaccines, oncolytic viruses, MEK inhibitors, cytokine 
inhibitors, and hypoxia- and stroma-targeting agents. 
Adoptive T-cell transfer is also under investigation. 
Moreover, translational studies on tumor tissue and blood, 
prior to and during treatment may lead to the identification 
of biomarkers with predictive value for both clinical 
outcome and response to immunotherapy.

Key words: Drug therapy combination; Immunology; 
Hypoxia; Checkpoint inhibitor; Inflammation; Pancreatic 
cancer; Tumor-infiltrating lymphocyte; transforming 
growth factor β; Tumor microenvironment

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.
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therapies remain inefficient when used as single agents 
in pancreatic ductal adenocarcinoma (PDAC). Here, 
we present an overview of the biological mechanisms 
underlying these failures and the lessons learned, 
giving a rationale for innovative combination therapies. 
In particular, the latest ongoing studies are attempting 
to overcome the immunosuppressive microenvironment, 
the basis of resistance to CPI in PDAC.

Hilmi M, Bartholin L, Neuzillet C. Immune therapies in 
pancreatic ductal adenocarcinoma: Where are we now? World J 
Gastroenterol 2018; 24(20): 2137-2151  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i20/2137.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i20.2137

INTRODUCTION 

Immunotherapy has paved the way for new therapeutic 
opportunities in cancer. Cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) and programmed cell 
death-1 (PD-1) are receptors expressed on the surface 
of T-cells that regulate the duration and the amplitude of 
immune responses in physiological conditions[1]. CTLA-4 
is involved in the priming phase (lymph node) while PD-1 
and its ligand PDL-1 are implicated in the effector phase 
(tumor) (Figure 1). The hijacking of these immunological 
"checkpoints" by cancer cells is a major mechanism of 
immune evasion, a better understanding of which led to 
the clinical development of anti–CTLA-4 and anti–PD-1/
PD-L1 mAb with striking efficacy in several malignancies, 
including chemoresistant tumors. For example, objective 
responses associated with prolonged survival were 
observed in 30%-45% of melanomas[2], 15%-20% of 
lung cancers[3,4], 13% of pre-treated head and neck 
carcinomas[5], 22%-25% of pre-treated kidney cancers[6], 
and more than 60% of Hodgkin lymphomas[7] following 
anti–PD-1/PD-L1 monotherapies, leading to their clinical 
approval in these indications. However, immunotherapy 
failed to improve the outcome of patients in some tumor 
types[8], notably pancreatic ductal adenocarcinoma 
(PDAC). 

Recent epidemiological projections have predicted 
that PDAC will become the second leading cause 
of cancer-associated death in the USA and Europe 
by 2030[9]. PDAC is the gastrointestinal tumor with 
the poorest prognosis, with 80% of patients having 
advanced disease at diagnosis and a 5-year survival rate 
that does not exceed 7%[10]. PDAC is characterized by 
its resistance to conventional therapies (chemotherapy, 
targeted therapy and radiotherapy)[11]; thus innovative 
therapeutic options are crucially needed. Despite hopes 
raised by the results of immune therapies in other 
cancers, these strategies have so far been disappointing 
in PDAC. Nonetheless, an improved understanding 
of the biology of its microenvironment has recently 
provided a rationale for innovative therapeutic co
mbinations to unlock PDAC resistance to immune 

therapy. 
The objectives of this review are (1) to present 

an overview of the immune therapies that have so 
far been tested in PDAC, (2) to describe the main me
chanisms involved in resistance to these therapies, and 
(3) to introduce the current strategies to overcome 
this resistance. 

FAILURE OF IMMUNE MONOTHERAPIES 
IN PDAC 
Patients with PDAC were treated with anti–PD-1/PD-L1 
(pembrolizumab, atezolizumab) and anti–CTLA-4 (ipi
limumab) monotherapies in three phase Ⅰ[12–14] and one 
phase Ⅱ trials[14], respectively. Overall, these studies 
showed no activity of checkpoint inhibitor (CPI) mono
therapies in unselected patients with advanced, pre-
treated, progressive PDAC (Table 1). 

Nevertheless, PD-1 blockade appears to be efficient 
in a subset of patients with PDAC harboring a mismatch 
repair (MMR) deficiency. The MMR machinery is encoded 
by four key genes (MLH1, MSH2, MSH6, PMS2), which 
behave as genome safeguards by correcting base 
mispairs occurring during DNA replication. Loss of 
MMR results in drastically increased rates of somatic 
mutations[15,16], potentially translated into neoantigens 
that can be recognized by the immune system[17,18] 
rendering them responsive to CPI. MMR deficiency 
can be caused by inherited germline defect in the 
case of Lynch syndrome, predisposing to a spectrum 
of tumors [mainly, colorectal (CRC) and endometrial 
cancers], or emerge from somatic mutations or 
promoter methylation (e.g., in BRAF-mutated CRC)[19]. 
Microsatellite instability-high (MSI-H) is the phenotypic 
evidence of MMR deficiency. Recently, the use of 
pembrolizumab was approved for MSI-H or MMR-
deficient tumors based on five clinical trials[20], which 
including 149 patients with tumors from 15 primary 
origins, mostly CRC (91/149). The objective response 
rate was 39.6%, including complete responses in 7.4%, 
and 78% of responses lasted more than 6 mo. MSI-H is 
thus recognized as a predictive biomarker of response 
to PD-1 blockade[21,22]. 

Six patients with PDAC were included in a multitumor 
expansion study of pembrolizumab (12 cancer types) 
with evidence of clinical benefit (one stable disease, 
three partial responses, and two complete responses). 
However, MSI-H is a rare event in PDAC[23] as illustrated 
by a genetic study on 385 PDAC that reported that 
hypermutated profiles (all related to MMR deficiency) 
were found in less than 2% of cases (4 out of 385)[24]. 
Therefore, the subset of PDAC patients eligible for CPI 
monotherapy is small.

Beside CPI, other immune therapy strategies (vac
cines, oncolytic viruses, TGFβ inhibitors) have been 
tested and also remained inefficient in PDAC patients 
when used as monotherapies or in combination with 
gemcitabine chemotherapy (Table 1). Overall, except 
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Table 1  Summary of clinical trials of immune therapies (single agent or combination with gemcitabine) in patients with pancreatic 
ductal adenocarcinoma

Type of 
immunotherapy

Molecules Trial Phase n Population Main results

Immune checkpoint 
inhibitors

PD-L1 (BMS-936559) Brahmer et al[8] Ⅰ 14 Advanced PDAC
Pre-treated

No objective response

PD-L1 (atezolizumab) Herbst et al[12] Ⅰ 1 Advanced PDAC
Pre-treated

No objective response

PD-1 
(pembrolizumab)

Patnaik et al[13] Ⅰ 1 Advanced PDAC
Pre-treated

No objective response

CTLA-4 (ipilimumab) Royal et al[14] Ⅱ 27 Advanced PDAC
Pre-treated

No objective response

Therapeutic vaccines GVAX Jaffee et al[118] Ⅰ 14 Resected PDAC
Adjuvant

Combination with 
chemoradiotherapy

3 patients remained disease-free for > 
25 mo

Lutz et al[119] Ⅱ 60 Resected PDAC
Adjuvant

Combination with 
chemoradiotherapy

Median disease-free survival: 17.3 mo 
Median overall survival: 24.8 mo

Laheru et al[120] Ⅱ 50 Advanced PDAC
Pre-treated

Combination with 
cyclophosphamide

Median overall survival: 4.3 mo 

Lutz et al[30] Pilot
Randomized

54 Resected PDAC
Neoadjuvant and 

adjuvant
Combination with 
cyclophosphamide

Arm 1: GVAX alone
Arm 2: Cyclophosphamide 

(intravenous) + GVAX
Arm 3: Cyclophosphamide (daily oral) 

+ GVAX
Intra-tumoral tertiary lymphoid 

aggregates
PD-1 and PDL-1 upregulation 

CRS 207 Le et al[121] Ⅰ 7 Advanced PDAC
Pre-treated

No objective response

GVAX + CRS 207 Le et al[78] Ⅱ
Randomized

90 Advanced PDAC
Pre-treated

Arm 1: Cyclophosphamide + GVAX + 
CRS-207

Arm 2: Cyclophosphamide + GVAX
No objective response

Algenpantucel-L Hardacre et al[122] Ⅱ 70 Resected PDAC
Adjuvant

Combination with 
chemotherapy

Disease-free survival: 62% at 1 yr
Overall survival: 86% at 1 yr

Mutated KRAS 
peptide

Gjertsen et al[123] Ⅰ/Ⅱ 5 Advanced PDAC
Pre-treated

No objective response

Gjertsen et al[124] Ⅰ/Ⅱ 48 Advanced PDAC
Pre-treated

Resected PDAC
Adjuvant

No objective response
Median overall survival in resected 

PDAC: 25.6 mo

Abou-Alfa et al[125] Ⅰ 24 Resected PDAC
Adjuvant

Median disease-free survival: 8.6 mo
Median overall survival: 20.3 mo

Telomerase peptide 
(GV1001)

Middleton et al[126] Ⅲ
Randomized

1062 Advanced PDAC
First line

Combination with 
chemotherapy

Arm 1: chemotherapy alone
Arm 2: sequential chemo-

immunotherapy
Arm 3: concurrent chemo-

immunotherapy
No benefit on overall survival of 

adding vaccination to chemotherapy
Oncolytic viruses Mutated adenovirus 

(ONYX-15)
Hecht et al[127] Ⅰ/Ⅱ 21 Advanced PDAC

Pre-treated and first line 
Combination with 

chemotherapy

Two partial responses 

Mulvihill et al[128] Ⅰ 23 Advanced PDAC
Pre-treated and first line

No objective response

Anti-transforming 
growth factor β 
(TGFβ)

Anti-TGFβ2 
(trabedersen)

Oettle et al[129] Ⅰ/Ⅱ 37 Advanced PDAC
Pre-treated

One complete response 
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actionable targets to trigger the immune response 
(e.g., for vaccine strategies)[37-39]. Nonetheless, such 
approaches are currently limited by the poor performance 
of neoepitope predictive algorithms. Indeed, less than 
5% of predicted neoepitopes actually give rise to a 
biological response[34]. The Tumor Neoantigen Selection 
Alliance initiative is a global bioinformatics collaborative 
effort aiming to develop a software that can best predict 
immunogenic mutation-associated cancer antigens from 
patients’ tumor DNA[40].

T cells recruitment and activity: The release of tumor 
neoantigens following cell death[41] allows antigen-
presenting cells (APC), such as dendritic cells to uptake 
and present them to T cells leading to the activation 
of the latter[42-44]. Secondly, T cells must be recruited 
into the tumor after trafficking in blood vessels[45] and 
passing through the endothelial wall[46]. Finally, tumor-
infiltrating lymphocytes (TIL) recognize and kill tumor 
cells[43].

Depending on the histological pattern of TIL, tumors 
are classified into T-cell inflamed (also known as “hot” 
tumors) vs non-inflamed (“cold”) tumors, in which T 
cells are excluded or absent[47]. Preclinical and clinical 
evidence suggest that only patients who have T-cell 
inflamed tumors respond to CPI monotherapy[47]. Most 
PDAC are thought to belong to the non-inflamed tumor 
group, displaying low levels of TIL along with low PD-L1 
expression, which can account for the poor efficacy of 
single-agent immune therapies[48-50].

PDAC display an abundant desmoplastic stroma, 
the extent of which is often greater than the epithelial 
component of the tumor[51,52]. The stroma is a complex 
structure composed of extracellular matrix proteins and 
various cell types including cancer associated fibroblasts 
(CAF), endothelial cells, and immune cells[52]. This 
fibrotic barrier was believed to physically impede T cell 
infiltration[53]. However, recent work using multiplex 
imaging for spatial analysis of desmoplastic elements 
in PDAC revealed that collagen Ⅰ deposits are inversely 
correlated with TIL numbers[54]. This observation 
has led to the hypothesis that the stroma may be 
a chemical rather than a physical barrier[55] (Figure 
2). Indeed, PDAC is characterized by a high density 
of immunosuppressive cells including T regulatory 
cells (TREG) and myeloid cells [e.g. dendritic cells, 
myeloid derived suppressive cells (MDSC) and 
M2 macrophages], which are negative prognostic 
factors[56]. Myeloid cells release TGFβ[57], nitric oxide 
synthase and arginase, preventing TIL recruitment and 
activity[56,58]. Tumor hypoxia is a predominant driver 
in the recruitment of these immune cells through CAF 

for MSI-H tumors, PDAC are considered to be resistant 
to single-agent immune therapy.

Reasons why checkpoint inhibitor monotherapies 
failed to show any activity in pancreatic ductal 
adenocarcinoma
The “cancer-immunity cycle” theory defines three 
conditions that are required to obtain an effective anti-
tumoral immune response[25]: tumor immunogenicity, T 
cell recruitment and activation.

Tumor immunogenicity: Immunogenicity is related to 
the degree of epitope structural difference between tumor 
and normal cells. The more different the epitope, the 
more likely to be recognized by T cells[26]. Hence, tumor-
associated antigens (TAA) loosely fall into two classes 
based on their tumoral specificity and immunogenicity: 
(1) Low (differentiation antigens, overexpressed self-
antigens) and (2) high (viral antigens, cancer-germline 
genes, and neoantigens) tumoral specificity. Neoantigens 
are peptides generated from non-silent coding mutations 
in the cancer cell genome and are highly immunogenic. 
Several studies have shown that tumor mutation load is 
linked to neoantigen burden and positively correlated with 
response to immunotherapy[27,28]. Pancreatic cancer has 
a low mutation load compared to other solid tumors, with 
an average mutation rate of 1 mutation per megabase 
(Mb) (compared to 11 mutations per Mb for melanoma), 
only occasionally yielding neoantigens[29]. Nevertheless, 
PDAC has an immunogenic capacity as reflected by 
the presence of T-cell infiltrates and tertiary lymphoid 
structures in resected PDAC samples[30-32]. Some studies 
suggest that although the rate of mutations is low, it is 
sufficient to create highly immunogenic neoantigens, 
notably through KRAS codon 12 mutations[33,34]. 

Importantly, DNA mutations do not necessarily 
translate into immunogenicity because both antigen 
presentation by major histocompatibility complex (MHC) 
and recognition by the T cell receptor (TCR) with a high 
affinity are required to induce T cell response, leading 
to the concept of neoantigen quality. It has been shown 
that the fitness of a neoantigen, i.e., its distance from 
the wild type sequence coupled with its binding affinity 
to the TCR, is correlated with the activation of T cells[35]. 
High-quality neoantigens (mutation-associated or 
microbial-like sequences) have been associated with 
longer survival in PDAC, highlighting the fact that the 
neoantigen quality outweighs the neoantigen quantity 
in clinical significance[36]. 

Determining MHC-antigenic structures (e.g., using 
mass spectrometry) is useful to (1) predict which 
neoantigen will be recognized by T cells and (2) identify 

TGFβ receptor 
inhibitor 

(galunisertib)

Melisi et al[130] Ⅱ
Randomized

156 Advanced PDAC
Pre-treated and first line

Combination with 
chemotherapy

Arm 1: galunisertib + gemcitabine
Arm 2: gemcitabine +placebo

No benefit on overall survival of 
adding galunisertib to chemotherapy 

CTLA-4: Cytotoxic T lymphocyte-associated protein 4; PD-1: Programmed cell death-1; PD-L1: Programmed death-ligand 1.
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activation[59-61]. Activated CAF then secrete immuno
suppressive cytokines[62,63], such as CXCL12 and IL-6, 
which promote MDSC recruitment and inhibit effector 
T cell recruitment.

In addition, although T cell infiltration seems to be 
necessary for the response to immune therapy, the 
presence of TIL is not sufficient to induce an effective 
anti-tumor response[64]. Indeed, TIL activation is 
required. However, in PDAC, even in the presence of 
tumor-specific neoepitopes, T cells display a reduced 
activation signature[34] and most of them are PD-1–
positive[65], suggesting that T cell activation is actively 
suppressed. Notably, not only MDSC but also TREG 

and CD8-positive γδT cells restrain activation of αβT 
cells that are directed against the tumor[66]. These 
deleterious TIL represent approximately 40% of CD8-
positive TIL populations in PDAC and may mislead 
the interpretation of the biological significance of TIL 
in PDAC. This may enlighten some negative results 
showing no prognostic impact of T cell infiltration in 
PDAC[56,64].

Overall, given its low mutational load, low lymphocyte 
count, the presence of inflammatory cytokines and 
hypoxia, PDAC displays a unique microenvironment that 
is unfavorable to immune therapy according to the cancer 
immunogram and requires combination strategies[67].

DC

T cell

MHC + neoantigen

TCR

M2
macrophage

Tumor cell
MHC +

neoantigen

TCR

T cell

Priming phase

Lymph node
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Tumor (pancreas)

DC

TCR

T cell

MHC

B7

CD28

CTLA4

Anti-CTLA4

T cell
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PD-L1 PD-1

Anti-PD-1/Anti-PD-L1

Figure 1  Cytotoxic T lymphocyte-associated protein 4 and programmed cell death-1 biological functions and therapeutic targeting. Cells of the immune 
system express several surface molecules that are important for immune surveillance and regulation of the immune response. T cell receptor (TCR) is expressed by 
T cells; it is an antigen-specific molecule that is unique to each T cell clone. Major human compatibility (MHC) molecule is expressed by antigen-presenting cells (e.g., 
dendritic cell) and display a potential tumor antigen for recognition by the specific TCR. Left panel: When an antigen presented in the context of MHC is recognized by 
the TCR, interaction of CD28 (expressed by T cell) with B7 (CD80/CD86) molecules provide a co-stimulatory signal leading to T-cell activation. However, depending 
on the conditions and microenvironment, these T cells can also express various levels of cytotoxic T lymphocyte-associated protein 4 (CTLA-4), a regulatory 
receptor (immune checkpoint) with a higher binding affinity for B7 than CD28. Therefore, when CTLA-4 is available at the cell surface, it successfully competes for 
binding with B7, removing the co-stimulatory signal and leading to T-cell downregulation. Tumor cells can then escape the T cell cytotoxic effect (immune evasion). 
CTLA-4 blockade affects the immune priming phase occurring in the lymph node, by supporting the activation and proliferation of a higher number of effector T cells, 
regardless of TCR specificity, and by reducing Treg-mediated suppression of T-cell responses. Right panel: T cells also express PD-1 receptor, which has the potential 
to induce a programmed-death cascade in T cells that mistakenly react to host cells and thereby maintaining self-tolerance. PD-1 ligand, PD-L1, is used by tumor cells 
to engage the PD-1 receptor and switch off the reaction, inducing immune tolerance to the MHC-presented antigen. PD-L1 can also be expressed by stromal cells 
(e.g., M2 macrophages). PD-1 blockade works during the effector phase in peripheral tissues (tumor) to restore the immune function of “exhausted” T cells that have 
been turned off following extended or high levels of antigen exposure. CTLA-4: Cytotoxic T lymphocyte-associated protein 4; DC: Dendritic cell; MHC: Major human 
compatibility; PD-1: Programmed cell death-1; PD-L1: Programmed death-ligand 1; TCR: T cell receptor.
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Research challenges
Rational combinations: Following the failure of CPI 
monotherapies in PDAC, efforts have been made to 
develop rational combinations to overcome PDAC 
resistance to immune therapy. Based on the cancer 
immunity cycle[25], most of them combine a CPI with 
another agent aiming to (1) increase tumor immu
nogenicity; (2) increase TIL number and activity; 
and/or (3) attenuate immunosuppression in the tumor 
microenvironment. Combination therapy can employ 
immune therapy, conventional chemo/radiotherapy, 
targeted therapy, or vaccine/adoptive T-cell therapy[50,68].

Increasing tumor immunogenicity: Chemothera
peutic agents and radiotherapy may play a dual 
role by directly killing cancer cells, thus reducing the 
overall tumor burden and indirectly by releasing pro-
inflammatory molecules and tumor-associated antigens 
(TAA) (e.g., calreticulin, ATP) which, when presented 
in an immunogenic fashion, may function as in situ 
vaccines to attract and activate T cells (so called 
“immunogenic death”). Among chemotherapeutic 
agents used in the PDAC therapeutic armamentarium, 
platinum-based agents and taxanes are preferential 
combination partners for immunotherapy because they 

can induce immunogenic cell death, sensitize tumor 
cells to immune-mediated destruction and enhance T 
cell activation[69-71]. Although some investigators have 
shown that FOLFIRI [folinic acid, 5-fluorouracil (5FU) 
and irinotecan combination] can be given with vaccines 
to CRC patients without abrogation of the immune 
response[72], 5FU and irinotecan have been reported to 
be more immunosuppressive[73]. Therefore, combining 
them with an immune therapy may impair the immune-
mediated anti-tumor response, and a sequential design 
for immune therapy after induction chemotherapy using 
these agents may be more effective. 

Tumor vaccines and oncolytic viruses both aim at 
increasing tumor antigen recognition by the immune 
system through presentation by dendritic cells[74,75]. 
Although relatively inefficient as monotherapies, vac
cine strategies are currently explored in combination 
with CPI. GVAX is a granulocyte-macrophage colony-
stimulating factor (GM-CSF)-secreting allogeneic 
PDAC vaccine. It was first evaluated in combination 
with anti–CTLA-4 therapy[76]. Thirty pre-treated PDAC 
patients were randomized to receive ipilimumab alone 
or combined with GVAX. The latter experienced a 
longer median overall survival (OS) (3.6 mo vs 5.7 
mo, P = 0.07) with no additional toxicity. Furthermore, 
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Figure 2  Summary of the mechanisms responsible for pancreatic ductal adenocarcinoma resistance to immune therapy. The circle outlines the three steps 
of the cancer-immunity cycle: (1) Immunogenicity (yellow); (2) T-cell recruitment and (3) activation. Pancreatic ductal adenocarcinoma resistance to immune therapy 
is due to the combination of several factors: (1) Low tumor immunogenicity, with a low mutation rate and low neaoantigen burden compared to other tumors (e.g., 
melanoma); (2) low T-cell recruitment and (3) activation: the dense desmoplastic stroma generates high interstitial pressure; this results in poor tumor perfusion 
and intra-tumor hypoxia, which in turn activates fibroblasts to release immunosuppressive cytokines (e.g., TGFβ, IL-6, CSF1 = “chemical barrier”) that lead to the 
recruitment of immunosuppressive cells (M2 macrophages, TREG, MDSC) and exclusion and anergy of effector T cells. CSF1: Colony stimulating factor 1; IL-6: 
Interleukin-6; MDSC: Myeloid-derived suppressive cells; TGFβ: Transforming growth factor β; TREG: T regulatory cells.
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the observation that neoadjuvant GVAX was able 
to induce intra-tumoral tertiary lymphoid structures 
and upregulate PD-L1 membranous expression in 
resected tumor samples[30] provided a rationale for its 
combination with anti–PD-1. This was also supported 
by preclinical data in mouse models[77] showing an 
improved survival rate with the combination of GVAX 
and PD-1 blockade compared to each agent taken 
individually. In clinical practice, GVAX is associated 
to cancer vaccine CRS-207 (an attenuated form of 
Listeria monocytogenes) and/or cyclophosphamide 
(aiming at downregulating TREG) in clinical trials in the 
adjuvant setting[78]. GVAX/cyclophosphamide therapy 
is also currently being tested in PDAC in combination 
with nivolumab (anti–PD-1) alone (NCT02243271, 
NCT02451982, NCT03161379) or combined to ipili
mumab (anti-CTLA-4) (NCT03190265), or with 
pembrolizumab (anti–PD-1) alone (NCT02648282) or 
combined to the indoleamine-2,3 dioxygenase (IDO, an 
enzyme that inhibits T cells proliferation by catalyzing 
the degradation of tryptophan[79]) inhibitor epacadostat 
(NCT03006302). Restoring the proliferation and ac
tivation of various immune cells, including T cells[80], 
may potentiate the response to vaccine therapy. Of 
note, there is also a rationale for combining GVAX 
with TGFβ inhibitors in preclinical models[77,81]. How
ever, this combination has not reached clinical trials. 
GVAX, like peptidic “one-size-fits-all” vaccines, 
has to face the challenges of (1) the unique tumor 
antigen landscape specific to each patient and (2) the 
emergence of immune evasion, both of which can 
compromise patient response to vaccine therapy[82]. 
Personalized vaccine approaches are expected to 
partially overcome these issues but their development 
remains limited by their logistic complexity and high 
costs[82-84]. Alternatively, oncolytic viruses combine 
antigen presentation with the induction of a type 
Ⅰ interferon-γ (IFN-γ) response that potentiates 
effector T-cell activation[74,75]. Similar to the vaccine 
approach, the oncolytic virus reolysin was tested in 
metastatic PDAC in combination with carboplatin 
and paclitaxel but failed to improve progression-free 
survival (PFS)[85]. However, a phase Ⅱ study[86] ex
plored the combination of reolysin, pembrolizumab 
(anti–PD-1) and chemotherapy in 11 patients with 
pre-treated PDAC and showed antitumor activity with 
a manageable safety profile. Among the 5 evaluable 
patients, two had stable diseases (126 and 221 d) and 
one had partial response lasting more than 6 mo. A 
phase Ib trial in combination with pembrolizumab and 
gemcitabine, irinotecan or leucovorin/5-fluorouracil 
(5-FU) is ongoing (NCT02620423).

Increase TIL recruitment and activity: Most anti–
PD-1/PD-L1-based combination trials focus on converting 
the PDAC non-inflamed (immune-excluded or desert) 
microenvironment into an inflamed pattern by increasing 
T cells recruitment and activity.

CPI combination: The association of CTLA-4 and 

PD-1 antibodies resulted in an improved OS in patients 
with advanced melanoma compared with each agent 
used as monotherapy, albeit at the price of increased 
toxicity with 59% of patients experiencing grade 3 or 4 
adverse events (vs 21%-28% with monotherapy)[87]. 
The PA.7 randomized phase Ⅱ trial (NCT02879318) 
explores the combination of tremelimumab (anti–
CTLA-4 mAb) and durvalumab (anti–PD-L1 mAb) 
with gemcitabine plus nab-paclitaxel chemotherapy 
vs chemotherapy alone as a first-line treatment for 
metastatic PDAC. Co-targeting of other immunomo
dulatory pathways such as IDO, OX40, CD40, the 
lymphocyte activation gene 3 protein (LAG3) or T 
cell immunoglobulin and mucin 3 (TIM3), among nu
merous candidates, might be as efficient and less toxic 
than PD-1/CTLA-4 combination[88] but remain to be 
explored in PDAC patients. 

Combination with anti-M2/-MDSC: The CCL2-CCR2 
chemokine axis induces the recruitment of immuno
suppressive tumor-associated-macrophages (TAM)[89]. 
A CCR2 inhibitor (PF-04136309) has been tested in 
combination with FOLFIRINOX chemotherapy in a 
phase Ib study in patients with borderline resectable/
locally advanced PDAC[89]. The objective response rate 
was 49% and disease control rate reached 97% with 
a manageable safety profile. Interestingly, ancillary 
studies showed (1) a decrease in TAM infiltration to
gether with (2) a decrease in circulating monocytes 
and (3) an increase in bone marrow monocytes in 
patients treated with the combination, supporting the 
mechanistic hypothesis of a reduction in intra-tumor 
monocyte recruitment from the bone marrow[90].

Other inflammatory pathways have been targeted 
using small molecules or mAb and are currently being 
explored in clinical trials in combination with CPI 
based on promising results in mouse models. These 
include colony stimulating factor 1 receptor (CSF1R)[91] 
(NCT02777710), IL-6[92], TGFβ (NCT02734160), CCR4 
(NCT02301130), CXCR2 (NCT02583477) and CXCR4/
CXCL12 (NCT03168139). Nonetheless, similarly to 
the results obtained following pathway inhibition using 
tyrosine kinase inhibitors, secondary resistance due 
to cytokine axes compensation has emerged, leading 
to disease progression and pleading for combination 
strategies[93].

Combination with MEK inhibitors: MEK inhibition 
(MEK-i) was primarily developed in PDAC as a KRAS 
signaling inhibition strategy, given the high frequency of 
activating KRAS mutations in these tumors (> 90%)[94]. 
MEK-i failed to improve the survival rate of PDAC 
patients when used as monotherapy or in combination 
with gemcitabine[94]. However, novel perspectives are 
opening up for MEK-i as a combination partner with 
immune therapy. Indeed, MEK-i exerts multifaceted 
immunostimulatory effects by (1) increasing MHC-I 
expression and decreasing PD-L1 expression on tumor 
cells, (2) increasing TIL activity and survival, and (3) 
decreasing macrophage and MDSC infiltrates[95]. 

A phase Ib study (NCT01988896) has investigated 
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the combination of cobimetinib (MEK-i) with ate
zolizumab (anti–PD-L1) in pre-treated metastatic CRC; 
durable objective responses were observed in patients 
with microsatellite stable (MSS)/MSI-low tumors, 
mostly KRAS-mutated, prompting the evaluation of this 
combination in PDAC in a clinical trial (NCT03193190).

Targeting tumor hypoxia: Likewise, hypoxia-targeting 
strategies have been tested with disappointing results in 
combination with gemcitabine[96]. Evofosfamide (TH-302) 
is a cytotoxic prodrug that is activated under hypoxic 
conditions, targeting hypoxic tumor areas. It is now being 
explored as a combination partner for immunotherapy 
since it can improve tumor tissue oxygenation and 
subsequently decrease MDSC recruitment and increase 
effector T cell activity[59,97]. The use of TH-302 with 
CPI may therefore be effective in restoring a favorable 
immune environment. A phase Ⅰ trial is underway to 
study the combination of TH-302 with ipilimumab (anti-
CTLA-4) in PDAC, melanoma, head and neck cancer and 
prostate cancer (NCT03098160).

Targeting fibroblasts and the stromal physical 
barrier: There have been contradictory reports on the 
roles of the desmoplastic stroma in PDAC (tumor-
promoting vs tumor-restrictive effect). CAF elimination 
using sonic hedgehog inhibitors or genetic strategy 
for selective depletion of α-smooth muscle actin 
(α-SMA)-positive cells in transgenic mice resulted in 
aggressive and undifferentiated tumors with increased 
vascularization and TREG infiltration, respectively[98,99]. 
Clinical trials with hedgehog inhibitors in PDAC were 
negative for any anti-neoplastic activity[100]. Strategies 
then shifted toward stroma modulation rather than 
depletion. 

Focal adhesion kinase (FAK) is a cytoplasmic ty
rosine kinase protein that has been reported to be 
overexpressed and active in many solid tumors, including 
PDAC[101]. FAK is expressed by fibroblastic cells as well 
as tumoral, endothelial and immune cells[101], and its 
inhibition engenders pleiomorphic effects[102]. In preclinical 
models, FAK inhibition reduced fibrosis, decreased the 
amount of tumor-infiltrating immunosuppressive cells, 
and rendered the previously unresponsive KPC mouse 
models sensitive to PD-1 blockade[102]. Two phase Ⅰ
/Ⅱ studies are underway to verify the benefit of this 
combination (NCT02546531 and NCT02758587). Other 
CAF-modulating or anti-fibrotic agents are also under 
investigation including TGFβ inhibitors (NCT02734160), 
PEGPH20 (NCT03193190) and vitamin D (NCT03331562) 
in combination with CPI. In addition, all-trans-retinoic 
acid (ATRA) (NCT03307148), and BET-inhibitors 
(NCT02711137) are being explored in combination with 
chemotherapy.

CAR-T cells: Adoptive cell therapy is a technology that 
has recently drawn increasing attention. T cells may 
be engineered to express a chimeric antigen receptor 
(CAR) in order to target specific tumor antigen[103]. This 
approach has already proven its effectiveness in B-cell 

hematological malignancies with T cells expressing CD19 
CAR[104,105]. Similarly, mesothelin CAR-T therapy has been 
proposed in solid tumors[106]. In PDAC, this therapy led 
to the prolonged survival in a mouse model study[107]. 
Nevertheless, clinical development of this strategy in 
solid tumors is hampered by (1) its limited efficacy 
in comparison with the results seen in hematological 
malignancies; (2) high level of toxicity, including life-
threatening immune adverse events (neurotoxicity and 
cytokine release syndrome); and (3) costs and logistics 
to be deployed on a large patient population. Next 
generation CAR T-cells are currently being developed to 
overcome these challenges[108].

CONCLUSION
Rethink current clinical trial approaches
Besides exploring new therapeutic avenues, it is also 
necessary to rethink the design of clinical immune 
therapy trials targeting PDAC. The clinical trial design 
tends to shift from traditional phase Ⅰ to Ⅲ develop
ment plan toward a signal detection strategy in multiple 
patient cohorts. In the context of an increasing number 
of clinical trials, there is a need to identify the most 
relevant combinations among the numerous candidate 
agents. Development of new preclinical models closer 
to the complex in vivo conditions should significantly 
improve the predictive value for therapeutic agent 
testing and guide the selection of the most active 
combinations for evaluation in clinical trials. 

Second, the examples of MEK-i, vaccines, evo
fosfamide or TGFβ inhibitors show that it may be worth 
giving a second chance to some molecules that were 
found inactive as monotherapy. 

In addition, patients with heavily pre-treated, pro
gressive, advanced PDAC are not good candidates 
for immune therapy and this may partially account 
for failure of previous studies. These patients should 
possibly be excluded from immunotherapy clinical 
trials. Alternatively, positioning immune therapy as 
maintenance strategy following a course of induction 
chemotherapy (e.g., with FOLFIRINOX) seems to 
present several advantages: (1) It allows the identifi
cation and exclusion of patients with rapid tumor 
progression; (2) such a treatment may have induced 
immunogenic cell death and sensitized the tumor 
to CPI; and (3) given that induction chemotherapy 
was not interrupted due to inefficacy, it could be rein
troduced at disease progression. Taken together, these 
elements support the development of immune therapy 
as maintenance therapy in patients with controlled 
disease. 

Finally, there is a critical need for predictive bio
marker identification in order to guide patient selection 
for immune therapy and to stratify the randomization. 
Meanwhile, it is necessary to assess the predictive value 
of already available PDAC molecular classifications in 
the ancillary studies of ongoing clinical trials[109-112]. 
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Future directions
PDAC is resistant to CPI monotherapy due to its un
favorable non-immune inflamed microenvironment. 
A better understanding of the biological mechanisms 
underlying PDAC immunosuppression may pave the 
way to innovative and promising strategies. Given the 
key role of the team hypoxia-TGFβ-CAF-M2/MDSC, the 
development of rational combinations of immunotherapy 
targeting these pathways and cell populations to increase 
intra-tumor recruitment and activation of T cells is 
coherent. To achieve this, we will have to reconsider 
inactive molecules in monotherapy, optimize the 
position of immunotherapy in the therapeutic sequence 
and develop new preclinical models to better predict 
therapeutic efficacy.

Furthermore, an improved understanding of the 
mechanisms of sensitivity and resistance to immun
otherapy has revealed the increasing complexity in the 
tumor antigens, TIL, TREG, and MDSC landscape[113]. For 
instance, (1) anti-inflammatory and pro-inflammatory 
cytokines have counter balancing activities; (2) biological 
effects may be different between primary and metastatic 
tumor sites as illustrated by dissociated responses; (3) 
hypermutated tumors are more likely to respond to 
but also to develop resistance to CPI[114]; and (4) the 
immune therapy response is also dependent on the 
patient microbiota[115,116] and genetics[117]. Mechanisms 
of action of CPI remain yet to be fully elucidated. The 
collaboration between clinicians and researchers will be 
the cornerstone of future progress in this field.

REFERENCES
1 	 Pardoll DM. The blockade of immune checkpoints in cancer 

immunotherapy. Nat Rev Cancer 2012; 12: 252-264 [PMID: 
22437870 DOI: 10.1038/nrc3239]

2 	 Robert C, Schachter J, Long GV, Arance A, Grob JJ, Mortier 
L, Daud A, Carlino MS, McNeil C, Lotem M, Larkin J, Lorigan 
P, Neyns B, Blank CU, Hamid O, Mateus C, Shapira-Frommer 
R, Kosh M, Zhou H, Ibrahim N, Ebbinghaus S, Ribas A; 
KEYNOTE-006 investigators. Pembrolizumab versus Ipilimumab 
in Advanced Melanoma. N Engl J Med 2015; 372: 2521-2532 
[PMID: 25891173 DOI: 10.1056/NEJMoa1503093]

3 	 Brahmer J, Reckamp KL, Baas P, Crinò L, Eberhardt WE, 
Poddubskaya E, Antonia S, Pluzanski A, Vokes EE, Holgado E, 
Waterhouse D, Ready N, Gainor J, Arén Frontera O, Havel L, 
Steins M, Garassino MC, Aerts JG, Domine M, Paz-Ares L, Reck 
M, Baudelet C, Harbison CT, Lestini B, Spigel DR. Nivolumab 
versus Docetaxel in Advanced Squamous-Cell Non-Small-Cell 
Lung Cancer. N Engl J Med 2015; 373: 123-135 [PMID: 26028407 
DOI: 10.1056/NEJMoa1504627]

4 	 Borghaei H, Paz-Ares L, Horn L, Spigel DR, Steins M, Ready 
NE, Chow LQ, Vokes EE, Felip E, Holgado E, Barlesi F, Kohlhäufl 
M, Arrieta O, Burgio MA, Fayette J, Lena H, Poddubskaya 
E, Gerber DE, Gettinger SN, Rudin CM, Rizvi N, Crinò L, 
Blumenschein GR Jr, Antonia SJ, Dorange C, Harbison CT, Graf 
Finckenstein F, Brahmer JR. Nivolumab versus Docetaxel in 
Advanced Nonsquamous Non-Small-Cell Lung Cancer. N Engl 
J Med 2015; 373: 1627-1639 [PMID: 26412456 DOI: 10.1056/
NEJMoa1507643]

5 	 Ferris RL, Blumenschein G Jr, Fayette J, Guigay J, Colevas AD, 
Licitra L, Harrington K, Kasper S, Vokes EE, Even C, Worden 
F, Saba NF, Iglesias Docampo LC, Haddad R, Rordorf T, Kiyota 
N, Tahara M, Monga M, Lynch M, Geese WJ, Kopit J, Shaw JW, 

Gillison ML. Nivolumab for Recurrent Squamous-Cell Carcinoma 
of the Head and Neck. N Engl J Med 2016; 375: 1856-1867 [PMID: 
27718784 DOI: 10.1056/NEJMoa1602252]

6 	 Motzer RJ, Escudier B, McDermott DF, George S, Hammers 
HJ, Srinivas S, Tykodi SS, Sosman JA, Procopio G, Plimack 
ER, Castellano D, Choueiri TK, Gurney H, Donskov F, Bono 
P, Wagstaff J, Gauler TC, Ueda T, Tomita Y, Schutz FA, 
Kollmannsberger C, Larkin J, Ravaud A, Simon JS, Xu LA, 
Waxman IM, Sharma P; CheckMate 025 Investigators. Nivolumab 
versus Everolimus in Advanced Renal-Cell Carcinoma. N Engl 
J Med 2015; 373: 1803-1813 [PMID: 26406148 DOI: 10.1056/
NEJMoa1510665]

7 	 Ansell SM, Lesokhin AM, Borrello I, Halwani A, Scott EC, 
Gutierrez M, Schuster SJ, Millenson MM, Cattry D, Freeman 
GJ, Rodig SJ, Chapuy B, Ligon AH, Zhu L, Grosso JF, Kim SY, 
Timmerman JM, Shipp MA, Armand P. PD-1 blockade with 
nivolumab in relapsed or refractory Hodgkin's lymphoma. N Engl 
J Med 2015; 372: 311-319 [PMID: 25482239 DOI: 10.1056/
NEJMoa1411087]

8 	 Brahmer JR, Tykodi SS, Chow LQ, Hwu WJ, Topalian SL, Hwu 
P, Drake CG, Camacho LH, Kauh J, Odunsi K, Pitot HC, Hamid 
O, Bhatia S, Martins R, Eaton K, Chen S, Salay TM, Alaparthy 
S, Grosso JF, Korman AJ, Parker SM, Agrawal S, Goldberg SM, 
Pardoll DM, Gupta A, Wigginton JM. Safety and activity of 
anti-PD-L1 antibody in patients with advanced cancer. N Engl 
J Med 2012; 366: 2455-2465 [PMID: 22658128 DOI: 10.1056/
NEJMoa1200694]

9 	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA 
Cancer J Clin 2015; 65: 5-29 [PMID: 25559415 DOI: 10.3322/
caac.21254]

10 	 Ryan DP, Hong TS, Bardeesy N. Pancreatic adenocarcinoma. 
N Engl J Med 2014; 371: 1039-1049 [PMID: 25207767 DOI: 
10.1056/NEJMra1404198]

11 	 Neuzillet C, Tijeras-Raballand A, Bourget P, Cros J, Couvelard 
A, Sauvanet A, Vullierme MP, Tournigand C, Hammel P. State of 
the art and future directions of pancreatic ductal adenocarcinoma 
therapy. Pharmacol Ther 2015; 155: 80-104 [PMID: 26299994 
DOI: 10.1016/j.pharmthera.2015.08.006]

12 	 Herbst RS, Soria JC, Kowanetz M, Fine GD, Hamid O, Gordon 
MS, Sosman JA, McDermott DF, Powderly JD, Gettinger SN, 
Kohrt HE, Horn L, Lawrence DP, Rost S, Leabman M, Xiao Y, 
Mokatrin A, Koeppen H, Hegde PS, Mellman I, Chen DS, Hodi 
FS. Predictive correlates of response to the anti-PD-L1 antibody 
MPDL3280A in cancer patients. Nature 2014; 515: 563-567 
[PMID: 25428504 DOI: 10.1038/nature14011]

13 	 Patnaik A, Kang SP, Rasco D, Papadopoulos KP, Elassaiss-Schaap 
J, Beeram M, Drengler R, Chen C, Smith L, Espino G, Gergich K, 
Delgado L, Daud A, Lindia JA, Li XN, Pierce RH, Yearley JH, Wu 
D, Laterza O, Lehnert M, Iannone R, Tolcher AW. Phase I Study 
of Pembrolizumab (MK-3475; Anti-PD-1 Monoclonal Antibody) 
in Patients with Advanced Solid Tumors. Clin Cancer Res 2015; 
21: 4286-4293 [PMID: 25977344 DOI: 10.1158/1078-0432.
CCR-14-2607]

14 	 Royal RE, Levy C, Turner K, Mathur A, Hughes M, Kammula 
US, Sherry RM, Topalian SL, Yang JC, Lowy I, Rosenberg 
SA. Phase 2 trial of single agent Ipilimumab (anti-CTLA-4) for 
locally advanced or metastatic pancreatic adenocarcinoma. J 
Immunother 2010; 33: 828-833 [PMID: 20842054 DOI: 10.1097/
CJI.0b013e3181eec14c]

15 	 Timmermann B, Kerick M, Roehr C, Fischer A, Isau M, Boerno 
ST, Wunderlich A, Barmeyer C, Seemann P, Koenig J, Lappe 
M, Kuss AW, Garshasbi M, Bertram L, Trappe K, Werber M, 
Herrmann BG, Zatloukal K, Lehrach H, Schweiger MR. Somatic 
mutation profiles of MSI and MSS colorectal cancer identified 
by whole exome next generation sequencing and bioinformatics 
analysis. PLoS One 2010; 5: e15661 [PMID: 21203531 DOI: 
10.1371/journal.pone.0015661]

16 	 Eshleman JR, Lang EZ, Bowerfind GK, Parsons R, Vogelstein B, 
Willson JK, Veigl ML, Sedwick WD, Markowitz SD. Increased 
mutation rate at the hprt locus accompanies microsatellite instability 

Hilmi M et al . Immunotherapy for PDAC



2146 May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com

in colon cancer. Oncogene 1995; 10: 33-37 [PMID: 7824277]
17 	 Segal NH, Parsons DW, Peggs KS, Velculescu V, Kinzler KW, 

Vogelstein B, Allison JP. Epitope landscape in breast and colorectal 
cancer. Cancer Res 2008; 68: 889-892 [PMID: 18245491 DOI: 
10.1158/0008-5472.CAN-07-3095]

18 	 Le DT, Uram JN, Wang H, Bartlett BR, Kemberling H, Eyring 
AD, Skora AD, Luber BS, Azad NS, Laheru D, Biedrzycki B, 
Donehower RC, Zaheer A, Fisher GA, Crocenzi TS, Lee JJ, 
Duffy SM, Goldberg RM, de la Chapelle A, Koshiji M, Bhaijee 
F, Huebner T, Hruban RH, Wood LD, Cuka N, Pardoll DM, 
Papadopoulos N, Kinzler KW, Zhou S, Cornish TC, Taube 
JM, Anders RA, Eshleman JR, Vogelstein B, Diaz LA Jr. PD-1 
Blockade in Tumors with Mismatch-Repair Deficiency. N Engl 
J Med 2015; 372: 2509-2520 [PMID: 26028255 DOI: 10.1056/
NEJMoa1500596]

19 	 Herman JG, Umar A, Polyak K, Graff JR, Ahuja N, Issa JP, 
Markowitz S, Willson JK, Hamilton SR, Kinzler KW, Kane MF, 
Kolodner RD, Vogelstein B, Kunkel TA, Baylin SB. Incidence and 
functional consequences of hMLH1 promoter hypermethylation 
in colorectal carcinoma. Proc Natl Acad Sci USA 1998; 95: 
6870-6875 [PMID: 9618505 DOI: 10.1073/pnas.95.12.6870]

20 	 FDA News Release. FDA approves first cancer treatment for 
any solid tumor with a specific genetic feature. 2017. Accessed 
June 12, 2017 Available from: URL: www. fda.gov/NewsEvents/
Newsroom/PressAnnouncements/ucm560167. htm

21 	 Chang L, Chang M, Chang HM, Chang F. Microsatellite 
Instability: A Predictive Biomarker for Cancer Immunotherapy. 
Appl Immunohistochem Mol Morphol 2018; 26: e15-e21 [PMID: 
28877075 DOI: 10.1097/PAI.0000000000000575]

22 	 Dudley JC, Lin MT, Le DT, Eshleman JR. Microsatellite 
Instability as a Biomarker for PD-1 Blockade. Clin Cancer Res 
2016; 22: 813-820 [PMID: 26880610 DOI: 10.1158/1078-0432.
CCR-15-1678]

23 	 Laghi L, Beghelli S, Spinelli A, Bianchi P, Basso G, Di Caro G, 
Brecht A, Celesti G, Turri G, Bersani S, Schumacher G, Röcken 
C, Gräntzdörffer I, Roncalli M, Zerbi A, Neuhaus P, Bassi C, 
Montorsi M, Scarpa A, Malesci A. Irrelevance of microsatellite 
instability in the epidemiology of sporadic pancreatic ductal 
adenocarcinoma. PLoS One 2012; 7: e46002 [PMID: 23029359 
DOI: 10.1371/journal.pone.0046002]

24 	 Humphris JL, Patch AM, Nones K, Bailey PJ, Johns AL, McKay S, 
Chang DK, Miller DK, Pajic M, Kassahn KS, Quinn MC, Bruxner 
TJ, Christ AN, Harliwong I, Idrisoglu S, Manning S, Nourse C, 
Nourbakhsh E, Stone A, Wilson PJ, Anderson M, Fink JL, Holmes 
O, Kazakoff S, Leonard C, Newell F, Waddell N, Wood S, Mead 
RS, Xu Q, Wu J, Pinese M, Cowley MJ, Jones MD, Nagrial AM, 
Chin VT, Chantrill LA, Mawson A, Chou A, Scarlett CJ, Pinho AV, 
Rooman I, Giry-Laterriere M, Samra JS, Kench JG, Merrett ND, 
Toon CW, Epari K, Nguyen NQ, Barbour A, Zeps N, Jamieson NB, 
McKay CJ, Carter CR, Dickson EJ, Graham JS, Duthie F, Oien K, 
Hair J, Morton JP, Sansom OJ, Grützmann R, Hruban RH, Maitra 
A, Iacobuzio-Donahue CA, Schulick RD, Wolfgang CL, Morgan 
RA, Lawlor RT, Rusev B, Corbo V, Salvia R, Cataldo I, Tortora 
G, Tempero MA; Australian Pancreatic Cancer Genome Initiative, 
Hofmann O, Eshleman JR, Pilarsky C, Scarpa A, Musgrove EA, 
Gill AJ, Pearson JV, Grimmond SM, Waddell N, Biankin AV. 
Hypermutation In Pancreatic Cancer. Gastroenterology 2017; 152: 
68-74.e2 [PMID: 27856273 DOI: 10.1053/j.gastro.2016.09.060]

25 	 Chen DS, Mellman I. Oncology meets immunology: the cancer-
immunity cycle. Immunity 2013; 39: 1-10 [PMID: 23890059 DOI: 
10.1016/j.immuni.2013.07.012]

26 	 Schumacher TN ,  Schreiber RD. Neoantigens in cancer 
immunotherapy. Science 2015; 348: 69-74 [PMID: 25838375 DOI: 
10.1126/science.aaa4971]

27 	 Brown SD, Warren RL, Gibb EA, Martin SD, Spinelli JJ, Nelson 
BH, Holt RA. Neo-antigens predicted by tumor genome meta-
analysis correlate with increased patient survival. Genome Res 
2014; 24: 743-750 [PMID: 24782321 DOI: 10.1101/gr.165985.113]

28 	 Rooney MS, Shukla SA, Wu CJ, Getz G, Hacohen N. Molecular 
and genetic properties of tumors associated with local immune 

cytolytic activity. Cell 2015; 160: 48-61 [PMID: 25594174 DOI: 
10.1016/j.cell.2014.12.033]

29 	 Alexandrov LB, Nik-Zainal S, Wedge DC, Aparicio SA, Behjati 
S, Biankin AV, Bignell GR, Bolli N, Borg A, Børresen-Dale AL, 
Boyault S, Burkhardt B, Butler AP, Caldas C, Davies HR, Desmedt 
C, Eils R, Eyfjörd JE, Foekens JA, Greaves M, Hosoda F, Hutter 
B, Ilicic T, Imbeaud S, Imielinski M, Jäger N, Jones DT, Jones 
D, Knappskog S, Kool M, Lakhani SR, López-Otín C, Martin S, 
Munshi NC, Nakamura H, Northcott PA, Pajic M, Papaemmanuil 
E, Paradiso A, Pearson JV, Puente XS, Raine K, Ramakrishna M, 
Richardson AL, Richter J, Rosenstiel P, Schlesner M, Schumacher 
TN, Span PN, Teague JW, Totoki Y, Tutt AN, Valdés-Mas R, 
van Buuren MM, van 't Veer L, Vincent-Salomon A, Waddell N, 
Yates LR; Australian Pancreatic Cancer Genome Initiative; ICGC 
Breast Cancer Consortium; ICGC MMML-Seq Consortium; ICGC 
PedBrain, Zucman-Rossi J, Futreal PA, McDermott U, Lichter 
P, Meyerson M, Grimmond SM, Siebert R, Campo E, Shibata T, 
Pfister SM, Campbell PJ, Stratton MR. Signatures of mutational 
processes in human cancer. Nature 2013; 500: 415-421 [PMID: 
23945592 DOI: 10.1038/nature12477]

30 	 Lutz ER, Wu AA, Bigelow E, Sharma R, Mo G, Soares K, Solt S, 
Dorman A, Wamwea A, Yager A, Laheru D, Wolfgang CL, Wang 
J, Hruban RH, Anders RA, Jaffee EM, Zheng L. Immunotherapy 
converts nonimmunogenic pancreatic tumors into immunogenic 
foci of immune regulation. Cancer Immunol Res 2014; 2: 616-631 
[PMID: 24942756 DOI: 10.1158/2326-6066.CIR-14-0027]

31 	 Poschke I, Faryna M, Bergmann F, Flossdorf M, Lauenstein C, 
Hermes J, Hinz U, Hank T, Ehrenberg R, Volkmar M, Loewer 
M, Glimm H, Hackert T, Sprick MR, Höfer T, Trumpp A, 
Halama N, Hassel JC, Strobel O, Büchler M, Sahin U, Offringa 
R. Identification of a tumor-reactive T-cell repertoire in the 
immune infiltrate of patients with resectable pancreatic ductal 
adenocarcinoma. Oncoimmunology 2016; 5: e1240859 [PMID: 
28123878 DOI: 10.1080/2162402X.2016.1240859]

32 	 Hiraoka N, Ino Y, Yamazaki-Itoh R, Kanai Y, Kosuge T, 
Shimada K. Intratumoral tertiary lymphoid organ is a favourable 
prognosticator in patients with pancreatic cancer. Br J Cancer 
2015; 112: 1782-1790 [PMID: 25942397 DOI: 10.1038/
bjc.2015.145]

33 	 Wang QJ, Yu Z, Griffith K, Hanada K, Restifo NP, Yang JC. 
Identification of T-cell Receptors Targeting KRAS-Mutated Human 
Tumors. Cancer Immunol Res 2016; 4: 204-214 [PMID: 26701267 
DOI: 10.1158/2326-6066.CIR-15-0188]

34 	 Bailey P, Chang DK, Forget MA, Lucas FA, Alvarez HA, 
Haymaker C, Chattopadhyay C, Kim SH, Ekmekcioglu S, Grimm 
EA, Biankin AV, Hwu P, Maitra A, Roszik J. Exploiting the 
neoantigen landscape for immunotherapy of pancreatic ductal 
adenocarcinoma. Sci Rep 2016; 6: 35848 [PMID: 27762323 DOI: 
10.1038/srep35848]

35 	 Yarchoan M, Johnson BA 3rd, Lutz ER, Laheru DA, Jaffee EM. 
Targeting neoantigens to augment antitumour immunity. Nat Rev 
Cancer 2017; 17: 209-222 [PMID: 28233802 DOI: 10.1038/
nrc.2016.154]

36 	 Balachandran VP, Łuksza M, Zhao JN, Makarov V, Moral JA, 
Remark R, Herbst B, Askan G, Bhanot U, Senbabaoglu Y, Wells 
DK, Cary CIO, Grbovic-Huezo O, Attiyeh M, Medina B, Zhang 
J, Loo J, Saglimbeni J, Abu-Akeel M, Zappasodi R, Riaz N, 
Smoragiewicz M, Kelley ZL, Basturk O; Australian Pancreatic 
Cancer Genome Initiative; Garvan Institute of Medical Research; 
Prince of Wales Hospital; Royal North Shore Hospital; University 
of Glasgow; St Vincent’s Hospital; QIMR Berghofer Medical 
Research Institute; University of Melbourne, Centre for Cancer 
Research; University of Queensland, Institute for Molecular 
Bioscience; Bankstown Hospital; Liverpool Hospital; Royal Prince 
Alfred Hospital, Chris O’Brien Lifehouse; Westmead Hospital; 
Fremantle Hospital; St John of God Healthcare; Royal Adelaide 
Hospital; Flinders Medical Centre; Envoi Pathology; Princess 
Alexandria Hospital; Austin Hospital; Johns Hopkins Medical 
Institutes; ARC-Net Centre for Applied Research on Cancer, 
Gönen M, Levine AJ, Allen PJ, Fearon DT, Merad M, Gnjatic S, 

Hilmi M et al . Immunotherapy for PDAC



2147 May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com

Iacobuzio-Donahue CA, Wolchok JD, DeMatteo RP, Chan TA, 
Greenbaum BD, Merghoub T, Leach SD. Identification of unique 
neoantigen qualities in long-term survivors of pancreatic cancer. 
Nature 2017; 551: 512-516 [PMID: 29132146 DOI: 10.1038/
nature24462]

37 	 Gubin MM, Zhang X, Schuster H, Caron E, Ward JP, Noguchi T, 
Ivanova Y, Hundal J, Arthur CD, Krebber WJ, Mulder GE, Toebes 
M, Vesely MD, Lam SS, Korman AJ, Allison JP, Freeman GJ, 
Sharpe AH, Pearce EL, Schumacher TN, Aebersold R, Rammensee 
HG, Melief CJ, Mardis ER, Gillanders WE, Artyomov MN, 
Schreiber RD. Checkpoint blockade cancer immunotherapy targets 
tumour-specific mutant antigens. Nature 2014; 515: 577-581 
[PMID: 25428507 DOI: 10.1038/nature13988]

38 	 Lu YC, Yao X, Crystal JS, Li YF, El-Gamil M, Gross C, Davis 
L, Dudley ME, Yang JC, Samuels Y, Rosenberg SA, Robbins PF. 
Efficient identification of mutated cancer antigens recognized by T 
cells associated with durable tumor regressions. Clin Cancer Res 
2014; 20: 3401-3410 [PMID: 24987109 DOI: 10.1158/1078-0432.
CCR-14-0433]

39 	 Łuksza M, Riaz N, Makarov V, Balachandran VP, Hellmann 
MD, Solovyov A, Rizvi NA, Merghoub T, Levine AJ, Chan TA, 
Wolchok JD, Greenbaum BD. A neoantigen fitness model predicts 
tumour response to checkpoint blockade immunotherapy. Nature 
2017; 551: 517-520 [PMID: 29132144 DOI: 10.1038/nature24473]

40 	 The problem with neoantigen prediction. Nat Biotechnol 2017; 35: 
97 [PMID: 28178261 DOI: 10.1038/nbt.3800]

41 	 Ferguson TA, Choi J, Green DR. Armed response: how dying cells 
influence T-cell functions. Immunol Rev 2011; 241: 77-88 [PMID: 
21488891 DOI: 10.1111/j.1600-065X.2011.01006.x]

42 	 Lippitz BE, Harris RA. Cytokine patterns in cancer patients: A 
review of the correlation between interleukin 6 and prognosis. 
Oncoimmunology 2016; 5: e1093722 [PMID: 27467926 DOI: 
10.1080/2162402X.2015.1093722]

43 	 Mellman I, Coukos G, Dranoff G. Cancer immunotherapy comes 
of age. Nature 2011; 480: 480-489 [PMID: 22193102 DOI: 
10.1038/nature10673]

44 	 Franciszkiewicz K, Boissonnas A, Boutet M, Combadière C, 
Mami-Chouaib F. Role of chemokines and chemokine receptors 
in shaping the effector phase of the antitumor immune response. 
Cancer Res 2012; 72: 6325-6332 [PMID: 23222302 DOI: 
10.1158/0008-5472.CAN-12-2027]

45 	 Peng W, Liu C, Xu C, Lou Y, Chen J, Yang Y, Yagita H, Overwijk 
WW, Lizée G, Radvanyi L, Hwu P. PD-1 blockade enhances T-cell 
migration to tumors by elevating IFN-γ inducible chemokines. 
Cancer Res 2012; 72: 5209-5218 [PMID: 22915761 DOI: 
10.1158/0008-5472.CAN-12-1187]

46 	 Franciszkiewicz K, Le Floc'h A, Boutet M, Vergnon I, Schmitt 
A, Mami-Chouaib F. CD103 or LFA-1 engagement at the immune 
synapse between cytotoxic T cells and tumor cells promotes 
maturation and regulates T-cell effector functions. Cancer Res 
2013; 73: 617-628 [PMID: 23188505 DOI: 10.1158/0008-5472.
CAN-12-2569]

47 	 Hegde PS, Karanikas V, Evers S. The Where, the When, and 
the How of Immune Monitoring for Cancer Immunotherapies 
in the Era of Checkpoint Inhibition. Clin Cancer Res 2016; 
22: 1865-1874 [PMID: 27084740 DOI: 10.1158/1078-0432.
CCR-15-1507]

48 	 Beatty GL, Eghbali S, Kim R. Deploying Immunotherapy 
in Pancreatic Cancer: Defining Mechanisms of Response and 
Resistance. Am Soc Clin Oncol Educ Book 2017; 37: 267-278 
[PMID: 28561678 DOI: 10.14694/EDBK_175232]

49 	 Teng MW, Ngiow SF, Ribas A, Smyth MJ. Classifying Cancers 
Based on T-cell Infiltration and PD-L1. Cancer Res 2015; 
75: 2139-2145 [PMID: 25977340 DOI: 10.1158/0008-5472.
CAN-15-0255]

50 	 Delitto D, Wallet SM, Hughes SJ. Targeting tumor tolerance: A new 
hope for pancreatic cancer therapy? Pharmacol Ther 2016; 166: 9-29 
[PMID: 27343757 DOI: 10.1016/j.pharmthera.2016.06.008]

51 	 Erkan M, Hausmann S, Michalski CW, Fingerle AA, Dobritz 
M, Kleeff J, Friess H. The role of stroma in pancreatic cancer: 

diagnostic and therapeutic implications. Nat Rev Gastroenterol 
Hepatol 2012; 9: 454-467 [PMID: 22710569 DOI: 10.1038/
nrgastro.2012.115]

52 	 Neesse A, Algül H, Tuveson DA, Gress TM. Stromal biology and 
therapy in pancreatic cancer: a changing paradigm. Gut 2015; 64: 
1476-1484 [PMID: 25994217 DOI: 10.1136/gutjnl-2015-309304]

53 	 Watt J, Kocher HM. The desmoplastic stroma of pancreatic cancer 
is a barrier to immune cell infiltration. Oncoimmunology 2013; 2: 
e26788 [PMID: 24498555 DOI: 10.4161/onci.26788]

54 	 Carstens JL, Correa de Sampaio P, Yang D, Barua S, Wang H, 
Rao A, Allison JP, LeBleu VS, Kalluri R. Spatial computation 
of intratumoral T cells correlates with survival of patients with 
pancreatic cancer. Nat Commun 2017; 8: 15095 [PMID: 28447602 
DOI: 10.1038/ncomms15095]

55 	 Turley SJ, Cremasco V, Astarita JL. Immunological hallmarks of 
stromal cells in the tumour microenvironment. Nat Rev Immunol 
2015; 15: 669-682 [PMID: 26471778 DOI: 10.1038/nri3902]

56 	 Tsujikawa T, Kumar S, Borkar RN, Azimi V, Thibault G, Chang 
YH, Balter A, Kawashima R, Choe G, Sauer D, El Rassi E, 
Clayburgh DR, Kulesz-Martin MF, Lutz ER, Zheng L, Jaffee EM, 
Leyshock P, Margolin AA, Mori M, Gray JW, Flint PW, Coussens 
LM. Quantitative Multiplex Immunohistochemistry Reveals 
Myeloid-Inflamed Tumor-Immune Complexity Associated with 
Poor Prognosis. Cell Rep 2017; 19: 203-217 [PMID: 28380359 
DOI: 10.1016/j.celrep.2017.03.037]

57 	 Principe DR, DeCant B, Mascariñas E, Wayne EA, Diaz AM, 
Akagi N, Hwang R, Pasche B, Dawson DW, Fang D, Bentrem DJ, 
Munshi HG, Jung B, Grippo PJ. TGFβ Signaling in the Pancreatic 
Tumor Microenvironment Promotes Fibrosis and Immune Evasion 
to Facilitate Tumorigenesis. Cancer Res 2016; 76: 2525-2539 
[PMID: 26980767 DOI: 10.1158/0008-5472.CAN-15-1293]

58 	 Beatty GL, Winograd R, Evans RA, Long KB, Luque SL, 
Lee JW, Clendenin C, Gladney WL, Knoblock DM, Guirnalda 
PD, Vonderheide RH. Exclusion of T Cells From Pancreatic 
Carcinomas in Mice Is Regulated by Ly6C(low) F4/80(+) 
Extratumoral Macrophages. Gastroenterology 2015; 149: 201-210 
[PMID: 25888329 DOI: 10.1053/j.gastro.2015.04.010]

59 	 Chouaib S, Noman MZ, Kosmatopoulos K, Curran MA. Hypoxic 
stress: obstacles and opportunities for innovative immunotherapy 
of cancer. Oncogene 2017; 36: 439-445 [PMID: 27345407 DOI: 
10.1038/onc.2016.225]

60 	 Mariathasan S, Turley SJ, Nickles D, Castiglioni A, Yuen 
K, Wang Y, Kadel EE III, Koeppen H, Astarita JL, Cubas R, 
Jhunjhunwala S, Banchereau R, Yang Y, Guan Y, Chalouni C, Ziai 
J, Şenbabaoğlu Y, Santoro S, Sheinson D, Hung J, Giltnane JM, 
Pierce AA, Mesh K, Lianoglou S, Riegler J, Carano RAD, Eriksson 
P, Höglund M, Somarriba L, Halligan DL, van der Heijden MS, 
Loriot Y, Rosenberg JE, Fong L, Mellman I, Chen DS, Green 
M, Derleth C, Fine GD, Hegde PS, Bourgon R, Powles T. TGFβ 
attenuates tumour response to PD-L1 blockade by contributing to 
exclusion of T cells. Nature 2018; 554: 544-548 [PMID: 29443960 
DOI: 10.1038/nature25501]

61 	 Palazon A, Goldrath AW, Nizet V, Johnson RS. HIF transcription 
factors, inflammation, and immunity. Immunity 2014; 41: 518-528 
[PMID: 25367569 DOI: 10.1016/j.immuni.2014.09.008]

62 	 Kalluri R. The biology and function of fibroblasts in cancer. Nat 
Rev Cancer 2016; 16: 582-598 [PMID: 27550820 DOI: 10.1038/
nrc.2016.73]

63 	 Feig C, Jones JO, Kraman M, Wells RJ, Deonarine A, Chan DS, 
Connell CM, Roberts EW, Zhao Q, Caballero OL, Teichmann 
SA, Janowitz T, Jodrell DI, Tuveson DA, Fearon DT. Targeting 
CXCL12 from FAP-expressing carcinoma-associated fibroblasts 
synergizes with anti-PD-L1 immunotherapy in pancreatic cancer. 
Proc Natl Acad Sci USA 2013; 110: 20212-20217 [PMID: 
24277834 DOI: 10.1073/pnas.1320318110]

64 	 Knudsen ES, Vail P, Balaji U, Ngo H, Botros IW, Makarov V, Riaz 
N, Balachandran V, Leach S, Thompson DM, Chan TA, Witkiewicz 
AK. Stratification of Pancreatic Ductal Adenocarcinoma: 
Combinatorial Genetic, Stromal, and Immunologic Markers. 
Clin Cancer Res 2017; 23: 4429-4440 [PMID: 28348045 DOI: 

Hilmi M et al . Immunotherapy for PDAC



2148 May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com

10.1158/1078-0432.CCR-17-0162]
65 	 Shen T, Zhou L, Shen H, Shi C, Jia S, Ding GP, Cao L. Prognostic 

value of programmed cell death protein 1 expression on CD8+ T 
lymphocytes in pancreatic cancer. Sci Rep 2017; 7: 7848 [PMID: 
28798308 DOI: 10.1038/s41598-017-08479-9]

66 	 Daley D, Zambirinis CP, Seifert L, Akkad N, Mohan N, Werba G, 
Barilla R, Torres-Hernandez A, Hundeyin M, Mani VRK, Avanzi 
A, Tippens D, Narayanan R, Jang JE, Newman E, Pillarisetty VG, 
Dustin ML, Bar-Sagi D, Hajdu C, Miller G. γδ T Cells Support 
Pancreatic Oncogenesis by Restraining αβ T Cell Activation. 
Cell 2016; 166: 1485-1499.e15 [PMID: 27569912 DOI: 10.1016/
j.cell.2016.07.046]

67 	 Blank CU, Haanen JB, Ribas A, Schumacher TN. CANCER 
IMMUNOLOGY. The "cancer immunogram". Science 2016; 352: 
658-660 [PMID: 27151852 DOI: 10.1126/science.aaf2834]

68 	 Smyth MJ, Ngiow SF, Ribas A, Teng MW. Combination cancer 
immunotherapies tailored to the tumour microenvironment. 
Nat Rev Clin Oncol 2016; 13: 143-158 [PMID: 26598942 DOI: 
10.1038/nrclinonc.2015.209]

69 	 Duffy AG, Greten TF. Immunological off-target effects of standard 
treatments in gastrointestinal cancers. Ann Oncol 2014; 25: 24-32 
[PMID: 24201974 DOI: 10.1093/annonc/mdt349]

70 	 Bracci L, Schiavoni G, Sistigu A, Belardelli F. Immune-based 
mechanisms of cytotoxic chemotherapy: implications for the 
design of novel and rationale-based combined treatments against 
cancer. Cell Death Differ 2014; 21: 15-25 [PMID: 23787994 DOI: 
10.1038/cdd.2013.67]

71 	 Di Caro G, Cortese N, Castino GF, Grizzi F, Gavazzi F, Ridolfi C, 
Capretti G, Mineri R, Todoric J, Zerbi A, Allavena P, Mantovani 
A, Marchesi F. Dual prognostic significance of tumour-associated 
macrophages in human pancreatic adenocarcinoma treated or 
untreated with chemotherapy. Gut 2016; 65: 1710-1720 [PMID: 
26156960 DOI: 10.1136/gutjnl-2015-309193]

72 	 Harrop R, Drury N, Shingler W, Chikoti P, Redchenko I, Carroll 
MW, Kingsman SM, Naylor S, Griffiths R, Steven N, Hawkins 
RE. Vaccination of colorectal cancer patients with TroVax given 
alongside chemotherapy (5-fluorouracil, leukovorin and irinotecan) 
is safe and induces potent immune responses. Cancer Immunol 
Immunother 2008; 57: 977-986 [PMID: 18060404 DOI: 10.1007/
s00262-007-0428-7]

73 	 Kanterman J, Sade-Feldman M, Biton M, Ish-Shalom E, Lasry A, 
Goldshtein A, Hubert A, Baniyash M. Adverse immunoregulatory 
effects of 5FU and CPT11 chemotherapy on myeloid-derived 
suppressor cells and colorectal cancer outcomes. Cancer Res 
2014; 74: 6022-6035 [PMID: 25209187 DOI: 10.1158/0008-5472.
CAN-14-0657]

74 	 Kohlhapp FJ, Kaufman HL. Molecular Pathways: Mechanism 
of Action for Talimogene Laherparepvec, a New Oncolytic Virus 
Immunotherapy. Clin Cancer Res 2016; 22: 1048-1054 [PMID: 
26719429 DOI: 10.1158/1078-0432.CCR-15-2667]

75 	 Kaufman HL, Kohlhapp FJ, Zloza A. Oncolytic viruses: a new 
class of immunotherapy drugs. Nat Rev Drug Discov 2015; 14: 
642-662 [PMID: 26323545 DOI: 10.1038/nrd4663]

76 	 Le DT, Lutz E, Uram JN, Sugar EA, Onners B, Solt S, Zheng L, 
Diaz LA Jr, Donehower RC, Jaffee EM, Laheru DA. Evaluation of 
ipilimumab in combination with allogeneic pancreatic tumor cells 
transfected with a GM-CSF gene in previously treated pancreatic 
cancer. J Immunother 2013; 36: 382-389 [PMID: 23924790 DOI: 
10.1097/CJI.0b013e31829fb7a2]

77 	 Soares KC, Rucki AA, Wu AA, Olino K, Xiao Q, Chai Y, Wamwea 
A, Bigelow E, Lutz E, Liu L, Yao S, Anders RA, Laheru D, 
Wolfgang CL, Edil BH, Schulick RD, Jaffee EM, Zheng L. PD-1/
PD-L1 blockade together with vaccine therapy facilitates effector 
T-cell infiltration into pancreatic tumors. J Immunother 2015; 38: 
1-11 [PMID: 25415283 DOI: 10.1097/CJI.0000000000000062]

78 	 Le DT, Wang-Gillam A, Picozzi V, Greten TF, Crocenzi T, 
Springett G, Morse M, Zeh H, Cohen D, Fine RL, Onners B, Uram 
JN, Laheru DA, Lutz ER, Solt S, Murphy AL, Skoble J, Lemmens 
E, Grous J, Dubensky T Jr, Brockstedt DG, Jaffee EM. Safety and 
survival with GVAX pancreas prime and Listeria Monocytogenes-

expressing mesothelin (CRS-207) boost vaccines for metastatic 
pancreatic cancer. J Clin Oncol 2015; 33: 1325-1333 [PMID: 
25584002 DOI: 10.1200/JCO.2014.57.4244]

79 	 Uyttenhove C, Pilotte L, Théate I, Stroobant V, Colau D, 
Parmentier N, Boon T, Van den Eynde BJ. Evidence for a tumoral 
immune resistance mechanism based on tryptophan degradation by 
indoleamine 2,3-dioxygenase. Nat Med 2003; 9: 1269-1274 [PMID: 
14502282 DOI: 10.1038/nm934]

80 	 Liu X, Shin N, Koblish HK, Yang G, Wang Q, Wang K, Leffet 
L, Hansbury MJ, Thomas B, Rupar M, Waeltz P, Bowman KJ, 
Polam P, Sparks RB, Yue EW, Li Y, Wynn R, Fridman JS, Burn 
TC, Combs AP, Newton RC, Scherle PA. Selective inhibition 
of IDO1 effectively regulates mediators of antitumor immunity. 
Blood 2010; 115: 3520-3530 [PMID: 20197554 DOI: 10.1182/
blood-2009-09-246124]

81 	 Neuzillet C, de Gramont A, Tijeras-Raballand A, de Mestier L, 
Cros J, Faivre S, Raymond E. Perspectives of TGF-β inhibition 
in pancreatic and hepatocellular carcinomas. Oncotarget 2014; 5: 
78-94 [PMID: 24393789 DOI: 10.18632/oncotarget.1569]

82 	 van der Burg SH, Arens R, Ossendorp F, van Hall T, Melief CJ. 
Vaccines for established cancer: overcoming the challenges posed 
by immune evasion. Nat Rev Cancer 2016; 16: 219-233 [PMID: 
26965076 DOI: 10.1038/nrc.2016.16]

83 	 Desrichard A, Snyder A, Chan TA. Cancer Neoantigens and 
Applications for Immunotherapy. Clin Cancer Res 2016; 
22: 807-812 [PMID: 26515495 DOI: 10.1158/1078-0432.
CCR-14-3175]

84 	 Gilboa E. The promise of cancer vaccines. Nat Rev Cancer 2004; 4: 
401-411 [PMID: 15122211 DOI: 10.1038/nrc1359]

85 	 Noonan AM, Farren MR, Geyer SM, Huang Y, Tahiri S, Ahn D, 
Mikhail S, Ciombor KK, Pant S, Aparo S, Sexton J, Marshall JL, 
Mace TA, Wu CS, El-Rayes B, Timmers CD, Zwiebel J, Lesinski 
GB, Villalona-Calero MA, Bekaii-Saab TS. Randomized Phase 
2 Trial of the Oncolytic Virus Pelareorep (Reolysin) in Upfront 
Treatment of Metastatic Pancreatic Adenocarcinoma. Mol Ther 
2016; 24: 1150-1158 [PMID: 27039845 DOI: 10.1038/mt.2016.66]

86 	 Mahalingam D , Fountzilas C, Moseley JL, Noronha N, 
Cheetham K, Dzugalo A, Nuovo G, Gutierrez A, Arora SP. 
A study of REOLYSIN in combination with pembrolizumab 
and chemotherapy in patients (pts) with relapsed metastatic 
adenocarcinoma of the pancreas (MAP). J Clin Oncol 2017; 35 
suppl; abstr e15753

87 	 Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob 
JJ, Cowey CL, Lao CD, Wagstaff J, Schadendorf D, Ferrucci PF, 
Smylie M, Dummer R, Hill A, Hogg D, Haanen J, Carlino MS, 
Bechter O, Maio M, Marquez-Rodas I, Guidoboni M, McArthur 
G, Lebbé C, Ascierto PA, Long GV, Cebon J, Sosman J, Postow 
MA, Callahan MK, Walker D, Rollin L, Bhore R, Hodi FS, Larkin 
J. Overall Survival with Combined Nivolumab and Ipilimumab in 
Advanced Melanoma. N Engl J Med 2017; 377: 1345-1356 [PMID: 
28889792 DOI: 10.1056/NEJMoa1709684]

88 	 Mahoney KM, Rennert PD, Freeman GJ. Combination cancer 
immunotherapy and new immunomodulatory targets. Nat Rev 
Drug Discov 2015; 14: 561-584 [PMID: 26228759 DOI: 10.1038/
nrd4591]

89 	 Nywening TM, Wang-Gillam A, Sanford DE, Belt BA, Panni 
RZ, Cusworth BM, Toriola AT, Nieman RK, Worley LA, Yano 
M, Fowler KJ, Lockhart AC, Suresh R, Tan BR, Lim KH, Fields 
RC, Strasberg SM, Hawkins WG, DeNardo DG, Goedegebuure 
SP, Linehan DC. Targeting tumour-associated macrophages with 
CCR2 inhibition in combination with FOLFIRINOX in patients 
with borderline resectable and locally advanced pancreatic cancer: 
a single-centre, open-label, dose-finding, non-randomised, phase 
1b trial. Lancet Oncol 2016; 17: 651-662 [PMID: 27055731 DOI: 
10.1016/S1470-2045(16)00078-4]

90 	 Nywening TM, Belt BA, Cullinan DR, Panni RZ, Han BJ, 
Sanford DE, Jacobs RC, Ye J, Patel AA, Gillanders WE, Fields 
RC, DeNardo DG, Hawkins WG, Goedegebuure P, Linehan 
DC. Targeting both tumour-associated CXCR2+ neutrophils and 
CCR2+ macrophages disrupts myeloid recruitment and improves 

Hilmi M et al . Immunotherapy for PDAC



2149 May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com

chemotherapeutic responses in pancreatic ductal adenocarcinoma. 
Gut 2018; 67: 1112-1123 [PMID: 29196437 DOI: 10.1136/
gutjnl-2017-313738]

91 	 Zhu Y, Knolhoff BL, Meyer MA, Nywening TM, West BL, Luo 
J, Wang-Gillam A, Goedegebuure SP, Linehan DC, DeNardo DG. 
CSF1/CSF1R blockade reprograms tumor-infiltrating macrophages 
and improves response to T-cell checkpoint immunotherapy in 
pancreatic cancer models. Cancer Res 2014; 74: 5057-5069 [PMID: 
25082815 DOI: 10.1158/0008-5472.CAN-13-3723]

92 	 Mace TA, Shakya R, Pitarresi JR, Swanson B, McQuinn CW, 
Loftus S, Nordquist E, Cruz-Monserrate Z, Yu L, Young G, 
Zhong X, Zimmers TA, Ostrowski MC, Ludwig T, Bloomston M, 
Bekaii-Saab T, Lesinski GB. IL-6 and PD-L1 antibody blockade 
combination therapy reduces tumour progression in murine models 
of pancreatic cancer. Gut 2018; 67: 320-332 [PMID: 27797936 
DOI: 10.1136/gutjnl-2016-311585]

93 	 Bonapace L, Coissieux MM, Wyckoff J, Mertz KD, Varga Z, Junt 
T, Bentires-Alj M. Cessation of CCL2 inhibition accelerates breast 
cancer metastasis by promoting angiogenesis. Nature 2014; 515: 
130-133 [PMID: 25337873 DOI: 10.1038/nature13862]

94 	 Neuzillet C, Hammel P, Tijeras-Raballand A, Couvelard A, 
Raymond E. Targeting the Ras-ERK pathway in pancreatic 
adenocarcinoma. Cancer Metastasis Rev 2013; 32: 147-162 [PMID: 
23085856 DOI: 10.1007/s10555-012-9396-2]

95 	 Zhang Y, Velez-Delgado A, Mathew E, Li D, Mendez FM, 
Flannagan K, Rhim AD, Simeone DM, Beatty GL, Pasca di 
Magliano M. Myeloid cells are required for PD-1/PD-L1 checkpoint 
activation and the establishment of an immunosuppressive 
environment in pancreatic cancer. Gut 2017; 66: 124-136 [PMID: 
27402485 DOI: 10.1136/gutjnl-2016-312078]

96 	 Van Cutsem E, Lenz H-J, Furuse J, Tabernero J, Heinemann V, 
Ioka T, Bazin I, Ueno M, Csõszi T, Wasan H, Melichar B, Karasek 
P, Macarulla TM, Guillen C, Kalinka-Warzocha E, Horvath Z, 
Prenen H, Schlichting M, Ibrahim A, Bendell JC. MAESTRO: A 
randomized, double-blind phase III study of evofosfamide (Evo) 
in combination with gemcitabine (Gem) in previously untreated 
patients (pts) with metastatic or locally advanced unresectable 
pancreatic ductal adenocarcinoma (PDAC). J Clin Oncol 2016; 34: 
4007-4007 [DOI: 10.1200/jco.2016.34.4_suppl.193]

97 	 Saggar JK, Tannock IF. Chemotherapy Rescues Hypoxic Tumor 
Cells and Induces Their Reoxygenation and Repopulation-An 
Effect That Is Inhibited by the Hypoxia-Activated Prodrug TH-302. 
Clin Cancer Res 2015; 21: 2107-2114 [PMID: 25677696 DOI: 
10.1158/1078-0432.CCR-14-2298]

98 	 Rhim AD, Oberstein PE, Thomas DH, Mirek ET, Palermo CF, 
Sastra SA, Dekleva EN, Saunders T, Becerra CP, Tattersall IW, 
Westphalen CB, Kitajewski J, Fernandez-Barrena MG, Fernandez-
Zapico ME, Iacobuzio-Donahue C, Olive KP, Stanger BZ. 
Stromal elements act to restrain, rather than support, pancreatic 
ductal adenocarcinoma. Cancer Cell 2014; 25: 735-747 [PMID: 
24856585 DOI: 10.1016/j.ccr.2014.04.021]

99 	 Özdemir BC, Pentcheva-Hoang T, Carstens JL, Zheng X, Wu CC, 
Simpson TR, Laklai H, Sugimoto H, Kahlert C, Novitskiy SV, De 
Jesus-Acosta A, Sharma P, Heidari P, Mahmood U, Chin L, Moses 
HL, Weaver VM, Maitra A, Allison JP, LeBleu VS, Kalluri R. 
Depletion of carcinoma-associated fibroblasts and fibrosis induces 
immunosuppression and accelerates pancreas cancer with reduced 
survival. Cancer Cell 2014; 25: 719-734 [PMID: 24856586 DOI: 
10.1016/j.ccr.2014.04.005]

100 	 Catenacci DV, Junttila MR, Karrison T, Bahary N, Horiba MN, 
Nattam SR, Marsh R, Wallace J, Kozloff M, Rajdev L, Cohen D, 
Wade J, Sleckman B, Lenz HJ, Stiff P, Kumar P, Xu P, Henderson L, 
Takebe N, Salgia R, Wang X, Stadler WM, de Sauvage FJ, Kindler 
HL. Randomized Phase Ib/II Study of Gemcitabine Plus Placebo 
or Vismodegib, a Hedgehog Pathway Inhibitor, in Patients With 
Metastatic Pancreatic Cancer. J Clin Oncol 2015; 33: 4284-4292 
[PMID: 26527777 DOI: 10.1200/JCO.2015.62.8719]

101 	 Sulzmaier FJ, Jean C, Schlaepfer DD. FAK in cancer: mechanistic 
findings and clinical applications. Nat Rev Cancer 2014; 14: 
598-610 [PMID: 25098269 DOI: 10.1038/nrc3792]

102 	 Jiang H, Hegde S, Knolhoff BL, Zhu Y, Herndon JM, Meyer MA, 
Nywening TM, Hawkins WG, Shapiro IM, Weaver DT, Pachter 
JA, Wang-Gillam A, DeNardo DG. Targeting focal adhesion 
kinase renders pancreatic cancers responsive to checkpoint 
immunotherapy. Nat Med 2016; 22: 851-860 [PMID: 27376576 
DOI: 10.1038/nm.4123]

103 	 Sadelain M, Rivière I, Brentjens R. Targeting tumours with 
genetically enhanced T lymphocytes. Nat Rev Cancer 2003; 3: 
35-45 [PMID: 12509765 DOI: 10.1038/nrc971]

104 	 Kochenderfer JN, Dudley ME, Kassim SH, Somerville RP, 
Carpenter RO, Stetler-Stevenson M, Yang JC, Phan GQ, Hughes 
MS, Sherry RM, Raffeld M, Feldman S, Lu L, Li YF, Ngo LT, 
Goy A, Feldman T, Spaner DE, Wang ML, Chen CC, Kranick 
SM, Nath A, Nathan DA, Morton KE, Toomey MA, Rosenberg 
SA. Chemotherapy-refractory diffuse large B-cell lymphoma 
and indolent B-cell malignancies can be effectively treated with 
autologous T cells expressing an anti-CD19 chimeric antigen 
receptor. J Clin Oncol 2015; 33: 540-549 [PMID: 25154820 DOI: 
10.1200/JCO.2014.56.2025]

105 	 Lee DW, Kochenderfer JN, Stetler-Stevenson M, Cui YK, 
Delbrook C, Feldman SA, Fry TJ, Orentas R, Sabatino M, 
Shah NN, Steinberg SM, Stroncek D, Tschernia N, Yuan C, 
Zhang H, Zhang L, Rosenberg SA, Wayne AS, Mackall CL. 
T cells expressing CD19 chimeric antigen receptors for acute 
lymphoblastic leukaemia in children and young adults: a phase 1 
dose-escalation trial. Lancet 2015; 385: 517-528 [PMID: 25319501 
DOI: 10.1016/S0140-6736(14)61403-3]

106 	 Morello A, Sadelain M, Adusumilli PS. Mesothelin-Targeted 
CARs: Driving T Cells to Solid Tumors. Cancer Discov 2016; 6: 
133-146 [PMID: 26503962 DOI: 10.1158/2159-8290.CD-15-0583]

107 	 Stromnes IM, Schmitt TM, Hulbert A, Brockenbrough JS, Nguyen 
H, Cuevas C, Dotson AM, Tan X, Hotes JL, Greenberg PD, 
Hingorani SR. T Cells Engineered against a Native Antigen Can 
Surmount Immunologic and Physical Barriers to Treat Pancreatic 
Ductal Adenocarcinoma. Cancer Cell 2015; 28: 638-652 [PMID: 
26525103 DOI: 10.1016/j.ccell.2015.09.022]

108 	 June CH, O'Connor RS, Kawalekar OU, Ghassemi S, Milone MC. 
CAR T cell immunotherapy for human cancer. Science 2018; 359: 
1361-1365 [PMID: 29567707 DOI: 10.1126/science.aar6711]

109 	 Collisson EA, Sadanandam A, Olson P, Gibb WJ, Truitt M, Gu S, 
Cooc J, Weinkle J, Kim GE, Jakkula L, Feiler HS, Ko AH, Olshen 
AB, Danenberg KL, Tempero MA, Spellman PT, Hanahan D, 
Gray JW. Subtypes of pancreatic ductal adenocarcinoma and their 
differing responses to therapy. Nat Med 2011; 17: 500-503 [PMID: 
21460848 DOI: 10.1038/nm.2344]

110 	 Moffitt RA, Marayati R, Flate EL, Volmar KE, Loeza SG, Hoadley 
KA, Rashid NU, Williams LA, Eaton SC, Chung AH, Smyla JK, 
Anderson JM, Kim HJ, Bentrem DJ, Talamonti MS, Iacobuzio-
Donahue CA, Hollingsworth MA, Yeh JJ. Virtual microdissection 
identifies distinct tumor- and stroma-specific subtypes of pancreatic 
ductal adenocarcinoma. Nat Genet 2015; 47: 1168-1178 [PMID: 
26343385 DOI: 10.1038/ng.3398]

111 	 Bailey P, Chang DK, Nones K, Johns AL, Patch AM, Gingras 
MC, Miller DK, Christ AN, Bruxner TJ, Quinn MC, Nourse C, 
Murtaugh LC, Harliwong I, Idrisoglu S, Manning S, Nourbakhsh 
E, Wani S, Fink L, Holmes O, Chin V, Anderson MJ, Kazakoff 
S, Leonard C, Newell F, Waddell N, Wood S, Xu Q, Wilson PJ, 
Cloonan N, Kassahn KS, Taylor D, Quek K, Robertson A, Pantano 
L, Mincarelli L, Sanchez LN, Evers L, Wu J, Pinese M, Cowley 
MJ, Jones MD, Colvin EK, Nagrial AM, Humphrey ES, Chantrill 
LA, Mawson A, Humphris J, Chou A, Pajic M, Scarlett CJ, Pinho 
AV, Giry-Laterriere M, Rooman I, Samra JS, Kench JG, Lovell JA, 
Merrett ND, Toon CW, Epari K, Nguyen NQ, Barbour A, Zeps N, 
Moran-Jones K, Jamieson NB, Graham JS, Duthie F, Oien K, Hair 
J, Grützmann R, Maitra A, Iacobuzio-Donahue CA, Wolfgang CL, 
Morgan RA, Lawlor RT, Corbo V, Bassi C, Rusev B, Capelli P, 
Salvia R, Tortora G, Mukhopadhyay D, Petersen GM; Australian 
Pancreatic Cancer Genome Initiative, Munzy DM, Fisher WE, 
Karim SA, Eshleman JR, Hruban RH, Pilarsky C, Morton JP, 
Sansom OJ, Scarpa A, Musgrove EA, Bailey UM, Hofmann O, 

Hilmi M et al . Immunotherapy for PDAC



2150 May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com

Sutherland RL, Wheeler DA, Gill AJ, Gibbs RA, Pearson JV, 
Waddell N, Biankin AV, Grimmond SM. Genomic analyses identify 
molecular subtypes of pancreatic cancer. Nature 2016; 531: 47-52 
[PMID: 26909576 DOI: 10.1038/nature16965]

112 	 Waddell N, Pajic M, Patch AM, Chang DK, Kassahn KS, Bailey 
P, Johns AL, Miller D, Nones K, Quek K, Quinn MC, Robertson 
AJ, Fadlullah MZ, Bruxner TJ, Christ AN, Harliwong I, Idrisoglu 
S, Manning S, Nourse C, Nourbakhsh E, Wani S, Wilson PJ, 
Markham E, Cloonan N, Anderson MJ, Fink JL, Holmes O, 
Kazakoff SH, Leonard C, Newell F, Poudel B, Song S, Taylor 
D, Waddell N, Wood S, Xu Q, Wu J, Pinese M, Cowley MJ, Lee 
HC, Jones MD, Nagrial AM, Humphris J, Chantrill LA, Chin V, 
Steinmann AM, Mawson A, Humphrey ES, Colvin EK, Chou A, 
Scarlett CJ, Pinho AV, Giry-Laterriere M, Rooman I, Samra JS, 
Kench JG, Pettitt JA, Merrett ND, Toon C, Epari K, Nguyen NQ, 
Barbour A, Zeps N, Jamieson NB, Graham JS, Niclou SP, Bjerkvig 
R, Grützmann R, Aust D, Hruban RH, Maitra A, Iacobuzio-
Donahue CA, Wolfgang CL, Morgan RA, Lawlor RT, Corbo 
V, Bassi C, Falconi M, Zamboni G, Tortora G, Tempero MA; 
Australian Pancreatic Cancer Genome Initiative, Gill AJ, Eshleman 
JR, Pilarsky C, Scarpa A, Musgrove EA, Pearson JV, Biankin AV, 
Grimmond SM. Whole genomes redefine the mutational landscape 
of pancreatic cancer. Nature 2015; 518: 495-501 [PMID: 25719666 
DOI: 10.1038/nature14169]

113 	 Chen DS, Mellman I. Elements of cancer immunity and the 
cancer-immune set point. Nature 2017; 541: 321-330 [PMID: 
28102259 DOI: 10.1038/nature21349]

114 	 Zaretsky JM, Garcia-Diaz A, Shin DS, Escuin-Ordinas H, Hugo 
W, Hu-Lieskovan S, Torrejon DY, Abril-Rodriguez G, Sandoval S, 
Barthly L, Saco J, Homet Moreno B, Mezzadra R, Chmielowski B, 
Ruchalski K, Shintaku IP, Sanchez PJ, Puig-Saus C, Cherry G, Seja 
E, Kong X, Pang J, Berent-Maoz B, Comin-Anduix B, Graeber 
TG, Tumeh PC, Schumacher TN, Lo RS, Ribas A. Mutations 
Associated with Acquired Resistance to PD-1 Blockade in 
Melanoma. N Engl J Med 2016; 375: 819-829 [PMID: 27433843 
DOI: 10.1056/NEJMoa1604958]

115 	 Sivan A, Corrales L, Hubert N, Williams JB, Aquino-Michaels K, 
Earley ZM, Benyamin FW, Lei YM, Jabri B, Alegre ML, Chang 
EB, Gajewski TF. Commensal Bifidobacterium promotes antitumor 
immunity and facilitates anti-PD-L1 efficacy. Science 2015; 350: 
1084-1089 [PMID: 26541606 DOI: 10.1126/science.aac4255]

116 	 Vétizou M, Pitt JM, Daillère R, Lepage P, Waldschmitt N, Flament 
C, Rusakiewicz S, Routy B, Roberti MP, Duong CP, Poirier-
Colame V, Roux A, Becharef S, Formenti S, Golden E, Cording S, 
Eberl G, Schlitzer A, Ginhoux F, Mani S, Yamazaki T, Jacquelot 
N, Enot DP, Bérard M, Nigou J, Opolon P, Eggermont A, Woerther 
PL, Chachaty E, Chaput N, Robert C, Mateus C, Kroemer G, 
Raoult D, Boneca IG, Carbonnel F, Chamaillard M, Zitvogel L. 
Anticancer immunotherapy by CTLA-4 blockade relies on the gut 
microbiota. Science 2015; 350: 1079-1084 [PMID: 26541610 DOI: 
10.1126/science.aad1329]

117 	 Patel SJ, Sanjana NE, Kishton RJ, Eidizadeh A, Vodnala SK, Cam 
M, Gartner JJ, Jia L, Steinberg SM, Yamamoto TN, Merchant 
AS, Mehta GU, Chichura A, Shalem O, Tran E, Eil R, Sukumar 
M, Guijarro EP, Day CP, Robbins P, Feldman S, Merlino G, 
Zhang F, Restifo NP. Identification of essential genes for cancer 
immunotherapy. Nature 2017; 548: 537-542 [PMID: 28783722 
DOI: 10.1038/nature23477]

118 	 Jaffee EM, Hruban RH, Biedrzycki B, Laheru D, Schepers K, 
Sauter PR, Goemann M, Coleman J, Grochow L, Donehower RC, 
Lillemoe KD, O'Reilly S, Abrams RA, Pardoll DM, Cameron 
JL, Yeo CJ. Novel allogeneic granulocyte-macrophage colony-
stimulating factor-secreting tumor vaccine for pancreatic cancer: a 
phase I trial of safety and immune activation. J Clin Oncol 2001; 
19: 145-156 [PMID: 11134207 DOI: 10.1200/JCO.2001.19.1.145]

119 	 Lutz E, Yeo CJ, Lillemoe KD, Biedrzycki B, Kobrin B, Herman J, 
Sugar E, Piantadosi S, Cameron JL, Solt S, Onners B, Tartakovsky 
I, Choi M, Sharma R, Illei PB, Hruban RH, Abrams RA, Le D, 
Jaffee E, Laheru D. A lethally irradiated allogeneic granulocyte-
macrophage colony stimulating factor-secreting tumor vaccine 

for pancreatic adenocarcinoma. A Phase II trial of safety, efficacy, 
and immune activation. Ann Surg 2011; 253: 328-335 [PMID: 
21217520 DOI: 10.1097/SLA.0b013e3181fd271c]

120 	 Laheru D, Lutz E, Burke J, Biedrzycki B, Solt S, Onners B, 
Tartakovsky I, Nemunaitis J, Le D, Sugar E, Hege K, Jaffee E. 
Allogeneic granulocyte macrophage colony-stimulating factor-
secreting tumor immunotherapy alone or in sequence with 
cyclophosphamide for metastatic pancreatic cancer: a pilot study 
of safety, feasibility, and immune activation. Clin Cancer Res 
2008; 14: 1455-1463 [PMID: 18316569 DOI: 10.1158/1078-0432.
CCR-07-0371]

121 	 Le DT, Brockstedt DG, Nir-Paz R, Hampl J, Mathur S, Nemunaitis 
J, Sterman DH, Hassan R, Lutz E, Moyer B, Giedlin M, Louis 
JL, Sugar EA, Pons A, Cox AL, Levine J, Murphy AL, Illei 
P, Dubensky TW Jr, Eiden JE, Jaffee EM, Laheru DA. A live-
attenuated Listeria vaccine (ANZ-100) and a live-attenuated 
Listeria vaccine expressing mesothelin (CRS-207) for advanced 
cancers: phase I studies of safety and immune induction. 
Clin Cancer Res 2012; 18: 858-868 [PMID: 22147941 DOI: 
10.1158/1078-0432.CCR-11-2121]

122 	 Hardacre JM, Mulcahy M, Small W, Talamonti M, Obel J, 
Krishnamurthi S, Rocha-Lima CS, Safran H, Lenz HJ, Chiorean 
EG. Addition of algenpantucel-L immunotherapy to standard 
adjuvant therapy for pancreatic cancer: a phase 2 study. J 
Gastrointest Surg 2013; 17: 94-100; discussion p. 100-101 [PMID: 
23229886 DOI: 10.1007/s11605-012-2064-6]

123 	 Gjertsen MK, Bakka A, Breivik J, Saeterdal I, Gedde-Dahl T 
3rd, Stokke KT, Sølheim BG, Egge TS, Søreide O, Thorsby E, 
Gaudernack G. Ex vivo ras peptide vaccination in patients with 
advanced pancreatic cancer: results of a phase I/II study. Int J 
Cancer 1996; 65: 450-453 [PMID: 8621226 DOI: 10.1002/(SICI)1
097-0215(19960208)65:4<450::AID-IJC10>3.0.CO;2-E]

124 	 Gjertsen MK, Buanes T, Rosseland AR, Bakka A, Gladhaug I, 
Søreide O, Eriksen JA, Møller M, Baksaas I, Lothe RA, Saeterdal 
I, Gaudernack G. Intradermal ras peptide vaccination with 
granulocyte-macrophage colony-stimulating factor as adjuvant: 
Clinical and immunological responses in patients with pancreatic 
adenocarcinoma. Int J Cancer 2001; 92: 441-450 [PMID: 
11291084 DOI: 10.1002/ijc.1205]

125 	 Abou-Alfa GK, Chapman PB, Feilchenfeldt J, Brennan MF, 
Capanu M, Gansukh B, Jacobs G, Levin A, Neville D, Kelsen 
DP, O'Reilly EM. Targeting mutated K-ras in pancreatic 
adenocarcinoma using an adjuvant vaccine. Am J Clin 
Oncol 2011; 34: 321-325 [PMID: 20686403 DOI: 10.1097/
COC.0b013e3181e84b1f]

126 	 Middleton G, Silcocks P, Cox T, Valle J, Wadsley J, Propper D, 
Coxon F, Ross P, Madhusudan S, Roques T, Cunningham D, Falk 
S, Wadd N, Harrison M, Corrie P, Iveson T, Robinson A, McAdam 
K, Eatock M, Evans J, Archer C, Hickish T, Garcia-Alonso A, 
Nicolson M, Steward W, Anthoney A, Greenhalf W, Shaw V, 
Costello E, Naisbitt D, Rawcliffe C, Nanson G, Neoptolemos J. 
Gemcitabine and capecitabine with or without telomerase peptide 
vaccine GV1001 in patients with locally advanced or metastatic 
pancreatic cancer (TeloVac): an open-label, randomised, phase 3 
trial. Lancet Oncol 2014; 15: 829-840 [PMID: 24954781 DOI: 
10.1016/S1470-2045(14)70236-0]

127 	 Hecht JR, Bedford R, Abbruzzese JL, Lahoti S, Reid TR, Soetikno 
RM, Kirn DH, Freeman SM. A phase I/II trial of intratumoral 
endoscopic ultrasound injection of ONYX-015 with intravenous 
gemcitabine in unresectable pancreatic carcinoma. Clin Cancer 
Res 2003; 9: 555-561 [PMID: 12576418]

128 	 Mulvihill S, Warren R, Venook A, Adler A, Randlev B, Heise C, 
Kirn D. Safety and feasibility of injection with an E1B-55 kDa 
gene-deleted, replication-selective adenovirus (ONYX-015) into 
primary carcinomas of the pancreas: a phase I trial. Gene Ther 
2001; 8: 308-315 [PMID: 11313805 DOI: 10.1038/sj.gt.3301398]

129 	 Oettle H, Seufferlein T, Luger T, Schmid RM, von Wichert 
G, Endlicher E, Garbe C, Kaehler KK, Enk A, Schneider A, 
Rothhammer-Hampl T, Grosser S, Kiessling P. Final results of 
a phase I/II study in patients with pancreatic cancer, malignant 

Hilmi M et al . Immunotherapy for PDAC



2151 May 28, 2018|Volume 24|Issue 20|WJG|www.wjgnet.com

melanoma, and colorectal carcinoma with trabedersen. J Clin 
Oncol 2012; 30: 4034-4034 [DOI: 10.1200/jco.2012.30.15_suppl.4
034]

130 	 Melisi D, Garcia-Carbonero R, Macarulla T, Pezet D, Deplanque G, 
Fuchs M, Trojan J, Oettle H, Kozloff M, Cleverly A, Gueorguieva 

I, Desaiah D, Lahn MMF, Blunt A, Benhadji KA, Tabernero J. A 
phase II, double-blind study of galunisertib+gemcitabine (GG) 
vs gemcitabine+placebo (GP) in patients (pts) with unresectable 
pancreatic cancer (PC). J Clin Oncol 2016; 34: 4019-4019 [DOI: 
10.1200/JCO.2016.34.15_suppl.4019]

P- Reviewer: Chang E, Demonacos C, Schulten H    
S- Editor: Wang XJ    L- Editor: A    E- Editor: Tan WW

Hilmi M et al . Immunotherapy for PDAC



generally accepted albeit somewhat controversially 
discussed therapeutic strategy in highly selected 
patients with non-resectable hepatic metastases from 
neuroendocrine tumours (NET). Whilst there are some 
exclusion criteria, these are not universally followed, 
and the optimal set of inclusion parameters for deeming 
patients eligible has not yet been elucidated. This is 
due to heterogeneity in the study populations, as well 
differing approaches employed and also divergences 
in selection criteria between centres. Recent data have 
suggested that OLT may represent the most efficacious 
approach in terms of overall and disease-free survival 
to the management of NET metastatic to the liver 
when conducted in accordance with the modified 
Milan criteria. Therefore, a consensus set of selection 
criteria requires definition to facilitate stringent and 
fair allocation of deceased-donor organs, as well as 
consideration for living-donor organs. In the context 
of classically non-resectable metastatic tumour bulk, 
multivisceral transplantation with or without the liver 
may also be indicated, yet experience is very limited. 
In this review, we discuss the diagnostic work-up of 
patients in whom the aforementioned transplantation 
approaches are being considered, critically analyse 
the published experience and also anticipate future 
developments in this field, including a discussion of 
immediate and longer-term research priorities. 

Key words: neuroendocrine; transplantation; metastases; 
liver; multivisceral
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Core tip: Liver transplantation is a generally accepted 
option in selected patients with advanced neuroendocrine 
tumours metastatic to the liver. Outcomes may be 
favourable in exquisitely selected patients, yet the opti
mal selection criteria have not yet been elucidated. 
Multivisceral transplantation is valid but rarely utilised, 
for example, in cases of metastatic bulk threatening gut 
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Abstract
Orthotopic liver transplantation (OLT) represents a 
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INTRODUCTION
Representing an increasingly prevalent class of neo­
plasms, neuroendocrine tumours (NET) display protean 
clinical manifestations, and those arising from the lung, 
pancreas and bowel possess a particular proclivity for 
metastasis to the liver. Up to 90% of small bowel NET 
display evidence of at least nodal metastasis at initial 
diagnosis[1], and the incidences of liver metastases (LM) 
in small bowel and pancreatic NET treated at specialist 
centres range between 67%-91% and 28.3%-77%, 
respectively[2,3]. The liver is the sole location of distant 
oligo-metastatic disease in approximately half of all 
NET[4] and their presence has markedly detrimental 
impact on the long-term survival of NET patients, thus 
conferring great significance on the management of 
neuroendocrine liver metastases (NELM)[5-7]. 

Therapeutic strategies for NELM may incorporate 
surgical approaches, i.e., resection with curative or 
palliative intention, peptide receptor radionuclide 
therapy, liver-directed trans-arterial or percutaneous 
treatments and medical therapies[8]. Hepatic surgery is 
the only approach offering potential cure, and resection 
of liver deposits if attainable has classically been held 
as the first-line modality conferring the best survival 
outcomes[8]. However, cure is rarely realised even with 
complete elimination of the hepatic tumour burden as 
patients almost invariably develop recurrent disease, 
and resection should be regarded in most to be a 
palliative endeavour. Under the premises of complete 
resection of the primary tumour and loco-regional 
lymph node metastases , the radical approach of total 
extirpation of the liver with unresectable NELM in the 
context of orthotopic liver transplantation (OLT) has 
re-gained attention as outcomes continue to improve. 
In fact, stringently selected patients undergoing OLT 
may actually attain the most favourable survival 
outcomes, based on recent data from Mazzaferro and 
his group following the modified Milan (‘Milan NET’) 
criteria[9]. However, there is great divergence in the 
selection criteria followed at different centres, and a 
recent systematic review of retrospective case series 
calculated a median overall survival at 1-, 3-, and 
5-years of 89%, 69% and 63%, respectively[10]. 

Multivisceral transplantation (MVT) with or without 
the liver (i.e., modified [M]MVT)[11] is a seldom utilised 
approach for highly selected patients with extensive 

metastatic burden, either in those with pancreatic head 
tumours and LM[12], or potentially some patients with no 
LM but extensive mesenteric lymph node metastases 
threatening vascular supply to the gut by encasement 
of mesenteric vessels[13,14]. Again, recent data suggest 
improving outcomes over time with such approaches 
involving intestinal allografts[15] and therefore these 
could be more widely utilised in the near future. 

In this review, we provide an overview of the diagnostic 
work-up of patients with NELM being considered for 
transplantation, specifically the power of both functional 
and morphological imaging in patient selection. Thereafter, 
we provide a critical analysis of the reported outcomes 
from OLT and MVT/MMVT and conclude with discussion of 
future perspectives in this burgeoning field. 

PRE-TRANSPLANT EVALUATION – 
PATIENT SELECTION 
Liver transplantation may be offered to patients with 
metastases of low- or intermediate grade (G1/2) NET 
(Ki67 of < 20%[16]) confined to the liver without extra-
hepatic metastases, unless these are themselves 
resectable[8]. Up to 80% of NELM display diffuse 
multifocal and bilobar spread, and are therefore 
not amenable for standard resections with curative 
attempt[17]. In patients with non-miliary metastases 
but nevertheless conventionally non-resectable he­
patic disease, advanced surgical procedures such 
as ALPPS may be considered to offer chance of 
resection via a two-stage approach[18,19]. Accordingly, 
meticulous selection of patients with advanced NET 
for transplantation approaches relies on the use of 
high quality imaging strategies to accurately depict 
disease burden, with emphasis both on the distribution 
of disease within the liver, but especially also possible 
extra-hepatic deposits as these could render a patient 
ineligible for transplantation (Figure 1a-c). Morph­
ological and functional imaging modalities have im­
portant roles in the evaluation of NET and their meta­
stases. 

As most NELM are hypervascular, computed to­
mography (CT) imaging must include hepatic arterial 
phases[20]. Furthermore, diffusion-weighted magnetic 
resonance imaging (DW-MRI) should be systematically 
performed in any evaluation of NELM as it possesses the 
highest specificity of all MRI phases, even in tumours < 
1 cm in size[21].  

Functional imaging with positron emission tomo­
graphy (PET) using 68-gallium radiolabelled DOTA 
peptides combined with CT (e.g., 68Ga-DOTATATE or 
68Ga-DOTATOC PET/CT) represents the gold standard 
approach in G1/G2 NET as it may detect lesions that 
morphological imaging modalities cannot, as well as 
those not identified by somatostatin-receptor scinti­
graphy with 111In-conjugated radiopharmaceuticals[21-23]. 
Imaging with 68Ga-DOTA PET/CT detects NELM with 
a sensitivity between 82%-100%, a specificity of 
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67%-100%, and also detects extra-hepatic disease 
with a sensitivity of 85%-100% and a specificity of 
67%-90%[23]. In fact, a major proportion of the power 
of 68Ga-DOTA PET/CT in terms of surgical selection is in 
its ability to identify extra-hepatic disease that is capable 
of altering clinical strategies[24,25], which is especially 
relevant when considering visceral transplantation.

Novel radiotracers for PET/CT, such as those us­
ing 64-copper have shown promising results com­
parable to 68Ga-DOTA , although they are not in wide 
circulation as of yet[26]. The archetypal oncological 
radiotracer 18F-FDG is widely used in the imaging of 
adenocarcinomas, and there is increasing evidence to 
support its implementation in the radiological work-
up of NET patients alongside 68Ga-DOTA PET to assess 
the metabolic activity of tumours which correlates with 
disease aggressiveness and prognosis[27]. However, one 
may argue that there is limited (if any) role of 18F-FDG 
PET/CT in NET patients as part of pre-transplant work-
up as lower-grade disease is the sine qua non for 
consideration of this approach. Additional radiotracers 
have also been assessed in cohorts of NET patients, 
especially in European centres, specifically 18F-DOPA 
and 11C-5-hydroxytryptophan[28,29]. However, experience 
with these tracers is limited, and can at present only 
be recommended as part of investigative studies, or 
as an adjunct to lessen radiological uncertainty when 

there are inconclusive findings with ‘standard’ functional 
imaging. 

Alongside detailed radiological depiction of disease 
status, patient functional status and relevant co-mo­
rbidities must also be evaluated in the overall asse­
ssment of patients being considered for transplantation. 
Carcinoid heart disease (CHD) manifests as fibrous 
endocardial thickening involving cardiac valves and sub-
valvular apparatus, particularly in the right heart. It has 
an incompletely elucidated aetiology but is presumed to 
be linked to excessive circulating vasoactive substances 
secreted by NET, and exerts considerable morbidity and 
mortality in NET patients. Transthoracic echocardiography 
is the gold-standard modality for assessment of cardiac 
function in patients suspected of having/at risk of 
CHD[30]. Furthermore, untreated CHD is an accepted 
contraindication for OLT, and should be treated before 
OLT, or even any hepatic surgery is planned[30]. 

Patients with advanced NET considered for tra­
nsplantation require extensive evaluation. This includes 
assessment of their anaesthetic risk and co-morbidity 
profile, including specific emphasis on the presence 
(and if applicable, treatment of) carcinoid heart 
disease, which is a contraindication to transplantation. 
Radiological evaluation of disease should include CT 
(hepatic arterial phase), MRI (especially DW-MRI) and 
if available, 68Ga-DOTA PET/CT. The latter is essential in 
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Figure 1  Multimodality imaging in a patient with neuroendocrine liver metastases considered for transplantation. A: Magnetic resonance imaging of the liver 
in a patient with hepatic metastases from a small bowel neuroendocrine tumour. This patient underwent resection of the primary tumour, and then a left hepatectomy. 
Following post-hepatectomy lanreotide, peptide receptor radiotherapy and also selective internal radiotherapy for recurrent hepatic metastases, this patient was 
considered for orthotopic liver transplantation. There was no extra-hepatic disease on conventional cross-sectional imaging. B: 68Ga-DOTATATE PET/CT in the 
same patient. Multiple foci of increased avidity are demonstrated within the liver that were not appreciated on magnetic resonance imaging. C: Radiotracer uptake 
corresponding to one of multiple bone metastases. According to standard criteria, these would exclude this patient from orthotopic liver transplantation.
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over a protracted period of time. Current gold-standard 
imaging modalities understage disease burden by 
50% when compared with meticulous pathological 
examination[35], thus explaining the clinical reality 
that resection with curative intent is almost always a 
palliative endeavour, albeit an excellent one in terms 
of significant improvement in the duration of patient 
overall survival. 

Therefore, OLT represents an attractive paradigm for 
radical therapy of NELM, insofar as total hepatectomy 
with subsequent transplantation theoretically offers 
complete resection of both macro- and micro-metastatic 
disease burden at a single time-point. This approach 
is heavily debated and rarely utilised (just over 700 
patients)[36], and represents only 0.2%-0.3% of all liver 
transplants recorded in US/European liver transplant 
registries[37,38]. Table 1 summarises recent published 
experience from selected series.

There is growing evidence to support consideration 
of wider implementation of OLT in NET. However, 
major obstacles include the already heavy demands 
on deceased-donor livers for non-malignant conditions 
and also HCC, as well as the limited use of living-donor 
liver transplantation (LDLT) outside of Asia, where LDLT 
accounts for up to 60%-90% of all liver transplant 
activities in some countries[39]. The use of LDLT of 
course introduces complex ethical considerations, such 
as risks of morbidity and perhaps even mortality to the 
healthy donors. 

Results with orthotopic liver transplantation 
A recent comprehensive systematic review of Moris 
et al[10] identified 64 studies for inclusion, 4 of which 
represented registry reports (which were described 
narratively), and 57 were single-centre reports. Registry 

patients considered for liver transplantation as it enables 
the best opportunity for the depiction of extrahepatic 
disease which could invalidate this form of approach. 
As it represents the gold-standard imaging modality in 
NET, 68Ga-DOTA PET/CT is also most useful in patients 
considered for intestinal/multivisceral transplantation.

ORTHOTOPIC LIVER TRANSPLANTATION
Curative (R0) resection of NELM may be associated 
with the most favourable survival outcomes in reported 
retrospective series however is subject to significant 
limitations[8,31–33]. First, approximately 80% of patients 
with NELM will not be eligible for this approach due to 
the anatomical distribution of hepatic disease burden 
abrogating the feasibility of radical surgical tumour 
elimination[17]. Second, to what extent R0 resection is 
actually associated with favourable outcomes cannot be 
confidently assessed given that studies are retrospective 
and thus outside the auspices of randomised trials, and 
that whilst patients are highly selected, the selection 
criteria themselves are often very poorly defined, if 
at all[34]. Essentially, the effects of favourable tumour 
biology and favourable patient characteristics, such 
as co-morbidity profiles are impossible to disentangle 
from the reported outcomes due to this selection bias. 
Third, even in patients undergoing hepatectomy/other 
hepatic resection with curative intent, vertiginous rates 
of recurrence are clearly recognised[8,33], to the extent 
that disease recurrence should not only be considered, 
but actively expected. The juxtaposition of favourable 
overall-survival against starkly poor disease/recurrence-
free survival in hepatic resection is attributable to most 
likely the presence of undetected micro-metastases that 
given the relative indolence of NET, clinically manifest 

Table 1  Results from liver transplantation in selected registry reports, multicentre series and recent single centre series

Ref. Year Study type/setting Total patients Overall survival (%) Disease-free survival (%)
1 yr 2 yr 3 yr 4 yr 5 yr 10 yr 1 yr 2 yr 3 yr 4 yr 5 yr 10 yr 

Nobel et al[58] 2015 Registry (UNOS) 120 87 69 63
Le Treut et al[38] 2013 Registry (ELTR) 213 (6 MVT) Overall 81 73 65 55 52 65 49 40 33 30

ELTR score 0-1 79 57
ELTR score 2-3 38 19

Nguyen et al[40] 2011 Registry (UNOS) 184 Overall 79.5 61.4 49.2
Post-MELD 84.7 65 57.8

Gedaly et al[37] 2011 Registry (UNOS) 150 (13 MVT) 80 64 48 771 501 321

Sher et al[51] 2015 Multicentre series 
(United States)

85 83 60 52

Mazzaferro et al[9] 2016 Single centre series 
(Italy)

42 97.2 88.8 86.9 86.9

Bonaccorsi-Riani 
et al[59]

2010 Single centre series 
(Belgium)

9 88 77 33 67 33 11

Olausson et al[50] 2007 Single centre series 
(Sweden)

15 (5 MVT) 90 70 20

Van Vilsteren et 
al[60]

2006 Single centre series 
(United States)

19 88 80

Frilling et al[61] 2006 Single centre series 
(Germany)

15 (1 MVT) 78.3 67.2 69.4 48.3

1Calculated from 83 patients. UNOS: United Network for Organ Sharing (United States); ELTR: European Liver Transplant Registry; MELD: Modified end-
stage liver disease score; MVT: Multivisceral transplantation.
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reports did not uniformly document the primary tumour 
site in transplanted patients, but cumulative analysis 
of single-centre studies identified the pancreas as the 
primary tumour derivation in the majority of patients 
(53.4%) with the ileum the second most common 
(23%). However, only 3 studies described the histologic 
type of these primary tumours. The majority of patients 
presented with synchronous hepatic disease, and most 
received pre-transplant therapy with medical modalities 
(hormone-based or chemotherapy), resection of 
primary tumour or NELM resection. Only approximately 
5.6% of patients did not undergo any pre-OLT treat­
ment. Given the large number of heterogeneous 
studies, rates of concomitant primary tumour resection 
and OLT were not reported, nor were the comparative 
survivals between patients receiving pre-OLT treatment 
or not. Regarding immunosuppression therapy utilised, 
no large cohort studies discussed this. With regards to 
the long-term outcomes with OLT, 1-, 3-, and 5-year 
OS was 89%, 69% and 63%, respectively. Recurrence 
after LT ranged between 31.3-56.8%. There was no 
clear information regarding the radiological modalities 
used in pre-transplant assessment, nor in follow-up; 
therefore one could speculate that recurrence may 
in truth be higher if 68Ga-DOTA PET/CT was not used 
during follow-up.  

The review of the United Network for Organ Sharing 
(UNOS) database by Gedaly et al. reported 150 liver 
transplants performed for metastatic NET (of a total of 
87280) between October 1988 and January 2008[37]. 
Thirteen of these patients received more than one organ 
(see later), and the overwhelming majority (91.3%) 
underwent LT using organs from deceased donors. The 
tumour histology/functional status was not uniformly 
reported, with 46.7% of cases documenting ‘unspecified 
NET’. Gedaly and colleagues calculated 1-, 3-, and 
5-year OS rates of 81%, 65% and 49%, respectively 
for patient undergoing OLT. Recurrence information was 
available for 83 patients, and 1-, 3-, and 5-year DFS 
rates were 77%, 50% and 32%, respectively. There 
was no significant difference observed in survival in 
patients older or younger than 55years, however there 
was a significant improvement in 5-year survival in 
patients undergoing transplantation after the 67day 
median wait-time versus those transplanted earlier 
(63% vs 36%). Lastly, an interesting comparison was 
drawn between OS of patients undergoing OLT for 
NET and HCC (n = 4693) which failed to identify any 
significant difference. 

Another study from the UNOS database encompassing 
a wider time-frame (1988 to March 2011) and 184 
patients with metastatic NET focussed on the effect of the 
introduction of the model for end-stage liver disease 
score/paediatric model for end-stage liver disease 
(MELD/PELD) scores in 2000 on OLT outcomes[40]. 
Overall survival rates for the entire NET cohort at 1-, 
3-, and 5-years were 79.5%, 61.4% and 49.2%, 
respectively. In contrast to the aforementioned UNOS 
database study[37], these rates were significantly 

lower than those observed in patients with HCC, or 
those undergoing LT for non-malignant indications in 
the same time period (85.8%, 71.1% and 60.6%; 
85.2%, 78.3% and 73%). Seventy-four OLT for NET 
occurred prior to MELD/PELD introduction, and these 
patients had significantly worse survival outcomes 
compared to those transplanted following MELD/PELD 
implementation. Pursuant to this, when only the LT for 
NET occurring after 2002 were considered, there were 
no significant differences between overall survival when 
compared to HCC (84.7% vs 88%; 65% vs 74.3%; 
and 57.8% vs 64.4%), although patients transplanted 
for non-malignant indications fared significantly better 
(87.1%, 79.5% and 73.7%).

The largest series yet reported is the analysis of 
the European Liver Transplant Registry by Le Treut 
et al[38]. Their retrospective analysis over a 27-year 
period identified 213 patients receiving LT for one of 3 
classes of indication: hormonal syndrome/symptoms 
(17%), tumour bulk (24%), or ‘oncological’ (54%). 
The LM were synchronous in 119/213 cases, and 
the median interval between diagnosis of LM and LT 
was 25 months (1-149). Prior to LT, 83% of patients 
underwent surgical therapy targeting the primary 
tumour (n = 158) or LM (58); these included 23 
cases of major hepatic resection (10.8%). In terms 
of non-surgical treatment, there were 161 instances of 
‘chemotherapy’ (76%) including somatostatin analogues 
in 63 patients, and trans-arterial chemoembolisation 
in 76. The 3-mo post-operative mortality was 10%, 
with early re-transplantation, upper abdominal ex­
enteration, splenectomy, operative duration > 10 h, 
R1/R2 resection margin, hepatomegaly and surgery 
in addition to LT identified as significant arbiters 
of this. Regarding survival, the median OS post-
LT was 67months, with 1-, 3-, and 5-year overall 
survival rates of 81%, 65% and 52%, respectively. 
Disease-free survival rates at the same intervals were 
65%, 40% and 30%, respectively. There were no 
associations between long-term survival and three age 
cut-offs, nor time between diagnosis and LT. However, 
poor prognosis generally was associated with major 
resection in addition to LT, poorer tumour differentiation 
and hepatomegaly. Furthermore, as the authors 
identified improved outcomes in those transplanted 
after 2000 (n = 106, 59% OS vs 46% prior to this), 
multivariate analyses were utilised to develop a 4-point 
prognostic scale in which the presence/absence of 
hepatomegaly, age > 45, or their undergoing major 
resection with LT were considered/’scored’. Patients 
with 0/1 of these factors demonstrated 5-year OS and 
DFS of 79% and 57%, respectively, whereas patients 
with 2/3 of these predictors had 5-year OS and DFS of 
38% and 19%, respectively. 

Clearly, these larger studies are limited by the 
heterogeneity of included patients. This has effects on 
the divergent adverse prognosticators identified[41]. 
Furthermore, the selection criteria utilised are usually 
very poorly documented. An exception to this is the 
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recent data from Milan, which have detailed impressive 
outcomes from patient selection using their ‘Milan NET’ 
criteria[42]. Table 2 compares the Milan NET criteria for 
NELM and also documented transplantation criteria 
for HCC, including the original Milan criteria applicable 
only to HCC. 

In their most recent report of a prospective series, 
Mazzaferro, et al[9]. reviewed 88 patients referred 
for consideration of OLT, of which 42 were offered 
transplant. Forty-six patients either had waiting-list 
conditions that precluded transplant consideration, 
or refused transplantation. In those undergoing OLT, 
the median OS was not attained, whilst 5-year and 
10-year OS rates were 97.2% and 88.8%, respectively. 
Rates of disease progression in those receiving OLT 
were 13.1% at 5- and 10-years, i.e., all recurrence/
progression occurred within the first 5 years of follow-
up. Contrastingly, 5-, and 10-year OS rates in those not 
undergoing OLT were 50.9% and 22.4%, respectively. 
Follow-up comprised CT or MRI every 3-4 mo, with 
Octreoscan, 68Ga-DOTA PET/CT or 18F-FDG PET/CT only 
used when morphological imaging/chromogranin assays 
were suspicious for recurrence. There was no clear 
documentation on how many patients underwent each 
of these tumour-targeted imaging modalities, nor what 
their specificities were for recurrent disease.  

Although these survival outcomes certainly appear 
to be the most favourable encountered in the literature 
pertaining to therapy of NELM, these results must 
be considered with due diligence as by their nature, 
such studies possess important inherent bias, similar 
to those expressed by series of hepatic resection. 
Whilst tumour burden did not differ between the trans­
planted and non-transplanted groups, patients not 
undergoing transplant were significantly older than 

those that did (median 55.5 years vs 40.5 years), 
had higher T stages of the primary tumour (69.5% 
T3/4 vs 54.8% T3/T4), had higher WHO grade, and 
underwent less locoregional therapy including liver 
resection, transarterial chemoembolisation (TACE) or 
peptide receptor radionuclide therapy (PRRT) (73.9% 
of the non-transplant group received none vs 57.1% 
of the transplanted group). Lastly, the earlier discussed 
prognostic score as developed by Le Treut et al. was 
0 or 1 in 52.4% and 35.7% of transplanted patients, 
respectively. Evidently, patients undergoing OLT are 
incredibly highly selected and thus the extent to which 
positive outcomes can be attributed to appropriate OLT 
‘itself’ rather than favourable patient/tumour biology 
is unclear. It may be possible that a considerable 
proportion of transplanted patients would be candi­
dates for hepatic resection. Nevertheless, at face 
value, these results with the Milan NET criteria appear 
favourable in the context of an 86.9% 10-year DFS.

Neoadjuvant and adjuvant therapy 
There are no significant differences between post-
transplant immunosuppression therapy for NELM and 
HCC. Consideration of neoadjuvant and adjuvant conc­
epts should be incorporated into the multidisciplinary 
discussion of patients evaluated for possible trans­
plantation. Recurrence rates post-OLT in general range 
between 31.3%-56.8%[10]. A consensus is yet to be 
established regarding such approaches, however one 
may speculate that pre-OLT PRRT, or the use of post-
transplant somatostatin analogues could be useful 
given their anti-proliferative effects as documented in 
randomised clinical trials[43,44]. These methods could 
theoretically downstage/control disease prior to trans­
plantation, or retard the development of recurrent 

Table 2  Comparison of published selection criteria for liver transplantation in neuroendocrine liver metastases, and cirrhosis with 
hepatocellular carcinoma

Criteria and context Parameters 

Milan NET criteria[42]

Neuroendocrine liver metastases 
Age < 60

G1/G2 tumour grade
Primary tumour drained by the portal venous system

Metastatic involvement limited to the liver
Hepatic tumour burden not > 50%

Six months of no tumour progression
Milan criteria[62]

HCC and cirrhosis 
Single tumour ≤ 5 cm

Or, ≤ 3 tumours each ≤ 3 cm in size
No macrovascular invasion 

UCSF criteria[63]

HCC and cirrhosis
Single lesion ≤ 6.5 cm

Or, 2-3 lesions ≤ 4.5 cm each, with total tumour diameter ≤ 8 cm
No macrovascular invasion 

Navarro criteria[64]

HCC and cirrhosis
Single lesion ≤ 6 cm

Or, 2-3 lesions ≤ 5 cm each
No macrovascular invasion 

Valencia criteria[65]

HCC and cirrhosis
1-3 lesions ≤ 5 cm each, total tumour dimeter ≤ 10 cm

No macrovascular invasion 
‘Up-to-7’ criteria[66]

HCC
Number of tumours + size of tumours (in cm) ≤ 7

No microvascular invasion

HCC: Hepatocellular carcinoma; G: Grade.
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micro-metastases. An additional consideration could 
be the use of mammalian target of rapamycin (mTOR) 
inhibitors such as everolimus, which has documented 
anti-proliferative effects on NET in clinical trials[45] , 
and also serve immunosuppressive functions with the 
advantage of exerting no nephrotoxic effects[46,47]. Pre-
transplant cytotoxic chemotherapy does not have an 
established role – indeed, NET in general exhibit a low 
response rate to such treatment, and the effects of 
cytotoxic agents appear limited to advanced pancreatic 
NET[8]. 

Recent data suggest that OLT is a promising th­
erapeutic option in metastatic NET and may be ass­
ociated with favourable long-term survival outcomes. 
It should be used when hepatic disease is controlled, 
after the resection of the primary tumour, and not as a 
‘last resort’ intervention. In addition, concomitant major 
resection should be avoided if possible at the time 
of transplant. Carcinoid heart disease is an accepted 
contraindication. However, OLT patients present a 
highly selected cohort, especially those transplanted in 
accordance with the Milan NET stipulations. The optimal 
selection criteria require definition, and reports of OLT 
should adhere to a number of reporting standards 
(see discussion). The role of neoadjuvant and adjuvant 
concepts in liver transplantation for NELM needs to be 
defined to reduce disease recurrence. Outcomes from 
OLT were initially poor, but have considerably improved 
as a result of refined immunosuppression regimens, 
surgical technique and patient selection. In the modern 
era, outcomes with OLT for metastatic NET are not 
statistically dissimilar to those encountered in HCC.

INTESTINAL AND MULTIVISCERAL 
TRANSPLANTATION
Intestinal transplantation (IT) has gained acceptance 
as a standard therapeutic strategy in patients with 
intestinal failure failing rehabilitation, diffuse portal 
thrombosis or other intra-abdominal catastrophe, 
but has also been performed in patients with non-
resectable, slow-growing tumours encasing the mesen­
teric root as this threatens the vascular supply to the 
gut[15,48,49]. Transplantation of the intestines may be 
within the context of simultaneous transplantation of 
the stomach, duodenum, pancreas and small bowel 
with (multivisceral transplantation, MVT) or without the 
liver (modified MVT, MMVT)[11]. Experience with this 
radical approach in neuroendocrine tumours is incredibly 
limited to either case reports or to small numbers 
within cohorts composed predominantly of patients 
undergoing OLT[13,37,38,50]. In this setting, patients either 
have pancreatic head tumours, and/or bulky metastatic 
load within the small bowel mesentery. 

Less than 20% of all NET patients undergoing liver 
transplantation also receive additional organs – in the 
aforementioned systematic review of Moris et al[10] only 
5.7% of transplants (16/279) outside the largest re­
gistry reports/multicentric series receive a multi-organ 

allograft. The multicentre series of Sher et al[51] included 
17 patients (total 85, 20%) undergoing a multivisceral 
transplantation and reported overall survival rates at 1-, 
3- and 5-years of 81%, 40% and 40%, respectively. 
These were lower than those undergoing OLT, however 
not significantly so. Thirteen of the 150 patients re­
ported by Gedaly et al[37] (8.7%) received additional 
organs alongside the liver, however the survival data 
specifically for this sub-set of patients was not clearly 
detailed as the authors merely stated that on inclusion 
of MVT cases, the cohort OS data did not change signifi
cantly. Lastly, the published data from Nordic centres 
have described a 2-year overall survival of 67% in 6 
patients with pancreatic head NET that underwent 
intestinal transplantation within a multivisceral graft, 
which was not inferior to the outcomes from those trans­
planted for intestinal failure[12]. 

Clearly, reports of IT/MVT/MMVT in NET are limited 
by: (1) The small numbers of patients transplanted; 
(2) the inconsistent quality of outcome reporting and 
selection criteria in publications; and (3) the inclusion 
of multiple indications in single publications (often 
including non-malignant indications).

Nevertheless, as outcomes continue to improve 
for IT/MVT/MMVT, one may anticipate a cautiously 
managed expansion of the number of patients with 
advanced NET being considered for and undergoing such 
procedures. As with OLT, emergent concepts will include 
the optimisation of patient selection criteria, as well as 
innovative neoadjuvant/adjuvant concepts to abrogate 
disease recurrence and monitor for allograft dysfunction. 
For example, recent case reports have detailed the use 
of everolimus post-MVT in 2 NET patients in attempts to 
suppress recurrence whilst avoiding the nephrotoxicity 
of calcineurin inhibitors[52], as well as the use of PRRT 
to stabilise disease prior to MMVT which also included 
simultaneous transplantation of a sentinel skin flap 
from the organ donor to aid monitoring of rejection and 
tailoring of immunosuppression regimens[13]. 

Intestinal/multivisceral/modified multivisceral trans
plantation has been utilised in a very small number of 
patients with advanced NET worldwide. Case series 
tend to be small yet highly heterogeneous in terms of 
patient inclusion, and outcome reporting is of varying 
quality. Nevertheless, innovative approaches continue 
to be described in the setting of such advanced surgical 
procedures. 

CONCLUSION
For patients with well-controlled, G1/G2 neuroendo­
crine tumours, transplantation approaches may be valid 
therapeutic strategies in those with classically non-
resectable metastases confined to the liver (OLT) and/or 
bulky mesenteric tumour load threatening the vascular 
supply to the gut (IT/MVT/MMVT). It is generally 
advised that the primary tumour and any attendant 
locoregional lymph node metastases be resected prior 
to undergoing OLT, and there is a suggestion that longer 
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wait times/observance period prior to transplant to 
monitor for disease stability, although this is not based 
on high-quality evidence[9,36]. It is debatable if small 
volume bone metastases are necessarily a contra-
indication to transplantation given that they may be 
well-controlled with PRRT.  

Patients are stringently selected in accordance 
with a mixture of criteria that are either well defined, 
or barely documented. As with the NET clinical arena 
in general, the majority of data available to inform 
modern clinical practice is derived from retrospective 
case series of varying quality in their reporting. Pro­
spective studies and randomised clinical trials of 
surgical treatment for NET are logistically challenging 
given their relative rarity and relative indolence re­
quiring prolonged follow-up, even before considering 
the difficulties in randomisation of surgical therapy. 
Transplantation approaches in NET are subject to the 
same difficulties. Decision making such as expanding 
the criteria/exceptions of transplant co-ordinating 
institutions to include NELM will rely on sound identifi
cation of patients most suitable for receiving donated 
organs which in turn can expect the best outcomes. 
This is mandated in the context of limited yet heavily 
demanded availability of deceased donor organs and 
also limited use of LDLT outside of Asia. Therefore, 
at least in the short-to-medium terms, such decision 
making must be based on analyses of the currently 
available data which is mostly of a retrospective 
nature. Collaborations such as registries and inter-
institutional initiatives will enable statistical analysis of 
ever-larger pooled patient cohorts. Going forward, the 
non-mutually exclusive NET and surgical communities 
must recognise the shortcomings thus far experienced 
in data reporting in order to improve current and 
future data collection for use in novel informative 
projects.

In order to counteract the previously discussed 
deficiencies in data reporting and also facilitate inter-
centre collaboration in the analysis of larger cohorts, we 
propose that each of the following be documented at 
an individual patient level within institutional databases, 
and be available to collaborators, notwithstanding 
ethical approval for the secure sharing of such data: 

(1) Indication for transplantation and timing – time 
between diagnosis and transplantation, duration of 
disease stability prior to OLT/MVT.

There is a need to clearly distinguish at which point 
during the patient journey that the best outcomes may 
be attained. Patients undergoing OLT when disease 
is controlled with therapy are posited to derive true 
benefit with excellent survival. Whilst it is suspected 
that patients undergoing OLT/MVT as an ultima ratio 
approach will have poorer outcomes, i.e. marginal 
life gains, this needs to be categorically confirmed 
and also judiciously analysed as a possibly legitimate 
‘salvage’ option.  

Reports suggest that the observation of tumour 

behaviour for 6 months to ensure disease control is 
associated with preferable outcomes in OLT. This needs 
to be clearly documented in larger numbers. Such 
data also add to the temporal treatment trajectory 
of individual patients, which may be complex as 
transplant patients are often heavily ‘pre-treated’. 
Clear comparisons will only be valid when results are 
interpreted in the context of the ‘patient journey’. 

(2) Clinicopathological characteristics – especially 
age at transplantation, Ki67 index, hepatic tumour 
burden (if applicable), clinical syndromes, grade and 
differentiation of primary tumour and metastases, 
disease stage (including other metastatic sites and 
treatment for these), surgical histopathology results 
(margin and lympho/vascular invasion) and patient co-
morbidities.  

Optimised selection criteria in the short-to-medium 
term will likely be developed by multivariable analyses 
of individual-level data accrued from disparate 
centres, and clinicopathological characteristics are 
often reliable arbiters of tumour behaviour and thus 
patient outcomes. Therefore, clear documentation of 
parameters that are potentially predictive/prognostic in 
nature is essential.  

(3) Selection criteria – e.g. compliance with Milan 
NET criteria, or other institutional protocols; imaging 
modalities and patient-specific parameters for disease 
assessment.

As aforementioned, selection criteria for surgical 
intervention are typically very poorly documented, 
confounding the collation and interpretation of multi-
centric data. Whilst the Milan-NET criteria are clearly 
followed in its respective centre, whether or not 
alternative protocols are used versus collective multidi­
sciplinary decision making should be documented. 

(4) Use of neoadjuvant/adjuvant concepts: Despite 
excellent results from one centre that does not appear 
to have utilised post-operative prophylaxis against 
disease recurrence, whether or not such strategies have 
been/should be employed in other centres has not been 
documented clearly. As previously discussed, medical 
therapies with anti-proliferative/anti-tumour effects 
could theoretically be useful in disease stabilisation prior 
to transplant, or to reduce the risks of post-transplant 
recurrence. This must be clearly delineated from pre-
transplant treatment and treatment for post-transplant 
recurrence. The use of such concepts may be included 
in multivariable analyses to examine for associations 
between their utilisation and outcomes (or lack thereof/
thereon).  

Lastly, it is becoming increasingly clear that multifactorial 
assessment of neuroendocrine tumour characteristics have 
tangible benefits in not only prognostication[53], but also 
detection of recurrence[54,55] and prediction of response to 
treatment[56]. Novel markers developed from ‘omics’-based 
technologies, such as the multi-analyte NETest are able to 
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predict outcomes from PRRT and also disease recurrence, 
and therefore possibly offer improved selection and impact 
follow-up decisions[56,57]. Precise molecular definition of 
patient-specific neuroendocrine tumour biology may 
also have ramifications on patient selection for surgery 
or transplantation, as well as monitoring for detection 
of recurrence possibly before lesions are detectable on 
imaging. Such techniques should also be investigated within 
the remit of transplantation for advanced NET.  
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Abstract
Helicobacter pylori  (H. pylori ) eradication can reduce 
gastric cancer. However, gastric cancer still develops 
after eradication, and cases who received eradication 
therapy are increasing. In this study, we have reviewed 
the characteristics and predictors of primary gastric 
cancer developing after H. pylori  eradication. In terms 
of the characteristics, endoscopic, histologic, and mo
lecular characteristics are reported. Endoscopically, 
gastric cancer after eradication is often depressed-
type and shows a gastritis-like appearance, which 
sometimes makes the diagnosis difficult. Histologically, 
most gastric cancer after eradication is intestinal 
type, and non-neoplastic epithelium, also called epi
thelium with low-grade atypia, is frequently seen 
over the tumor, which is presumably the cause of the 
endoscopic gastritis-like appearance. As for molecular 
characteristics, some markers, such as Ki67, MUC2, and 
Wnt5a expression, are lower in cancer from patients 
in whom H. pylori  has been eradicated. In terms of 
predictors, several Japanese studies have reported 
that severe endoscopic atrophy at eradication is a 
risk factor for gastric cancer development. Histologic 
intestinal metaplasia, especially in the corpus, and 
long-term use of proton pump inhibitors, are also re
ported as risk factors for gastric cancer after H. pylori  
eradication. These studies on the characteristics and 
predictors of gastric cancer development will become 
the cornerstone for establishing a novel surveillance 
program based on the gastric cancer risk stratification 
specific to H. pylori -eradicated patients.

Key words: gastric cancer; eradication; characteristic; 
Helicobacter pylori ; predictor
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Core tip: Gastric cancer develops even after successful 
Helicobacter pylori  (H. pylori ) eradication therapy. 
With the prevalence of eradication therapy, occurrence 
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rates of gastric cancer detected after eradication are 
increasing and this is becoming an important clinical 
issue. We review the characteristics and predictors of 
primary gastric cancer after H. pylori  eradication, and 
discuss the risk stratification of gastric cancer after 
eradication.

Shichijo S, Hirata Y. Characteristics and predictors of gastric 
cancer after Helicobacter pylori eradication. World J Gastroenterol 
2018; 24(20): 2163-2172  Available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i20/2163.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i20.2163

INTRODUCTION
Gastric cancer is one of the deadliest malignancies, with 
1 million cases annually around the world. In the past, 
the standard curative treatment was surgical resection 
with lymph node dissection, as the disease was usually 
diagnosed in the advanced stages in symptomatic 
subjects. To improve the prognosis of gastric cancer, 
diagnostic instruments and techniques were developed 
in Japan, where the occurrence of, and mortality by, 
gastric cancer were extremely high. Surveillance by 
endoscopy is one of the methods that enable early 
diagnosis of gastric cancer. Not only through diagnosis 
but also by its therapeutic properties[1] endoscopy 
has changed the management, and improved the pro­
gnosis, of gastric cancer. The discovery of the gastric 
pathogen, Helicobacter pylori (H. pylori), which was 
recognized as a group 1 carcinogen[2], dramatically 
changed the image of gastric cancer from a cryptogenic 
devastating disease to an infectious, predictable and 
preventable one[3]. 

Warren and Marshall isolated H. pylori from gastric 
tissue with gastritis[4]. Initially the pathogenesis of 
this bacterium was examined in peptic ulcer patients. 
Developments of diagnostic procedures and antibiotics 
for H. pylori have improved the treatment of peptic 
ulcers[5-7]. Further research on this pathogen revealed 
its pathogenesis in relation to chronic gastritis and 
gastric cancer as well, with early studies demonstrating 
that H. pylori infection increased the risk for gastric 
cancer[8,9]. Uemura et al[10] performed a cohort study 
of endoscopic surveillance of gastric cancer and found 
that all occurrences of gastric cancer in the cohort were 
in H. pylori-infected subjects. From these findings, H. 
pylori infection was incorporated into the previously 
proposed gastric carcinogenesis process known as 
Correa’s cascade[11-13]. Specifically, H. pylori infection 
initiates sequential histological changes such as non-
atrophic gastritis, atrophic gastritis[14-16], intestinal 
metaplasia[15-18], dysplasia, and intestinal-type gastric 
cancer[19]. In contrast, such a sequential model was 
not applicable to diffuse-type gastric cancer, though 
diffuse-type gastric cancer is also associated with H. 
pylori infection[20-22].

Based on these findings, other studies examined 
the effect of H. pylori eradication on preventing gastric 
cancer. Fukase et al[23] reported that metachronous 
development of gastric carcinoma was reduced by H. 
pylori eradication after endoscopic resection of early 
gastric cancer in an open-label multicenter randomized 
controlled trial. Wong et al[24] performed a prospective, 
randomized, placebo-controlled, population-based 
study to examine the association of primary gastric 
cancer and eradication therapy. The incidence of gas­
tric cancer development was similar between the 
eradication-treatment group and placebo group in this 
study. However, in the subgroup without precancerous 
lesions, eradication significantly decreased the de­
velopment of gastric cancer. Recent systematic re­
views and meta-analysis showed reduction of primary 
and metachronous gastric cancer by H. pylori eradi­
cation[25-27]. Although the effect of H. pylori eradication 
on the prognosis is not determined yet, it is expected 
that H. pylori eradication and elimination within society 
will lead to less gastric cancer cases and a reduction of 
medical costs[28].

These reports on the effect of H. pylori eradication 
for gastric cancer also elucidated another important 
fact. That is, gastric cancer did develop in H. pylori-
eradicated patients[29,30], not only in gastric cancer-
treated patients, who presumably possess the highest 
risk, but also in gastric-cancer naïve cases[24,31]. Time 
from eradication to cancer occurrence varied from se­
veral months to more than 10 years[31,32]. Therefore, 
identification of high-risk subjects, who would benefit 
from extensive surveillance, is an important clinical 
problem. Many earlier studies have investigated dif­
ferences in gastric cancers that developed in H. pylori-
infected and eradicated patients, to assist the early 
and accurate diagnosis in eradicated cases. Recent 
studies, which included a relatively large number of H. 
pylori-eradicated cohorts, enabled analysis of the risk 
factors of future gastric cancer development.

The purpose of this review article was to summarize 
the characteristics of gastric cancer that developed 
after H. pylori-eradication therapy, and also to identify 
the predictors of primary gastric cancer. Many previous 
studies have examined risk factors for metachronous 
gastric cancer development, in follow-up or cross-
sectional studies of endoscopically removed gastric 
cancer cases[33-37]. Because these cohorts had already 
developed gastric cancer, they benefited from mul­
tiple, surveillance endoscopy as well as H. pylori eradi­
cation. There are many review articles on this specific 
topic[38-40]. However, these patients who once had 
gastric cancer are high-risk patients anyway, and close 
follow-up should be required. In contrast, a review 
article for the risk factors in gastric-cancer naïve cases 
after H. pylori eradication, which would be valuable 
for stratifying huge numbers of H. pylori-eradicated 
patients according to gastric cancer risk, has not been 
conducted thus far. The findings of this article will be 
useful for establishing a proper follow-up strategy for H. 
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pylori-eradicated subjects.

ENDOSCOPIC AND HISTOLOGICAL 
CHARACTERISTICS OF GASTRIC 
CANCER AFTER H.PYLORI ERADICATION
Endoscopic features
Many studies have examined the endoscopic findings 
of primary gastric cancer after H. pylori eradication. 
Most of these studies were derived from early gastric 
cancer cases who underwent endoscopic treatment 
and, therefore, potentially include selection bias.

Depressed lesion: One of the notable endoscopic 
features of gastric cancer after H. pylori eradication 
is its depressed appearance. Kamada et al. reported 
that among 20 gastric cancer cases discovered in H. 
pylori-eradicated patients, 90% (18 cases) were ulcer 
type[41]. In a recent and relatively large propensity score-
matching study of endoscopic submucosal dissection 
cases, 81% (78 of 96) of early gastric cancers from H. 
pylori-eradicated patients were depressed type, a signifi
cantly higher proportion than the 53% (51 of 96) in H. 
pylori-positive cases[42]. Many other studies, including 

case series[43], or case control studies[44,45] also indicated 
predominance of depressed or ulcer type (0-Ⅱc) gastric 
cancer in H. pylori-eradicated cases (Table 1).

Gastritis like appearance: Another important charac­
teristic of gastric cancer after H. pylori eradication is its 
gastritis-like appearance. This was initially reported by 
Kobayashi et al[46]. A “gastritis-like” appearance under 
narrow-band imaging with magnifying endoscopy was 
characterized by uniform papillae and/or tubular pits 
with a whitish border, regular or faint microvessels, 
and unclear demarcation, resembling the adjacent 
noncancerous mucosa (Figure 1). They examined re­
trospectively, differentiated-type early gastric cancer 
of 50 lesions after eradication, and 50 lesions without 
eradication. A “gastritis-like” appearance was more 
frequent for the eradication group (22/50) than the 
control group (2/50), and the “gastritis-like” appearance 
correlated with histological surface differentiation[46]. 
They also reported that the development of “gastritis-
like” appearance was associated with less endoscopic 
atrophy[47]. These phenotypic characteristics or changes 
make the diagnosis of gastric cancer after H. pylori 
eradication difficult. In fact, it is reported that utilization 
of chromoendoscopy did not improve the diagnostic 
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Table 1  Endoscopic and histological characteristics of gastric cancer after Helicobacter pylori  eradication

Ref. Number of gastric cancer after 
eradication/during infection

Study design Case recruitment Characteristics

Shichijo et al[31] 21/NA Case series Surveillance Intestinal type
Maehata et al[42] 96/96 Propensity score-

matched study
ESD cases Depressed

Nishizawa et al[43] 34/NA Case series Surveillance Depressed, intestinal type, relatively small
Matsuo et al[44] 26/78 Case control study Surveillance Male, intestinal type, flat-depressed, low MUC2 

and Wnt5a
Yamamoto et al[45] 18/36 Case control study Early stage cancer Smaller, lower Ki-67 index, depression, complete 

gastric type or gastric predominant mixed type
Horiguchi et al[48] 71/115 Case control study Case series Non-tumorous epithelium

Surface differentiation
Ito et al[52] 29/NA Case series ESD cases Normal columnar epithelium
Kitamura et al[53] 27/27 Case control study Endoscopic resection cases Low-grade atypia on the surface
Hori et al[54] 59/152 Case control study Endoscopic resection cases Non-neoplastic epithelium, flattening of tumors, 

muting of the whitish discoloration

NA: Not applicable; ESD: Endoscopic submucosal dissection.

Shichijo S et al . Gastric cancer after H. pylori  eradication

Figure 1  Gastritis-like appearance. A: White light image by conventional endoscopy. Slightly reddish depressed lesion is detected in posterior wall of the upper part 
of the corpusl; B: A gastritis-like appearance under narrow-band imaging under magnifying endoscopy; C: Well-differentiated tubular adenocarcinoma with low-grade 
atypia (HE, orig. mag. ×100). Note the non-neoplastic epithelium (arrows) partially covered the surface of the adenocarcinoma (arrowheads).

A B C
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Other: One study evaluated Ki67 staining, which is a 
molecular indicator of cell proliferation. The Ki67 index 
was lower in the eradicated group than in the non-
eradicated group. Immunohistochemical phenotyping 
revealed that gastric cancer after eradication was 
more often gastric-predominant type[45]. Another study 
investigated mucus patterns and Wnt5a expression 
in gastric cancer specimens derived from H. pylori-
eradicated and infected patients. The result showed 
MUC2 and Wnt5a expressions were significantly lower 
in gastric cancers from H. pylori-eradicated patients[44]. 

Predictors of primary gastric 
cancer after H. pylori eradication
In this section, we summarize risk factors for gastric 
cancer development after H. pylori eradication. There 
are several cohort studies[31,32,55-58] and case-control 
studies[59-63] on this topic (Table 2). These studies have 
examined patients’ characteristics, endoscopic features, 
and histological findings associated with gastric cancer 
after H. pylori eradication.

Endoscopic gastric atrophy
The classification of endoscopic atrophy was first des­
cribed by Kimura and Takemoto in 1969 to discriminate 
the histological border between the pyloric and fundic 
glands[64]. They found a close association between this 
boundary and gastritis. Later, Uemura et al. showed, 
in their important report, which indicated the critical 
involvement of H. pylori in gastric carcinogenesis, that 
severe endoscopic atrophy was a risk factor for primary 
gastric cancer development in H. pylori-infected cases[10]. 

As for patients in whom H. pylori had been eradi­
cated, Take et al. investigated risk factors associated 
with gastric cancer development in 1674 H. pylori-
eradicated peptic ulcer patients[32]. In their mean 
5.6-year surveillance endoscopy program following H. 
pylori eradication, they found 28 cases of gastric cancer 
in patients with a mean age of 51 years. Patients with 
severe endoscopic gastric atrophy, which they defined 
as Kimura-Takemoto classification O2 and O3, before 
eradication had increased risk for gastric cancer (0.62% 
per year), compared to patients with mild (C1 and C2) 
and moderate (C3 and O1) atrophy (0.04% and 0.28% 
per year, respectively). 

We also examined endoscopic atrophy for the predi­
ction of gastric cancer in the above-mentioned study[31]. 
Multivariate analysis revealed that histologic intestinal 
metaplasia and severe endoscopic atrophy are indepen­
dent risks for gastric cancer development. In our study, 
patients with O2 or O3 atrophy at eradication had 
9.3-fold risk for developing gastric cancer compared to 
patients with no or mild atrophy (C0-C2) in multivariate 
analysis. Many other cohort studies[55,56] and case-
control studies[59,60] showed similar results, that severe 
endoscopic atrophy is associated with gastric cancer 
development in H. pylori-eradicated patients (Table 2).

reliability of gastric cancer after H. pylori eradication[48]. 
These endoscopic characteristics of gastric cancer after 
eradication were associated with histological features 
that have been termed “non-neoplastic epithelium” 
(Discussed in the following chapter).

Other: Smaller tumor size is also reported as a charac­
teristic of gastric cancer in H. pylori-eradicated cases. 
Yamamoto et al[45] reported that the average diameter 
of gastric cancer detected after successful eradication 
was smaller than that in non-eradicated, age, sex, and 
cancer-depth matched controls. However the control 
group did not undergo the routine follow-up examination 
that was performed in the eradicated group. Another 
propensity-matched study indicated similar tumor size in 
H. pylori-eradicated and infected patients[42].

Histology
Other characteristics of gastric cancer detected after H. 
pylori eradication by histological assessment.

Intestinal type: We have previously conducted a co­
hort study of 573 H. pylori-eradicated cases. During 
the 6.2 ± 4.8 years of the observation period, we found 
21 cases of primary gastric cancer in these H. pylori-
eradicated patients[31]. Among the 21 tumors, 20 (95%) 
were intestinal-type gastric cancer, while only one was 
diffuse type. We did not compare those cancers with 
non-eradicated cases; however, before eradication 
therapy, the numbers of intestinal and diffuse-type gas­
tric cancers were roughly even[49]. We speculate that 
Helicobacter eradication could lead to the dominance 
of intestinal-type gastric cancer. This intestinal-type 
dominance (i.e., diffuse-type reduction) was also re­
ported in other studies[35,50,51]. However, several studies 
did not show differences in histological type between H. 
pylori-eradicated and non-eradicated cases[42,45]. These 
studies analyzed only endoscopic treatment cases, which 
inevitably exclude diffuse-type cancers. This reduction 
of diffuse-type gastric cancer by H. pylori eradication will 
be clarified in future large-scale analysis.

Non-neoplastic epithelium: This histological character­
istic was initially described in a study that evaluated the 
histological change of gastric tumors after Helicobacter 
pylori eradication[52]. They named non-neoplastic epi­
thelium which often appeared on the surface of gastric 
cancer after eradication as epithelium with low-grade 
atypia (ELA). ELA was observed in 22 out of 27 gastric 
cancer cases detected after successful eradication where 
gastric-type mucin was frequently expressed[53]. Hori 
et al. compared 59 tumors detected after eradication 
and 152 detected while infected, and showed that the 
histological length ratio of non-neoplastic epithelium to 
the tumor was 8% for the eradicated group, and 0% 
for the infected group. The extension of non-neoplastic 
epithelium has been reported in several other studies 
(Table 1)[48,54]. 

Shichijo S et al . Gastric cancer after H. pylori  eradication
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Histological intestinal metaplasia
Another well-characterized gastric cancer risk is his­
tological intestinal metaplasia, evaluated at the time of 
eradication therapy (Figure 2). It has been suggested 
that intestinal metaplasia precedes gastric cancer de­
velopment, especially for intestinal-type cancer[11,13]. 
There have been debates on whether this histological 
change is a precancerous or a paracancerous lesion, 
which has not yet been completely clarified. Nonethe
less, several observational studies have indicated that 
the presence of intestinal metaplasia in the background 
gastric tissue indicates a higher risk for accompanying 
or developing gastric cancer[10,17,18,65,66]. 

As described above, we have analyzed 573 endos­
copy-based surveillance cases after H. pylori eradiation, 
in which 21 cases of gastric cancer were observed[31]. 
Before eradication, participants had been evaluated for 
the presence of intestinal metaplasia[17,18] and neutrophil 
infiltration using antral and corpus biopsies, and the 
degree of endoscopic atrophy. We classified patients into 
three groups according to the histological metaplasia 

distribution[17,18]. Compared to the group with no intes­
tinal metaplasia, patients with metaplasia limited to 
antrum had a 4.5-fold increased risk, and patients with 
metaplasia in corpus had a 7.6-fold increased risk in 
univariate analysis. Multivariate analysis revealed that 
the presence of histologic intestinal metaplasia was an 
independent risk for gastric cancer development. To the 
best of our knowledge this is the first report that shows 
intestinal metaplasia as the predictor of future gastric 
cancer after H. pylori eradication.

Kodama et al[59] performed cross-sectional and 
case-control analyses of an H. pylori-eradicated cohort 
and reported that the histological intestinal metaplasia 
score in the corpus was significantly higher in gastric 
cancer cases than that in age- and sex- matched non-
cancer controls. This study also evaluated the intestinal 
metaplasia score in the antrum, which did not show a 
statistical difference between the two groups. Taken 
together, the presence of intestinal metaplasia, espe­
cially in the corpus, might indicate a higher risk for de­
veloping gastric cancer.

Table 2  Risk factor of gastric cancer development after Helicobacter pylori  eradication

Ref. Subject 
number

Study design Diagnosis Age Follow-up 
period (yr)

Number 
of cancer

Risk factor

Shichijo et al[31]     573 Cohort study CG/DU/GU 58 6.4   21 Endoscopic severe atrophy
Histologic intestinal metaplasia

Take et al[32]   1674 Cohort study GU/DU 51 5.6   28 Endoscopic severe atrophy
Toyoshima et al[55]   1232 Cohort study CG/DU/GU 54 2.5   15 Endoscopic severe atrophy
Sakitani et al[56]     965 Cohort study CG/DU/GU 63 4.5   21 Endoscopic severe atrophy
Cheung et al[57] 63397 Cohort study Helicobacter pylori infection (GU 

2%, DU 3%)
55 7.6 153 Proton pump inhibitor

Takata et al[58]     101 Cohort study CG/GU/GC 56 5.3     8 Age
Kodama et al[59] 2355 Matched control study CG/DU/GU/GC 63 4.1   21 Endoscopic severe atrophy

OLGA staging
Histologic atrophy at the antrum

Histologic inflammation at the corpus
Histologic intestinal metaplasia at the 

corpus
Sugimoto et al[60]   1200 Cross- sectional study NA 70 4.6   79 Endoscopic severe atrophy
Haneda et al[62]     261 Cross sectional study CG/DU/GU/GC/

MALToma/hyperplastic polyp
57 NA   47 Pepsinogen Ⅰ/Ⅱ ratio ≤ 4.5

Maeda et al[63]     177 Cross sectional study NA NA NA   94 Epigenetic marker

GU: Gastric ulcer; DU: Duodenal ulcer; CG: Chronic gastritis; GC: Gastric cancer; NA: Not available.
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Figure 2  Intestinal metaplasia in the corpus. A: Endoscopic image of the intestinal metaplasia in the corpus. Greyish-white, slightly opalescent, flat, elevated 
lesions of various sizes; B: Narrow-band imaging under a magnifying endoscopy image, light blue crest appears as blue-white lines visible on the epithelial surface[75]; C:  
Microscopic picture of a biopsy specimen with intestinal metaplasia (HE, orig. mag. ×100).
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Long-term use of proton pump inhibitors
Cheung et al[57] recently reported, based on a territory-
wide health database of Hong Kong, that long term 
use of proton pump inhibitors (PPI) was associated 
with an increased gastric cancer risk in subjects after 
H. pylori-eradication therapy. Among 63397 eligible 
patients who received clarithromycin-based triple ther­
apy between 2003 and 2012, 153 cases of gastric 
cancer developed before 2015. The risk increased 
with duration of PPI use (Hazard ratio 5.0, 6.7, and 
8.3 for ≥ 1, 2, and 3 years, respectively). Many re­
searchers quickly responded to this topic, and both 
affirming[67] and contradicting reports[68,69] followed this 
paper. Interestingly, another population-based study 
in Sweden also indicated the increased risk of gastric 
cancer (regardless of H. pylori infection or eradication) 
in maintenance therapy with PPI[70]. Contrary to the 
former study on H. pylori-eradicated cases[57], this 
study did not find that the risk increased with thera
peutic duration. Therefore, this topic still requires 
more study before a consensus can be reached, but 
clinicians should take PPI use into account for future 
studies of gastric cancer risk assessment.

Other
Age factor has also been reported in many studies. Most 
studies showed an older age at eradication is associated 
with an increased risk of developing cancer in univariate 
analysis[31,55,59]. However, age is also closely associated 
with other gastritis-related phenotypes, which often 
lead to less value in carcinogenesis under multivariate 
analysis. For example, a cohort study examined 101 his­
tologically diagnosed corpus atrophic gastritis patients 
who underwent successful eradication therapy[58]. This 
study found eight gastric cancer cases (all intestinal 
type) during a mean follow-up period of 5.3 year, and 
the patients’ characteristics and serum biochemistry 
data were compared in the groups with and without 
cancer. Out of age, sex, the disease indicated for eradi­
cation (gastritis or gastric ulcer), prior gastric cancer, 
pepsinogen value, and gastrin value, only age (64 years 
vs 55 years) was statistically different between groups. 
However, lack of multivariate analysis or other important 
confounding factors, such as endoscopic atrophy or his­
tological metaplasia, might have led to an immature con­
clusion in this study.

Endoscopic diagnosis associated with H. pylori 
infection has been examined as a risk or protective 
factor for gastric cancer development. In a H. pylori-
persistent infection cohort, reduced risk for gastric 
cancer development was found specifically in duodenal 
ulcer patients (0 out of 275 for duodenal ulcer vs 36 
out of 971 for other diseases)[10]. As for patients after 
eradication therapy, Kamada et al[41] reported that 
no gastric cancer developed in 654 duodenal ulcer 
patients, while 12 of 575 (2.1%), two of 453 (0.4%), 
and six of 105 (5.7%) cases were reported in gastric 
ulcer, atrophic gastritis and endoscopic resection for 
early gastric cancer patients, respectively. Kodama et 

al[59]. also reported only three gastric cancer cases, 
developed from 655 patients with duodenal ulcers 
(0.5%), while 10 of 902 (1.1%), 14 of 593 (2.4%), 
and 3 of 51 (5.9%) cases developed from patients 
with chronic gastritis, gastric ulcers, and gastric cancer, 
respectively. These reports indicate duodenal ulcer 
patients who received eradication therapy have less risk 
for future gastric cancer occurrence than do patients 
who have undergone eradication for other H. pylori-
related diseases.

Pepsinogen (PG) methods are clinically used for the 
gastric-cancer screening program in Japan. As low PGI 
levels and low PGI/Ⅱ ratios are correlated with mucosal 
atrophy, the efficacy of this screening method for iden
tifying high-risk subjects of gastric cancer has been 
reported in multiple cohort studies[71,72]. However PG 
values and ratios change after H. pylori eradication[73], 
and the usefulness of the PG method in H. pylori-
eradicated patients was not evident. Haneda et al[62]. 
examined PG levels in post-eradication cases with and 
without gastric cancer, and found that the optimal 
cut-off value for the PGI/Ⅱ ratio was 4.5 (instead of 
the usual 3.0). The usefulness of this cut-off value in 
clinical practice needs to be confirmed in a cohort or a 
prospective study.

Finally, molecular indicators of gastric cancer risk 
have been investigated intensively. Recent research, 
focused on epigenetic markers, has revealed completely 
new types of gastric cancer risk predictors. In a case-
control study consisting of eight cases without infection, 
75 atrophic gastritis post-eradication cases and 94 
gastric cancer post-eradication cases, nine candidate 
epigenetic markers, which showed elevated methylation 
levels in cancer cases, were isolated[63]. These new 
markers are now being evaluated in a prospective 
cohort study, which will elucidate the clinical usefulness 
of these molecular approaches in the near future.

Perspectives
Here we have reviewed characteristics and predictors 
of gastric cancer after H. pylori eradication. Knowledge 
of endoscopic characteristics, such as depressed and 
gastritis-like appearance, and an understanding of the 
histological non-neoplastic epithelium, will be helpful in 
detecting gastric cancer while screening subjects after 
eradication therapy. Reportedly, the tumors detected 
after H. pylori eradication seemed to be less proliferative 
and more gastric phenotype. This might be associated 
with a differentiation program by adult-tissue stem cells, 
and the mechanism of these molecular changes and 
the effect of H. pylori eradication will be an interesting 
research project. As for predictors, severe endoscopic 
atrophy, histologic intestinal metaplasia before era­
dication, and PPI use are reportedly risk factors for 
gastric cancer development after eradication. Cases 
with these risk factors should be carefully followed up 
by endoscopy, with special attention paid to the afore­
mentioned characteristic endoscopic findings.
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So far, most of the risk factors were evaluated be­
fore the eradication, which is helpful for identifying 
high-risk patients early so they can be invited into a 
surveillance program. However, risk stratification ac­
cording to findings after eradication, not those before 
eradication, might be more practical, because infor­
mation prior to eradication is not always available. 
For example, we proposed that histological intestinal 
metaplasia is an important risk factor for future gas­
tric cancer development, but most of the H. pylori-
eradicated subjects in the community did not receive 
a histological evaluation prior to eradication. If there is 
little change in the metaplasia after eradication, then 
assessment of histology after eradication may be used 
as a substitute, but this would need to be evaluated by 
independent studies. Risk stratification by pepsinogen 
levels after eradication has been reported[62], but fur­
ther validation studies are necessary. Some researchers 
have focused on endoscopic changes after H. pylori 
eradication that was accompanied with cancer[74]. Map-
like redness after eradication, which corresponds to 
intestinal metaplasia histologically, could be a predictor 
for metachronous gastric cancer. Importantly, recent 
retrospective epigenetic research used gastric samples 
collected from post-eradication cases, which is ideally 
applicable to all subjects[63]. Therefore the result of the 
ongoing prospective study is highly anticipated.

Eradication therapy is relatively new, and current stu­
dies are mostly limited to elder patients over 50 years 
old. Therefore, further long-term follow-up studies, over 
several decades, or a study of the young population 
should be required to form a consensus for an adequate 
surveillance program. Based on the results reviewed 
in this paper, it is safe to propose annual endoscopic 
surveillance for high-risk H. pylori-eradicated patients, 
such as those with severe endoscopic atrophic gastritis 
(O2 or O3) or histological intestinal metaplasia before 
eradication. Patients who require PPI treatment for any 
reason after eradication should also have an annual 
checkup for both gastric cancer surveillance and for the 
conditions requiring PPI. However, for other relatively 
low-risk eradicated patients, such as subjects with 
mild atrophy or no metaplasia, little evidence exists 
to propose a proper surveillance program. As these 
relatively low risk patients consist of the majority of H. 
pylori-eradicated cases, studies targeting these subjects 
will definitely be required. New studies, new modalities, 
and new concepts will lead to the establishment of a 
primary gastric cancer surveillance program suitable for 
all H. pylori-eradicated cases according to their cancer 
risk stratification.

Conclusion
In this review article, we have summarized the previous 
studies on the characteristics and predictors of gastric 
cancer which developed after successful H. pylori eradi­
cation. Gastric cancer surveillance program after H. 
pylori eradication according to risk stratification needs 
to be established in future. 
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Abstract
AIM
To assess the effects of hepatitis E virus (HEV) on the 
production of type Ⅰ interferons (IFNs) and determine the 
underlying mechanisms.

METHODS
We measured the production of interferon (IFN)-alpha 
and -beta (-α/β) in genotype 3 HEV-infected C3A cells 
at different time points (0, 8, 12, 24, 48, 72 and 120 h) 
by enzyme-linked immunosorbent assay (ELISA). The 
expression levels of IFN-stimulated gene (ISG)15 in HEV-
infected C3A cells at different time points were tested by 
western blotting. The plasmid-expressing open reading 
frame 3 (ORF3) or control plasmids (green fluorescent 
protein-expressing) were transfected into C3A cells, 
and the levels of IFN-α/β and ISG15 were evaluated, 
respectively. Furthermore, the plasmid-expressing ISG15 
or small interfering RNA-inhibiting ISG15 was transfected 
into infected C3A cells. Then, the production of IFN-α/β 
was also measured by ELISA.
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RESULTS
We showed that genotype 3 HEV could enhance the 
production of IFN-α/β and induce elevation of ISG15 in 
C3A cells. HEV ORF3 protein could enhance the produc
tion of IFN-α/β and the expression of ISG15. Additionally, 
ISG15 silencing enhanced the production of IFN-α/β. 
Overexpression of ISG15 resulted in the reduction of 
IFN-α/β.

CONCLUSION
HEV may promote production of IFN-α/β and expression 
of ISG15 via  ORF3 in the early stages, and increased 
ISG15 subsequently inhibited the production of IFN-α/β.  

Key words: open reading frame 3; interferon-stimulated 
gene 15; interferon-alpha; Hepatitis E virus; interferon-
beta

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

Core tip: To date, few studies have investigated the role of 
ISG15 in hepatitis E virus (HEV) infection and the impact 
of ISG15 on interferons (IFN) production. This study 
showed that HEV could inhibit the level of type Ⅰ IFN 
through regulating the expression of IFN-stimulated gene 
(ISG)15, which may attenuate the IFN response, allowing 
for successful infection of their hosts. The present study 
enhances the understanding of the interaction between 
ISG15 and HEV in the host innate immune response, 
which may provide useful insight for the development of 
new antiviral drugs and antiviral strategies.

Wang M, Huang Y, He M, Peng WJ, Tian DY. Effects of hepatitis 
E virus infection on interferon production via ISG15. World J 
Gastroenterol 2018; 24(20): 2173-2180  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i20/2173.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i20.2173

INTRODUCTION
Hepatitis E virus (HEV) infection is one of the most 
common causes of acute hepatitis or sporadic acute 
hepatitis in many parts of the world[1]. At least 20 million 
HEV infections occur annually, which are mostly self-
limiting and have different clinical manifestations, such as 
asymptomatic, acute liver failure and rare chronicity[2,3]. 
In some cases, HEV infections can cause up to 30% 
mortality in pregnant women[4] and may result in chronic 
hepatitis in immunocompromised individuals, such as 
those receiving organ transplants or chemotherapy, 
and individuals infected with human immunodeficiency 
virus[5-7]. Currently, at least four genotypes exist among 
HEV strains, of which HEV genotypes 1 and 2 are obli
gate human pathogens and HEV genotypes 3 and 4 
are mostly zoonotic[8]. Recently, a study found that a 
genotype 3 HEV isolated from a chronically infected pa
tient could be adapted to grow in human C3A hepatoma 
cells[9].

HEV has a 7.2-kb single-stranded, positive-sense RNA 
genome containing three open reading frames (ORFs)[10]. 
The ORF1 protein comprises the functional domains of 
virions. ORF2 is the major structural protein of virions 
and encodes the viral capsid protein. And, ORF3 protein, 
a small molecule phosphoprotein, is involved in viral 
particle secretion[11]. A recent study found that chronic 
HEV infections were almost exclusively caused by the 
zoonotic genotype 3 HEV strains[12].

Type Ⅰ interferons (IFNs) are key components of 
innate immunity and known to be the first-line defense 
against virus infection. IFN exerts many biological effects, 
such as antiviral and antitumor activity, and immune 
regulation by activating hundreds of downstream 
IFN-stimulated genes (ISGs)[13,14]. One of the most 
abundantly IFN-induced proteins is ISG15, which is en
coded and expressed as a ubiquitin-like protein. ISG15 
is covalently attached to target proteins through a 
C-terminal LRLRGG motif, in a process called ISGylation. 
ISGylation could alter protein properties directly by 
addition of ISG15, as well as by reducing the degradation 
of the target protein by competing with ubiquitin conju
gation[15]. Previous studies have shown that ISG15 is 
critical for control of certain viral and bacterial infections 
and is linked to the process of budding or egress for 
many RNA virus families[16-18]. 

As few studies have focused on the role of ISG15 in 
HEV infection, we investigated whether HEV infection 
could regulate the expression of ISG15 and the impact 
of ISG15 on IFN production during HEV infection in the 
present study, which is of great significance to expand 
our understanding of the interaction between ISG15 and 
HEV pathogenesis. 

MATERIALS AND METHODS
Cells and virus
C3A is a derivative of HepG2 cells (hepatoma cells). 
C3A cells were obtained from the American Type Cul
ture Collection (ATCC) (Manassas, VA, United States) 
and cultured in Dulbecco’s Modified Eagle’s Medium 
supplemented with 10% fetal bovine serum (Gibco, 
Thermo Scientific, Waltham, MA, United States), penicillin 
(100 U/ml) and streptomycin (100 μg/ml) at 37 ℃ with 
5% CO2. The genotype 3 Kernow-C1 HEV infectious 
cDNA clone was a kind gift from the National Institute 
of Diagnostics and Vaccine Development in Infectious 
Diseases (NIDVD, Xiamen, China). The ATG start codon 
of ORF3 in Kernow-C1 HEV was altered to GTG to 
construct an HEV ORF3 mutant, which led to the loss of 
ORF3 protein expression.

Reagents and plasmids
Anti-ISG15 antibody was purchased from Signalway 
Antibody (42509, 1:1000 dilution; Pearland, TX, 
United States). AntiHEV ORF3-specific antibody was 
purchased from Abbiotec (250688, 1:1000; San Diego, 
CA, United States). Primary antibody against β-actin 
(#BM0627, 1:400 dilution) was purchased from Boster 
(Wuhan, China). We constructed a plasmid-expressing 
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ORF3 (ORF3) as well as a plasmid-expressing ISG15 
(ISG15). ORF3 and ISG15 fragments were cloned into 
the pEGFP-N1 vector (green fluorescent protein (GFP)-
expressing, GenBank accession #55762) by digesting 
with Xho Ⅰ and Hind Ⅲ to construct the pORF3-EGFP 
plasmid (ORF3) and pISG15-EGFP plasmid (ISG15). All 
the clones were confirmed by restriction digestion and 
DNA sequencing.

HEV infection
Th cDNA clones were linearized with BglⅡ, and the 
genomic RNA was transcribed using the MEGAscript Kit 
(Ambion, Thermo Scientific). C3A cells cultured in a six-
well plate were transfected with capped RNA transcripts 
from Kernow-C1 HEV infectious cDNA clone using 
DMRIE-C reagent (Invitrogen, Grand Island, NY, United 
States) following the manufacturer’s protocol. The ratio of 
RNA to DMRIE-C was 2 μg:8 μl. After 6 h, the medium in 
the six-well plate was removed and replaced with serum-
free medium. The cells and cell culture supernatants 
were harvested at different time points (0, 8, 12, 24, 48, 
72 and 120 h) and used in experiments.

Cell transfection
C3A cells were plated in six-well microplates and trans
fected with a plasmid-expressing ORF3-EGFP (ORF3) 
or the HEV mutant, leading to the loss of ORF3 protein 
expression (ΔORF3) using Lipofectamine TM 3000 
Transfection Reagent (Invitrogen, San Diego, CA, 
United States) for 48 h. Then, the cells and cell culture 
supernatants were harvested at different time points (0, 
8, 12, 24, 48, 72 and 120 h) and used in experiments.

Small interfering RNA-mediated knockdown
The small interfering RNAs (siRNAs) targeted against 
ISG15 were purchased from Santa Cruz Biotechnologies 
(Dallas, TX, United States). C3A cells were transiently 
transfected with 20 nmol/L of siRNA using the DMRIE-C 
reagent (Invitrogen) according to the manufacturer’s 
protocol. Primers are shown in Table 1.

Enzyme-linked immunosorbent assay
The concentrations of IFN-alpha and -beta (-α/β) were 
evaluated in cell culture supernatants using a human 
IFN-α/β ELISA kit (Joyee Biotechnics, Shanghai, China). 

All samples were tested in triplicate.

Western blot analysis
Cells were lysed in RIPA buffer (Beyotime Biotechnology, 
Shanghai, China), and the protein concentration was 
determined using an enhanced BCA protein assay 
kit (Beyotime Biotechnology). Ten micrograms of 
each protein sample were separated on 12% sodium 
dodecyl sulfate polyacrylamide gel electrophoresis and 
subsequently transferred to polyvinylidene difluoride 
membranes. Samples were then incubated with specific 
primary antibodies overnight, following incubation 
with an antimouse secondary antibody solution for 2 
h at room temperature. The blotted membranes were 
exposed to film, and the protein bands were visualized 
by a scanner system.

Real-time reverse transcriptase-polymerase chain 
reaction
Total RNA from C3A cells was isolated using Trizol 
(Thermo Scientific) and reverse-transcribed into cDNA 
using the TaqMan Reverse Transcription Reagents 
(Thermo Scientific). The mRNA level of ISG15 was 
quantified by real-time PCR using SYBR master mix 
(Thermo Scientific). The PCR amplification conditions 
included 1 cycle of 95 ℃ for 2 min, and 40 cycles of 95 ℃ 
for 10 s, 60 ℃ for 20 s, and 72 ℃ for 30 s; the Roche 
Light Cycler 480 Ⅱ Real-Time PCR System was used. 
Threshold cycle (CT) values were determined by RT-
PCR and normalized by the housekeeping gene β-actin. 
The mRNA abundance was calculated using the 2−ΔΔCt 
method and expressed as fold-change. Primers are 
shown in Table 1.

Statistical analysis
All the data are presented as mean ± SD. Statistical 
differences between the samples and the controls 
were assessed by the Student’s t-test. P < 0.05 was 
considered statistically significant.

RESULTS
HEV infection enhances the production of IFN-α/β and 
induces elevation of ISG15 protein in C3A cells
In this study, C3A cells were transfected with HEV RNA. 
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Name Primer Sequence

β-actin Forward    5’- AGCGAGCATCCCCCAAAGTT -3’    
Reverse   5’- GGGCACGAAGGCTCATCATT -3’

ISG15 Forward     5’- GCGCAGATCACCCAGAAGAT -3’
Reverse 5’- GTTCGTCGCATTTGTCCACC -3’

siRNA1 Forward  5’- UGUCGGUGUCAGAGCUGAATT -3’
Reverse 5’- UUCAGCUCUGACACCGACATT -3’

siRNA2 Forward  5’- GAUGCUGGCGGGCAACGAATT -3’
Reverse 5’- UUCGUUGCCCGCCAGCAUCTT -3’

siRNA3 Forward  5’- UGAGCACCGUGUUCAUGAATT -3’
Reverse  5’- UUCAUGAACACGGUGCUCATT -3’

Negative control Forward  5’- UUCUCCGAACGUGUCACGUTT -3’
Reverse  5’- ACGUGACACGUUCGGAGAATT -3’

Table 1  Primers used in this study
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concentrations of IFN-α/β increased the maximum at 
24 h (Figure 2A). The ORF3 group could induce higher 
ISG15 protein expression than ΔORF3 group (P < 0.01). 
ISG15 protein was poorly expressed in the early stage, 
from 0 h to 12 h, and significantly increased at 24 h, 
reaching the maximum at 72 h (Figure 2B). 

ISG15 silencing enhances the production of IFN-α/β in 
C3A cells
To investigate the levels of IFN-α/β when ISG15 was 
inhibited, we first constructed three siRNAs that could 
inhibit the expression of ISG15 and then transfected 
them into C3A cells, respectively. Then, the mRNA and 
protein levels of ISG15 were detected to determine 
which siRNA had the best inhibitory effect (Figure 
3A and B). The siRNA2 was found to have the best 
inhibitory effect on ISG15. Next, the siRNA2 was trans
fected into C3A cells that had been pretreated with 
HEV RNA. The expression of IFN-α was significantly 
increased in the HEV-infected C3A cells transfected with 
siISG15 compared to the HEV-infected cells (P < 0.05). 
Consistently, the expression of IFN-β showed the same 
trend (P < 0.01) (Figure 3C).

Overexpression of ISG15 results in the reduction of 
IFN-α/β in C3A cells
To investigate the effect of ISG15 overexpression on 
IFN-α/β, the plasmid -expressing ISG15 was constructed 
and transfected into C3A cells. The level of ISG15 was 

To determine whether HEV infection could affect the 
production of type Ⅰ IFN, the concentrations of IFN-α/β 
were evaluated in cell culture supernatants at different 
time points (0, 8, 12, 24, 48, 72 and 120 h) by ELISA. 
The levels of IFN-α/β in the HEV infection group were 
significantly increased at each time point (P < 0.05), 
and the levels of IFN-α/β reached the maximum at 24 
h, while no significant changes were observed in the 
control group (Figure 1A).

Next, we identified whether HEV could induce ISG15. 
ISG15 protein expression was detected at different time 
points by western blotting. It showed HEV enhanced 
the expression of ISG15 (P < 0.01) and ISG15 protein 
expression reach the maximum at 24 h as compared to 
the control group (Figure1B). 

HEV ORF3 protein enhances the production of IFN-α/β 
and the expression of ISG15 protein in C3A cells
To investigate how HEV enhances the production of 
IFN-α/β and induces elevation of ISG15, we constructed 
a plasmid-expressing ORF3-EGFP (ORF3) and the HEV 
mutant leading to the loss of ORF3 protein expression 
(ΔORF3). C3A cells were transfected with ORF3 or 
ΔORF3 respectively, and the production of IFN-α/β and 
the expression of ISG15 protein were detected. The 
production of IFN-α/β was significantly increased at 
each time point in the group transfected with ORF3 
plasmid (ORF3 group) compared to the ORF3-lacking 
group (ΔORF3 group) (P < 0.05). In addition, the 
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Figure 1  Hepatitis E virus infection enhances the production of Interferon-α and -β and induces elevation of Interferon-stimulated gene 15 protein in C3A 
cells. A: The concentrations of IFN-α and β were evaluated in cell culture supernatants at different time points (0, 8, 12, 24, 48, 72 and 120 h) by enzyme-linked 
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Figure 3  Interferon-stimulated gene 15 silencing enhances the production of Interferon-α/β in C3A cells. Three siRNA inhibiting ISG15 (siISG15) and control-
siRNA (si-control) were constructed, and C3A cells were cotransfected with 20 nmol/L ISG15-targeted siRNA (siISG15) or control-siRNA (si-control) along with HEV 
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was transfected into C3A cells that had been pretreated with HEV RNA, and the impact of siISG15 on IFN was investigated; C: The level of IFN-α/β was tested by 
enzyme-linked immunosorbent assay. The data are expressed as mean ± standard error of the mean. aP < 0.05, bP < 0.01. HEV: Hepatitis E virus; IFN: Interferon; 
ISG: IFN-stimulated gene; si: Small interfering.
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Figure 2  Hepatitis E virus open reading frame 3 protein enhances the production of Interferon-α and β and the expression of Interferon-stimulated gene 
15 protein in C3A cells. C3A cells were transfected with 2 μg of either pORF3-EGFP (ORF3) or pEGFP-N1 empty vector (GFP), and the HEV mutant, leading to the 
loss of ORF3 protein expression (ΔORF3) for 48 h, untreated cells were used as the control (Con). Then, the cells and cell culture supernatants were harvested at 
different time points (0, 8, 12, 24, 48, 72 and 120 h). A: The concentrations of IFN-α and β were evaluated in cell culture supernatants at different time points (0, 8, 12, 
24, 48, 72, 120 h) by enzyme-linked immunosorbent assay; B: The expression of ISG15 protein was detected at different time points (0, 8, 12, 24, 48, 72 and 120 h) 
by western blotting. The data are expressed as mean ± standard error of the mean. aP < 0.05, bP < 0.01. GFP: Green fluorescent protein; HEV: Hepatitis E virus; IFN: 
Interferon; ISG: IFN-stimulated gene; ORF: Open reading frame.
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detected by western blotting. The cells transfected with 
ISG15 plasmid had a considerably higher ISG15 level 
than the control cells (Figure 4A). Then, the production 
of IFN-α/β was tested when cells were transfected with 
ISG15 plasmid and HEV RNA. The level of IFN-α/β was 
decreased when the cells were treated with HEV and 
ISG15 plasmid (P < 0.05) (Figure 4B), which indicated 
over-expression of ISG15 may result in reduction of 
IFN-α/β.

DISCUSSION
The innate immune system is the first line of defense 
against invading pathogens. Type Ⅰ IFNs, such as IFN-α/
β, make up part of the innate immunity system and 
are critical for innate immunity against viral infection. 
ISG15, a member of the ISGs induced by IFN, has an 
important role in the regulation of antiviral immunity. In 
this study, we demonstrated that HEV infection could 
enhance the production of IFN-α/β and induce elevation 
of ISG15 protein. ORF3 protein may be responsible 
for the enhancement of IFN-α/β and ISG15 by HEV. 
Furthermore, ISG15 silencing enhanced the production of 
IFN-α/β in C3A cells. Over-expression of ISG15 resulted 
in the reduction of IFN-α/β in C3A cells. Collectively, these 
results indicated that HEV could induce the production of 
IFN and ISG15, and the increased ISG15 in turn reduced 
the level of IFN, which revealed a possible correlation 
between HEV infection and IFN production by regulating 
the expression of ISG15. 

In our study, we first found that HEV infection could 
enhance the production of IFN-α/β and induce the 
elevation of ISG15 protein. A previous study demons

trated that most viruses have the ability to regulate the 
IFN response during infection[19]. When cells are infected 
by viruses, such as influenza viruses, the activated 
host innate immune response will lead to secretion of 
type Ⅰ IFN. Then, the induced IFN exerts its antiviral 
activity[20]. Over the last decade, numerous studies have 
reported that ISG15 plays a crucial role against viral 
infection[21,22]. However, few studies have investigated 
the effects of HEV on ISG15. In the present study, we 
found that the expression of ISG15 and the IFN level 
were simultaneously increased during HEV infection, 
which indicated that HEV could induce ISG15 expression 
in C3A cells. Recent studies have revealed that ISG15, 
as an innate immune protein with broad spectrum 
antiviral activity, continues to accumulate rapidly when 
the host is infected by a virus[23], which is consistent with 
the findings in this research. 

HEV consists of three ORFs. Genotype 1 HEV strain 
could inhibit type Ⅰ IFN induction by ORF1 products[24]. 
However, the ORF3 products of genotype 1 HEV have 
been reported to enhance the production of IFN[25]. 
Because we found that genotype 3 HEV could induce the 
level of IFN, we next tested the impact of HEV ORF3 on 
IFN. We found that HEV ORF3 could increase the levels 
of IFN-α/β, which indicates that HEV ORF3 is responsible 
for the regulation of IFN. Similarly, we investigated 
whether HEV ORF3 could affect the expression of ISG15. 
As we expected, the level of ISG15 was increased by 
HEV ORF3. Previous studies have shown that ORF3 
protein is associated with the egress of HEV[26]. As ISG15 
is also associated with the process of egress for many 
RNA virus families[27], we supposed that HEV ORF3 
may regulate the egress of HEV through ISG15, which 
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Figure 4  Over-expression of Interferon-stimulated gene 15 results in the reduction of Interferon-α/β in C3A cells. C3A cells were transfected with 2 mg 
ISG15-EGFP plasmid (ISG15) along with HEV RNA. A: ISG15 protein expression was detected by western blotting; B: The levels of IFN-α/β were detected by 
enzyme-linked immunosorbent assay. aP < 0.05. HEV: Hepatitis E virus; IFN: Interferon; ISG: IFN-stimulated gene.
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requires further experiments to confirm.
Furthermore, the possible correlation between 

enhanced levels of IFN and ISG15 during HEV infection 
was investigated. ISG15 silencing enhanced the 
production of IFN-α/β, and over-expression of ISG15 
resulted in the reduction of IFN-α/β in C3A cells, indicating 
that ISG15 is a negative regulator of IFN. It has been 
indicated that the absence of intracellular ISG15 in the 
ISG15-deficient patients prevents the accumulation of 
USP18, which is a potent negative regulator of IFN-α/β 
signaling, thus resulting in the enhancement and am
plification of IFN-α/β responses and increase of viral 
resistance in humans[15,28]. 

In addition, it was found that ISG15 over-expression 
inhibited induction of IFN-β by HCV infection[29]. Evidence 
revealing high hepatic ISG15 levels was associated with 
low antiviral IFN-response during the early phase of 
antiviral therapy[30], supporting the notion that ISG15 is 
a negative regulator of the IFN system. However, this 
raises the question of why the levels of IFN-α/β could 
be reduced by HEV infection via ISG15. As we know, 
the IFN production is always enhanced to promote 
an antiviral state in an infected host, but viruses have 
evolved many strategies to antagonize the induction 
of IFNs. As there is little knowledge about how HEV 
inhibits induction of IFN, the result that the level of IFN 
could be inhibited by HEV via ISG15 will enhance our 
fundamental knowledge of the mechanisms of induction 
and evasion of type Ⅰ IFN responses by HEV.

In conclusion, the findings of the present study 
showed that HEV could inhibit the level of type Ⅰ IFN 
through regulating the expression of ISG15, which may 
attenuate the IFN response, allowing for successful 
infection of the host. The present study enhances the 
understanding of the interaction between ISG15 and HEV 
in the host innate immune response, which may provide 
useful insight for the development of new antiviral drugs 
and antiviral strategies.

ARTICLE HIGHLIGHTS
Research background
Hepatitis E virus (HEV) infection is one of the most common causes of acute 
hepatitis or sporadic acute hepatitis in the world. At least 20 million HEV infections 
occur annually, which may result in chronic hepatitis in immunocompromised 
individuals. However, the mechanism of HEV pathogenesis remains obscure.

Research motivation
Over the last decade, numerous studies have reported that interferon (IFN)-
stimulated gene (ISG)15 plays a crucial role against viral infection. However, 
few studies have investigated the effects of HEV on ISG15.

Research objectives
In the present study, we investigated whether HEV infection could regulate the 
expression of ISG15 and the impact of ISG15 on IFN production during HEV 
infection, which is of great significance to expand our understanding of the 
interaction between ISG15 and HEV pathogenesis.

Research methods
In this study, C3A cells were first transfected with genotype 3 HEV RNA. The 
production of IFN-alpha and -beta (IFN-α/β) at different time points (0, 8, 12, 

24, 48, 72 and 120 h) were measured by enzyme-linked immunosorbent assay 
(ELISA). The expression levels of ISG15 in HEV-infected C3A cells at different 
time points were tested by western blotting. Then, C3A cells were transfected 
with plasmid-expressing open reading frame 3 (ORF3) or control plasmids, the 
levels of IFN-α/β and ISG15 was evaluated, respectively. Next, the plasmid-
expressing ISG15 or small interfering RNA-inhibiting ISG15 was transfected 
into infected C3A cells. The production of IFN-α/β was also measured by 
ELISA.

Research results
In this study, we demonstrated that HEV infection could enhance the production 
of IFN-α/β and induce elevation of the ISG15 protein. ORF3 protein may be 
responsible for the enhancement of IFN-α/β and ISG15 by HEV. Furthermore, 
ISG15 silencing enhanced the production of IFN-α/β in C3A cells. Over-
expression of ISG15 resulted in the reduction of IFN-α/β in C3A cells.

Research conclusions
The findings of the present study showed that HEV could inhibit the level of 
type Ⅰ IFN through regulating the expression of ISG15, a finding which may 
enhance the understanding of the interaction between ISG15 and HEV in the 
host innate immune response, and provide useful insight for the development of 
new antiviral drugs and antiviral strategies.

Research perspectives
The future research will focus on whether HEV ORF3 could regulate the egress 
of HEV through ISG15.
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Abstract
AIM
to evaluate indoleamine-2,3-dioxygenase 1/cyclo
oxygenase 2 (IDO1/COX2) expression as an independent 
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prognostic biomarker for colorectal cancer (CRC) patients.

METHODS
We retrospectively studied the medical records of 95 
patients who received surgical resection from August 2008 
to January 2010. All patients were randomly assigned to 
adjuvant treatment with or without celecoxib groups after 
surgery. We performed standard immunohistochemistry to 
assess the expression levels of IDO1/COX2 and evaluated 
the correlation of IDO1/COX2 with clinicopathological 
factors and overall survival (OS) outcomes.

RESULTS
The expression of nuclear IDO1 was significantly 
correlated with body mass index (P < 0.001), and IDO1 
expression displayed no association with sex, age, tumor 
differentiation, T stage, N stage, carcinoembryonic 
antigen, cancer antigen 19-9, CD3+ and CD8+ tumor 
infiltrating lymphocytes, and COX2. In univariate anal
ysis, we found that nuclear IDO1 (P = 0.039), nuclear/
cytoplasmic IDO1 [hazard ratio (HR) = 2.044, 95% 
confidence interval (CI): 0.871-4.798, P  = 0.039], 
nuclear IDO1/COX2 (HR = 3.048, 95%CI: 0.868-10.7, 
P  = 0.0049) and cytoplasmic IDO1/COX2 (HR = 2.109, 
95%CI: 0.976-4.558, P = 0.022) all yielded significantly 
poor OS outcomes. Nuclear IDO1 (P = 0.041), nuclear/
cytoplasmic IDO1 (HR = 3.023, 95%CI: 0.585-15.61, 
P  = 0.041) and cytoplasmic IDO1/COX2 (HR = 2.740, 
95%CI: 0.764-9.831, P = 0.038) have significantly poor 
OS outcomes for the CRC celecoxib subgroup. In our 
multivariate Cox model, high coexpression of cytoplasmic 
IDO1/COX2 was found to be an independent predictor of 
poor outcome in CRC (HR = 2.218, 95%CI: 1.011-4.48, 
P = 0.047) and celecoxib subgroup patients (HR = 3.210, 
95%CI: 1.074-9.590, P = 0.037).

CONCLUSION
Our results showed that cytoplasmic IDO1/COX2 coex
pression could be used as an independent poor predictor 
for OS in CRC.

Key words: Prognosis; Indoleamine-2,3-dioxygenase 1; 
Cyclooxygenase 2; Colorectal cancer

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

Core tip: It was reported that indoleamine-2,3-dioxy
genase 1 (IDO1) is an inhibitory factor that suppresses 
the T cell response to tumors. In this study, we 
evaluated IDO1/cyclooxygenase 2 (COX2) expression 
as an independent prognostic biomarker for colorectal 
cancer (CRC) patients. In our multivariate Cox model, 
high coexpression of cytoplasmic IDO1/COX2 was found 
to be an independent predictor of poor outcome in CRC 
patients and celecoxib subgroup patients. Our results 
showed that cytoplasmic IDO1/COX2 coexpression could 
be used as an independent predictor for poor overall 
survival in CRC.

Ma WJ, Wang X, Yan WT, Zhou ZG, Pan ZZ, Chen G, Zhang 
RX. Indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 expression 

prediction for adverse prognosis in colorectal cancer. World J 
Gastroenterol 2018; 24(20): 2181-2190  Available from: URL: 
http://www.wjgnet.com/1007-9327/full/v24/i20/2181.htm  DOI: 
http://dx.doi.org/10.3748/wjg.v24.i20.2181

INTRODUCTION
Colorectal cancer (CRC) is a leading cause of cancer-
related death worldwide. Nearly one million cases of 
CRC are diagnosed worldwide each year[1,2]. Because 
of genetic mutations and environmental factors, CRC 
development is a very complex process and is de
termined by multistage factors[3,4]. Currently, immu
notherapy has become one of the most promising 
treatments for CRC[5].

Recent studies have demonstrated that the tumor 
microenvironment plays a vital role in the progression 
of cancer development - e.g., cancer cells, through 
expressing inhibitory proteins, such as PD-L1 and CTLA4, 
create an immunosuppressive microenvironment[6-8]. 
Clinical trials have shown that combining PD-1/PD-L1 
with CTLA4 blockade therapy seems to be a better 
therapy than single blockade. However, this favorable 
outcome is achieved in only less than 40% of patients[9]. 
Other studies have confirmed that the tumor micro
environment has more inhibitory factors, including 
indoleamine-2,3-dioxygenase 1 (IDO1), and suppresses 
the T cell response to tumors. IDO1 belongs to a unique 
class of mammalian heme dioxygenase enzymes and 
is the first and rate-limiting enzyme in the degradation 
of the essential amino acid tryptophan, resulting in the 
accumulation of their metabolites such as kynurenine[9]. 
T cells sense low tryptophan and high kynurenine via 
mTORC and GCN2 signaling pathways to initiate an 
amino acid starvation response, resulting in T cell cycle 
arrest and cell death, and favoring the differentiation of 
regulatory T cells; as a result, the immune mediator is 
escapes in cancer[10]. 

In humans, IDO1 is usually expressed only in pla
cental endothelial cells and mature dendritic cells. 
Activating T lymphocytes could express interferon-r in 
the tumor microenvironment, resulting in inducing IDO1 
expression in most tissues and cell types and inhibiting 
T cell responses to tumor cells[11]. Many human tumors 
still express IDO1 through PKC and PI3K signaling 
triggered by PGE2 in the absence of T cell infiltration. 
Constitutive expression of cyclooxygenase 2 (COX2) 
by MAPK signaling could induce PGE2 production[11]. 
Because many tumors harbor oncogenic mutations in 
these signaling pathways, they could express IDO1 
constitutively in the absence of interferon-r. Therefore, 
IDO1 and COX2 are currently of great interest in cancer 
research as prognostic and therapeutic biomarkers of 
tissues and sera.

CRC has demonstrated high heterogeneity in recent 
years. Hence, biomarkers need to be identified and 
enabled to stratify the different subgroups. Similar 
to other tumors, such as endometrial carcinoma and 
liver and ovarian cancers, the IDO expression levels 
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are correlated with the overall survival (OS) of CRC 
patients[12-16]. One study showed that IDO1 expression 
at the invasive front was significantly associated with 
OS[17]. One report has hypothesized that the nuclear 
localization of IDO1 promotes the immunosuppression 
independence of enzyme activity[18]. In CRC, the level 
of COX2 expression was increased in up to 85 cases but 
not in the normal colonic epithelium. A selective COX2 
inhibitor, celecoxib, could improve chemosensitivity 
when CRC cells are exposed to the combination with 5-FU 
and CPT-11[19] and could reduce hand-foot syndrome 
induced by capecitabine[20]. However, whether IDO1/
COX2 coexpression is correlated with OS in CRC patients 
remains unknown.

In this study, we conducted a retrospective analysis 
for the potential prognostic importance of the correlation 
of IDO1 and COX2 in survival outcome prognosis, in
cluding their coexpression, cytoplasmic and nuclear 
localization of IDO1, and tumor-infiltrating lymphocytes 
(TILs).

MATERIALS AND METHODS
Patient characteristics 
All tissues were collected from 95 patients who had 
undergone surgical resection from August 2008 to 
January 2010 at the Department of Colorectal Surgery 
of Sun Yat-sen University (Guangzhou, China). Patients 
were randomly assigned to adjuvant treatment with 
XELOX/capecitabine alone combined with or without 
celecoxib groups after surgery. All patients in the groups 
received celecoxib 200 mg/m2 twice daily, given for 
14 d (day 1 to day 14) of a 3-wk cycle for total of 6-8 
cycles[20]. The eligibility criteria were as follows: (1) Stage 
Ⅱ/Ⅲ CRC eligible for adjuvant chemotherapy; (2) all 
tumor tissue pathological diagnoses confirmed to be CRC 
by a pathologist. The cases were selected consecutively 
based on the availability of resection tissues and follow-
up data. 

Immunohistochemical staining
Formalin-fixed, paraffin-embedded tumor specimens 
were cut into 4-μm sections. After baking at 60 ℃ for 
2 h, the samples were deparaffinized in xylene and 
rehydrated in a series of graded ethanol. Next, the 
samples were incubated with 3% hydrogen peroxide for 
10-15 min to block endogenous peroxidase activity. The 
sections were microwaved for antigen retrieval in 0.01 
mol/L sodium citrate buffer (pH 6.0) for 30 min, and 
then were pre-incubated in 10% normal goat serum for 
30 min to block nonspecific staining. The sections were 
then incubated with the primary rabbit anti-human 
IDO1 monoclonal antibody (working dilution, 1:100; 
Cell Signaling Technology, Danvers, MA, United States), 
rabbit antihuman COX2 monoclonal antibody (working 
dilution, 1:200; Beijing Golden Bridge Biotechnology, 
China), rabbit antihuman CD3 monoclonal (working 
dilution: 1:50; Beijing Golden Bridge Biotechnology) and 
mouse antihuman CD8 monoclonal (working dilution, 
1:100; Beijing Golden Bridge Biotechnology) overnight 

at 4 ℃. Subsequently, the samples were incubated with 
secondary antibody (Dako, Glostrup, Denmark) at room 
temperature for 0.5 h. 

All the stained slides were scored independently 
by two experienced pathologists who were blinded to 
the patients’ identity and clinical status. H-scores of 
dominant staining intensity (0, 1+, 2+ and 3+) and 
the percentage of positive tumor cells (0 to 100%) of 
immunostaining were adopted for the expression data 
analysis. IDO1 expression was classified as high or low 
based on whether the H-score was above or below the 
score of 0.1. COX2 expression was considered high if 
the score was above 0.6 as the median cut-off. T cell 
infiltration of tumors was assessed by semiquantitative 
estimation of the density of CD3-positive/CD8-positive 
(CD3+/CD8+) cells and was scored as follows: 1+: 
No or sporadic CD3+/CD8+CD3þ cells; 2+: Moderate 
numbers of CD3+/CD8+ cells; 3+: Abundant occurrence 
of CD3+/CD8+ cells; and 4+: Highly abundant occur
rence of CD3+/CD8+ cells[21].

Follow-up
The last date of follow-up was October 2017. All patients 
(51 males and 44 females) were followed up every 3 mo 
in the first 2 years and every 6 mo thereafter. History and 
physical examination should be given every 3 to 6 mo 
for 2 years, and then every 6 mo for a total of 5 years. A 
carcinoembryonic antigen (CEA) test and abdominal and 
pelvic ultrasound test were recommended at baseline 
and every 3 to 6 mo for 2 years, then every 6 mo for a 
total of 5 years. Colonoscopy is recommended at appro
ximately 1 year after resection. Repeat colonoscopy is 
typically recommended at 3 years, and every 5 years 
thereafter, unless follow-up colonoscopy indicates 
advanced adenoma, in which case colonoscopy should be 
repeated in 1 year. Chest, abdominal and pelvic CT scans 
were recommended annually for up to 5 years. During 
the follow-up, 33 patients (34.7%) died of cancer-related 
causes. Sixty-two patients (65.3%) were still alive at the 
time of the last follow-up report.

Statistical analysis
The SPSS software package (version 23.0; IBM Corp, 
Armonk, NY, United States) and GraphPad Prism (version 
7.0; GraphPad Software Inc, La Jolla, CA, United States) 
were used for statistical analysis. OS was defined as the 
time from the diagnosis of CRC to death of the patient or 
last date of follow-up. Chi-square test was used to assess 
the correlation of the IDO1 status with clinicopathologic 
characteristics. Survival curves were generated using the 
Kaplan-Meier method, and differences between curves 
were assessed by the log-rank test. The Cox multivariate 
proportional hazards regression model was used to 
determine the independent risk factors that influence 
OS. P-values < 0.05 were considered to be statistically 
significant.

RESULTS
IDO1 and COX2 expression in CRC 
To elucidate the biological significance of IDO1/COX2 in 
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IDO1 expression in the study cohort of 95 CRC patients 
with certain clinical and pathological factors. The 
expression of nuclear IDO1 was significantly correlated 
with body mass index (BMI) (P < 0.001); however, 
cytoplasmic IDO1 showed no relationship with BMI (P = 
0.16). We observed no relationship between cytoplasmic 
and nuclear IDO1 expression and clinical factors 
such as sex, age, cancer (colon and rectum), tumor 
differentiation, T stage, N stage, CEA, cancer antigen 
(CA)19-9, CD3+ and CD8+ TILs, COX2, and celecoxib 
treatment (Tables 1 and 2).

CRC, especially in the CRC celecoxib subgroup, we used 
immunohistochemical staining to test the expression 
of IDO1 and COX2 in the selected 95 CRC specimens. 
The results showed that IDO1 expression is primarily 
localized in the cytoplasm within the nucleus of tumor 
cells (Figure 1). 

Association of cytoplasmic and nuclear IDO1 expression 
with clinicopathological parameters in CRC patients
To gain insight into the role of the localization of IDO1 
protein in CRC, we correlated cytoplasmic and nuclear 

A IDO1

10 ×

20 ×

0 1+ 2+ 3+

B COX2

C
0 1+ 2+ 3+

CD3

CD8

0 1+ 2+ 3+

Figure 1  Indoleamine-2,3-dioxygenase 1, cyclooxygenase 2, CD3 and CD8 expression in colorectal cancer. A: Examples of the tumoral staining intensity (0, 
1+, 2+ and 3+) of IDO1 in immunohistochemistry analysis; B: Examples of the tumoral staining intensity (0, 1+, 2+ and 3+) of COX2 in immunohistochemistry analysis; 
C: Representative examples of tumors with intraepithelial CD3 and CD8 scores (1+, 2+, 3+ and 4+). CRC: Colorectal cancer; COX2: Cyclooxygenase 2; IDO1: 
Indoleamine-2,3-dioxygenase 1.
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Correlation of IDO1/COX2 protein expression with poor 
prognosis in CRC
We analyzed the correlation between IDO1 and tra
ditional clinicopathologic parameters with patients’ 
outcomes by univariate analysis. We also performed 
analyses to determine whether IDO1 and COX2 ex
pression and localization represent potential independent 

predictors for the OS outcome in CRC patients. We 
observed that cytoplasmic IDO1 and COX2 expression 
could not predict OS outcomes in our univariate 
analysis (cytoplasmic IDO1: P = 0.10; COX2: P = 
0.51). However, nuclear IDO1 (P = 0.039), nuclear/
cytoplasmic IDO1 (hazard ratio (HR) = 2.044, 95% 
confidence interval (CI): 0.871-4.798, P = 0.039), 

Ma WJ et al . IDO1/COX2 predicts prognosis of CRC

Table 1  Correlation of cytoplasmic indoleamine-2,3-
dioxygenase 1 expression with colorectal cancer clinicopa
thologic parameters

Characteristic Total Low IDO1 High IDO1 P-value

Sex 0.70
   Male 51  39 (76.5) 12 (33.5)
   Female 44  36 (81.8)   8 (19.2)
Age in yr 0.92
   > 60 30  24 (80.0)   6 (20.0)
   ≤ 60 65  51 (78.5) 14 (21.5)
Cancers 0.52
   Colon 46  38 (82.6) 18 (17.4)
   Rectum 49  37 (75.5) 12 (24.5)
BMI < 0.001
   > 25 20    9 (45.0) 11 (55.0)
   ≤ 25 75  66 (88.0)   9 (12.0)
Tumor differentiation 0.87
   Moderate and poor 78  60 (76.9) 18 (23.1)
   Well 17  14 (82.3)   3 (17.7)
Conlon cancer stage 0.98
   3 20  17 (85.0)   3 (15.0)
   2 26  21 (80.8)   5 (19.2)
T stage 0.71
   4 29  23 (19.3)   6 (20.7)
   2/3 17   15 (88.2.)   2 (11.8)
N stage 0.98
   1/2 20  16 (80.0)   4 (20.0)
   0 26  22 (84.6)   4 (15.4)
Rectum cancer stage 0.44
   3 24  17 (70.8)   7 (29.2)
   2 25  21 (84.0)   4 (16.0)
T stage 0.94
   4 22  16 (72.7)   6 (27.3)
   2/3 27  21 (77.8)   6 (22.2)
N stage 0.28
   1/2 24  16 (66.7)   8 (33.3)
   0 25 21(84.0)   4 (16.0)
CEA in ng/mL 0.37
   > 5 42  35 (83.3)   7 (16.7)
   ≤ 5 53  39 (73.6) 14 (26.4)
CA19-9 in U/mL 0.78
   > 37 81  41 (50.6) 40 (49.4)
   ≤ 37 17    8 (47.1)   9 (52.9)
CD3 TILs 0.96
   High 36  28 (77.8)   8 (22.2)
   Low 59  47 (79.7) 12 (20.3)
CD8 TILs 0.26
   High 22  15 (68.2)   7 (31.8)
   Low 73  60 (82.2) 13 (17.8)
COX2 0.84
   High 48  38 (79.2) 10 (20.8)
   Low 47  37 (78.7) 10 (21.3)
Treatment group 0.16
   Celecoxib 44  38 (86.4)   6 (13.6)
   Non-celecoxib 51  37 (72.5) 14 (27.5)

Data are presented as n or n (%). BMI: Body mass index; CA: Cancer 
antigen; CEA: Carcinoembryonic antigen; COX2: Cyclooxygenase 2; CRC: 
Colorectal cancer; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumor-
infiltrating lymphocytes.

Characteristic Total Low IDO1 High IDO1 P -value

Sex 0.074
   Male 52 22 (42.3) 30 (57.7)
   Female 43 27 (62.8) 16 (37.2)
Age in yr 0.65
   ≥ 60 30 17 (56.7) 13 (43.3)
   < 60 65 32 (49.2) 33 (50.8)
Cancers 0.93
   Colon 46 24 (52.2) 22 (47.8)
   Rectum 49 25 (51.0) 24 (49.0)
BMI 0.16
   ≥ 25 20   7 (35.0) 13 (65.0)
   < 25 75 42 (56.0) 33 (44.0)
Tumor differentiation 0.47
   Moderate and poor 78 42 (54.5) 35 (45.5)
   Well 17   7 (41.2) 10 (58.8)
Colon cancer stage 0.52
   3 20 12 (60.0)   8 (40.0)
   2 26 12 (46.2) 14 (53.8)
T stage 0.69
   4 29 14 (48.3) 15 (51.7)
   2/3 17 10 (58.8)   7 (41.2)
N stage 0.96
   1/2 20 11 (55.0)   9 (45.0)
   0 26 13 (50.0) 13 (50.0)
Rectum cancer stage 0.67
   3 24 11(45.8) 13 (54.2)
   2 25 14 (46.0) 11 (44.0)
T stage 0.68
   4 22 12 (55.6) 10 (45.4)
   2/3 27 12 (44.4) 15 (55.6)
N stage 0.88
   1/2 24 12 (50.0) 12 (50.0)
   0 25 13 (52.0) 12 (48.0)
CEA in ng/mL 0.45
   > 5 42 24 (57.1) 18 (42.9)
   ≤ 5 53 25 (47.2) 28 (42.8)
CA19-9 in U/mL 0.22
   > 37 17   6 (35.3) 11 (64.7)
   ≤ 37 78 43 (55.1) 35 (44.9)
CD3 TILs 0.27
   High 36 22 (61.1) 14 (38.9)
   Low 59 28 (47.5) 31 (42.5)
CD8 TILs 0.96
   High 22 12 (54.5) 10 (45.5)
   Low 73 38 (52.5) 35 (47.5)
COX2 0.92
   High 48 26 (54.2) 22 (45.8)
   Low 47 24 (51.1) 23 (48.9)
Treatment group 0.58
   Celecoxib 44 25 (56.8) 19 (43.2)
   Non-celecoxib 51 25 (49.0) 26 (51.0)

Data are presented as n or n (%). BMI: Body mass index; CA: Cancer 
antigen; CEA: Carcinoembryonic antigen; COX2: Cyclooxygenase 2; CRC: 
Colorectal cancer; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumor-
infiltrating lymphocytes.

Table 2  Correlation of nuclear indoleamine-2,3-dioxygenase 
1 expression with colorectal cancer  clinicopathologic 
parameters
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nuclear IDO1/COX2 (HR = 3.048, 95%CI: 0.868-10.7, 
P = 0.0049), cytoplasmic IDO1/COX2 (HR = 2.109, 
95%CI: 0.976-4.558, P = 0.022), tumor differentiation 
(HR = 2.798, 95%CI: 1.373-5.702, P = 0.039), CEA 
(HR = 2.137, 95%CI: 1.141-4.004, P = 0.025), and 
CD8 TILs (HR = 2.096, 95%CI: 0.975-4.504, P = 0.018) 
(Table 3) yielded significantly poor OS outcomes in CRC 
patients (Figure 2B-G, Supplementary Figure 1E) but not 
with other clinicopathologic parameters such as sex, age, 
BMI, T stage, N stage, CA19-9 and CD3+ TILs, including 
whether celecoxib was used or not (Figure 2A, 2C, 2H, 
Supplementary Figure 1A-D, 1F-J). 

We also performed multivariate Cox modeling 
to analyze whether IDO1/COX2 represent potential 
independent predictors for the OS outcome in CRC 
patients. Combined cytoplasmic IDO1/COX2 coex
pression analysis yielded a stronger predictor index, with 
HR = 2.218 (95%CI: 1.011-4.48, P = 0.047) in the 
IDO1High/COX2High group, and tumor differentiation was 
significantly correlated with OS (HR = 3.473, 95%CI: 
1.201-10.046, P = 0.022) (Table 4) but not nuclear 
IDO1, cytoplasmic IDO1, nor combined nuclear IDO1/
COX2 expression. Our results revealed that cytoplasmic 
IDO1/COX2 coexpression and tumor differentiation were 
independent predictors for poor OS in CRC.

Correlation of IDO1/COX2 protein expression with poor 
prognosis in the CRC celecoxib subgroup
We also performed analyses to determine whether 
IDO1 and COX2 expression and localization represent 
potential independent predictors for OS outcome in 
CRC patients. We observed that cytoplasmic IDO1 and 
COX2 expression could not predict OS outcomes in uni
variate analysis (cytoplasmic IDO1: P = 0.31; COX2: P 
= 0.25). However, nuclear IDO1 (P = 0.041), nuclear/

cytoplasmic IDO1 (HR = 3.023, 95%CI: 0.585-15.61, P 
= 0.041), cytoplasmic IDO1/COX2 (HR = 2.740, 95%CI: 
0.764-9.831, P = 0.038) (Table 5), tumor differentiation 
(HR = 7.396, 95%CI: 2.749-19.90, P = 0.021) and 
CD8 TILs (HR = 2.821, 95%CI: 0.774-10.29, P = 
0.026) have significantly poor OS outcomes for the CRC 
celecoxib subgroup (Figure 3B, 3D, 3F, 3H and 3I) but 
not with other clinicopathologic parameters such as sex, 
age, BMI, T stage, N stage, CEA, CA19-9 and CD3+ TILs 
(Figure 3A, 3C, 3E and 3G, Supplementary Figure 2A-I). 

We further performed the multivariate Cox modeling 
to analyze whether IDO1/COX2 represents potential 
independent predictors for OS outcome in the CRC 
celecoxib subgroup. Combined cytoplasmic IDO1/COX2 
coexpression analysis yielded a stronger predictor 
index, with HR = 3.210 (95%CI: 1.074-9.590, P = 
0.037) in the IDO1High/COX2High group, and tumor 
differentiation was significantly correlated with OS (HR 
= 11.962, 95%CI: 1.526-23.787, P = 0.018) (Table 6) 
but not nuclear IDO1, cytoplasmic IDO1, nor combined 
nuclear IDO1/COX2 expression. Our results revealed 
that cytoplasmic IDO1/COX2 coexpression and tumor 
differentiation were independent poor predictors of OS in 
the CRC celecoxib subgroup.

DISCUSSION
Current immunotherapy has been achieving very ef
fective and promising results, especially for stage IV 
disease. However, more than 50% of these patients who 
need more new therapies will progress with resistance 
to immunotherapy[22]. IDO1 is associated with T cell 
apoptosis through depleting tryptophan in the tumor 
microenvironment. Therefore, IDO1 inhibitors have 
emerged as new options for cancer therapy. However, a 

Table 3  Univariate analysis of the correlation of clinicopathological parameters with overall survival in patients with colorectal 
carcinoma

HR 95%CI P  value

Sex, male vs female 0.750   0.399-1.411 0.37
Age in yr, ≤ 60 vs > 60 0.899   0.472-1.714 0.74
Cancer, colon vs rectum 1.279   0.712-2.296 0.41
BMI, > 25 vs ≤ 25 1.579   0.697-3.579 0.21
Tumor differentiation, moderate and poor vs well 2.798   1.373-5.702   0.039
Stage, 3 vs 2 1.003   0.534-1.882 0.99
T stage, T4 vs T2/3 1.418   0.755-2.664 0.27
N stage, N1/2 vs N0 1.005   0.536-1.887 0.99
CEA in ng/mL, > 5 vs ≤ 5 2.137   1.141-4.004   0.025
CA19-9 in U/mL, > 37 vs ≤ 37 1.262   0.547-2.911 0.56
CD3 TILs, high vs low 1.195   0.649-2.198 0.55
CD8 TILs, high vs low 2.096   0.975-4.504   0.018
Nuclear IDO1, high vs low 2.044   0.871-4.798   0.039
Cytoplasmic IDO1, high vs low 1.690   0.901-3.173 0.10
Nuclear and cytoplasmic IDO1, high vs low 2.044   0.871-4.798   0.039
COX2, high vs low 1.235   0.659-2.314 0.51
Nuclear IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ 3.048 0.868-10.7     0.0049
Cytoplasmic IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ 2.109   0.976-4.558   0.022
Treatment group, celecoxib vs non-celecoxib 0.943   0.489-1.826 0.86

BMI: Body mass index; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CI: Confidence interval; COX2: Cyclooxygenase 2; CRC: Colorectal carcinoma; 
HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumor infiltrating lymphocytes.
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recent study suggested the alternative hypothesis that 
nuclear IDO1 promotes immunosuppression instead 
of enzyme activity[18]. In previous studies, high IDO 
expression in CRC has been found to be associated with 
the presence of metastatic disease and outcome and a 
reduction in CD3-positive TILs, revealing the important 
role in therapeutic blockade for this disease[12,17]. In up 
to 85% of CRC patients, COX2 is highly expressed but 
not in normal colonic epithelium. Celecoxib is a COX2 
inhibitor used in the treatment regimen for CRC; previous 
studies have demonstrated celecoxib in combination 

with chemotherapy to overcome resistance in therapy-
refractory cancer cells in vitro and in vivo[19]. However, 
clinical studies have not been clarified to show the role 
of celecoxib in CRC patients and its potential prognostic 
importance.

In the present study, we evaluated CRC patients 
treated with or without celecoxib. We found no significant 
relationship with IDO1 or COX2 expression and OS in 
patients treated with or without celecoxib. However, our 
discovery revealed that cytoplasmic IDO1 and COX2 
were correlated with OS in patients treated with or 
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Figure 2  Correlation of Indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 protein expression with a poor prognosis in colorectal cancer. A-C: Correlation 
between nuclear or cytoplasmic IDO1 and COX2 expression with CRC patient OS. Survival curves were generated using the Kaplan-Meier method, and differences 
between survival curves were estimated by the log-rank test. Nuclear IDO1 showed a statistically significant correlation with OS; D-E: Correlation between the 
different expression levels of nuclear and cytoplasmic IDO1/COX2 and OS in CRC patients. Group Ⅰ: IDO1LowCOX2Low; Group Ⅱ: IDO1HighCOX2Low; Group Ⅲ: 
IDO1LowCOX2High; Group Ⅳ: IDO1HighCOX2High. The association of the four groups (Ⅳ vs Ⅰ/Ⅱ/Ⅲ) with OS was significant (P < 0.05); F: Combined analysis of 
nuclear and cytoplasmic IDO1 and its correlation with OS in CRC. The association of nuclear and cytoplasmic IDO1 expression with OS was significant (P < 0.05); 
G: Correlation between tumor differentiation and OS in CRC. The association of tumor differentiation (moderate and poor vs well) with OS was significant (P < 0.05); 
H-I: Correlation between CD3 TILs and CD8 TILs and OS in CRC; H: CD3 TILs (P > 0.05); I: CD8 TILs (P < 0.05). CRC: Colorectal cancer; COX2: Cyclooxygenase 2; 
IDO1: Indoleamine-2,3-dioxygenase 1; OS: Overall survival; TILs: Tumor-infiltrating lymphocytes.

Table 4  Multivariate analysis of the correlation of indoleamine-2,3-dioxygenase 1 with overall survival in patients with Colorectal 
cancer

HR 95%CI P -value

Cytoplasmic IDO1 and COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ 2.218 1.011-4.48 0.047
Tumor differentiation, poor and moderate vs well 3.473     1.201-10.046 0.022

CI: Confidence interval; COX2: Cyclooxygenase 2; HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1.
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Figure 3  Correlation of indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 protein expression with a poor prognosis in the colorectal cancer celecoxib 
subgroup. A-D: Correlation between nuclear or cytoplasmic IDO1 and COX2 expression with OS in the CRC celecoxib subgroup. Survival curves were generated 
using the Kaplan-Meier method, and differences between survival curves were estimated by the log-rank test. Nuclear IDO1 and nuclear and cytoplasmic IDO1 
showed a statistically significant correlation with OS; E: Correlation between different expression levels of nuclear and cytoplasmic IDO1/COX2 with the OS of the 
CRC celecoxib subgroup. Group Ⅰ: IDO1LowCOX2Low; Group Ⅱ: IDO1HighCOX2Low; Group Ⅲ: IDO1LowCOX2High; Group Ⅳ: IDO1HighCOX2High. The association of four 
groups (Ⅳ vs Ⅰ/Ⅱ/Ⅲ) with OS is not significant (P > 0.05); F: Correlation between tumor differentiation and OS in CRC. The association of tumor differentiation 
(moderate and poor vs well) with OS is significant (P < 0.05); G-H: Correlation between CD3 TILs and CD8 TILs with CRC OS; G: CD3 TILs (P > 0.05); H: CD8 TILs (P 
< 0.05). CRC: Colorectal cancer; COX2: Cyclooxygenase 2; IDO1: Indoleamine-2,3-dioxygenase 1; OS: Overall survival; TILs: Tumor-infiltrating lymphocytes.
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Table 5  Univariate analysis of the correlation of clinicopathological parameters with overall survival in CRC celecoxib subgroup

HR 95%CI P  value

Sex, male vs female   0.854 0.329-2.219 0.74
Age in yr, ≤ 60 vs > 60   1.249 0.432-3.609 0.70
Cancer, colon vs rectum   1.034 0.420-2.543 0.94
BMI, > 25 vs ≤ 25   1.328 0.351-5.020 0.71
Tumor differentiation, moderate and poor vs well   7.396 2.749-19.90   0.021
Stage, 3 vs 2   1.075 0.415-2.782 0.88
T stage, T4 vs T2/3   1.389 0.537-3.596 0.50
N stage, N1/2 vs N0   1.075 0.415-2.782 0.88
CEA in ng/mL, > 5 vs ≤ 5   1.934 0.743-5.033 0.21
CA19-9 in m/L, > 37 vs ≤ 37   1.551 0.431-5.575 0.43
CD3 TILs, high vs low 1.02 0.414-2.510 0.97
CD8 TILs, high vs low   2.821 0.774-10.29   0.026
Nuclear IDO1, high vs low   3.023 0.585-15.61   0.041
Cytoplasmic IDO1, high vs low   1.623 0.617-4.267 0.31
Nuclear and cytoplasmic IDO1, high vs low   3.023 0.585-15.61   0.041
COX2, high vs low   1.746 0.672-4.541 0.25
Nuclear IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ   1.885 0.279-12.76 0.38
Cytoplasmic IDO1/COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ   2.740 0.764-9.831   0.038

BMI: Body mass index; CA: Cancer antigen; CEA: Carcinoembryonic antigen; CI: Confidence interval; COX2: Cyclooxygenase 2; CRC: Colorectal carcinoma; 
HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1; TILs: Tumor infiltrating lymphocytes.
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without celecoxib. Additionally, our data further found 
that nuclear IDO1 and COX2 were not correlated with OS 
in patients of either group. However, one recent study 
showed that nuclear IDO1 plays a more important role in 
CRC instead of enzyme activity. From our data, nuclear 
IDO1 could not be an independent prognostic factor for 
CRC patients. Some other unknown factors in the nucleus 
might combine to nuclear IDO1, possibly influencing the 
OS of CRC patients. These patients in our study have not 
been treated with IDO1 inhibitors. Therefore, whether 
nuclear expression affects IDO1 inhibitors is unclear. 

Constitutive IDO1 expression is dependent on an 
autocrine loop of PGE2 production through activating 
the PI3K and PKC pathways and subsequent activation 
of IDO1 transcription by factors such as ETV4. PGE2 
production mediates the expression of COX2. However, 
in our study, we found that IDO1 or COX2 expression 
was not correlated with OS. Three explanations 
are possible. First, CRC patients were treated with 
celecoxib only for no more than 6 mo. COX2 might 
still influence the expression of IDO1, which would 
negatively regulate effector T cells. Second, another 
signaling pathway might activate IDO1 expression in 
CRC patients. Third, these patients were treated with 
celecoxib but not combined with IDO1 inhibitors.

There are some limitations in our current study. 
This study was a retrospective study, with its intrinsic 
associated limitations. Second, although our cohort 
size consists of well-annotated celecoxib groups, its 
number is still modest. Third, to minimize bias and im
munohistochemistry methodological limitations, we have 
herein adopted rigorous standardized assay methods 
in our study. All immunohistochemistry scores were 
affirmed by two blinded, well-trained clinical pathologists 
working independently. Furthermore, a larger clinical 
sample cohort size would be valuable to validate our 
results, and more chemotherapy-resistant patients need 
to be considered. 

The results of the current study demonstrate that 
the coexpression of cytoplasmic IDO1 and COX2 plays a 
key role in survival prognosis for CRC patients; IDO1 or 
COX2, nuclear IDO1 and COX2 alone may not serve as 
a feasible biomarker for prognostic prediction. Therefore, 
localization of IDO1 and COX2 may serve as a better 
biomarker to predict CRC patient OS.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) is a leading cause of cancer-related death worldwide. 

Because of genetic mutations and environmental factors, CRC development 
is a very complex process and is determined by multistage factors. Currently, 
immunotherapy has become one of the most promising treatments for CRC. 
However, whether indoleamine-2,3-dioxygenase 1/cyclooxygenase 2 (IDO1/
COX2) coexpression is correlated with overall survival (OS) in CRC patients 
remains unknown.

Research motivation
CRC has demonstrated high heterogeneity in recent years. Recent studies have 
demonstrated that IDO1 can suppress the T cell response to tumors. A selective 
COX2 inhibitor, celecoxib, could improve chemosensitivity when CRC cells are 
exposed to the combination of 5-FU and CPT-11 and could reduce hand-foot 
syndrome induced by capecitabine. In this study, we conducted a retrospective 
analysis for the potential prognostic importance of the correlation of IDO1 and 
COX2 in survival outcome prognosis, including their coexpression, cytoplasmic 
and nuclear localization of IDO1, and tumor-infiltrating lymphocytes.

Research objectives 
This study aimed to clarify the potential significance of IDO1/COX2 as a pro
gnostic biomarker in CRC in vitro.

Research methods
Immunohistochemical staining of IDO1 and COX2 was performed in a clinical 
cohort consisting of 96 CRC cases. Expression of IDO1 and COX2 was 
correlated with clinicopathological indicators and the clinical outcome of CRC 
patients. 

Research results
In the CRC group, combined cytoplasmic IDO1/COX2 coexpression analysis 
yielded a stronger predictor index, with hazard ratio (HR) = 2.218 (95% 
confidence interval (CI): 1.011-4.48, P = 0.047) in the IDO1High/COX2High group, 
and tumor differentiation was significantly correlated with OS (HR = 3.473, 
95%CI: 1.201-10.046, P = 0.022) but not nuclear IDO1, cytoplasmic IDO1, nor 
combined nuclear IDO1/COX2 expression. Our results revealed that cytoplasmic 
IDO1/COX2 coexpression and tumor differentiation were independent predictors 
for poor OS in CRC.

In the CRC celecoxib subgroup, combined cytoplasmic IDO1/COX2 
coexpression analysis yielded a stronger predictor index, with HR = 3.210 
(95%CI: 1.074-9.590, P = 0.037) in the IDO1High/COX2High group, and tumor 
differentiation was significantly correlated with OS (HR = 11.962, 95%CI: 
1.526-23.787, P = 0.018) but not nuclear IDO1, cytoplasmic IDO1, nor 
combined nuclear IDO1/COX2 expression. 

Research conclusions
The results of the current study demonstrate that the coexpression of cyto
plasmic IDO1 and COX2 plays a key role in survival prognosis in CRC patients.

Research perspectives
IDO1 could be a novel therapeutic target for human CRC, especially as a bio
target of immunotherapy.
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Table 6  Multivariate analysis of the correlation of indoleamine-2,3-dioxygenase 1 with overall survival in Colorectal cancer 
celecoxib subgroup

HR 95%CI P -value

Cytoplasmic IDO1 and COX2, Ⅳ vs Ⅰ/Ⅱ/Ⅲ   3.210 1.074-9.590 0.037
Tumor differentiation, poor and moderate vs well 11.962   1.526-23.787 0.018

CI: Confidence interval; COX2: Cyclooxygenase 2; HR: Hazard ratio; IDO1: Indoleamine-2,3-dioxygenase 1.
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Core tip: We demonstrated that CXCL10 rs1439490 G/G 
was more prevalent in patients with seronegative occult 
hepatitis C virus infection (OCI) than in those with 
seropositive chronic hepatitis C virus (HCV) infection 
(CHC). Rs1439490 G/G OCI patients had lower serum 
and liver levels of CXCL10, and lower levels of liver 
necroinflammation and fibrosis than non-G/G patients. 
OCI patients had higher alanine aminotransferase 
normalization rates after Peg-interferon treatment 
than CHC patients and serum CXCL10 decreased 
significantly. We, for the first time, showed that CXCL10 
rs1439490 G/G may be positively associated with OCI 
in HCV infection and antiviral outcome.

Wang X, Wang S, Liu ZH, Qi WQ, Zhang Q, Zhang YG, Sun DR, 
Xu Y, Wang HG, Li ZX, Cong XL, Zhao P, Zhou CY, Wang JB. 
Regulatory polymorphism of CXCL10 rs1439490 in seronegative 
occult hepatitis C virus infection. World J Gastroenterol 2018; 
24(20): 2191-2202  Available from: URL: http://www.wjgnet.
com/1007-9327/full/v24/i20/2191.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i20.2191

INTRODUCTION
Occult hepatitis C virus (HCV) infection (OCI) involves 
the detection of intrahepatic HCV RNA by percutaneous 
transhepatic liver biopsy in patients with long-standing 
liver dysfunction who are seronegative for anti-HCV 
antibodies and RNA[1]. OCI was proposed as a subtype 
of chronic HCV infection (CHC)[2]. It was found to occur 
in 8.9% of patients with cryptogenic hepatic disease[3], 
1.27% of infectious liver disease-free subjects[4], and 
in patients without conventional HCV markers but 
abnormal liver enzyme levels, or healthy subjects with 
normal alanine aminotransferase (ALT) levels and no 
clinical evidence of liver disease[1,3-12].

To date, the pathogenesis of OCI remains unclear. 
It is unknown why OCI patients do not produce anti-
HCV antibodies after exposure to HCV and why 
serum HCV RNA is not detectable. Low detection 
sensitivity has been implicated as a major reason 
for OCI[13], which may explain the existence of occult 
infection in anti-HCV seropositive and HCV RNA sero
negative individuals. Mutant HCV strains that may 
subvert the conventional HCV assays have also been 
implicated in OCI[14]. However, the 3rd generation 
HCV antibody detection assays cover most HCV 
structural and nonstructural antigens and achieve up 
to 99% sensitivity[15]. Instead, OCI may be the result 
of “sporadic” exposure to trace amounts of HCV[16] 
that generate insufficient T cell activation and B cell 
responses against infection. Consequently, serum anti-
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Abstract
AIM
To examine the relationship between the single nucl
eotide polymorphism CXCL10 rs1439490 and sero
negative occult hepatitis C virus (HCV) infection (OCI).

METHODS
one hundred and three cases of seronegative OCI and 
155 cases of seropositive chronic HCV infection (CHC) 
were diagnosed at five Liver Centers in Northeastern 
China, from 2012 to 2016. CXCL10 rs1439490, 
rs1440802, and IL-28B rs12979860 were analyzed by 
sequencing. Serum CXCL10 was measured by ELISA. 
Intrahepatic CXCL10 was determined by quantitative 
PCR and immunohistochemical semi-quantitative scoring. 
Liver necroinflammation and fibrosis were scored 
according to the METAVIR system.

RESULTS
CXCL10 rs1439490 G/G was more prevalent in OCI 
patients (n  = 93/103; 90.3%) than in CHC patients 
(n  = 116/155; 74.8%; P = 0.008). OCI patients had 
lower serum CXCL10 levels than CHC patients (192.91 
± 46.50 pg/mL vs  354.78 ± 102.91 pg/mL, P  < 0.0001). 
Of IL-28B rs12979860 C/C patients, OCI patients with 
rs1439490 G/G had lower serum and liver levels of 
CXCL10 and lower levels of liver necroinflammation and 
fibrosis than non-G/G patients. OCI patients had higher 
alanine aminotransferase normalization rates after Peg-
interferon treatment than CHC patients (P  < 0.05) and 
serum CXCL10 decreased significantly (P  < 0.0001). 
Liver necroinflammation and fibrosis were alleviated 
in 8 OCI patients after treatment. Multivariate analysis 
indicated that rs1439490 G/G significantly influenced 
the occurrence of OCI in HCV infection (OR = 0.31, 
95%CI: 0.15-0.66, P  = 0.002).

CONCLUSION
CXCL10 rs1439490 G/G is positively associated with 
OCI in HCV infection and antiviral outcome.
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HCV activity cannot be detected by current clinical 
methods. Indeed, persistent low levels of virus-
specific T-cell responses have been identified in OCI 
patients[17,18]. However, this host immune response 
can only partially suppress HCV replication, but cannot 
eliminate the virus or viral antigens. Thus, HCV RNA 
remains detectable in the liver – the primary target 
tissue.

Patients with OCI have distinct clinical outcomes 
from those with CHC even of the same genotypes, 
indicating the role of host factors in OCI pathogenesis. 
The interleukin-28B (IL-28B) locus has been associated 
with HCV outcomes and IL-28B C/C was shown to 
occur more often in OCI than in CHC patients[19]. In OCI 
patients, intrahepatic HCV RNA load was significantly 
lower in those with the IL-28B C/C genotype than 
in those with C/T or T/T genotypes[19]. Thus, IL-28B 
polymorphisms may affect endogenous IFN-λ levels and 
be associated with low viral replication in some patients. 
However, interferon (IFN) has also been shown not to 
play a determining role in OCI occurrence, and IL-28B 
C/C OCI patients were found to have lower serum levels 
of CXC chemokine ligand 10 (CXCL10) than IL-28B C/C 
CHC patients[19]. Therefore, regulation of OCI and the 
associated disease progression likely involves additional 
host immune factors.

The importance of CXCL10 expression during chronic 
hepatitis B virus (HBV) infection has recently been 
emphasized. Two single nucleotide polymorphisms 
(SNPs) of CXCL10 (G-201A and C-1513T) were reported 
to have high allele frequency in chronic HBV infected 
Chinese populations. The polymorphism G-201A in the 
CXCL10 promoter was also implicated in the genetic 
variation underlying the susceptibility to chronic HBV 
infection progression[20]. G-201A is located within the 
CXCL10 promoter region and is proximal to the NF-
κB1/2 binding sites. The G-201A SNP is associated 
with the expression of CXCL10 in peripheral blood 
mononuclear cells (PBMC), underpinning the mecha
nism of chronic HBV disease progression. Based on this 
large cohort study, and the observation that both HCV 
and HBV promote the development of hepatic lesions 
and fibrosis by inducing inflammatory infiltration rather 
than by damaging hepatocytes directly, we hypothesized 
that CXCL10 G-201A may also affect the disease 
manifestation of CHC. However, to date, there is no such 
report. 

In this study, we examined the expression frequency 
of CXCL10 G-201A (rs1439490), C-1513T (rs1440802) 
and IL-28B rs12979860 SNPs in OCI and CHC patients 
to investigate whether these polymorphisms are asso
ciated with OCI. In addition, we further analyzed the 
correlation of these SNPs with the serum and liver levels 
of CXCL10 and liver HCV RNA levels in OCI patients.

MATERIALS AND METHODS 

Patients
A total of 1796 patients with liver dysfunction and/

or radiographic abnormalities of unknown etiology 
underwent liver biopsy between 2012 and 2016 at five 
hospitals in Northeastern China (China-Japan Union 
Hospital of Jilin University, People’s Hospital of Jilin City, 
Fourth Affiliated University of Harbin Medical University, 
People’s Hospital of Hunchun City, and the Second 
People’s Hospital of Daqing City). All patients were Han 
Chinese. Subjects seronegative for anti-HCV antibodies 
and HCV RNA, but with detectable intrahepatic HCV 
RNA were included in the OCI group (n = 103). One 
hundred and fifty-five normal CHC patients who 
underwent liver biopsy prior to antiviral therapy during 
the same period were included in the CHC control 
group. Informed consent forms were obtained from all 
patients. The study was approved by the Institutional 
Review Boards of the individual centers (registration 
number: ChiCTR-ONRC-12002207).

Inclusion/exclusion criteria
OCI inclusion criteria were as follows: (1) Serum anti-
HCV antibodies and HCV RNA negative in 3 consecutive 
tests within at least 3 mo, and persistent liver 
dysfunction and/or radiographic abnormalities; (2) HCV 
RNA/HBV DNA seronegative after ultracentrifugation 
and undetectable in PBMC; and (3) HCV RNA-positive 
in liver tissue. CHC inclusion criteria were as follows: 
(1) Serum anti-HCV antibodies and HCV RNA positive, 
and diagnosed with CHC in accordance with the EASL 
guidelines[21]; and (2) consent to receive hepatic his
tological evaluation prior to anti-HCV treatment. 

Exclusion criteria were as follows: (1) Occult HBV 
infection, drug-induced liver disease, fatty liver di
sease, autoimmune liver disease, inherited metabolic 
liver disease after liver biopsy; (2) co-infection with 
other types of hepatitis (A, D, E), Epstein-Barr virus, 
cytomegalovirus, or human immunodeficiency virus; 
(3) chronic HCV infection complicated with decom
pensated cirrhosis or primary liver cancer; (4) severe 
heart, brain or kidney complications; and (5) received 
or receiving pegylated IFN (Peg-IFN) plus ribavirin 
(RBV) or IFN treatment.

SNP analyses of CXCL10 rs1439490, rs1440802, and IL-
28B rs12979860
Peripheral blood samples were collected from the 
patients, placed in anticoagulant EDTA-treated tubes, 
and genomic DNA was extracted using a Puregene 
SK8224 DNA isolation kit from Sangon Biotech 
(Shanghai, China), according to the manufacturer’s 
instructions. The primers targeting specific fragments 
were designed and synthesized by Sangon Biotech: 
CXCL10 promoter region G-201A rs1439490[20]: For
ward: 5’-TTCAGTAACATAAACCCCAACAA-3’; Reverse: 
5’-CACAAAGGAAGACAATAAGGGAG-3’. CXCL10 pro
moter region C-1513T rs1440802: Forward[20]: 5’-CTC 
ACTTTGTCTCACCAATCTCA-3’; Reverse: 5’-CAGAGAA 
ATGAGAGACCTAAGTGTG-3’. IL-28B rs12979860[22]: 
Forward: 5’-CCTCTGCACAGTCTGGGATTC-3’; Reverse: 
5’-GCTCAGGGTCAATCACAGAAG-3’. 

2193WJG|www.wjgnet.com May 28, 2018|Volume 24|Issue 20|

Wang X et al . CXCL10 rs1439490 in occult HCV infection



2194WJG|www.wjgnet.com

Antiviral therapy 
Patients were treated with Peg-IFNα-2a (180 mg sub
cutaneous once weekly) plus RBV (1200 mg/d if body 
weight > 75 kg and 1000 mg/d if ≤ 75 kg for HCV 
genotype 1; 800 mg/d for non-genotype 1)[21]. Genotype 
1 OCI patients were treated for 48 wk and non-genotype 
1 patients for 24 wk. For CHC patients, treatment was 
in accordance with the EASL guidelines[21]. Patients who 
received more than 80% of the cumulative total planned 
dose were considered to have completed the treatment[25]. 
All patients were followed up for 24 wk after treatment 
and a second liver biopsy was performed 24-96 wk after 
therapy in patients with informed consent.

Measures and monitoring
A standardized sample collection and data analysis 
protocol was applied at the five liver centers, including 
ELISA for serum anti-HCV antibodies (Roche Molecular 
Diagnostics, NJ, United States), highly sensitive, real-
time PCR-based assay for HCV RNAs (LOD 15 IU/
mL; COBAS Ampliprep/COBAS TaqMan 48 Analyzer, 
Roche), direct sequencing of serum or intrahepatic RNA 
for HCV genotyping (SinoMD, China), and Fibroscan 
for liver fibrosis (Echosens, France). Serum samples 
negative in routine HCV RNA tests were further 
ultracentrifuged and retested. If the ultracentrifuged 
serum remained HCV negative, PBMC were tested. 
In OCI patients, HCV RNA levels were re-assessed 
every 12 wk after initiation of antiviral treatment until 
the end of treatment or follow up. CHC patients had 
serum HCV RNA tests at 4 and 12 wk after initiation 
of treatment, and then every 12 wk until the end of 
treatment or follow up.

Statistical analysis
Allele frequencies for each SNP were determined by the 
Hardy-Weinberg equilibrium test and the differences 
between groups were examined by Chi-square tests. 
Qualitative results were expressed as frequency and 
percentage, and statistical analyses were performed 
using the Chi-square test or Fisher exact probability 
test. Quantitative data were expressed as mean ± SD 
and analyzed using the Student t-test. Stepwise binary 
logistic regression analysis was used to determine the 
influencing factors. A two-sided P value less than 0.05 
was considered statistically significant, and odds ratios 
(ORs) and 95% confidence intervals (95%CI) were 

Serum CXCL10 levels
Serum CXCL10 levels were measured by human CXCL10 
Quantikine ELISA (R&D, Minneapolis, MN, United 
States)[20]. The sensitivity of detection was 38-1340 pg/
mL.

Liver necroinflammation activity and fibrosis
Liver tissues were obtained by percutaneous transhepatic 
liver biopsy and routinely stained with hematoxylin and 
eosin (HE). The biopsies were examined by experienced 
pathologists. Hepatic necroinflammation activity and 
fibrosis stages were scored according to the METAVIR 
scoring system[23] as shown in Tables 1 and 2.

Liver immunohistochemistry
Biopsied hepatic tissues were immunohistochemically 
stained with anti-CXCL10 antibody (Abcam, Cambridge, 
United Kingdom). The staining intensity was assessed 
in 10 high-power fields based on the following scale: 
Score 0 – negative (-), staining absent; score 1 – 
weakly positive (+), yellowish; score 2 – moderately 
positive (++), brown; score 3 – strongly positive 
(+++), dark brown. The staining intensity in each 
field was calculated as: IS (intensity score) = Σ[(0 ×  
F-)+(1 × F+)+(2 × F++)+(3 × F+++)], in which F is 
the percentage of cells stained at each intensity. The 
average score of 10 fields was the quantitative result 
of the whole slide[24]. Sections were scored by two 
independent observers.

Intrahepatic CXCL10 mRNA 
RNA was extracted from biopsied liver tissue and subjected 
to quantitative real-time PCR using the following primers: 
Forward: 5’-CTGAATCCAGAATCGAAGGCCATC-3’; Reverse: 
5’-TGTAGGGAAGTGATGGGAGAGG-3’. The expression was 
normalized to the expression of house-keeping gene β-actin 
using primers as described previously[20].

Table 1  Algorithm for evaluation of histological activity

Piecemeal necrosis + Lobular necrosis = Histological activity score

0 (none) 0 (none or mild) 0 (none)
0 1 (moderate) 1 (mild)
0 2 (severe) 2 (moderate)
1 (mild) 0, 1 1
1 2 2
2 (moderate) 0, 1 2
2 2 3 (severe)
3 (severe) 0, 1, 2 3

Table 2  Fibrosis scoring

Description Score

No fibrosis 0
Stellate enlargement of portal tract but without septa formation 1
Enlargement of portal tract with rare septa formation 2
Numerous septa without cirrhosis 3
Cirrhosis 4
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assessed by SPSS software (v19.0; SPSS Inc., Chicago, 
IL, United States). 

RESULTS
Clinical characteristics of seronegative OCI patients 
compared with seropositive CHC patients
The clinical characteristics of OCI and CHC patients are 
shown in Table 3. OCI patients were significantly older 
than CHC patients (52.16 years vs 42.70 years; P < 
0.001) and had higher rates of HCV infection history 
in family members (28.2% vs 12.3%; P < 0.001). 
In contrast, the OCI group had lower base levels 
of ALT than the CHC group (61.13 ± 23.54 IU/L vs 
93.17 ± 55.39 IU/L; P < 0.001), lower rates of blood 
transfusion/surgery/tattoo history (7.8% vs 16.8%; P 
= 0.027), lower levels of intrahepatic HCV RNA (3.19 
± 1.05 vs 5.48 log10 IU/mL ± 1.49 log10 IU/mL; P < 
0.001), and lower METAVIR necroinflammation activity 
scores (1.14 ± 0.34 vs 1.69 ± 0.68; P < 0.001). No 
significant difference in HCV genotype and METAVIR 
fibrosis stages were observed between the two groups. 

Serum CXCL10 levels in OCI patients with different 
polymorphisms of IL-28B rs12979860
Serum CXCL10 levels in OCI and CHC patients were 
compared. As shown in Figure 1, the OCI group ex
hibited significantly lower serum CXCL10 levels than 
the CHC group (192.91 ± 46.50 pg/mL vs 354.78 ± 
102.91 pg/mL, P < 0.0001), irrespective of IL-28B 
rs12979860 C/C or non-C/C (C/T+ T/T). However, 
serum CXCL10 levels did not differ significantly be
tween IL-28B rs12979860 polymorphism (OCI: 191.75 
± 45.04 pg/mL vs 211.67 ± 68.56 pg/mL, P = 0.311; 
CHC: 356.42 ± 106.10 pg/mL vs 347.0 ± 87.50 pg/mL, 
P = 0.667) (Figure 1). 

CXCL10 polymorphisms in OCI patients compared with 
CHC patients 
CXCL10 G-201A G/G genotype was more prevalent 
in the OCI group (93 of 103; 90.4%) than in the CHC 
group (116 out of 155; 74.8%; P = 0.008) (Table 
4). The distribution of CXCL10 rs1440802 (C-1513T) 
did not differ significantly between the two groups 
(P = 0.733) (Table 4). Of the patients with IL-28B 
rs12979860 C/C genotype (Table 5), OCI was as
sociated with a higher frequency of CXCL10 G-201A 
G/G (87 of 97; 89.7%) than CHC (95 of 128; 74.2%; 
OR = 0.33; 95%CI: 0.15-0.71; P = 0.005). 

Serum and liver CXCL10 levels, and HCV RNA 
levels in OCI patients with different CXCL10 G-201A 
polymorphisms
The relationship between IL-28B rs12979860 poly
morphism and CXCL10 is unclear. We showed that 
rs12979860 C/C patients had similar serum levels of 
CXCL10 to non-C/C patients in both the OCI and CHC 
group (Figure 1, P = 0.311 and 0.667). Due to the 
prevalence of IL-28B rs12979860 C/C genotype within 
both groups, we next compared the serum and liver 
CXCL10 levels and HCV RNA levels in rs12979860 
C/C patients with different CXCL10 G-201A SNPs. 
Rs12979860 C/C OCI patients had lower serum 
CXCL10 levels, lower levels of intrahepatic CXCL10 
mRNA (Figure 2B, 1.18 ± 0.27 vs 2.24 ± 0.65, P < 
0.0001) and immunohistological staining scores (Figure 
2C and D, 0.94 ± 0.34 vs 2.71 ± 0.52, P < 0.0001), 
as well as HCV RNA than CHC patients (Figure 2E; 
3.20 ± 1.07 log10 IU/mL vs 5.53 ± 1.46 log10 IU/mL, 
P < 0.0001). In addition, within both groups, CXCL10 
rs1439490 G/G patients had lower levels of serum and 
liver CXCL10 (Figure 2A, OCI: 184.82 ± 39.19 pg/mL 
vs 252.10 ± 49.52 pg/mL, P < 0.0001; CHC: 333.91 ± 

Table 3  Clinical characteristics of patients enrolled in this study n  (%)

Seronegative OCI patients (n  = 103) Seropositive CHC patients (n  = 155) P  value

Gender 0.664
   Male 58 (56.3) 83 (53.5)
   Female 45 (43.7) 72 (46.5)
Age (yr) 52.16 ± 7.64 42.70 ± 9.15 < 0.001
ALT (IU/L)   61.13 ± 23.54   93.17 ± 55.39 < 0.001
GGT   56.31 ± 16.63   52.86 ± 15.69 0.093
BMI 23.73 ± 2.38 24.12 ± 2.36 0.192
HOMA-IR   2.39 ± 0.15   2.42 ± 0.18 0.219
Transfusion/surgery/tattoo history 8 (7.8) 26 (16.8) 0.027
Family history of HCV infection 29 (28.2) 19 (12.3) < 0.001
Intrahepatic HCV RNA (log10 IU/mL)   3.19 ± 1.05   5.48 ± 1.49 < 0.001
HCV genotype 0.89
   Genotype 1 66 (64.1) 98 (63.2)
   Non-genotype 1 37 (35.9) 57 (36.8)
Fibrosis (Fibroscan) 0.317
   F0-1 65 (63.1) 104 (67.1)
   F2-4 38 (36.9) 51 (32.9)
METAVIR activity score   1.14 ± 0.34   1.69 ± 0.68 < 0.001
METAVIR fibrosis score   1.82 ± 0.98   1.87 ± 1.07 0.673

P < 0.05; ALT: Alanine aminotransferase; GGT: Gamma-glutamyl transpeptidase; BMI: Body mass index; HOMA-IR: Homeostasis model assessment of 
insulin resistance; HCV non-genotype 1: Other HCV genotypes except for genotype 1, including HCV 2-6 genotypes.
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101.01 pg/mL vs 421.24 ± 94.19 pg/mL, P < 0.0001; 
Figure 2B, OCI: 1.16 ± 0.25 vs 1.42 ± 0.29, P = 0.003; 
CHC: 2.10 ± 0.61 vs 2.65 ± 0.60, P < 0.0001; Figure 
2C and D, OCI: 0.91 ± 0.33 vs 1.20 ± 0.34, P = 0.009; 
CHC: 2.07 ± 0.51 vs 2.45 ± 0.47, P < 0.0001), except 
for intrahepatic HCV RNA (Figure 2E; OCI: 3.25 ± 1.09 
log10 IU/mL vs 2.76 ± 0.66 log10 IU/mL, P = 0.163; 
CHC: 5.47 ± 1.42 log10 IU/mL vs 5.71 ± 1.58 log10 IU/
mL, P = 0.422).

METAVIR scores in OCI patients with different variants 
of CXCL10 G-201A
In IL-28B rs12979860 C/C patients, those with OCI 
had lower hepatic necroinflammation scores than 
CHC patients, as evaluated by the METAVIR scoring 
system (P < 0.0001). However, METAVIR scored liver 
fibrosis stages did not differ significantly (P = 0.67). 
Necroinflammation activity (OCI: 1.05 ± 0.21 vs 1.80 ±
0.42, P < 0.0001; CHC: 1.60 ± 0.64 vs 2.09 ± 0.72, P 
< 0.0001) and fibrosis stage (OCI: 1.72 ± 0.99 vs 2.40 
± 0.69, P = 0.04; CHC: 1.64 ± 1.03 vs 2.58 ± 1.03, P 
< 0.0001) scores were both lower in CXCL10 G-201A 
G/G than in non-G/G SNP patients (Figure 3).

Efficacy of antiviral treatment in OCI patients with 
different CXCL10 G-201A variants
A total of 73 OCI patients and 90 CHC patients 
completed more than 80% of the planned antiviral drug 
doses. After 12 wk of treatment, ALT normalization 
occurred in 95.9% of OCI and 82.2% of CHC patients (P 
< 0.05; data not shown). In G-201A G/G OCI patients 
with lower baseline serum CXCL10, serum CXCL10 
levels decreased to 60.90 ± 16.78 pg/mL and 57.2 5 ± 
19.51 pg/mL at the endpoint of antiviral treatment and 
at 24 wk follow up, respectively. In G-201A G/G CHC 
patients, serum CXCL10 levels decreased to 89.77 ± 
35.94 pg/mL and 73.33 ± 22.64 pg/mL at these time 
points - approximately 1.4-fold higher than in OCI 
patients (Figure 4).

Eight OCI patients who completed the course of 
treatment had a second liver biopsy. All these CXCL10 
G-201A G/G patients had undetectable intrahepatic 
HCV RNA. CXCL10 mRNA, necroinflammation activity 
and fibrosis scores also decreased (Table 6). In contrast, 
of the 5 CHC patients who finished ≥ 80% of planned 
doses and achieved SVR, 2 patients (1 G/G and 1 
non-G/G) remained intrahepatic HCV RNA detectable 
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Table 4  IL-28B single nucleotide polymorphism rs12979860 and CXCL10 single nucleotide polymorphism G-201A, C-1513T in 
occult hepatitis C virus infection and chronic hepatitis C virus infection patients n  (%)

P value: OCI group compared with CHC group; P < 0.05; IL-28BSNP rs12979860 non-C/C genotype included IL-28BSNP rs12979860 C/T + T/T genotypes. 
OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.

Seronegative OCI patients (n=103) Seropositive CHC patients (n=155) P  value

IL-28BSNP rs12979860
   C/C 97 (94.2%) 128 (82.6%)

0.009
   Non-C/C 6 (5.8%)   27 (17.4%)
CXCL10 SNP  rs1439490 (G-201A)
   G/G 93 (90.4%) 116 (74.8%)

0.003   G/A 9 (8.7%)   35 (22.6%)
   A/A 1 (0.9%)   4 (2.6%)
CXCL10 SNP  rs1440802 (C-1513T)
   C/C 26 (25.2%)   40 (25.8%)

0.733   C/T 54 (52.4%)   78 (50.3%)
   T/T 23 (22.4%)   37 (23.9%)
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and only 3 patients achieved intrahepatic HCV RNA 
conversion to negative (2 patients with G-201A G/G and 
1 patient with non-G/G). Nevertheless, CXCL10 mRNA, 
necroinflammation activity, and fibrosis scores in liver 
tissue all decreased after antiviral treatment (Table 7).

Logistic regression analysis of factors associated with 
OCI
As shown in Table 8, age, blood transfusion, family 
history of HCV infection, low levels of intrahepatic 
HCV RNA, IL-28B rs12979860 C/C genotype, and 

Table 5  CXCL10 single nucleotide polymorphism G-201A in occult hepatitis C virus infection and chronic hepatitis C virus 
infection patients with IL-28B rs12979860 C/C n  (%)

Seronegative OCI patients (n  = 97) Seropositive CHC patients (n  = 128) P  value OR (95%CI)

G/G 87 (89.7) 95 (74.2) 0.005 0.331
(0.154-0.711)Non-G/G (G/A + A/A) 10 (10.3) 33(25.8)

P value: OCI group compared with CHC group; P < 0.05; OR: odds ratio; 95%CI: 95% confidence interval; CXCL10 rs1439490 non-G/G genotype included 
CXCL10 rs1439490 G/A + A/A genotypes. OCI: Occult hepatitis C virus infection; CHC: Chronic hepatitis C virus infection.
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CXCL10 G-201A G/G genotype all influenced OCI 
occurrence (all P < 0.05). Furthermore, multivariate 
analysis showed that CXCL10 G-201A G/G genotype 
(OR = 0.31, 95%CI: 0.15-0.66; P = 0.002) and IL-
28B rs12979860 C/C genotype (OR = 0.28, 95%CI: 
0.11-0.71; P = 0.008) significantly influenced occult 
occurrence in patients with HCV infection. 

DISCUSSION
CXC chemokine ligand (CXCL-10), also known as 
IFN-gamma inducible protein (IP-10), is a small 
and potent cytokine belonging to the C-X-C motif 
chemokine family. CXCL10 was previously considered 
an IFN-stimulated gene; however, CXCL10 induction 

Table 6  Intrahepatic hepatitis C virus RNA, CXCL10 mRNA, and METAVIR scores of 8 seronegative occult hepatitis C virus 
infection patients who underwent a second liver biopsy

Patient ID CXCL10
G-201A SNP

Intrahepatic HCV RNA (log10 
IU/mL)

Relative liver CXCL10 mRNA METAVIR
necroinflammation score

METAVIR
fibrosis scores

Before After Before After Before After Before After
1 G/G 2.17 (-) 1.20 0.80 1 0 0 0
2 G/G 3.57 (-) 0.95 0.90 1 0 1 1
3 G/G 2.72 (-) 0.74 0.63 1 1 1 1
4 G/G 5.08 (-) 1.31 0.94 1 0 1 0
5 G/G 2.83 (-) 1.42 0.64 1 0 0 0
6 G/G 1.97 (-) 1.06 0.83 2 1 1 1
7 G/G 4.64 (-) 1.03 0.70 2 0 2 1
8 G/G 2.94 (-) 1.26 0.71 1 1 3 1
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in hepatocytes during acute HCV infection does not 
require IFNs. Infected hepatocytes and intrahepatic 
infiltrated lymphocytes secrete CXCL10 within the first 
days of HCV infection[26]. HCV-associated pathogen-
associated molecular patterns (PAMPs) have recently 
been reported to be capable of directly activating the 
cellular innate immune pathways[26,27]. HCV RNAs 
or intermediates during viral replication can directly 
activate toll-like receptor 3 (TLR3) and retinoic acid-
inducible gene-I (RIG-I), and induce the activation 
of nuclear factor-kappa B (NF-κB) via a myeloid 
differential protein-88-independent pathway (MyD88-
independent pathway). NF-κB was found to positively 
regulate CXCL10 transcription during HCV infection as 
well as following exposure to poly(I·C) (a TLR3 agonist) 
and 5′ poly(U) HCV RNA (a RIG-I agonist) from two 
viral genotypes[26]. In addition, the transiently nuclear 
translocated interferon regulatory factor 3 (IRF3) was 
recruited to the proximal interferon sensitive response 
element (ISRE) during HCV infection and activated 
the CXCL10 promoter independently of type Ⅰ/Ⅲ IFN 
signaling. In vitro experiments also demonstrated 
that during early HCV infection, Huh7-derived cells 
expressing both TLR3 and RIG-I produced maximal 
CXCL10 mRNA with negligible induction of type Ⅰ or Ⅲ 
IFN, and neutralization of type Ⅰ and type Ⅲ IFN did 
not affect CXCL10 induction[26,27].

The engagement of CXCL10 with C-X-C motif 
chemokine receptor 3 (CXCR3) expressed on the 
surface of CD4+ Th1 cells, natural killer (NK) cells, 
and CD8+ cytotoxic T cells induces the activation and 
migration of these cells to inflammatory sites[27,28]. 
Within the liver, the activated CD4+Th1 cells produce 
more IFN-γ and tumor necrosis factor alpha (TNF-α), 

which in turn stimulate further secretion of CXCL10 
from liver cells. Thus, the CXCL10-CXCR3 axis creates 
an amplification feedback loop (second paracrine 
signaling pathway) and maintains a sustained adaptive 
immune response, which plays an important role in 
viral suppression during acute HCV infection. However, 
this autoimmune process is not able to eliminate the 
virus in approximately 70% of patients and the virus 
persists for decades[29]. Instead, the CXCL10-CXCR3 
signaling cytokines and cytotoxic factors released from 
CD4+ Th1 cells contribute to chronic liver inflammation 
and is termed the CXCL10-mediated non-specific 
immune response. 

This study and that by Bartolomé et al[19] revealed 
that serum CXCL10 levels in OCI patients were lower 
than in CHC patients, suggesting an underlying role of 
CXCL10 in the lower levels of HCV replication in OCI 
patients and the chronic immune response. IL-28B 
polymorphisms may affect the endogenous IFN-λ level, 
and thus are associated with low viral replication. We 
observed a higher prevalence of IL-28B rs12979860 
C/C in OCI than in CHC patients, which is consistent 
with Bartolomé’s report[19]. This phenomenon could 
partially explain the suppression of HCV replication in 
OCI patients; however, low expression of CXCL10 in 
the context of IL-28B C/C genotype-associated high 
endogenous IFN expression remains to be understood. 

Deng et al[20] recently reported that two CXCL10 
SNPs, G-201A and C-1513T, were overrepresented 
in Chinese populations from Beijing and Chongqing 
with chronic HBV infection. G-201A locates within 
the CXCL10 promoter region and is proximal to the 
NF-κB1/2 binding sites. G-201A SNP was associated 
with the expression of CXCL10 in PBMC and chronic 
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Table 7  Intrahepatic hepatitis C virus RNA, CXCL10 mRNA, and METAVIR scores of 5 seropositive chronic hepatitis C virus 
infection patients who underwent a second liver biopsy

Patient ID CXCL10
G-201A SNP

Intrahepatic HCV RNA (log10 
IU/mL)

Relative Liver CXCL10 mRNA METAVIR
necroinflammation score

METAVIR
fibrosis scores

Before After Before After Before After Before After
1 G/G 6.18 (-) 1.93 0.93 1 0 2 1
2 G/G 3.9 (-) 1.80 0.90 2 1 1 1
3 G/A 7.74 1.94 2.78 1.30 2 1 3 2
4 G/A 7.38 (-) 2.39 1.24 2 1 2 2
5 G/G 5.51 1.38 1.31 1.12 1 1 2 1

SNP: Single nucleotide polymorphism; HCV: Hepatitis C virus. 

Table 8  Logistic regression analysis of factors associated with seronegative occult occurrence of hepatitis C virus

Variable Univariate analysis Multivariate analysis
OR 95%CI P  value OR 95%CI P  value

Age 1.15 1.11-1.19 < 0.001
Blood transfusion 0.39 0.17-0.92 0.031
Family history of HCV 3.66 1.85-7.25 < 0.001
Intrahepatic HCV RNA level 0.30 0.23-0.39 < 0.001
IL-28B C/C 0.29 0.12-0.74 0.009 0.28 0.11-0.71 0.008
CXCL10 G-201A G/G 0.32 0.15-0.68 0.003 0.31 0.15-0.66 0.002

P < 0.05; OR: Odds ratio
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HBV disease progression[20]. This study inspired us 
to investigate whether these CXCL10 SNPs were 
associated with OCI. The general population in 
the Northeast area of China (Jilin and Heilongjiang 
Provinces) recruited in our study had a similar allele 
frequency of CXCL10 G-201A and C-1513T to the 
general population in Deng’s study (data not shown). 
However, G-201A G/G genotype, but not C-1513T, 
was more prevalent in OCI patients. OCI patients 
with G-201A G/G had not only lower levels of serum 
CXCL10, but also lower levels of liver mRNA and 
CXCL10 protein. OCI patients also exhibited less 
severe liver METAVIR necroinflammation activity and 
fibrosis. We hypothesize that CXCL10 G-201A may 
influence the secretion of CXCL10, and subsequently 
the binding of CXCL10 to CXCR3 on the surface of 
Th1 cells. As such, the CXCL10-CXCR3 axis-mediated 
adaptive immune response is compromised. This 
concession would affect spontaneous clearance of 
the virus, but may also cause less liver damage. 
These extremely low levels of HCV replication are not 
sufficient to elicit anti-HCV antibodies. However, long-
term HCV replication still promotes liver disease. 

With respect to antiviral treatment, the co
mprehensive antiviral efficacy was better in OCI patients 
than in CHC patients, with CXCL10 G-201A G/G OCI 
patients even better than non-G/G OCI patients. ALT 

normalization rate increased along with the decrease 
in serum CXCL10 level. Due to the requirement for 
intrahepatic biopsy, only 8 OCI patients and 5 CHC 
patients who finished antiviral treatment consented 
to receive a second liver biopsy after treatment. 
Nevertheless, the results showed a decreased 
tendency of METAVIR liver necroinflammation activity 
and fibrosis scores along with the decrease in liver 
CXCL10 mRNA and protein levels. All 8 OCI patients 
achieved conversion to liver HCV RNA negative and 
5 CHC patients achieved seroconversion to HCV RNA 
negative with 3 cases of conversion to liver HCV RNA 
negative. The relationship between decreased serum 
CXCL10 levels in CHC patients and antiviral treatment 
efficacy is complicated. It remains to be determined 
whether this is due to the suppression of HCV RNA or 
direct inhibition of viral replication by CXCL10. High 
CXLC10 levels were considered to negatively affect the 
antiviral efficacy of IFN-based treatment. However, 
CXCL10 levels have also been reported to affect non-
IFN therapy for HCV infection, and are implicated as 
a surrogate marker of intracellular viral replication 
complex decay[30,31].

In summary, our study revealed a higher prevalence 
of CXCL10 G-201A (rs1439490) G/G in OCI patients 
than in CHC patients. OCI patients with G-201A G/G 
achieved better antiviral efficacy with Peg-IFN plus RBV. 
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with CHC, and may be an independent prognostic factor for IFN-based antiviral 
treatment.

Research perspectives
More paired liver biopsies before and after antiviral treatment are anticipated 
to examine the correlation of CXCL10 change with clinical outcomes of OCI. 
In addition, given the current availability of direct acting antiviral agents, the 
relationship between CXCL10 G-201A G/G and IFN-free anti-HCV regimens 
requires further study.
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CXCL10 G-201A G/G is associated with a seronegative 
occult response to HCV infection, and may be an 
independent prognostic factor for IFN-based antiviral 
treatment. Our results suggest the potential clinical 
significance of CXCL10 G-201A genotyping in identifying 
OCI during chronic HCV infection. In addition, clarifying 
the correlation between CXCL0 rs1439490 and liver 
necroinflammation or fibrosis stage may also guide IFN-
based antiviral treatment of CHC patients. However, 
given the current availability of direct acting antiviral 
agents, the relationship between CXCL10 G-201A G/G 
and IFN-free anti-HCV regimens requires further study. 

ARTICLE HIGHLIGHTS 

Research background
In the past two decades, some patients with chronic hepatitis C virus (HCV) 
infection (CHC) have been shown to be seronegative for anti-HCV antibodies 
and RNA, but have intrahepatic HCV RNA in liver biopsy. However, the etiology 
of this occult HCV infection (OCI) remains unclear.

Research motivation
Seronegative OCI patients were reported to have significantly lower serum 
CXCL10 levels than patients with CHC. Polymorphisms in the CXCL10 promoter 
have been implicated in the genetic variation underlying the susceptibility to 
chronic HBV infection (CHB) progression in Chinese populations. Moreover, 
CHC and CHB induce similar liver lesions and fibrosis through continuous 
infiltration of inflammatory cells, but do not damage hepatocytes directly. 
These phenomena promoted our interest to examine whether CXCL10 G-201A 
underlies the disease manifestation of OCI.

Research objectives
To investigate the allele frequency of CXCL10 single nucleotide polymorphisms 
(SNPs) in patients with OCI and whether they are associated with the low levels 
of CXCL10 in OCI patients.

Research methods
We characterized the expression frequency of CXCL10 G-201A (rs1439490), 
C-1513T (rs1440802), and IL-28B rs12979860 in seronegative OCI and 
seropositive CHC patients in Northeastern China. Serum CXCL10 levels 
were measured by ELISA. Intrahepatic CXCL10 levels were determined by 
quantitative PCR and immunohistochemical semi-quantitative scoring. Liver 
necroinflammation and fibrosis were scored according to the METAVIR system. 
The associations of CXCL10 rs1439490 with CXCL10 levels and antiviral 
efficacy in OCI were analyzed.

Research results
CXCL10 G-201A G/G was more prevalent in seronegative OCI patients than in 
seropositive CHC patients. Serum CXCL10 levels were lower in OCI patients 
than in CHC patients, but did not differ significantly between IL-28B rs12979860 
C/C and non-C/C patients. Of IL-28B rs12979860 C/C patients, OCI patients 
with CXCL10 G-201A G/G had lower serum and liver levels of CXCL10, and 
lower levels of liver necroinflammation and fibrosis than non-G/G patients. 
OCI patients had high ALT normalization rates and serum CXCL10 decreased 
significantly after Peg-IFNα plus ribavirin treatment, most potently in G-201A 
G/G patients. Liver necroinflammation and fibrosis were alleviated in 8 OCI 
patients after treatment. Multivariate analysis indicated that CXCL10 G-201A 
G/G significantly influenced the occurrence of OCI in HCV infection.

Research conclusions
Our study revealed a higher prevalence of CXCL10 rs1439490 G/G genotype in 
OCI patients than in CHC patients. OCI patients with rs1439490 G/G genotype 
achieved better antiviral efficacy with Peg-IFN plus RBV. CXCL10 G-201A 
genotype is associated with the occurrence of seronegative OCI in patients 
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Abstract
AIM
To perform a systematic review and meta-analysis on 
donor-to-recipient gender mismatch as a risk factor for 
post-transplant graft loss. 

METHODS
A systematic literature search was performed using 
PubMed, Cochrane Library database and EMBASE. The 
primary outcome was graft loss after liver transplan
tation. Odds ratios and 95% confidence intervals were 
calculated to compare the pooled data between groups 
with different donor-to-recipient gender matches. Three 
analyses were done considering (1) gender mismatches 
(F-M and M-F) vs  matches (M-M and F-F); (2) Female-
to-Male mismatch vs  other matches; and (3) Male-to-
Female mismatch vs  other matches.

RESULTS
A total of 7 articles were analysed. Gender mismatch 
(M-F and F-M) was associated with a significant in
crease of graft loss respect to match (M-M and F-F) 
(OR: 1.30; 95%CI: 1.13-1.50; P  < 0.001). When F-M 
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mismatch was specifically investigated, it confirmed its 
detrimental role in terms of graft survival (OR: 1.83; 
95%CI: 1.20-2.80; P  = 0.005). M-F mismatch failed to 
present a significant role (OR: 1.09; 95%CI: 0.73-1.62; 
P  = 0.68).

CONCLUSION
Gender mismatch is a risk factor for poor graft survival 
after liver transplantation. Female-to-male mismatch 
represents the worst combination. More studies are 
needed with the intent to better clarify the reasons for 
these results. 

Key words: Graft survival; Female-to-male mismatch; 
Liver transplantation; Donor-to-recipient match; Gender

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

Core tip: Limited data exist on the role of donor-to-
recipient gender mismatch after liver transplantation. 
This is the first systematic review and meta-analysis 
specifically investigating the role of gender match in the 
setting of liver transplant. Female-to-male mismatch 
was a risk factor for graft loss, with a 83-fold increased 
risk. 
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INTRODUCTION
Liver transplantation (LT) represents the gold-standard 
therapy for the treatment of more than fifty liver 
disorders, consenting to obtain excellent results in terms 
of survival rates even in case of dreadful pathologies[1]. 
However, LT represents a scarce resource. As a con
sequence, a careful matching between donor and re
cipient should be done, with the main intent to optimize 
the results in terms of post-LT survivals[2]. Gender match 
seems to represent one of the aspects influencing 
outcomes after LT, although this association is largely 
controversial. Monocentric studies showed a correlation 
between donor gender and graft loss, mainly in case 
of female donor-to-male recipient (F-M) mismatch[3,4]. 
On the opposite, a large international study based on 
16410 LT subjects did not find any correlation[5]. 

Recently, several scores aimed at identifying the 
quality of donors have been developed, with the main 
intent to optimize the donor-to-recipient matching and 
to predict post-transplant outcomes[6,7]. However, no 
one of them showed donor gender as a risk factor for 
poor graft survival, thus raising the question of whether 

donor-recipient gender mismatch truly impacts on 
survival rates. 

The main aim of the present study is to report a 
systematic review of the literature and a meta-analysis 
focused on investigating the role of donor-to-recipient 
gender match in the setting of liver transplantation as 
a potential predictor of graft loss. 

MATERIALS AND METHODS
Search strategy
A systematic search was done in relation to relevant 
studies focusing on the role of gender match in organ 
donation for LT. The search strategy was done in 
accordance with the Preferred Reporting Items for 
Systemic Reviews and Meta-Analysis (PRISMA) guide
lines, as well as PRISMA for abstracts[8]. A search of 
the electronic databases MEDLINE-PubMed, Cochrane 
Library and EMBASE was conducted using the following 
research terms: (gender[tw] OR sex[tw]) AND (dis
cordance[tw] OR mismatch[tw] OR match[tw]) AND 
(liver transplant*[tw]).

Text word [tw] was preferred respect to MeSH words 
with the intent to identify In Process citations. Studies 
published before March 15, 2018, were taken into 
consideration. 

Screening process
The present qualitative systematic review included a 
priori search criteria of journal articles among adult (age 
≥ 18 years) human patients. Studies were limited to 
the English language. 

Exclusion criteria were: (1) Papers lacking sufficient 
statistical details; (2) review articles; (3) nonclinical 
studies; (4) expert opinions; (5) letters; (6) conference 
summaries; and (7) case reports. 

Study selection
Two reviewers (QL and FG) independently screened 
the identified studies and their extracted data. In case 
of disagreement, the paper was discussed by all the 
authors. 

Quality assessment
Selected studies were reviewed based on the repre
sentativeness of the study population, comparability of 
cohorts, adequate assessment of outcomes, sufficient 
length of follow-up, adequacy of follow-up, and source 
of study funding. The quality of the papers was assessed 
using the Newcastle-Ottawa Quality Assessment Scale 
(NOS): Studies with scores > 6 were defined as high-
quality studies[9].

NOS details of each selected study were reported 
in Table 1. The characteristics coming from each 
study were collected in Table 2. The following features 
were collected: Author, year of publication, number of 
transplanted cases, investigated follow-up period of 
the study, number of cases for each donor-to-recipient 
gender combination (M-M, F-F, M-F, and F-M), graft 
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survival for each group reported at the last follow-up 
and patient survival for each group reported at the last 
follow-up. 

Statistical analysis
Follow up period strongly varied from 2 to 120 mo 
in the investigated studies: graft survival rates were 
estimated at their last available value. Summary 
measures were extracted from each study and used 
to generate a pooled odds ratio (OR). Higgins I2 
statistic was used to assess heterogeneity. Higgins I2 
statistic values of 0-25%, 25%-50%, and > 50% were 
considered as indicative of homogeneity, moderate 
heterogeneity, and high heterogeneity, respectively. 
When Higgins I2 statistic value was < 25%, a fixed-
effects model was used. Conversely, if Higgins I2 
statistic value overpassed this threshold, a random-
effects model was adopted. OR was considered 
statistically significant when the P value < 0.05; OR 
and 95%CI > 1 revealed a higher risk of graft loss, 
whereas a result < 1 had the opposite meaning. The 
analysis was performed using OpenMEE software 
(http://www.cebm.brown.edu/openmee/index.html).

RESULTS
The selection process of the articles is explained in 
Figure 1.

As for the selection process according to the PRISMA 
guidelines, the various examined databases provided 
a total of 137 articles to screen. Four more articles 
were added after manual research. After removal 
of 65 duplicates, 76 articles were available for the 

screening. According to the title and the abstract, 54 
articles were removed. Of the remaining 22 papers, 15 
were not considered eligible after full-text evaluation. 
Unfortunately, in 9 articles specifically investigating the 
role of gender matching in LT, not enough statistical 
information was available, thus determining their re
moval from further analyses[4-5,10-16]. 

Eventually, 7 articles were identified, with a total of 
3935 investigated cases (Table 2)[17-23]. 

As for the quality of the reported studies, all the 
investigated articles were retrospective cohort studies 
all presenting the excellent NOS value of eight, thus 
reporting the overall high quality of the studies focused 
on this topic (Table 1). 

Three studies were from European countries, three 
others were from the United States and one from 
Canada. Five of the reported studies were published 
before the year 2000. The number of reported cases 
ranged from 76 to 1042 subjects. Six studies reported 
all the possible combinations of gender match, while 
one study only reported M-F and F-F subjects[24-26]. 
Only looking at the six studies reporting all the possible 
combinations, M-M cases ranged from 38% to 45% 
of cases, F-F from 11% to 21%, M-F from 16% to 
37% and F-M from 6% to 24%. Globally, M-M cases 
were 1584, F-F subjects were 743, M-F 1048 and F-M 
560. Gender-matched cases (M-M and F-F) were 2327 
(59%), whilst mismatched cases (M-F and F-M) were 
1608 (41%). 

Graft survival was reported in all the studies, al
though variable follow-up periods were used across the 
analysed series. In detail, M-M patients reported a graft 
survival ranging 52%-75%, F-F subjects 64%-75%, M-F 
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Table 1  Quality of studies evaluated by the modified Newcastle-Ottawa scale

Ref Selection Comparability Outcome
Case 

definition
Representativeness Selection of 

controls
Definition of 

controls
Comparable 
for therapy

Comparable 
for etiology

Assessment 
of outcomes

Integrity of 
follow-up

Quality score

Kahn et al[17] Yes Yes No Yes Yes Yes Yes Yes
Marino et al[18] Yes Yes No Yes Yes Yes Yes Yes
Grande et al[19] Yes Yes No Yes Yes Yes Yes Yes
Berrevoet et al[20] Yes Yes No Yes Yes Yes Yes Yes
Brooks et al[21] Yes Yes No Yes Yes Yes Yes Yes
Croome et al[22] Yes Yes No Yes Yes Yes Yes Yes
Grat et al[23] Yes Yes No Yes Yes Yes Yes Yes

Ref. Year n FU 
(mo)

Number for group Graft survival (%) Patient survival (%)

M-M F-F M-F F-M M-M F-F M-F F-M M-M F-F M-F F-M
Kahn et al[17] 1993   883     2 350 121 312   50 72 64 72 40 85 83 83 62
Marino et al[18] 1995   462   24 201   71   92   98 72 64 78 55 77 82 82 66
Grande et al[19] 1997   423   60 189   64   69 101 52 64 59 71 NA NA NA NA
Berrevoet[20] 1997   105     6   40   12   32   21 65 67 66 71 78 100 81 86
Brooks et al[21] 1997   994   24 392 219 247 126 74 76 76 56 NA NA NA NA
Croome et al[22] 2013 1042 120 412 217 249 164 75 65 76 59 NA NA NA NA
Grat et al[23] 2015     76 120 -   29   47 - - 75 73 - NA NA NA NA

Table 2  Demographic and clinical aspects of the selected studies

FU: Follow-up; M: Male; F: Female; NA: Not available.
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not related to any negative course. These results may 
be connected with several possible explanations. For 
example, different donor female and male hormones 
should play a role in this phenomenon[11]. Some studies 
showed that a connection exists between estrogens 
and protection to ischemic injury: in other terms, when 
a female liver is removed from its homeostasis, the 
ischemic damage is major respect to a male one[24]. 
Estrogens also participate in favoring cholangiocyte 
proliferation and, consequently, the post-ischemic biliary 
repair[25].

Another possible explanation should be related 
to the differences in size among human females and 
males. Given that women are statistically smaller than 
men, and thus, by extension, have smaller livers, we 
should also postulate that an F-M mismatch may be 
connected with a greater risk for initial poor graft due 
to a small-for-size syndrome, a higher rate of complex 
vascular and biliary reconstruction due to the size 
discrepancy and, ultimately, longer warm ischemia 
times during the transplant[26]. Similar considerations 
should be done when other surrogates of size match 
have been investigated: for example, the American 
Donor Risk Index failed to demonstrate an effect of 
gender as a risk factor for graft failure, but the variable 
“height” was present, clearly demonstrating that a 
discrepancy in terms of donor-to-recipient size is an 
important risk factor[6].

It is interesting to note that the evidence that F-M 
mismatch is related to poor results has been reported 
in several experiences worldwide. A study from Japan 
showed that F-M mismatch related to a greater risk 
for patient death in a specific living-donor LT setting 
(OR: 2.10; 95%CI: 1.24-3.57; P = 0.006)[14]. A study 
from Germany based on 2144 LT cases showed that 1-, 

cases 59%-78% and F-M individuals 40%-71%. 
Three different meta-analyses were performed. First, 

a fixed-effects model was realized comparing matched 
(M-M and F-F) and mismatched (F-M and M-F) cases. 
We observed a higher risk for graft loss in mismatched 
cases (OR: 1.13; 95%CI: 1.30-1.50; P < 0.001) (Figure 
2A). Higgins I2 statistic presented a value = 2.2% (P 
= 0.41), showing homogeneity among the examined 
studies; funnel plot also did not show publication biases 
(Figure 3A).

Then, starting from this evidence, two separated 
random-effects models were done investigating the 
specific role of F-M and M-F mismatches, respectively. 
When F-M mismatch was compared with the other 
three combinations, we reported a higher risk for graft 
loss in mismatched cases (OR: 1.83; 95%CI: 1.20-2.80; 
P = 0.005) (Figure 2B). 

Higgins I2 statistic presented a value = 75.8% (P 
< 0.001), showing a great heterogeneity among the 
examined studies; funnel plot showed the presence of 
publication biases (Figure 3B).

Lastly, when M-F mismatch was compared with 
the other three combinations, we did not report any 
increased risk for graft loss in mismatched cases (OR: 
1.09; 95%CI: 0.73-1.62; P = 0.68) (Figure 2C). Higgins 
I2 statistic presented a value = 80.5% (P < 0.001), 
showing a great heterogeneity among the examined 
studies; funnel plot showed the presence of publication 
biases (Figure 3B).

DISCUSSION
The results reported in the present meta-analysis sug
gest a detrimental role of the F-M mismatch in terms of 
graft survival. On the opposite, the M-F mismatch was 

Records identified through database 
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Records after duplicates removed 
(n  = 76)

Records screened (n  = 56)

Full-text articles assessed for 
eligibility (n  = 22)

Studies included in qualitative 
synthesis (n  = 7)

Additional records identified 
through references (n  = 4)

Duplicates removed (n  = 65)

Records excluded based on 
title (n  = 20)

Records excluded based on 
abstract (n  = 34)

Full-text articles excluded, with reasons 
(n  = 15);
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Figure 1  PRISMA flowchart of the literature search and study selection.
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5-, 10- and 15-year graft survival rates progressively 
decremented starting from the M-F combination (84%, 
76%, 68% and 61%) to the F-F match (83%, 76%, 
64% and 56%), the M-M match (85%, 72%, 63% and 
53%) and, lastly, the F-M mismatch (80%, 66%, 56% 
and 49%) (P = 0.003)[15].

However, some caution should be taken into account 
in definitively considering F-M mismatch as a risk 
factor for graft loss. It is, in fact, important to underline 
that several confounders should influence the results 
observed in our study. An interesting study from the 
United States investigated a large multicentric population 
of 28222 LT recipients, showing that female donors were 
different respect to male ones for several risk factors of 

poor post-LT course, like age (median: 47 years vs 39 
years), height (165 cm vs 178 cm), and cerebrovascular 
accident as cause of death (59% vs 35%) (P < 0.001): 
F-M mismatch was associated with a 17% increased 
risk of graft loss respect to an M-M match (95%CI: 
1.11-1.24; P < 0.001), whereas M-F mismatch was not 
(HR = 1.02; 95%CI: 0.96-1.09; P = 0.46)[12]. These 
results are absolutely in line with the results observed 
in the present meta-analysis. However, when F-M 
mismatch was adjusted for significant recipient- and 
donor-related risk factors, its association with graft 
loss disappeared (HR = 0.95; 95%CI: 0.89-1.02; P = 
0.18)[12]. 

The present study presents some shortcomings. 

C

Studies Estimate (95%CI) Ev/Trt Ev/Ctrl Weights
Kahn 0.779 (0.572, 1.060) 86/257 226/576 19.7%
Grande 2.582 (1.515, 4.401) 31/116 38/307 16.0%
Berrevoet 2.750 (1.034, 7.316) 11/35 10/70   9.6%
Brooks 0.779 (0.574, 1.113) 60/274 187/720 19.4%
Croome 1.129 (0.814, 1.565) 65/254 184/788 19.4%
Marino 0.551 (0.321, 0.946) 20/144 72/318 15.9%
Overall (I 2 = 80.46%, P  < 0.001 ) 1.088 (0.729, 1.624) 273/1080 717/2779 100%
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Figure 2  Forest plot result. A: Forest plot of odds ratios and 95% confidence intervals for the association between any donor-to-recipient mismatch (F-M and 
M-F) and graft survival in patients undergoing liver transplantation. Weights are from binary fixed-effect analysis; B: Forest plot of odds ratios and 95% confidence 
intervals for the association between donor-to-recipient F-M mismatch and graft survival in patients undergoing liver transplantation. Weights are from binary random-
effect analysis; C: Forest plot of odds ratios and 95% confidence intervals for the association between donor-to-recipient M-F mismatch and graft survival in patients 
undergoing liver transplantation. Weights are from binary random-effect analysis.
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The observed results should suggest the necessity of a 
meta-regression for minimizing the effect of potential 
confounders (donor age, donor ethnicity, ischemia time 
duration, and the presence of donor co-morbidities). 
Unfortunately, it was impossible to perform such an 
analysis according to the data obtainable from the 
selected studies. Funnel plots confirmed the presence 
of study biases, further suggesting the idea that some 
confounders may participate in altering the results of 
the meta-analysis. Another possible shortcoming of the 
present study is connected with the great heterogeneity 
observed among the studies in terms of the follow-
up period. We can only assume that, although some 
studies presented a very short period of observation 
(only 60 d in one case[17]), such a period was able to 
capture a significant number of events: it is, in fact, 
clear that the first post-LT months typically represent 
the period in which the higher rate of graft loss is 
observed. Lastly, some studies were performed in the 
early nineties, thus reporting the early results of some 
LT centers. However, we should report that the negative 
role of F-M mismatch was observed also in more recent 

studies[22,23].
In summary, female to male donor-recipient mis

match represents a risk factor for graft loss after liver 
transplantation, with an 83-fold increased risk of graft 
failure. Several mechanisms should be postulated: 
Hormones, a major vulnerability to ischemic damages 
or size discrepancies have been advanced as possible 
explanations. However, some confounders should be 
taken into account. As a consequence, further large 
studies trying to design well-calibrated studies are 
needed, with the intent to definitively clarify the potential 
detrimental role of gender mismatch in the setting of 
liver transplantation. 
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Research background
Donor-to-recipient gender match has been described as a possible risk factor 
for post-liver transplant outcomes, mainly when a female-to-male mismatch is 
done. However, no definitive data exist on this aspect, with only some, mainly 
monocentric, studies showing somewhat contrasting results. The impact 
of a meta-analysis on this aspect should be great, mainly in function of the 
opportunity to clarify a capital element of the organ allocation process in the 
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Figure 3  Funnel plots of the patients undergoing liver transplantation. A: Funnel plot of the seven studies investigating the association between any donor-to-
recipient mismatch (F-M and M-F) and graft survival in patients undergoing liver transplantation; B: Funnel plot of the six studies investigating the association between 
donor-to-recipient F-M mismatch and graft survival in patients undergoing liver transplantation; C: Funnel plot of the six studies investigating the association between 
donor-to-recipient M-F mismatch and graft survival in patients undergoing liver transplantation.
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setting of liver transplantation.

Research motivation
The main aim of the present study is to clarify the role of donor-to-recipient 
gender mismatching in the setting of liver transplantation. The problem 
connected to this research is that no definitive clarity exists on the possible 
risks connected with the use of female donors for transplanting male recipients, 
although several studies raised on some concerns about this specific matching. 
The possibility to better clarify this aspect is connected with a safer opportunity 
to allocate organ during liver transplantation, thus improving the postoperative 
outcomes of subjects undergoing this type of transplant.

Research objectives
The main objective of the study was to better clarify the role of donor-to-
recipient gender mismatch as a possible real risk factor for post-liver transplant 
graft and patient survival, or if its negative role was caused by several other 
confounding aspects in the allocation process. 

Research methods
Three separate meta-analyses were realized after the systematic collection of 
all the articles available on English literature focused on the specific argument 
of donor-to-recipient gender match. First, a meta-analysis focused on the 
comparison between matched and mismatched cases was done. After this, 
two separate analyses were done specifically looking at the F-M and M-F 
mismatches. 

Research results
According to the observed results, donor-to-recipient gender mismatch 
represented a risk factor for post-transplant outcomes, with a 30-fold increased 
risk for graft loss. When F-M mismatch was specifically investigated, an 83-fold 
increased risk for graft loss was reported, while such a risk was not present 
when an M-F mismatch was investigated. Despite the results confirmed the 
negative role of an F-M mismatch, open questions remained on its effective 
role, mainly in light of the presence of possible confounding factors potentially 
justifying these poorer results (i.e., donor and recipient age, recipient disease 
severity and cause, donor ethnicity, ischemia time duration, and the presence 
of donor co-morbidities). 

Research conclusions
Gender mismatch is a risk factor for poor graft survival after liver transplantation. 
Female-to-male mismatch represents the worst combination. A particular 
caution should be taken into account when this combination is present, thus 
improving the elements to consider during the organ allocation process. 

Research perspectives
New studies are needed in this specific setting, with the intent to better clarify 
the reasons for the poor graft survivals observed in presence of a donor-to-
recipient F-M gender mismatch. These studies mainly need to explore the 
possible confounders potentially being the cause for the reported results.
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