
World Journal of 
Gastroenterology
World J Gastroenterol  2017 August 7; 23(29): 5257-5450

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

Published by Baishideng Publishing Group Inc



S

EDITORIAL
5257	 Liver and the defects of cholesterol and bile acids biosynthesis: Rare disorders many diagnostic pitfalls

Corso G, Dello Russo A, Gelzo M

REVIEW
5266	 Contribution of galectin-1, a glycan-binding protein, to gastrointestinal tumor progression

Bacigalupo ML, Carabias P, Troncoso MF

5282	 From diagnosis to treatment of hepatocellular carcinoma: An epidemic problem for both developed and 

developing world

Dimitroulis D, Damaskos C, Valsami S, Davakis S, Garmpis N, Spartalis E, Athanasiou A, Moris D, Sakellariou S, Kykalos S, 

Tsourouflis G, Garmpi A, Delladetsima I, Kontzoglou K, Kouraklis G

ORIGINAL ARTICLE
Basic Study

5295	 Partial external biliary diversion in bile salt export pump deficiency: Association between outcome and 

mutation

Ellinger P, Stindt J, Dröge C, Sattler K, Stross C, Kluge S, Herebian D, Smits SHJ, Burdelski M, Schulz-Jürgensen S, Ballauff 

A, Schulte am Esch J, Mayatepek E, Häussinger D, Kubitz R, Schmitt L

5304	 Celecoxib-induced gastrointestinal, liver and brain lesions in rats, counteraction by BPC 157 or L-arginine, 

aggravation by L-NAME

Drmic D, Kolenc D, Ilic S, Bauk L, Sever M, Zenko Sever A, Luetic K, Suran J, Seiwerth S, Sikiric P

5313	 Hwangryunhaedok-tang induces the depolarization of pacemaker potentials through 5-HT3 and 5-HT4 receptors 

in cultured murine small intestine interstitial cells of Cajal

Kim HJ, Lee GS, Kim H, Kim BJ

5324	 MicroRNA exhibit altered expression in the inflamed colonic mucosa of ulcerative colitis patients

Valmiki S, Ahuja V, Paul J

5333	 Salvianolic acid B protects hepatocytes from H2O2 injury by stabilizing the lysosomal membrane

Yan XF, Zhao P, Ma DY, Jiang YL, Luo JJ, Liu L, Wang XL

5345	 PBX1 attributes as a determinant of connexin 32 downregulation in Helicobacter pylori -related gastric 

carcinogenesis

Liu XM, Xu CX, Zhang LF, Huang LH, Hu TZ, Li R, Xia XJ, Xu LY, Luo L, Jiang XX, Li M

Contents Weekly  Volume 23  Number 29  August 7, 2017

� August 7, 2017|Volume 23|Issue 29|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 29  August 7, 2017

Case Control Study

5356	 Influence of dietary isoflavone intake on gastrointestinal symptoms in ulcerative colitis individuals in 

remission

Głąbska D, Guzek D, Grudzińska D, Lech G

5364	 Genetic polymorphisms of MAFK , encoding a small Maf protein, are associated with susceptibility to 

ulcerative colitis in Japan

Arisawa T, Nakamura M, Otsuka T, Jing W, Sakurai N, Takano H, Hayashi T, Ota M, Nomura T, Hayashi R, Shimasaki T, 

Tahara T, Shibata T

Retrospective Study

5371	 Elaboration and validation of Crohn’s disease anoperineal lesions consensual definitions

Horaist C, de Parades V, Abramowitz L, Benfredj P, Bonnaud G, Bouchard D, Fathallah N, Sénéjoux A, Siproudhis L, 

Staumont G, Viguier M, Marteau P

5379	 Efficacy of tolvaptan for the patients with advanced hepatocellular carcinoma

Miyazaki M, Yada M, Tanaka K, Senjyu T, Goya T, Motomura K, Kohjima M, Kato M, Masumoto A, Kotoh K

5386	 Outcomes of preoperative endoscopic nasobiliary drainage and endoscopic retrograde biliary drainage for 

malignant distal biliary obstruction prior to pancreaticoduodenectomy

Zhang GQ, Li Y, Ren YP, Fu NT, Chen HB, Yang JW, Xiao WD

Clinical Trials Study

5395	 Phase I clinical study of personalized peptide vaccination combined with radiotherapy for advanced 

hepatocellular carcinoma

Shen J, Wang LF, Zou ZY, Kong WW, Yan J, Meng FY, Chen FJ, Du J, Shao J, Xu QP, Ren HZ, Li RT, Wei J, Qian XP, 

Liu BR

Observational Study

5405	 Transition clinic attendance is associated with improved beliefs and attitudes toward medicine in patients 

with inflammatory bowel disease

Fu N, Jacobson K, Round A, Evans K, Qian H, Bressler B

5412	 Gut barrier failure biomarkers are associated with poor disease outcome in patients with primary sclerosing 

cholangitis

Tornai T, Palyu E, Vitalis Z, Tornai I, Tornai D, Antal-Szalmas P, Norman GL, Shums Z, Veres G, Dezsofi A, Par G, Par A, 

Orosz P, Szalay F, Lakatos PL, Papp M

5422	 Efficacy of forced coagulation with low high-frequency power setting during endoscopic submucosal 

dissection

Ishida T, Toyonaga T, Ohara Y, Nakashige T, Kitamura Y, Ariyoshi R, Takihara H, Baba S, Yoshizaki T, Kawara F, Tanaka S, 

Morita Y, Umegaki E, Hoshi N, Azuma T

II August 7, 2017|Volume 23|Issue 29|WJG|www.wjgnet.com



Contents
World Journal of Gastroenterology

Volume 23  Number 29  August 7, 2017

III August 7, 2017|Volume 23|Issue 29|WJG|www.wjgnet.com

Prospective Study

5431	 Clinical outcomes of isolated renal failure compared to other forms of organ failure in patients with severe 

acute pancreatitis

Gougol A, Dugum M, Dudekula A, Greer P, Slivka A, Whitcomb DC, Yadav D, Papachristou GI

SYSTEMATIC REVIEW

5438	 Laparoscopic ultrasonography as an alternative to intraoperative cholangiography during laparoscopic 

cholecystectomy

Dili A, Bertrand C



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
Jin-Lei Wang, Director
Yuan Qi, Vice Director
Ze-Mao Gong, Vice 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

Contents

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li                      Responsible Science Editor: Ze-Mao Gong
Responsible Electronic Editor: Dan Li	       Proofing Editorial Office Director: Jin-Lei Wang
Proofing Editor-in-Chief: Lian-Sheng Ma

http://www.wjgnet.com

PUBLICATION DATE
August 7, 2017

COPYRIGHT
© 2017 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 23  Number 29  August 7, 2017

Editorial board member of World Journal of Gastroenterology , Shinji Tanaka, 
MD, PhD, Professor, Department of Endoscopy, Hiroshima University Hospital, 
Hiroshima 734-8551, 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  1375 experts in gastroenterology and hepatology 
from 68 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). 

I-IX	  Editorial Board

ABOUT COVER

INDEXING/ABSTRACTING

AIMS AND SCOPE

FLYLEAF

IV August 7, 2017|Volume 23|Issue 29|WJG|www.wjgnet.com



Phase Ⅰ clinical study of personalized peptide vaccination 
combined with radiotherapy for advanced hepatocellular 
carcinoma

Jie Shen, Li-Feng Wang, Zheng-Yun Zou, Wei-Wei Kong, Jing Yan, Fan-Yan Meng, Fang-Jun Chen, Juan Du, 
Jie Shao, Qiu-Ping Xu, Hao-Zhen Ren, Ru-Tian Li, Jia Wei, Xiao-Ping Qian, Bao-Rui Liu

Jie Shen, Li-Feng Wang, Zheng-Yun Zou, Wei-Wei Kong, 
Jing Yan, Fan-Yan Meng, Fang-Jun Chen, Juan Du, Jie Shao, 
Qiu-Ping Xu, Ru-Tian Li, Jia Wei, Xiao-Ping Qian, Bao-Rui 
Liu, Comprehensive Cancer Centre of Drum Tower Hospital, 
Medical School of Nanjing University, Clinical Cancer Institute 
of Nanjing University, Nanjing 210008, Jiangsu Province, China

Hao-Zhen Ren, Department of Hepatobiliary Surgery, Drum 
Tower Hospital, Medical School of Nanjing Universit-y, Nanjing 
210008, Jiangsu Province, China

Author contributions: Shen J, Wang LF and Zou ZY contributed 
equally to this work; Shen J, Liu BR, Wang LF and Chen FJ were 
responsible for the study design and experiment adjustments; 
Shen J, Zou ZY, Du J, Xu QP and Meng FY performed the 
experiments, drafted the manuscript and conducted the statistical 
analysis; Li RT, Wang LF, Qian XP and Wei J collected the blood 
samples and clinical information of patients; All authors read and 
approved the final manuscript.

Supported by National Natural Science Foundation of China, 
No. 81401969; Jiangsu Provincial Medical Youth Talent, No. 
QNRC2016043; and the Key Medical Science and Technology 
Development Project of Nanjing, No. ZKX16032.

Institutional review board statement: The study was reviewed 
and approved by the ethical review board of Comprehensive 
Cancer Centre of Drum Tower Hospital and by the Drum Tower 
Hospital ethical review board.

Clinical trial registration statement: This study was registered 
at http://www.chictr.org.cn/edit.aspx?pid=16964&htm=4. The 
registration identification number is ChiCTR-OIC-16010025.

Informed consent statement: All study participants, or their 
legal guardian, provided informed written consent prior to study 
enrollment.

Conflict-of-interest statement: None declared.

Data sharing statement: No additional data are available.

Open-Access: This article is an open-access article which was 

selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
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: Unsolicited manuscript

Correspondence to: Bao-rui Liu, MD, PhD, Comprehensive 
Cancer Centre of Drum Tower Hospital, Medical School 
of Nanjing University, Clinical Cancer Institute of Nanjing 
University, 321 Zhongshan Road, Nanjing 210008, Jiangsu 
Province, China. baoruiliu@nju.edu.cn
Telephone: +86-25-83106666-61331 
Fax: +86-25-83105082 

Received: January 15, 2016
Peer-review started: January 16, 2016
First decision: February 9, 2017
Revised: February 25, 2017
Accepted: March 4, 2017
Article in press: March 6, 2017
Published online: August 7, 2017

Abstract
AIM
To assess the efficacy and safety of a new treatment 
modality, cellular immune therapy based on personalized 
peptide vaccination (PPV-DC-CTL) combined with 
radiotherapy, for treating advanced hepatocellular 
carcinoma (HCC). 

METHODS
A total of nine patients with advanced HCC were 
enrolled. Multidisciplinary consultation confirmed that 
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all the patients definitely had no opportunity of surgery, 
because four patients had multiple liver metastases 
(the number of liver lesions > 3), one patient had liver 
metastases and portal vein tumor thrombosis, one 
patient had lung and bone metastases, two patients 
had liver and lung metastases and one patient had 
liver metastasis and peritoneal metastasis. Patients 
with metastasis were treated with precise radiotherapy 
combined with PPV-DC-CTL.

RESULTS
Following radiotherapy and one to three cycles of 
PPV-DC-CTL treatment, AFP levels were significantly 
decreased in six patients and imaging assessment of 
the lesions showed a partial response (PR) in three 
patients and stable disease in the other three patients. 
The response rate was 33% and disease control rate  
was 66%. This regimen was found to be safe and 
well tolerated. None of the patients developed liver 
or kidney side effects. Only one patient developed 
grade Ⅱ bone marrow suppression and the remaining 
patients had no significant hematological side effects.

CONCLUSION
Radiotherapy combined with PPV-DC-CTL provides a 
new therapeutic strategy for patients with advanced 
HCC, which is well tolerated, safe, feasible and effective.

Key words: Personalized peptide vaccination; TOMO 
radiotherapy; Cytotoxic lymphocytes; Hepatocellular 
carcinoma

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Advanced hepatocellular carcinoma (HCC) 
is a challenging disease to treat because of its 
advanced stage at diagnosis and rapid progression. We 
developed a new treatment modality, cellular immune 
therapy based on personalized peptide vaccination 
combined with radiotherapy, to treat advanced HCC. 
It integrates personalized peptide vaccination in tumor 
immunotherapy, takes full advantages of the immune 
modulation of radiotherapy, promotes tumor cells 
to release antigens and results in a more effective 
therapeutic strategy with regard to local and systemic 
control.

Shen J, Wang LF, Zou ZY, Kong WW, Yan J, Meng FY, Chen 
FJ, Du J, Shao J, Xu QP, Ren HZ, Li RT, Wei J, Qian XP, Liu 
BR. Phase Ⅰ clinical study of personalized peptide vaccination 
combined with radiotherapy for advanced hepatocellular 
carcinoma. World J Gastroenterol 2017; 23(29): 5395-5404  
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v23/i29/5395.htm  DOI: http://dx.doi.org/10.3748/wjg.v23.
i29.5395

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most 

common cancer and the third leading cause of cancer-
related death worldwide[1]. The resection rate for HCC 
is approximately 10%-30% and the overall prognosis 
is very poor with a 5-year survival rate of 5%-6%[2]. 
Even worse, the recurrence rate is high after radical 
resection. In addition to surgery, radiofrequency 
ablation, transcatheter arterial chemoembolization 
(TACE), microwave ablation, cryoablation, radioactive 
seed implantation, high-intensity focused ultrasound, 
radiation therapy, chemotherapy and targeted drugs 
are available for patients with unresectable tumors; 
however, the efficacy of these treatments is limited 
and the long-term prognosis in these patients is still 
poor[3]. Moreover, serious side effects induced by 
treatments such as TACE, chemotherapy and targeted 
drugs make it less likely for patients to receive long-
term treatment with these therapies.

Due to the success of immunotherapy in other 
tumor types, especially melanoma, it has been used 
with high expectation in HCC treatment[4]. The liver, 
as a metabolizing organ and immune organ, has 
unique characteristics and patients with HCC present 
with special anti- and pro-tumor responses during the 
development of this malignancy[4-6]. Currently, based 
on the tumor-associated antigens (TAAs) identified in 
different tumors, many cancer vaccination strategies 
have been investigated[7,8]. However, therapeutic 
vaccines for HCC are still unavailable, although 
the application of prophylactic vaccines, including 
the hepatitis B virus vaccine, has been reported to 
decrease the prevalence of HCC. Numerous factors 
hinder tumor vaccine research, which are mainly 
associated with the way the host immune system is 
stimulated to kill cancer cells. Shortage of TAAs or 
tumor specific antigens is the most important among 
these factors[9].

Recently, personalized peptide vaccination (PPV), a 
novel immunotherapeutic approach based on a specific 
pool of peptides, was introduced. The pool of peptides 
includes all information on the personal human 
leukocyte antigen class 1A type (HLA class 1A) and the 
pre-existing immunity of the host before vaccination.
host before vaccination (Figure 1). A maximum of 
four HLA class 1A-matched peptides were selected 
from this pool and used for the PPV[7]. Compared 
with other methods of immunotherapy, the PPV has 
several advantages. First, it increases the possibility of 
avoiding both tumor heterogeneity and immunological 
diversity. Second, the vaccine contains ‘‘personalized’’ 
antigens with pre-existing immunity which can 
trigger antigen specific memory T cells to produce 
rapid and strong secondary immune responses. 
Moreover, an important characteristic of PPV is that 
it activates cytotoxic lymphocytes (CTL), which have 
stronger antitumor cytotoxicity, higher proliferative 
ability and more cytolytic activity than lymphokine-
activated killer cells in vitro and in vivo. Recent studies 
have suggested that immunotherapy with cytotoxic 
lymphocytes plays an important role in preventing 
HCC recurrence and metastasis[4-6].
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In order to improve the efficacy and reduce the side 
effects of such treatment, we conducted a phase Ⅰ clinical 
trial and treated unresectable HCC patients with radiation 
therapy combined with immunotherapy consisting 
of PPV peptides, dendritic cells (DC) and CTL (PPV-
DC-CTL). We successfully developed a new PPV-based 
immunotherapeutic approach using a maximum of 
four HLA class 1A-matched peptides selected from the 
pooled peptides of the host.

MATERIALS AND METHODS
Patients
A total of nine patients with advanced HCC were 
enrolled. Multidisciplinary consultation confirmed 

that all the patients had no opportunity of surgery, 
because four patients had multiple liver metastases 
( the number of liver lesions > 3), one patient had liver 
metastases and portal vein tumor thrombosis, one 
patient had lung and bone metastases, two patients 
had liver and lung metastases and one patient had 
liver metastasis and peritoneal metastasis (Table 1). 
Every patient has been informed of the study protocol 
and signed an informed consent form prior to the 
study. This clinical trial was approved by the Drum 
Tower Hospital ethical review board.

Treatment schedule
Radiotherapy: Patients with liver metastasis, portal 
vein tumor thrombosis and pulmonary metastasis 

5397 August 7, 2017|Volume 23|Issue 29|WJG|www.wjgnet.com

Patients Age Sex BCLC stage HK Tumor site(s) Radiotherapy target Dose of radiotherapy Cycle(s) of PPV-DC-CTL

P1 66 Male B ⅢB Liver Partial liver mass PGTV 5 Gy*10f; PTV 2.5 Gy*10f 3
P2 56 Female B ⅢB Liver Partial liver mass PGTV 5 Gy*10f; PTV 2.5 Gy*10f 3
P3 54 Male C IVa Liver and portal vein 

tumor thrombosis
Portal vein tumor thrombosis PGTV 5 Gy*10f; PTV 2.5 Gy*10f 2

P4 37 Male C Ⅳa Bone and lung Bone metastasis PGTV 4 Gy*10f; PTV 3 Gy*10f 3
P5 56 Male C Ⅳa Liver and peritoneal 

metastases
Peritoneal metastasis PTV 0.5 Gy BID *2f 2

P6 45 Male B ⅢB Liver - - 2
P7 43 Male B ⅢB Liver Partial liver mass PGTV 5 Gy*10f; PTV 2.5 Gy*10f 3
P8 59 Male C Ⅳa Liver and lung Partial lung mass PGTV 5 Gy*10f; PTV 2.5 Gy*10f 1
P9 72 Male C Ⅳa Lung - - 2

Table 1  Characteristics of all the patients
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P6: KRAS-A11-12D, CTNNB1-A11-41A, CTNNB1-A11-
S45F, KRAS-A11-12R
P7: SART3-109, CORE-18, PSCA-7, hTERT-540
P8: AFP-357, KRAS-A11-12D, VEGFR2-169, PSCA-776
P9: CTNNB1-A11-S45F, CTNNB11-41A, CTNNB11-45P, 
EGFR-54

Collection of peripheral blood mononuclear cells 
(PBMC) and transfusion of DC-CTL: PPV peptides 
were load on DC (D0), which were sorted from PBMC 
and then these DC were infused back to patients 
after culture for 7 d in vitro (D7). To obtain the CTL, 
we used PPV and PPV-DC to stimulate the T cells. In 
12 to 15 days, these CTL were transfused to patients 
(D12-15) (Figure 2). The above steps were defined as 
one cycle and it was repeated every 21 d.

Main outcome measures
To assess the immune responses to and other effects 
of PPV, the levels of CD3+, CD8+, CD4+ T lymphocytes, 
natural killer (NK) cells and B lymphocytes were examined 
prior to blood collection and after CTL transfusion. Alpha-
fetoprotein (AFP) test was performed once a cycle after 
vaccinations. Routine blood tests and liver and kidney 
function tests were performed once a cycle. Other 
side effects such as rash, fever and diarrhea were also 
monitored.

Radiological evaluation
Clinical response was evaluated by computed tomography  
scans and abdominal magnetic resonance imaging prior 

were treated with precise radiotherapy [planning gross 
target volume (PGTV), ten fractions at 5 Gy each; 
planning target volume (PTV), ten fractions at 2.5 Gy 
each] combined with PPV-DC-CTL; patients with bone 
metastasis were treated with precise radiotherapy 
of bone (PGTV, ten fractions at 4 Gy each; PTV, ten 
fractions at 3 Gy each) combined with PPV-DC-CTL; 
patients with peritoneal metastasis were treated with 
precise TomoTherapy of the peritoneum (PTV, two 
fractions at 0.5 Gy each, BID) combined with PPV-DC-
CTL.

Selection of PPV peptides: First, peptide candidate 
library, including mutated peptides and highly 
expressed peptides, was established according to the 
gene mutation and expression spectra of HCC and 
previous studies about PPV. Peptides for vaccination 
of every specific patient were selected from the 
peptide candidate library with the consideration of the 
preexisting immunity of the host before vaccination 
(Figure 1). The detailed procedure was described in 
references[7,9] and the personalized peptides for these 
nine patients are as follows:
P1: CORE-18, MUC-12, KRAS-A02-G13D1, PSCA-76
P2: PI3KCA-A02-H1047L-1, CORE-35, WTP53-149, 
AFP-137
P3: EGFR-800, KRAS-A11-G13D, CYPB-84, CTNNB1-
A11-S45F
P4: KRAS11-12C, EGFR-54, AFP-403, Survivin28-80
P5: AFP-357, VEGFR2-169, KRAS-A11-12C, 
MRP3-1293

0            1       2    3  4    5         6         7      8   9   10  11   12    13      14     15        16   17   18   19   20  21      22

PPV-DC CTL

PBMC collection

Unmatured DC

PPV-loaded

Subcutaneous injection Maturation promoting

CTL

Transinfusion

CTL activation

DC + lymphocytematured DC

Figure 2  Time schedule of collection of peripheral blood mononuclear cells and transfusion of DC-CTL. PPV: Personalized peptide vaccination; DC: dendritic 
cells; CTL: Cytotoxic lymphocytes; PBMC: Peripheral blood mononuclear cells.
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to vaccination and once every two cycles of therapy. The 
RESIST-based clinical response levels were assessed 
by partial response (PR), stable disease (SD) and 
progressive disease (PD). The percentage of patients 
with PR was defined as the response rate (RR) to 
treatment while PR plus SD was defined as the disease 
control rate (DCR). 

Statistical analysis
Paired-samples t-test was used to compare the levels 
of CD3+, CD8+, CD4+ T lymphocytes, NK cells and B 
lymphocytes between prior to blood collection and 
after CTL transfusion. Statistical significance was set 
at P < 0.05. Statistical analyses were performed using 
SPSS, version 19.0.

RESULTS
Following radiotherapy and 1-3 cycles of PPV-DC-CTL 
treatment, AFP levels were significantly decreased in 

six patients and imaging assessment of the lesions 
showed a PR in three patients and SD in the other 
three patients. RR was 33% and DCR was 66% 
(Table 2). This regimen was found to be safe and 
well tolerated. None of the patients developed liver 
or kidney side effects. Only one patient developed 
grade 2 bone marrow suppression and the remaining 
patients had no significant hematological side effects. 
Only two patients developed grade Ⅰ rash and the 
remaining patients had no skin side effects. Six 
patients had low-grade fever (37 ℃-38 ℃) and none 
of the patients developed diarrhea (Table 3).

As indicated in Figure 3, the levels of AFP were 
significantly decreased in patients 1 to 6 and radiological 
evaluation showed PR or SD. Radiation treatment had 
a partial effect in patient 1 for certain tumor lesions. 
However, due to their large size, radiation may not 
reach all tumor metastases in the liver. The liver 
masses within and out of the radiation field were both 
significantly reduced in size after combined radiotherapy 
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Figure 3  Changes of alpha-fetoprotein levels in patients 1-6 before and after treament. A: AFP levels of patients 1 and 2; B: AFP levels of patients 3 and 4; C: 
AFP levels of patients 5 and 6. AFP: Alpha-fetoprotein.

Patient Change of AFP AFP before treatment AFP after first cycle AFP after second cycle AFP after third cycle Radiological evaluation

P1 ↓   168.5   118.0     29.7     27.3 PR
P2 ↓     94.9     53.8     59.8     50.2 PR
P3 ↓ 4942.3 3297.1 3180.0 - PR
P4 ↓  1691.6   619.7   312.2   302.0 SD
P5 ↓     45.7     25.9     24.1 - SD
P6 ↓      11.6       1.7       2.9 - SD
P7 ↑ 1029.7 1700.0 3800.0  3818.3 PD
P8 ↑   737.8 2005.6 - - PD
P9 ↑   157.5   294.1   248.0 - PD

AFP: Alpha-fetoprotein; PR: Partial response; SD: Stable disease; PD: Progressive disease

Table 2  Clinical outcomes of the nine patients

Shen J et al . personalized peptide vaccination in HCC
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and PPV-DC-CTL treatment (Figure 4). This result 
suggested that CTL-based immune therapy and 
radiotherapy together reduced tumor progression even 
in those patients who did not receive radiotherapy. 
Patient 4 had tumor metastases in T4 vertebra and 
the lung. After treatment with radiotherapy and PPV-
DC-CTL, AFP significantly declined and chest pain was 
alleviated. This provided further evidence that the 
synergistic combination of radiotherapy and PPV-DC-
CTL effectively controlled tumor lesions, even in the 
lung where radiotherapy was not administered (Figure 5).

Four of nine patients completed three cycles of 
PPV-DC-CTL treatment, four patients completed two 

cycles and the remaining patient only received one 
cycle of treatment. Patient 3 did not continue the 3rd 
cycle of PPV-DC-CTL treatment due to carcinoma 
emboli in the portal vein which was controlled following 
treatment. The patient was treated with sorafenib 
instead with improvement. This patient was diagnosed 
in April 2015 with the last follow-up in June 2016. 
Compared with the reported mean overall survival (OS) 
of patients with carcinoma emboli in the portal vein in 
previous studies, the survival time of this patient was 
much longer (14 mo vs 3 mo). Due to a decrease in 
tumor markers, patients 5 and 6 both completed the 
2nd cycle of treatment. Patient 5 received sorafenib 
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instead and patient 6 received traditional Chinese 
medicine. To date, these two patients are still alive 
and their OS is over 10 mo. Patient 8 dropped out of 
the clinical trial due to a rise in tumor markers after 
the 1st cycle. Patient 9 did not continue treatment due 

to the development of rash. However, compared with 
pretreatment, patients 8 and 9 improved after PPV-
DC-CTL treatment.

In addition, cellular immune responses specific 
to the treatment, including the levels of CD3+, CD8+, 
CD4+, NK cells and B lymphocytes, were analyzed 
in blood samples before and after CTL transfusion at 
each cycle. It was found that CD3+, CD8+ cytotoxic T 
lymphocytes and NK cells increased after CTL transfusion 
(P < 0.05), suggesting the possibility of immune 
activation (Table 4, Figure 6). However, B lymphocytes 
were decreased and CD4+ cytotoxic T lymphocytes 
showed no significant change.

DISCUSSION
To the best of our knowledge, this is the first report of 
the application and outcome of radiotherapy combined 
with PPV-DC-CTL for the treatment of advanced HCC. 
In the nine patients included in this study, this regimen 
was well tolerated without serious side effects and 
achieved good disease control, with an RR of 33% and 
a DCR of 66%, which was significantly better than 
those of TACE, sorafenib and chemotherapy[10].

It has been hypothesized that radiotherapy may 
successfully immunize some patients against cancer, 
converting the irradiated tissue into an in situ vaccine 
and endowing the host with a set of new and powerful 

Table 3  Side effects of radiotherapy combined with PPV-DC-
CTL immunotherapy

Grade 1 Grade 2 Grade 3 Grade 4

Constitutional symptom
Fever 6 0 0 0
Tumor pain 0 0 0 0
Rash 2 0 0 0
Diarrhea 0 0 0 0

Respiratory
Dyspnea 0 0 0 0
Hypoxia 0 0 0 0

Neurological
CNS cerebrovascular ischemia 0 0 0 0

Blood/bone marrow
Anemia 2 0 0 0
Neutropenia 0 1 0 0
Lymphocytopenia 0 0 0 0
Thrombocytopenia 3 0 0 0

Metabolic and laboratory
AST elevation 0 0 0 0
ALT elevation 0 0 0 0
Scr elevation 0 0 0 0
BUN elevation 0 0 0 0
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tools to control systemic disease[11]. Radiotherapy 
can be used as a more general “immune response 
modifier”, a novel tool to add to the arsenal of im
munotherapy agents, but the response varies with 
the dose per fraction[12-16]. It is still unclear how the 
host-tumor relationship is affected by radiation, 
but it has been proved that when switching from a 
conventional schedule (2 Gy/fraction, 5 fractions a 
week) to a 5-10 Gy/fraction schedule, the immune 
effect is more significant[17]. This may be due to more 
rapid cell killing, more vascular damage and stronger 
inflammatory cytokine induction at higher radiation 
doses. Therefore, in this context, the radiotherapy 
regimen we chose for liver and lung metastases was 5 
Gy/fraction, 5 fractions a week. This schedule improves 
local control and can enhance the immune effect. 
However, we chose 4 Gy/fraction, 5 fractions a week 
for bone metastasis in order to protect the spinal cord. 
For peritoneal metastasis, we chose 0.5 Gy/fraction, 

2-fractions, BID, with the purpose of reducing side 
effects in the colon and increasing the immune effect. 

Based on pre-existing host immunity, a number of 
peptide antigens selected and screened from vaccine 
candidates are appropriate for this treatment regimen. 
In earlier studies on PPV, the assay of peptide specific 
IFN-γ production with an average cut-off level of 1 in 
10000 cells was used to define pre-existing immunity. 
It was discovered that the enlargement and magnitude 
of CTL activation partly depend on the frequency of 
peptide specific CTL precursors from PBMC[7,18]. When 
CTL precursors are tested in PBMC before vaccination 
followed by the administration of specific peptides, a 
strong and rapid stimulation of CTL with potent clinical 
benefit is induced in specific patients as reported in 
some clinical trials of advanced cancer[19,20].

To date, a number of phase Ⅰ and Ⅱ clinical trials 
on PPV have been carried out[7]. All the trials mentioned 
above have indicated that PPV is well tolerated and 

CD3+ CD4+ CD8+ NK B

Before treatment 54.7% ± 18.5% 32.3% ± 11.9% 15.4% ± 7.0% 16.0% ± 9.3% 8.5% ± 5.3%
After treatment 76.9% ± 16.1%a 37.9% ± 11.0% 32.0% ± 14.8%a 23.8% ± 14.8%a 2.8% ± 3.1%a

Table 4  Changes of lymphocytes before and after treatment

aP < 0.05. NK: Natural killer
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safe without serious adverse effects and can stimulate 
a much stronger immune response in certain patients. 
Assessed using the response evaluation criteria, some 
patients who received PPV exhibited objective clinical 
responses with boosted immune responses[20]. In 
the current study, we also designed and conducted a 
phase Ⅰ clinical trial involving patients with advanced 
HCC. First, we developed a new immunotherapeutic 
strategy of personalized peptide vaccination, according 
to the mutation spectrum of liver cancer and previous 
literature on vaccine peptides. We then stimulated 
strong activation of CTL with PPV peptide-loaded DC, 
which were transfused into patients to enhance the 
effect of immunotherapy. In addition, radiotherapy 
was administered to release vaccination in situ and 
to control the disease. Undoubtedly, PPV-DC-CTL and 
radiotherapy showed synergetic effects, especially in 
patients 1 and 4, as the tumors both within and out of 
the radiation field decreased in size or remained stable 
after treatment. Other advantages of this combined 
treatment were the avoidance of chemotherapy-
induced side effects and overcoming the limitation of 
radiation therapy for extensive metastases. 

In conclusion, we have shown the potential of PPV 
as a novel treatment strategy for advanced HCC 
patients. Further randomized clinical trials are essential 
to verify the clinical benefit of PPV in HCC patients. In 
addition, accurate biomarkers for predicting patients 
who would benefit most from PPV-based treatment 
remain to be identified.

COMMENTS
Background
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third 
leading cause of cancer-related death worldwide. The resection rate for HCC 
is approximately 10%-30% and the overall prognosis is very poor with a 5-year 
survival rate of 5%-6%. Even worse, the recurrence rate is high after radical 
resection. In addition to surgery, radiofrequency ablation, transcatheter arterial 
chemoembolization (TACE), microwave ablation, cryoablation, radioactive 
seed implantation, high-intensity focused ultrasound, radiation therapy, 
chemotherapy and targeted drugs are available for patients with unresectable 
tumors; however, the efficacy of these treatments is limited and the long-term 
prognosis in these patients is still poor. Moreover, serious side effects induced 
by treatments such as TACE, chemotherapy and targeted drugs make it less 
likely for patients to receive long-term treatment with these therapies. The 
authors herein successfully developed a new PPV-based immunotherapeutic 
approach combined with radiotherapy, which was proved to be more effective 
and safe in HCC.

Research frontiers
Immunotherapy has been used with high expectation in HCC treatment. The 
liver, as a metabolizing organ and immune organ, has unique characteristics 
and patients with HCC present with special anti- and pro-tumor responses 
during the development of this malignancy. Currently, based on the tumor-
associated antigens (TAA) identified in different tumors, many cancer 
vaccination strategies have been investigated. However, therapeutic vaccines 
for HCC are still unavailable, although the application of prophylactic vaccines, 
including the hepatitis B virus vaccine, has been reported to decrease the 
prevalence of HCC. Numerous factors hinder tumor vaccine research, which 
are mainly associated with the way the host immune system is stimulated to 
kill cancer cells. In the current study, the authors developed a new PPV-based 
immunotherapeutic approach combined with radiotherapy, which was proved to 
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be more effective and safe in HCC.

Innovations and breakthroughs
To the best of our knowledge, this is the first report of the application and 
outcome of radiotherapy combined with PPV-DC-CTL for the treatment of 
advanced HCC. In the current study, the authors have shown the potential 
of PPV as a novel treatment strategy for advanced HCC patients. Further 
randomized clinical trials are essential to verify the clinical benefit of PPV in 
HCC patients. In addition, accurate biomarkers for predicting patients who 
would benefit most from PPV-based treatment remain to be identified.

Applications
Radiotherapy combined with PPV-DC-CTL provides a new therapeutic strategy 
for patients with advanced HCC, which is well tolerated, safe, feasible and 
effective.

Terminology
PPV-DC-CTL refers to personalized peptide vaccination. It is a novel 
immunotherapeutic approach based on a specific pool of peptides. The pool 
of peptides includes all information on the personal human leukocyte antigen 
class 1A type (HLA class 1A) and the pre-existing immunity of the host 
before vaccination. A maximum of four HLA class 1A-matched peptides were 
selected from this pool and used for the PPV. Compared with other methods 
of immunotherapy, the PPV has several advantages. First, it increases the 
possibility of avoiding both tumor heterogeneity and immunological diversity. 
Second, the vaccine contains ‘‘personalized’’ antigens with pre-existing 
immunity which can trigger antigen specific memory T cells to produce rapid 
and strong secondary immune responses. Moreover, an important characteristic 
of PPV is that it activates cytotoxic lymphocytes (CTL), which have stronger 
antitumor cytotoxicity, higher proliferative ability and more cytolytic activity than 
lymphokine-activated killer cells in vitro and in vivo.

Peer-review
This is an interesting study. The issue proposed by the authors is an important 
and potential method in the future.
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