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Abstract. The aim of this study was to evaluate the safety 
and efficacy of vaccination with human leukocyte antigen 
(HLA)-A24-restricted human vascular endothelial growth 
factor receptor 1 (VEGFR1)-1084 and VEGFR2-169 
combined with chemotherapy in patients with advanced 
gastric cancer. HLA-A*2402-positive patients with advanced 
or recurrent adenocarcinoma of the stomach were vaccinated 
with VEGFR1-1084 and VEGFR2-169 combined with S-1 
and cisplatin. The study included 22 patients (median age 
60.5 years) who received at least one cycle of the combina-
tion therapy. No severe adverse effects caused by the vaccine 
therapy were observed except for an inflammatory reaction 
at the site of injection in 6 patients. Twelve patients (55%) 
showed partial response and 10 had stable disease after two 
cycles of the combination therapy. The disease control rate 
(partial response and stable disease) was 100% after two 
cycles. The median time to progression was 9.6 months and 
median overall survival was 14.2 months. VEGFR1-1084-
specific cytotoxic T lymphocyte (CTL) response was induced 
in 18 (82%) of the 22 patients and VEGFR2-169-specific CTL 
response was induced in 18 (82%) of the 22 patients. Patients 
showing CTL response to VEGFR2-169 peptide had signifi-
cantly better prognosis than those without, as demonstrated 
by the overall survival (OS) and time to progression (TTP) 
(OS, p=0.028, TTP, p=0.006). The combination therapy was 
well tolerated and highly effective in advanced or recurrent 
gastric cancer. Substantial specific CTL for both peptides was 

frequently induced even under chemotherapy. Thus, cancer 
vaccination combined with standard chemotherapy warrants 
further analysis as a promising strategy for the treatment of 
advanced cancer.

Introduction

Although the incidence of gastric cancer is declining world-
wide, in 2008 gastric cancer remained the third leading cause 
of cancer-related mortality in men and the fifth in women (1). 
In Japan, gastric cancer is one of the most common causes 
of mortality, despite advances in diagnosis and treatment. In 
particular, unresectable or recurrent gastric cancer is associ-
ated with extremely poor prognosis even when treated with 
novel therapeutic agents, including taxanes [paclitaxel (2,3) 
and docetaxel (4,5)], irinotecan (6,7), oxaliplatin (8,9), S-1 (10), 
and capecitabine (11), which are known to be efficacious in 
gastric cancer. A multi-center randomized controlled trial 
(SPIRITS trial) performed in Japan reported that the median 
overall survival (OS) and progression-free survival in patients 
with advanced gastric cancer treated with S-1 plus cisplatin 
were significantly longer in those treated with S-1 alone 
(10). Therefore, the Gastric Cancer Treatment Guidelines 
2010 issued by the Japanese Gastric Cancer Association 
recommended an S-1 plus cisplatin combination regimen as 
a standard first-line treatment for unresectable and recurrent 
gastric cancer (12). However, even with this treatment, the 
median overall survival was 13 months and progression-free 
survival time was 6 months, suggesting the need for novel 
therapeutic modalities.

Immunotherapies, such as tumor antigen vaccination to 
induce antitumor T cells or antibodies, has been proposed 
as a novel treatment modality (13,14). To date, a number of 
cancer-specific immunotherapies, particularly peptide vaccine 
therapies with cancer-testis antigens such as MAGE and 
NY-ESO-1, have been attempted (15,16). Clinical trials have 
indicated that cancer vaccination with immunogenic epitope 
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peptide derived from these antigens can induce specific T cell 
responses in cancer patients (17), however, the clinical response 
is considered to be limited due to possible immune evasion 
of tumor cells caused by downregulation or loss of human 
leukocyte antigen (HLA) and/or antigen proteins during tumor 
progression (18,19).

Inhibition of angiogenesis is another promising strategy 
for cancer treatment (20,21), and clinical trials have shown 
that administration of anti-vascular endothelial growth factor 
(VEGF) antibody combined with chemotherapy significantly 
prolonged the survival of colorectal cancer patients (22) and 
the progression-free survival in gastric cancer patients (23). 
Therefore, vaccine therapies targeting VEGF receptor  1 
(VEGFR-1, also known as Flt-1) (24) and VEGFR-2 (25), 
both of which are overexpressed in endothelial cells of newly 
formed vessels in various types of primary and metastatic 
tumors  (26,27), are potentially effective anti-angiogenic 
cancer vaccines. In fact, we have already reported the efficacy 
of vaccine therapies with HLA-A*2402-restricted epitope 
peptides derived from VEGFR1 and VEGFR2 in a mouse 
model (28,29). 

In this study, we conducted a clinical trial to evaluate the 
safety and efficacy of vaccine therapy with VEGFR1-1084 and/
or VEGFR2-169 combined with S-1 plus cisplatin in patients 
with unresectable or recurrent gastric cancer.

Materials and methods

Patient eligibility. Patients diagnosed with gastric adenocarci-
noma considered unresectable or recurrent were enrolled in this 
trial at the Department of Gastroenterological Surgery, Osaka 
University Hospital (Japan). The following were the other main 
inclusion criteria: i) Eastern Cooperative Oncology (ECOG) 
performance status of 0 or 1; ii) age between 20 and 74 years; 
iii) adequate bone-marrow, cardiac, pulmonary, hepatic and 
renal functions including leukocyte count 2500-12000/mm3, 
neutrophil count ≥1500/mm3, platelet count ≥100,000/mm3, 
hemoglobin level ≥9.0g/dl, aspartate aminotransferase and 
alanine aminotransferase ≤2.5x the institutional normal upper 
limits, total bilirubin ≤1.5x the institutional normal upper 
limits, creatinine equal or less the institutional normal upper 
limits, creatinine clearance using the Cockcroft-Gault formula 
≥50 ml/min; iv) life expectancy >3 months; v) no prior chemo-
therapy or one adjuvant regimen that did not include S-1 or 
cisplatin and that was completed >4 weeks before entry to the 
study; vi) positive genomic DNA typing test for HLA-A*2402 
(SRL, Tokyo, Japan); vii) signature of an informed consent. 
The main exclusion criteria were: i) the presence of another 
serious disease such as uncontrolled diabetes, hepatic disorder, 
cardiac disease, hemorrhage/bleeding; ii) pregnant or breast-
feeding women; iii) patients who planned to become pregnant 
during the study period; iv) symptomatic infectious disease; 
v) concurrent treatment with steroids or immunosuppressive 
agents; vi) other uncontrolled malignant diseases; vii) unhealed 
wound; viii) intestinal obstruction or interstitial pneumonia; 
ix) decision of unsuitability by the principal investigator or the 
physician in charge. 

Patient characteristics. Thirty patients were considered in this 
trial and 22 patients (73%) were found to be HLA-A*2402 posi-

tive by DNA typing of HLA genomic variations and enrolled 
in this study between April 2008 and March 2010. 

Table I shows the patient characteristics at study entry; 
patients included 19 males and 3 females. Sixteen patients 
had unresectable gastric cancer and 6 had recurrent disease 
after surgery. The tumor was considered unresectable for the 
following reasons: i) peritoneal dissemination and malignant 
ascites in 9 patients; ii) other distant organ metastasis in 
4 patients; iii) distant nodal metastasis in 1 patient; and iv) more 
than one reason including i), ii) and iii) in 2 patients. Recurrent 
sites were as follows: i) peritoneal dissemination and malig-
nant ascites in 3 patients; ii) liver or lung metastases with distal 
nodal metastasis in 2 patients; iii) local recurrence and pleural 
dissemination in 1 patient. Eleven patients had HLA-A*2402 
homo type, and the other 11 patients had HLA-A*2402 and 
another HLA-A type such as A*0201. The patients received at 
least one cycle of combination therapy with chemotherapy plus 
peptide vaccination (1-18 cycles; median, 9 cycles).

Study design. This study was a non-randomized, open label, 
phase I and II clinical trial with VEGFR1-1084 and/or VEGFR2-
169 vaccines combined with standard chemotherapy, S-1 plus 
cisplatin, for advanced unresectable or recurrent gastric cancer. 
The primary endpoints were the safety of the combination 
therapy and the median time to disease progression (TTP). The 
secondary endpoints were immunological response, clinical 
response, accomplishment rate, 1 and 2 year survival rates, and 
the median survival time (MST). Toxicities were assessed by 
the Common Terminology Criteria for Adverse Events version 
4.0 (CTCAE ver4.0). The dose-limiting toxicity was defined 
as a hematological toxicity of grade 4 and non-hematologic 
toxicity of grade 3 or greater. To assess the clinical response, 
computed tomography 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) (30). Peptide-specific 
immunological responses were analyzed by IFN-γ enzyme-
linked immunospot (ELISPOT) assay. Stage classification 

Table I. Clinicopathological data.

	 S1/CDDP+VEGFR vaccine

Number	 22
Age (years) (mean ± SD)	 60.5±10.3
Sex	
  M	 19
  F	 3
Disease progression	
  Unresectable	 16
  Recurrence 	 6
Histological type	
  Differentiated	 7
  Undifferentiated	 15
HLA-A type	
  A*2402 homo	 11
  A*2402 hetero	 11
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and the assessment of resected specimens were performed 
according to the 14th edition of the Japanese Classification 
of Gastric Cancer (12). This trial was approved by the Osaka 
University Ethics Committee, and registered at UMIN (http://
www.umin.ac.jp; Trial registration ID: UMIN000005007), 
and carried out in accordance with the Helsinki declaration on 
experimentation on human subjects.

Peptides. HLA-A*2402-restricted CMV peptide (QYDPV 
AALF), GMP-graded VEGFR1-1084 peptide (SYGVLLWEIF) 
(28), and GMP-graded VEGFR2-169 peptide (RFVPDGNRI) 
(29) were synthesized by the American Peptide Company 
(Sunnyvale, CA) according to a standard solid-phase synthesis 
method and purified by reversed-phase high-performance liquid 
chromatography (HPLC). The purity (>90%) and the identity 
of the peptides were determined by analytical HPLC and mass 
spectrometry, respectively. 

Treatment protocol. The S-1 plus cisplatin regimen was based 
on that previously reported in the multicenter phase III SPIRITS 
trial (10). S-1 was administered orally twice daily for the first 3 
weeks of a 5-week cycle. The dose of S-1 administered each time 

was calculated according to the body surface area as follows: 
<1.25 m2, 40 mg; 1.25-1.5 m2, 50 mg; >1.5 m2, 60 mg/day. 
Cisplatin was administered by intravenous infusion at 60 mg/m2 

on Day 8 of each cycle. Furthermore, 1 mg VEGFR1-1084 and 
VEGFR2-169 were emulsified together with 1 ml of incom-
plete Freund's adjuvant (Montanide ISA-51 VG, SEPPIC, 
Paris) and injected subcutaneously at inguen from side to 
side every week 5 times. Patients with more than one cycle 
of this treatment were enrolled. Toxicities within 2 cycles, 
the clinical response within 2 cycles and peptide-specific 
immunological response within 6 cycles were evaluated. 
S-1 and cisplatin were repeatedly administered until disease 
progression was considered to have occurred. Administration 
of peptide vaccines was continued after discontinuation of 
the regimen of S-1 plus cisplatin after consultation with the 
patient.

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 by 
Ficoll-Paque Plus density gradient solution (GE Healthcare, 

Table II. Complications observed during the two cycles of therapy.

			  S-1/CDDP+VEGFR vaccine (n=22)

	 G1	 G2	 G3	 G4	 G3-4 (%) 	
                                                                                                                                                  ------------------------------------------------------------------------------------------------------------------------------------------------------
Blood/bone marrow					   
  Leukopenia	 4	 10	 1	 2	 3 (14)
  Neutropenia	 1	 9	 3	 2	 5 (23)
  Lymphopenia	 1	 8	 4	 1	 5 (23)
  Anemia	 5	 13	 4	 0	 4 (18)
  Thrombocytopenia	 10	 2	 1	 1	 2 (9)
                                                                                                                                                 ------------------------------------------------------------------------------------------------------------------------------------------------------
	 G1	 G2	 G3	 G4	 G2-4 (%)
                                                                                                                                                 ------------------------------------------------------------------------------------------------------------------------------------------------------
Hepatic					   
  Increase in AST 	 8	 0	 0	 0	 0 (0)
  Increase in ALT	 7	 0	 0	 0	 0 (0)
  Increase in bilirubin 	 5	 1	 0	 0	 1 (5)
Renal					   
  Increase in Cr	 6	 0	 0	 0	 0 (0)
  Hyperkalemia	 9	 0	 0	 0	 0 (0)
Non hematological complications			 
  Anorexia	 7	 13	 2	 0	 15 (68)
  Cheilitis	 9	 1	 0	 0	 1 (5)
  Vomiting	 8	 1	 0	 0	 1 (5)
  Diarrhea	 10	 2	 0	 0	 2 (9)
  Dysgeusia	 5	 0	 0	 0	 0 (0)
  Fever	 2	 3	 0	 0	 3 (14)
  Alopecia	 5	 0	 0	 0	 0 (0)
  Flu-like symptoms	 2	 1	 0	 0	 1 (5)
  Maculopapular rash 	 4	 0	 0	 0	 0 (0)
  Reaction at injection site 	 4	 0	 2	 0	 2 (9)

All adverse events were scored by CTCAE ver 4.0. AST, aspartate aminotransferase; ALT, alanine aminotransferase.
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Little Chalfont, UK), suspended in Cell Banker (Juji Field, 
Tokyo), and frozen and stored in liquid nitrogen.

Enzyme-linked immunospot (ELISPOT) assay. To assess 
the specific CTL response, 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) at 37˚C. The peptide was added 
to the culture at Day 0 and 7 (final concentration 10 µg/ml), 
and cells were harvested after 2 weeks. Following CD4+ cell 
depletion by Dynal CD4-positive isolation kit (Invitrogen, 
Carlsbad, CA), the cells were used as responder cells in the 
ELISPOT assay. IFN-γ ELISPOT assay was performed using 
the Human IFN-γ ELISpot PLUS kit (MabTech, Cincinnati, 
OH) according to the instructions supplied by the manufac-
turer. Briefly, HLA-A*2402-positive B-lymphoblast TISI cells 
(IHWG Cell and Gene Bank, Seattle, WA) were incubated with 
20 µg/ml of VEGFR1-1084 peptide or VEGFR2-169 peptide 
overnight, 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 ratio of 
responder cells and stimulator cells (R/S ratio) on 96-well plate 
(Millipore, Bedford, MA) at 37˚C overnight. Non-peptide-
pulsed TISI cells were used as negative control stimulator 
cells. All ELISPOT assays were performed in triplicate wells. 
The plates were analyzed by the automated ELISPOT reader, 
ImmunoSPOT S4 (Cellular Technology, Cleveland, OH) and 
ImmunoSpot Professional Software version 5.0 (Cellular 
Technology). The number of peptide-specific spots was calcu-
lated by subtracting the spot number in the control well from 
the spot number of wells with peptide-pulsed TISI cells. The 
CTL response was considered positive when the average of 
peptide-specific spot number of three wells was >15/well and 

the significant difference (p<0.05) was demonstrated between 
the average spot numbers. The sensitivity of our ELISPOT 
assay was periodically estimated as approximately average 
by the ELIPOT panel of Cancer Immunotherapy Consortium 
(CIC).

Statistical analysis. Statistical analysis was performed using 
the Student's t-test and Fisher's exact test. TTP and OS curves 
were estimated using the Kaplan-Meier methodology. All 
statistical analyses were performed with JMP 8.0.2 (SAS 
Institute, Cary, NC).

Results

Toxicity. Table II lists the adverse effects recorded during 
the first two cycles of the combination therapy. Grade 3 or 4 
neutropenia and anemia were observed in approximately 20% 

Figure 1. Time to progression (TTP) and overall survival (OS) of all 22 patients. (A) TTP, the median TTP was 288 days (9.6 months); (B) OS, the median 
survival time (MST) was 427 days (14.2 months).

Table III. Treatment response after the first two cycles.

	 S-1/CDDP+VEGFR vaccine

Number	 22
Achievement rate	 21 (95%)
of 2 cycle therapy
Dose down of chemotherapy	 10 (45%)
Response evaluation	
PR	 12
SD	 10
PD	 0
Response rate 	 12 (55%)
Disease control rate 	 22 (100%)

One patient decided to discontinue S-1+CDDP after one cycle for 
reasons unrelated to the side-effects.
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of the patients. Anorexia of grade 2 or more was reported by 
70% of the patients. During the vaccination therapy, 6 patients 
developed a reaction at the injection site and 2 patients devel-
oped an ulcer at the injection sites. No delayed wound healing 
or gastrointestinal bleeding was seen during the therapy. The 
dosage of chemotherapeutic agents, cisplatin and/or S-1, was 

reduced in 10 patients, however none of the patients dropped 
out of this study due to the above adverse effects. One patient 
discontinued chemotherapy with S-1 plus cisplatin after 
1 cycle but this was not related to any adverse effect. The same 
patient continued the peptide vaccination with the 2nd line 
chemotherapy.

Figure 2. Immunological analysis. ELISPOT assay was performed to examine immunological response using peripheral blood mononuclear cells (PBMCs), 
which were collected after every treatment cycle. (A) Representative image of R1 specific spots in Patient 8; (B) representative image of R2 specific spots in 
Patient 10; (C,D) average number of specific spots in each R/S ratio. R/S ratio, responder/stimulator ratio. 

Figure 3. OS and TTP curves according to the results of CTL responses. (A) OS of 18 patients with positive (+) and 4 patients with negative (-) response to R1 
peptide; (B) OS of R2 peptide; (C) TTP of R1 peptide; (D) TTP of R2 peptide. 
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Clinical response and overall survival. Patients received a 
median of 9 cycles (range 1-18) of the combination therapy 
with S-1 plus cisplatin and peptide vaccination. Table  III 
shows the clinical response date of the 22 patients. Twenty-one 
of the 22 patients received 2 or more cycles of the therapy. The 
clinical responses were classified as partial response (PR) in 
12 patients (54.5%); stable disease (SD) in 10 patients (45.5%); 
and none of the patients showed progressive disease (PD). 
The response rate (RR) was 54.5% and disease control rate 
(PR + SD) was 100% after two cycles. One patient achieved 
disappearance of peritoneal dissemination and malignant 
ascites after 4 cycles of the treatment and underwent complete 
resection (R0 resection).

Eighteen of the patients succumbed to the disease and 
none of the mortalities were due to other causes. The median 
TTP was 288 days (9.6  months), and MST was 427 days 
(14.2 months). Seven patients died within one year with a 
1-year survival rate of 68.2%. The other 8 patients died in the 
second year, with a 2-year survival rate of 25.9% (Fig. 1). 

Immunological monitoring. The CTL response against 
VEGFR1-1084 after 3 cycles of the treatment in Patient 8 and 
the CTL response against VEGFR2-169 after 6 cycles of the 
treatment in Patient 10 are presented in Fig. 2 as representative 
results of positive immune responses. Eighteen (82%) of the 
22 patients who received at least one course of the vaccina-
tion showed positive CTL response against VEGFR1-1084, 
and 18 patients (82%) showed positive CTL response against 
VEGFR2-169). Sixteen patients showed response to both 
peptides and only two patients showed no response to the 
vaccination. 

Patients with a positive response to VEGFR2-169 peptide 
had significantly better prognosis compared with those with 
no response in OS (p=0.028) and TTP (p=0.006, Fig.  3). 
Patients with induced CTL response to VEGFR1-1084 peptide 
tended to show better prognosis, but this was not statistically 
significant. 

Table IV shows all patient characteristics and results of 
combination therapy with peptide vaccine and chemotherapy.

Discussion

In this clinical trial, antiangiogenic vaccination therapy 
combined with standard chemotherapy with S-1 plus cisplatin 
was well tolerated without any major side-effects in patients 
with advanced or recurrent gastric cancer. Furthermore, the 
combination therapy achieved promising results for overall 
response rate (PR, 55%) and the disease control rate (PR + SD) 
was 100% after two cycles of the treatment, with MST of 
14.2  months, and TTP of 9.6 months. Non-hematological 
toxicities were generally mild and none was greater than grade 
3. Grade 3 toxicities were anorexia, observed in only 9%, and 
skin reaction, in 9% of the patients. The incidence of grade 3 
or 4 anorexia and nausea was also the most common in the 
group assigned to the S-1 plus cisplatin (30 and 11%) in the 
SPIRITS trial (10). The frequencies of the observed grade 3 
or 4 hematological side-effects were 23% for neutropenia, 
18% for anemia, and 2% for thrombocytopenia, which were 
less than those in the group assigned to the S-1 plus cisplatin in 
the SPIRITS trial (40, 26, and 5%, respectively) (2). The only 

specific side-effect caused by the vaccine treatment was reac-
tion at the injection sites in 6 patients. Grade 3 skin ulceration 
was observed in 2 patients, although it did not cause discon-
tinuation of the vaccine treatment. Therefore, this protocol is 
considered to be safe and well tolerable.

Both VEGFR1-1084-specific and VEGFR2-169-specific 
CTL responses were observed in as many as 82% of the 
patients even under the combination therapy with standard 
chemotherapy in patients with gastric cancer. This finding is 
consistent with the results of a previous study, which reported 
that administration of the standard dose of S-1 did not impede 
immunological responses to peptide vaccination in patients 
with gastrointestinal tract cancer (31). Furthermore, prom-
ising therapeutic effects as well as safety and tolerance in a 
clinical phase I trial of the combination of VEGFR2-169 and 
gemcitabine have been reported for patients with advanced 
pancreatic cancer (32). Gemcitabine, a chemotherapeutic agent 
specific for pancreatic cancer, is reported to reduce the quantity 
of myeloid-derived suppressor cells and possibly augmented 
CTL-mediated antitumor immune responses in vivo (33-35). 
Moreover, a randomized clinical trial of cancer vaccine 
(ALVAC-CEA/B7.1 vaccine) combined with fluorouracil, 
leucovorin, and irinotecan showed that vaccine-mediated 
immunity was not affected by chemotherapy (36). Thus, some 
chemotherapeutic reagents do not seem to inhibit, but rather 
augment, the antitumor immune responses when combined 
with immunotherapy, although suitable dose and treatment 
schedules should be carefully analyzed in further studies. 
In this study, patients treated with the vaccine and standard 
chemotherapy showed prolonged median TTP (9.6 months) 
and MST (14.2 months), compared with the results of the 
multicenter phase III trial (SPIRITS trial) in which the median 
progression-free survival (PFS) was 6 months and MST was 
13 months (10). Previous clinical trials showed that vaccine 
therapy improved OS but not TTP (32,37). The remarkable 
improvement of TTP in our study indicates the additional 
effectiveness of peptide vaccine therapy in combination with 
chemotherapy. Furthermore, patients with induced specific 
CTL against VEGFR2-169 peptide showed significantly better 
prognosis (OS and TTP) than those without such response, 
emphasizing the beneficial effects of immunotherapy with 
regard to patient prognosis.

In conclusion, VEGFR1-1084 and VEGFR2-169 vaccine 
therapy combined with standard chemotherapy is promising 
and warrants further clinical development of the strategy.
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