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Abstract. We performed a clinical trial using HLA-A24-
binding peptide vaccines containing a combination of novel 
cancer-testis antigens and anti-angiogenic peptides for 
advanced gastric cancer (GC). Thirty-five GC patients who 
had shown resistance to the standard therapy were enrolled 
in this clinical trial using vaccinations with a mixture of 
multiple peptides derived from DEPDC1, URLC10, FoxM1, 
Kif20A and VEGFR1. The safety, the overall survival (OS), 
and the immunological responses based on an ELISPOT assay 
were determined to assess differences in patients who were 
HLA-A24-positive [24(+)] and HLA-A24-negative [24(-)]. 
No severe adverse effects were observed except for severe 
skin reactions in 4 patients. The differences in OS were not 
significant between patients who were 24(+) and 24(-). In the 
24(+) group, patients who showed T cell responses specific to 
antigen peptides had a tendency towards better survival than 
those who showed no response, especially to the DEPDC1 
peptide. The patients with local skin reactions had significantly 
better OS than the others. Peptide vaccine therapy was found 
to be safe and is expected to induce specific T cell responses 
in patients with advanced GC. The survival benefit of peptide 
vaccine monotherapy may not have been shown and further 
trials are needed to confirm these results.

Introduction

Although the incidence of gastric cancer (GC) has been 
declining worldwide over the past few decades, the reported 
frequency of GC-related mortality in 2008 was still the fourth 
highest in males and fifth highest in females (1). In Japan, GC 
is one of the most common causes of death, despite advances 
in diagnosis and treatment. Particularly, unresectable or 
recurrent GC is associated with an extremely poor prognosis 
even when treated with novel therapeutic agents, including 
taxanes (paclitaxel and docetaxel), irinotecan, S-1, oxali-
platin and capecitabine, which are known to be efficacious 
in gastric cancer (2-7). A multi-center randomized controlled 
trial (SPIRITS trial) performed in Japan reported that the 
median overall survival and progression-free survival in 
patients with advanced GC treated with S-1 plus cisplatin 
were significantly longer in those treated with S-1 alone (8). 
Therefore, the Gastric Cancer Treatment Guidelines 2010 
issued by the Japanese Gastric Cancer Association recom-
mended the S-1 plus cisplatin combination regimen as the 
standard first-line treatment for unresectable and recurrent 
GC  (9). However, even with this treatment, the median 
overall survival was 13 months, and the progression-free 
survival time was 6 months, suggesting the need for novel 
therapeutic modalities. Recently, novel molecular targeted 
therapies, such as trastuzumab and ramucirumab, have 
shown additional therapeutic effects (10,11); however, their 
survival benefits are limited.

After identification of tumor associated antigens, such 
as the MAGE family in 1991, cancer immunotherapy has 
become a promising approach to fight cancer with minimum 
toxicity (12,13). Recently, several clinical trials using peptide 
vaccine therapy targeting cancer-specific antigen peptides 
have been performed in the world and suggested improvement 
in patient survival (14-16).

We identified novel cancer-testis antigens that showed 
specific overexpression in GC tissues using the genome-
wide cDNA microarray method. Forkhead box protein M1 
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(FoxM1) is a member of the Forkhead family of transcription 
factors (17,18). FoxM1 plays important roles in the cell cycle 
by regulating both the transition from the G1 to S phase and 
progression to mitosis  (18-20). Recently, FoxM1 has been 
linked to tumorigenesis and progression of several types of 
malignancies. Overexpression of FoxM1 has been observed 
in various cancers of the liver, breast, prostate, brain, cervix, 
colon and lung  (21-27). We also showed that FoxM1 was 
overexpressed in GC and its overexpression was a significant 
prognostic factor and had an association with chemo-resistance 
in GC (28). Upregulated lung cancer 10 (URLC10), KIF20 and 
DEPDC1, which have been used for cancer vaccine therapy as 
oncogenic peptides (29-31), were also confirmed to show over-
expression in GC. A vaccination with a peptide derived from 
vascular endothelial growth factor  receptor-1 (VEGFR-1) has 
also been reported to show cytotoxicity for tumors as an anti-
angiogenic cancer vaccine (32).

In the present study, multiple therapeutic peptide vaccines 
consisting of 4 cancer-testis antigens (FoxM1, URLC10, KIF20 
and DEPDC1) and one anti-angiogenic peptide, i.e., VEGFR1, 
were administered to unresectable and recurrent GC patients 
who showed resistance to the standard chemotherapy and their 
efficacy and safety were assessed.

Materials and methods

Patient eligibility. Patients diagnosed with gastric adenocarci-
noma that was considered unresectable or who had recurrent 
disease and failed to respond to the standard therapy were 
enrolled in this trial at the Department of Gastroenterological 
Surgery, Osaka University Hospital or the Department of 
Surgery, Osaka Medical Center for Cancer and Cardiovascular 
Diseases. The following were the other main inclusion criteria: 
i) Eastern Cooperative Oncology (ECOG) performance status 
of 0 or 1; ii) age between 20 years and 84 years; iii) adequate 
bone-marrow, cardiac, pulmonary, hepatic and renal func-
tions including leukocyte count 2,000-10,000/mm3, platelet 
count >70,000/mm3, hemoglobin level >8.0 g/dl, aspartate 
aminotransferase and alanine aminotransferase <100  U/l, 
total bilirubin <1.5, and creatinine <1.5 times the institutional 
normal upper limits; iv) life expectancy >3 months; v) no 
therapy in 4 weeks prior to the initiation of this study; and vi) 
signed informed consent. The main exclusion criteria were: i) 
the presence of another serious disease such as uncontrolled 
diabetes, hepatic disorder, cardiac disease, or hemorrhage/
bleeding; ii) pregnant or breast-feeding woman; iii) patients 
who planned to become pregnant during the study period; 
iv) symptomatic infectious disease; v) need for concurrent 
treatment with steroids or immunosuppressive agents; vi) 
uncontrolled other malignant disease; vii) unhealed wound; 
viii) intestinal obstruction or interstitial pneumonia; and ix) 
decision of unsuitableness by the principal investigator or 
physician in charge.

Study design. The present study was a phase II open-label, 
non-randomized cancer vaccine trial for unresectable or 
recurrent GC in patients who had failed to respond to the stan-
dard therapy in an exploratory setting. All enrolled patients 
received the vaccination without study personnel knowing the 
patient's HLA-A status and the HLA-A genotypes were key-

opened at the analysis point. The HLA genotype information 
was held by an evaluation committee, and both patients and 
investigators were blinded to the results until completion of the 
study. The HLA-A*2402 restricted epitope peptide cocktail 
containing peptides for FoxM1, URLC10, KIF20, DEPDC1 
and VFGFR1 each at a dose of 1 mg were prepared in incom-
plete Freund's adjuvant (Montanide ISA-51VG; Seppic, Paris, 
France) and injected subcutaneously weekly in the inguinal 
region of the patients. One treatment cycle consisted of four 
injections on days 1, 8, 15 and 22. The primary endpoints were 
the safety of the peptide vaccination and overall survival. The 
secondary endpoints were clinical responses and immuno-
logical responses. Toxicities were assessed by the Common 
Terminology Criteria for Adverse Events version 4.0 (CTCAE 
ver4.0). To assess the clinical responses, computed tomog-
raphy imaging was performed within a month before starting 
the first cycle and within 2 weeks after every two cycles. 
Every measurable region such as liver, lung or lymph node 
metastasis was evaluated by the Response Evaluation Criteria 
in Solid Tumors (RECIST) (33). The overall survival, which 
was measured in days from the first vaccination to death, was 
analyzed by the Kaplan-Meier method. Immunological moni-
toring was performed with an enzyme-linked immunospot 
(ELISpot) assay using in vitro culturing of lymphocytes 
derived from peripheral blood at pre- and post-vaccination 
periods as described below.

This trial was approved by the Ethics Committees of both 
the Osaka University and Osaka Medical Center for Cancer 
and Cardiovascular Diseases, registered at UMIN (http://
www.umin.ac.jp; Trial registration ID: UMIN000004389), 
and carried out in accordance with the Helsinki declaration on 
experimentation on human subjects.

Peptides. HLA-A*2402-restricted CMV peptide (QYDP-
VAALF), FOXM1-262 (IYTWIEDHF), URLC10-177 
(RYCNLEGPPI)  (34), DEPDC1-294 (EYYELFVNI)  (35), 
KIF20A-66 (KVYLRVRPLL)  (36) and GMP-graded 
VEGFR1-1084 peptide (SYGVLLWEIF) (32) were synthe-
sized by the American Peptide Co. (Sunnyvale, CA, USA) 
per a standard solid-phase synthesis method and purified by 
reversed-phase high-performance liquid chromatography 
(HPLC). The purity (>90%) and identity of the peptides were 
determined by analytical HPLC and mass spectrometry, 
respectively.

Treatment protocol. A mixture of 1 mg each of FOXM1-262, 
URLC10-177, DEPDC1-294, KIF20A-66 and VEGFR1-1084 
were emulsified together with 1 ml of incomplete Freund's 
adjuvant and injected subcutaneously at inguinal regions from 
side to side every week 4 times in one cycle. Toxicities, clinical 
responses and peptide-specific immunological responses 
within 2 cycles were evaluated.

Isolation and stock of peripheral blood mononuclear cells. 
Peripheral blood cells were obtained from patients at the end 
of every cycle of the treatment. Peripheral blood mononuclear 
cells (PBMCs) were isolated immediately with a Ficoll-Paque 
Plus density gradient solution (GE Healthcare, Little Chalfont, 
UK), suspended in Cell Banker (Juji Field, Inc., Tokyo, Japan) 
and frozen and stored in liquid nitrogen.
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Enzyme-linked immunospot (ELISpot) assay. To assess the 
specific CTL response, an ELISpot assay was performed 
following in vitro expansion. Frozen PBMCs derived from the 
same patient were thawed at the same time, and their viability 
was confirmed to be >90%. PBMCs (5x105/ml) were cultured 
with 10 µg/ml of the respective peptide and 100 IU/ml of IL-2 
(Novartis, Emeryville, CA, USA) at 37˚C. The peptide was 
added to the culture at day 0 and day 7 (final concentration 
10 µg/ml) and cells were harvested after two weeks. Following 
CD4+ cell depletion with a Dynal CD4-positive isolation 
kit (Invitrogen, Carlsbad, CA, USA) the cells were used as 
responder cells in the ELISpot assay. The IFN-γ ELISpot 
assay was performed using a Human IFN-γ ELISpot PLUS 
kit (Mabtech, Inc., Cincinnati, OH, USA) per the instructions 
supplied by the manufacturer. Briefly, HLA-A*2402-positive 
B-lymphoblast TISI cells (IHWG Cell and Gene Bank, Seattle, 
WA, USA) were incubated with 20 µg/ml of FOXM1-262, 
URLC10-177, DEPDC1-294, KIF20A-66 or VEGFR1-1084 
peptides overnight, and then the residual peptide in the 
media was washed out to prepare peptide-pulsed TISI cells 
as the stimulator cells. Prepared CD4-cells were cultured 
with peptide-pulsed TISI cells (2x104 cells/well) at 1/1, 1/2, 
1/4 and 1/8 mixture ratios of responder cells and stimulator 
cells (R/S ratio) on 96-well plates (Millipore, Bedford, MA, 
USA) at 37˚C overnight. Non-peptide-pulsed TISI cells were 
used as negative control stimulator cells. All ELISPOT assays 
were performed in triplicate. The plates were analyzed with 
an automated ELISpot reader, ImmunoSPOT S4 (Cellular 
Technology, Ltd., Cleveland, OH, USA) and ImmunoSpot 
Professional Software version 5.0 (Cellular Technology). The 
number of peptide-specific spots was calculated by subtracting 
the spot number in the control well from the spot numbers in 
wells with peptide-pulsed TISI cells. The CTL response was 
considered positive when the average of the peptide-specific 
spot numbers of three wells was >15/well and a significant 
difference (P<0.05) was demonstrated between the average 
spot numbers. The sensitivity of our ELISpot assay was peri-
odically estimated as approximately average by the ELISpot 
panel of the Cancer Immunotherapy Consortium (CIC).

Statistical analysis. Statistical analysis was performed using 
Student's t-test and Fisher's exact test. Overall survival (OS) 
curves were estimated using the Kaplan-Meier methodology 
and compared by the log-rank test. P<0.05 were considered 
significant. All statistical analyses were performed with JMP 
8.0.2 software (SAS Institute Inc., Cary, NC, USA).

Results

Patient characteristics. Thirty-five patients were enrolled in 
this trial between November 2010 and March 2012. The study 
database was locked on March 31, 2013 and the genotype of 
HLA-A was key-opened. Table I shows the patient characteris-
tics at study entry. They included 21 males and 14 females. Six 
patients had unresectable gastric cancer and the remaining 29 
had recurrent disease after surgery. Twenty-four (68.6%) had 
HLA-A*2402 [24(+)] and the remaining 11 (31.4%) were nega-
tive for HLA-A*2402 [24(-)]. The patients received at least one 
vaccination injection (average 13.3 times, from 2 to 48). The 
backgrounds of the patients were not significantly different 

between 24(+) and 24(-) including age, gender, performance 
status and prior therapy, as shown in Table I.

Toxicity. Table II lists the adverse effects recorded during the 
vaccination therapy. The therapy was well-tolerated without 
any severe adverse events associated with the therapy except 
for 4 patients in the 24(+) group who showed grade 3 injection-
site reactions. Representative injection-site reactions are shown 
in Fig. 1. The grade 2 skin reaction is shown in Fig. 1A and 
the grade 3 skin ulceration is shown in Fig. 1B. One patient 
suffered grade 4 anemia due to bleeding of a progressive 
gastric tumor. Grade 3 AST/ALT elevation was observed in 
2 patients, and grade 3 creatinine elevation was found in one 
patient, which could have been caused by disease progression. 

Clinical responses. Of 35 patients, 22 cases continued more 
than 2 cycles (8 weeks) and had the computed tomography 
(CT) scan for evaluation of disease status after induction of 
vaccination therapy. The clinical responses were classified 
as partial response (PR) in 0 patients (0%), stable disease 

Table I. Patient characteristics.

		  With	 Without
	 Total	 A2402	 A2402
	 (n=35)	 (n=24)	 (n=11)

Age (years)	 64 (35-81)	 64 (34-81)	 65 (37-76)
Gender (male/female)	 21/14	 14/10	 7/4
Performance status (0/1)	 0/35	 0/24	 0/11
Pre-treatment
  Surgery (+/-)	 29/6	 20/4 	 9/2
  S-1 (+/-)	 30/5	 22/2	 8/3
  Cisplatin (+/-)	 23/12	 16/8	 7/4
  CPT-11 (+/-)	 28/7	 19/5	 9/2
  Taxanes (+/-)	 27/8	 20/4	 7/4
  Others (+/-)	 10/25	 8/16	 2/9

Table II. Toxicity profile.

	 With A2402	 Without A2402
	 (n=24)	 (n=11)
	 Grade	 Grade
	 --------------------------------	 ------------------------------
	 1	 2	 3	 4	 1	 2	 3	 4

Injection-site reaction	 12	 0	 4	 /	 4	 0	 0	 /
Leukopenia	 0	 0	 0	 0	 0	 0	 0	 0
Anemia	 0	 0	 0	 0	 0	 0	 0	 1
Thrombocytopenia	 0	 0	 0	 0	 0	 0	 0	 0
Anorexia	 1	 0	 0	 0	 2	 0	 0	 0
Increase in AST/ALT	 0	 1	 1	 0	 0	 0	 1	 0
Increase in creatine	 0	 1	 1	 0	 0	 0	 0	 0
Fever	 0	 1	 0	 0	 0	 1	 0	 0
Flu-like symptoms	 1	 0	 0	 0	 0	 0	 0	 0
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(SD) in 10 patients (45%) and progressive disease (PD) in 12 
patients (55%). The remaining 13 patients did not have a post-
therapeutic CT scan because the study was stopped within 2 
cycles due to disease progression (Table III).

Immunological monitoring. Twenty patients with A24(+) 
received at least one course of the vaccination and were 

subjected to immunological analysis with peripheral blood. A 
representative ELISpot assay is shown in Fig. 2. Patient 24 
showed substantial T cell responses specific to the URLC10, 
DEPDC1, FoxM1 and VEGFR1 peptides in comparison to 
the irrelevant peptide. The positive CTL responses specific 
for URLC10, DEPDC1, KIF20A, FOXM1 and VEGFR1 were 
observed in 90, 60, 60, 100 and 55% of the patients, respec-

Figure 1. Representative injection-site reactions. (A) Grade 2 skin redness was observed. (B) Grade 3 skin ulceration was observed.

Figure 2. Representative immunological monitoring assays detecting antigen-specific responses. The cultured lymphocytes from patient #24 were subjected to 
an ELISpot assay, which indicated substantial T cell responses specific to the URLC10, DEPDC1, FoxM1 and VEGFR1 peptides in comparison to the control 
HIV peptide. The spot counts were quantified and shown at the upper-left corner of each well. Peptide-specific immunological reactions were detected for all 
four peptides in this patient. R/S ratio, responder/stimulator ratio.
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tively. All patients showed CTL response specific to multiple 
antigen peptides (more than one).

Survival analysis. Patients who showed CTL response had a 
tendency toward better survival than those who showed no 
response, especially to the DEPDC1 peptide (Fig. 3). The 
overall survival tended to be better when the number of the 
peptides that induced CTL responses was higher (Fig. 4). The 
overall survival curve of all patients is shown in Fig. 5A. The 
median survival time was 155 days. The association between 
clinical effects classified by RECIST criteria and survival 

duration are shown in Fig. 5B. Patients whose tumors showed 
stable disease after 2 cycles of vaccine therapy had signifi-
cantly better prognosis than other patients. The survival curves 
depending on HLA-A type are shown in Fig. 5C. There was no 
significant difference between patients with HLA-A2402 and 
those with other types. Local skin reactions were observed in 
18 patients (Table III). Patients who suffered local skin reac-
tions due to vaccine injections showed significantly better 
prognosis than those without skin reactions (Fig. 5D).

Figure 3. The overall survival (OS) in the A24(+) group per the status of T cell responses specific to the antigen peptide. (A) OS of CTL response to URLC10; 
(B) OS of CTL response to DEPDC1; (C) OS of CTL response to KIF20A; (D) OS of CTL response to VEGFR1; (+), presence of CTL response; (-), absence 
of CTL response.

Figure 4. The OS per the number of markers which showed the CTL 
responses.

Table III. Clinical and immunological outcomes.

Factors	 Responses	 No. of patients (%)

Objective response	 SD/PD/NE	 10/12/13
Local skin reaction	 +/-	 18/17
CTL response (n=20)	
URLC10	 +/-	 18 (90%)/2
DEPDC1	 +/-	 12 (60%)/8
KIF20A	 +/-	 12 (60%)/8
FOXM1	 +/-	 20 (100%)/0
VEGFR1	 +/-	 11 (55%)/9

SD, stable disease; PD, progressive disease; NE, not evaluated. +, posi-
tive; -, negative.
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Discussion

In the present study, we developed a cancer vaccine therapy 
with multiple peptides specific for GC and we applied it in 
advanced GC patients who had failed to respond to the 
standard therapy as a monotherapy. Thirty-five patients were 
enrolled in this trial; 24 (69%) patients had HLA-A2402, and 
the remaining 11 did not have it, which was information that 
was key-opened at the end of the present study. The differ-
ences between the cases with HLA-A2402 and those without 
were not significant in this study, which might indicate that 
cancer vaccine treatment with multiple peptide antigens did 
not provide clinical benefit to advanced GC patients. However, 
in the A24(+) group, the patients that had a CTL response to 
a specific peptide, especially DEPDC1, had a better prognosis. 
Furthermore, patients that had a local skin reaction had a 
significantly better prognosis than those without local skin 
reactions. These results might indicate an association between 
the vaccination-induced immune response and patient prog-
nosis.

According to the present study, the cancer vaccination 
using a combination of multiple peptides (DEPDC1, FoxM1, 
KIF20, URLC10 and VEGFR1) were well tolerated by 
advanced GC patients who had failed to respond to standard 

therapy. Furthermore, specific cytotoxic T cells for these five 
peptide antigens were frequently observed in the peripheral 
blood of patients after vaccinations, and patients who showed 
the CTL induction tended to have a better prognosis than those 
with no CTL induction. First, we chose four cancer antigens 
suitable for GC because of the following preferable character-
istics: frequent and homogeneous expression in tumor tissues, 
cancer-specific expression and high immunogenicity. FoxM1 
is a well-studied molecule associated with cancer develop-
ment, and we have reported that its overexpression makes 
it worth consideration as a prognostic marker in GC  (28). 
DEPDC1, KIF20 and URLC10 were also reported as cancer-
specific antigens and have been applied in peptide vaccination 
therapy (29-31,34-36). An anti-angiogenic vaccine targeting 
VEGFR-1 was also widely studied in patients with advanced 
solid tumors (29,32). Previously, we performed a phase II clin-
ical trial with the combination therapy of chemotherapy and 
peptide vaccine therapy using VEGFR-1 and VEGFR-2 (37). 
In this trial, the combination therapy was well tolerated and 
high frequent CTL induction specific for anti-angiogenic 
peptides was observed despite the combined chemotherapy.

Kono et al (38) performed a clinical study of cancer vaccine 
treatment with HLA-A24-restricted multi-epitope peptides 
(TTK, LY6K and IMP3) as monotherapy for 60 advanced 

Figure 5. The OS for all enrolled patients. (A) OS in all enrolled patients. MST, median survival time. (B) OS depending on clinical responses after 2 cycles 
of vaccine therapy; SD, stable disease; PD, progressive disease; NE, not evaluated. (C) OS depending on HLA-A status. (D) OS depending on the presence or 
absence of local skin reaction; (+), presence of skin reaction; (-), absence of skin reaction
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esophageal cancer patients. They showed that, although the 
overall survival between A24(+) and A24(-) groups was not 
significantly different, the progression-free survival in the 
A24(+) group was significantly better than that in the A24(-) 
group. In the A24(+) group, the specific CTL response to 
multiple peptides could improve overall survival of esophageal 
cancer patients. They concluded that cancer vaccine treatment 
with multiple peptides as a monotherapy can be a promising 
therapy for patients with advanced esophageal cancer who 
had failed to respond to standard therapy. Although we used 
a HLA-A24-restricted peptide vaccine, the survival benefit 
in A24(+) patients was not observed in the present study. We 
speculated that this was due to the number of enrolled patients, 
35 was small and only 22 (63%) of the enrolled patients 
continued until at least two cycles (8 times) of vaccines were 
complete. The remaining 13 patients discontinued vaccines 
due to disease progression because we enrolled patients with 
far-advanced diseases, who showed resistance to multiple 
regimens of chemotherapy. The US FDA published guidance 
for therapeutic cancer vaccines (39) that indicated that the 
appearance of a clinical effect in cancer vaccine therapy may 
be delayed compared to chemotherapy due to the mechanism 
of immune responses, and longer observation periods may be 
needed to evaluate the clinical effects. It is hard to expect clin-
ical benefits for patients after multiple chemotherapy regimens 
due to very poor immune system status. They recommended 
that cancer vaccine treatment was more suitable for cancer 
patients as an adjuvant therapy after curative surgery.

In conclusion, peptide vaccine therapy using a mixture of 
five peptides was found to be safe and could induce specific 
T cell responses in patients with advanced GC. The survival 
benefit of peptide vaccine monotherapy may not have been 
shown for patients with far advanced GC in this prelimi-
nary study, and further studies are needed to confirm these 
results.
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