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Vascular endothelial growth factor receptor 2 (VEGFR2) is an
essential factor in tumor angiogenesis and in the growth of pan-
creatic cancer. Immunotherapy using epitope peptide for VEGFR2
(VEGFR2-169) that we identified previously is expected to improve
the clinical outcome. Therefore, a phase I clinical trial combining of
VEGFR2-169 with gemcitabine was conducted for patients with
advanced pancreatic cancer. Patients with metastatic and unresec-
table pancreatic cancer were eligible for the trial. Gemcitabine was
administered at a dose of 1000 mg ⁄ m2 on days 1, 8, and 15 in a 28-
day cycle. The VEGFR2-169 peptide was subcutaneously injected
weekly in a dose-escalation manner (doses of 0.5, 1, and
2 mg ⁄ body, six patients ⁄ one cohort). Safety and immunological
parameters were assessed. No severe adverse effect of grade 4 or
higher was observed. Of the 18 patients who completed at least
one course of the treatment, 15 (83%) developed immunological
reactions at the injection sites. Specific cytotoxic T lymphocytes
(CTL) reacting to the VEGFR2-169 peptide were induced in 11
(61%) of the 18 patients. The disease control rate was 67%, and
the median overall survival time was 8.7 months. This combination
therapy for pancreatic cancer patients was tolerable at all doses.
Peptide-specific CTL could be induced by the VEGFR2-169 peptide
vaccine at a high rate, even in combination with gemcitabine.
From an immunological point of view, the optimal dose for further
clinical trials might be 2 mg ⁄ body or higher. This trial was regis-
tered with ClinicalTrial.gov (no. NCT 00622622). (Cancer Sci 2010;
101: 433–439)

P ancreatic cancer shows an extremely poor prognosis with
an overall 5-year survival of 5%.(1) A curative surgical

operation of pancreatic cancer should significantly improve the
patient’s prognosis, but a great majority of patients with pancre-
atic cancer are diagnosed at an advanced stage, which makes
curative resection very difficult.(2,3) Single-agent gemcitabine
treatment is the standard chemotherapy for unresectable pancre-
atic cancer at present, although its effect is very limited.(4,5)

Although some phase III trials of combination chemotherapy of
cytotoxic agents with gemcitabine have been attempted, they
have failed to prove a statistically-significant improvement in
survival, compared with the treatment of gemcitabine alone.(6–14)

The addition of erlotinib, an oral epidermal growth factor recep-
tor tyrosine kinase inhibitor, to gemcitabine revealed survival
benfits.(15) However, the improvement of the survival period and
the increased risk of toxicities indicate that its clinical benefit is
also very limited.(16) Thus, new treatment modalities to provide
a prolonged survival benefit with a minimum risk of adverse
reactions for patients with advanced pancreatic cancer are
urgently required.
doi: 10.1111/j.1349-7006.2009.01416.x
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A number of specific immunotherapies, especially peptide
vaccine therapy, has been attempted since the identification of
epitope peptides.(17) However, because their clinical responses
have been minimal, several mechanisms of immune evasion of
tumors have been implicated as issues to improve cancer immu-
notherapy.(18) For example, the antitumor effect of cytotoxic T
lymphocytes (CTL) induced by peptide vaccine was suspected
to be inhibited due to tumor cell heterogeneity and also the
downregulation or loss of human leukocyte antigen (HLA) or
antigen proteins.(19,20) These immune-escape mechanisms
should be overcome by the development of novel effective
approaches.

We previously focused on immunotherapy targeting the
vascular endothelial growth factor (VEGF) signaling pathway
which plays critical roles in the development and progression of
pancreatic cancer.(21–27) In particular, VEGFR2, which is a func-
tional molecule associated with neovascularization, is highly
expressed in newly-induced tumor blood vessels, but not in nor-
mal vessels. Therefore, an epitope peptide derived from VEG-
FR2 was expected to overcome one of the problems mentioned
above. The VEGFR2-169 peptide is an immunogenic peptide
derived from VEGFR2 restricted with HLA-A*2402, which is
the most common HLA-A allele in Japanese population.(28,29)

Even in cancer patients, specific CTL were strongly induced by
this peptide.(28) Since gemcitabine, the standard agent for the
treatment of pancreatic cancer, was indicated to enhance immu-
nological responses,(30,31) we have attempted a clinical trial to
evaluate the safety, tolerability, and immune response of the
administration of the VEGFR2-169 peptide in combination with
gemcitabine.

Materials and Methods

Patient eligibility. Patients diagnosed with unresectable
pancreatic cancer were enrolled in this trial from November
2006 to March 2008 at Wakayama Medical University Hospital
(WMUH), Wakayama, Japan. The eligibility criteria included
unresectable pancreatic cancer with metastatic, recurrent, and ⁄ or
locally-advanced disease based on diagnostic imaging using
computed tomography (CT) or histological examinations. Other
inclusion criteria included the HLA-A*2402-positive status, as
determined by commercially-available genomic DNA typing
tests (SRL, Tokyo, Japan); an Eastern Cooperative Oncology
Group performance status of 0–2; age between 20 and 80 years;
life expectancy ‡3 months; and adequate hepatic, renal, and
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Table 1. Demographics and clinical characteristics of the eligible

patients

Characteristics

Peptide

0.5 mg 1.0 mg 2.0 mg

(n = 6) (n = 6) (n = 6)

Sex

Male ⁄ Female 4 ⁄ 2 5 ⁄ 1 5 ⁄ 1
Age (years)† 66 (38–75) 66 (56–79) 64 (58–78)

Performance status

0 4 5 5

1 2 1 1

Disease stage

Locally advanced 1 4 2

Metastatic 5 2 4

Prior therapy

Chemotherapy 2 1 0

Number of patients is indicated for each cohort with regards to the
performance status, disease stage, and prior therapy. †Median
(range).
bone marrow function (white blood cell count ‡2000 ⁄ lL,
platelets ‡75 000 ⁄ lL, aspartate aminotransferase £150 IU ⁄ L,
alanine aminotransferase £150 IU ⁄ L, total bilirubin £3 g ⁄ dL,
and serum creatinine £1.5 mg ⁄ dL). The exclusion criteria
included pregnancy or lactation, active infection, other active
malignancy, unhealed wound, intestinal obstruction or intersti-
tial pneumonia, and concurrent treatment with steroids or immu-
nosuppressive agents. Written, informed consent was obtained
from all patients, and the study was approved by the institutional
review board at WMUH.

Study design and end-points. This study was a non-random-
ized, open-label, phase I clinical trial with dose-escalation of the
VEGFR2-169 peptide combined with gemcitabine for patients
with advanced unresectable pancreatic cancer. The primary
end-point of this trial was the safety of the peptide vaccination
combined with gemcitabine. The secondary end-points were
immunological responses, clinical outcome, and the determina-
tion of the optimal dose of peptide for further clinical trials.
Immunological responses were assessed by measuring c-inter-
feron (IFN-c) production from specific CTL responding to the
VEGFR2-169 peptide, the proportion of regulatory T (Treg)
cells, and immunological reactions at the injection sites (RAI).
RAI was defined by erythema and ⁄ or induration at the injection
site of the vaccine. Clinical outcomes include assessment using
CT scanning in accordance with the Response Evaluation Crite-
ria in Solid Tumors, time to progression (TTP), and overall sur-
vival (OS). CT scanning was performed after one and two cycles,
and once every 3 months after three cycles. TTP was determined
as the time from the date of the initial vaccination until the docu-
mentation of clear disease progression. OS was estimated from
the date of the initial vaccination to the date of death. This trial
was registered with ClinicalTrials.gov (no. NCT00622622).

Treatment protocol. The dose was escalated as 0.5, 1, and
2 mg ⁄ body of the vaccinated peptide. The VEGFR2-169 peptide
was administered emulsified with incomplete Freund’s adjuvant
(Montanide ISA-51VG; SEPPIC, Paris, France) and subcutane-
ously administered on days 1, 8, 15, and 22 in a 28-day treat-
ment cycle. Gemcitabine was intravenously administered at a
dose of 1000 mg ⁄ m2 on days 1, 8, and 15. The administration of
VEGFR2-169 and gemcitabine was repeatedly performed until
the patients had completed at least one course.

Toxicity assessment and dose-limiting toxicity. Toxicity was
assessed based on the common terminology criteria for adverse
effects version 3.0. Dose-limiting toxicity was defined as a hema-
tological toxicity of grade 4 or greater and non-hematologic toxic-
ity of grade 3 or greater.

Peptides. The VEGFR2-169 peptide (RFVPDGNRI) was
synthesized by the American Peptide Company (Sunnyvale, CA,
USA) according to a standard solid-phase synthesis method and
purified by reversed-phase high-performance liquid chromatog-
raphy (HPLC). The purity (>90%) and the identity of the pep-
tides were determined by analytical HPLC and mass
spectrometry analysis, respectively. The VEGFR2-169 peptide
and the epitope peptide derived from the HIV–Envelope protein
restricted with HLA-A*2402 (RYLRDQQLL) were used for the
measurement of CTL responses.

Cells. TISI cells, HLA-A*2402-positive B-lymphoblastoid
cell lines, were purchased from the IHWG Cell and Gene Bank
(Seattle, WA, USA). Peripheral blood cells were periodically
collected from the enrolled patients. Peripheral blood mononu-
clear cells (PBMC) were isolated using Ficoll-Paque Plus (GE
Healthcare, Uppsala, Sweden) density gradient centrifugation
and frozen immediately after isolation. The PBMC of each
patient were simultaneously thawed and used in the measure-
ment of the CTL responses and flow cytometric analysis.

Measurement of CTL responses. An enzyme-linked immuno-
spot (ELISPOT) assay was performed to measure the specific
CTL response against the peptide. PBMC were obtained from
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patients before the vaccination treatment and at the end of each
course, and then frozen and stored in liquid nitrogen until their
use. The frozen PBMC were thawed and used in the in vitro sen-
sitization. In brief, PBMC were stimulated with 10 lg ⁄ mL
VEGFR2-169 peptide and 20 IU ⁄ mL interleukin-2 at 37�C with
5% CO2 for 2 weeks. The VEGFR2-169 peptide was added
twice at days 1 and 8. After incubation, harvested cells were
used as responder cells, and peptide-pulsed TISI cells were used
as stimulator cells (1·105 cells per well). The HLA-A*2402-
restricted epitope peptide derived from the HIV–Env protein
was used as the negative control peptide. An IFN-c ELISPOT
kit and AEC substrate set (BD Biosciences Pharmingen, San
Diego, CA, USA) were used to measure the CTL responses
throughout this clinical trial. Spots were captured and analyzed
using an automated ELISPOT reader, ImmunoSPOT 4S (CTL,
Cleveland, OH, USA). The assessment of positive CTL
responses was identified when the average spot-forming cells
per well in response to the VEGFR2-169 peptide was ‡10 spot-
forming cells per well in response to the control peptide.

Flow cytometry. Analysis of the proportion of Treg cells in
the peripheral blood cells was performed using a FACSCalibur
(Becton Dickinson, San Jose, CA, USA). Frozen PBMC samples
were periodically thawed and used to measure Treg cells
directly. In this experiment, CD4+CD25highFoxp3+ cells were
judged as Treg cells. The antibodies used to measure Treg cells
were as follows: CD4–fluorescein isothiocyanate, Foxp3–
phycoerythrin, and CD25–Allophycocyanin (e-Bioscience, San
Diego, CA, USA).

Statistical analysis. Statistical analyses were performed using
either the unpaired Student’s t-test or the Wilcoxon signed rank
test. TTP and OS curves were estimated using Kaplan–Meier
methodology. Any correlations between the clinical outcome
and RAI were estimated using Fisher’s exact test.

Results

Demographics and clinical characteristics. A total of 21
patients were enrolled in this trial. Eighteen of the 21 patients
who received four or more vaccinations (at least one course)
were evaluated for further analysis; the remaining three patients,
who dropped out from this trial because of their own clinical
condition and decision, were excluded from further analysis. Six
patients were enrolled in each dose condition. The demographics
and clinical characteristics of the 18 patients are shown in
Table 1.
doi: 10.1111/j.1349-7006.2009.01416.x
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Table 2. Summary of toxicity

Toxicity

Peptide

Total patients

(n = 18) (%)

0.5 mg (n = 6) 1.0 mg (n = 6) 2.0 mg (n = 6)

Grade Grade Grade

1–2 3 1–2 3 1–2 3

Blood ⁄ bone marrow

Anemia 5 0 4 1 2 2 14 (78)

Leukopenia 5 0 5 0 4 2 16 (89)

Neutropenia 2 2 2 3 1 5 15 (83)

Thrombocytopenia 4 0 4 0 3 2 13 (72)

Neutropenic fever 0 0 0 0 0 0 0 (0)

Hepatic

Elevated AST 3 1 3 1 1 1 10 (56)

Elevated ALT 2 1 0 1 2 1 7 (39)

Elevated bilirubin 1 0 0 0 1 0 2 (11)

Constitutional symptoms

Fatigue 1 0 1 0 1 0 3 (17)

Fever 1 0 2 0 1 0 4 (22)

Gastrointestinal

Nausea ⁄ vomiting 0 0 2 0 3 0 5 (28)

Anorexia 1 0 2 0 0 0 3 (17)

Constipation 2 0 1 0 0 0 3 (17)

Diarrhea 1 0 2 0 1 0 4 (22)

Dermatology ⁄ skin

Rash 0 0 1 0 0 0 1 (6)

Pruritus 1 0 0 0 0 0 1 (6)

Reaction at the injection site 5 0 4 0 6 0 15 (83)

Alopecia 0 0 0 0 1 0 1 (6)

Other

Headache 0 0 0 0 1 0 1 (6)

Hemorrhage 0 0 0 0 0 1 1 (6)

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 3. Correlation of antitumor effect with RAI

RAI

+ )

Antitumor response

SD or PR 12 0

PD 3 3

Reaction at the injection sites (RAI) was observed in all patients who
achieved stable disease (SD) or partial response (PR), whereas three
patients without RAI had progressive disease (PD). Statistical analysis
was performed by Fisher’s exact test (P < 0.05).

Table 4. CTL response in patients

No.

patients
Peptide

CTL

response

Frequency of positive

CTL response

1 0.5 mg ) 3 ⁄ 6
3 +

4 +

15 )
17 +

18 )
5 1.0 mg + 4 ⁄ 6
6 +

7 )
11 )
12 +

14 +

8 2.0 mg + 4 ⁄ 6
10 +

13 +

19 +

20 )
21 )

CTL, cytotoxic T lymphocytes.
Toxicity. The overall toxicity of the 18 patients is summa-
rized in Table 2. No patient showed any toxicities of grade 4 or
greater. Fifteen of the 18 patients (83%) developed immunologi-
cal reactions, erythema, and ⁄ or induration at the injection sites
(RAI). A grade 3 hemorrhage from the duodenum was observed
in one patient due to the progression of pancreatic cancer
invasion to the duodenum, but we judged that there was no cor-
relation between the hemorrhage and this treatment. In this
study, no case revealed vascular adverse events, such as hyper-
tension, bleeding, and thromboembolism. We observed two
patients with grade 3 hepatic transaminase elevation and one
patient with grade 2 hyperbilirubinemia, probably due to
obstructive jaundice by the progression of the disease. Grade 3
leucopenia and neutropenia were observed in two (11%) and 10
(56%) patients, respectively. All patients recovered from the
Miyazawa et al.
toxicity by postponing gemcitabine for 1 week, the administra-
tion of granulocyte colony-stimulating factor, or the reduction
of the doses of gemcitabine according to the dose reduction
criteria. No dose-limiting toxicity was observed in this trial.
Cancer Sci | February 2010 | vol. 101 | no. 2 | 435
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Fig. 1. Cytotoxic T-lymphocyte (CTL) responses in
patient no. 12 before the vaccination and after one
course of the treatment. A c-interferon enzyme-
linked immunospot T (ELISPOT) assay was performed
against the vascular endothelial growth factor
receptor 2-169 (VEGFR2-169) peptide or HIV peptide
(control). Positive CTL responses were observed in 11
(61%) of the 18 patients. (a) Number of VEGFR2-169-
specific spots is indicated as spot-forming cells in
these graphs. (b) representative ELISPOT assay. R ⁄ S,
responder ⁄ stimulator ratio.
RAI. RAI, which may have been caused by the immunologi-
cal reaction, were observed in all patients that were judged as
having stable disease (SD) or partial response (PR) (Table 3).
The proportion of patients showing RAI was significantly higher
in the group with SD or PR than that showing progressive dis-
ease (PD) (P < 0.05).

CTL response. An IFN-c ELISPOT assay was conducted using
PBMC periodically obtained from patients to assess the cellular
immune responses to VEGFR2-169. Positive CTL responses spe-
cific to the vaccinated peptide were determined as described in
the Materials and Methods section. The positive CTL responses
were seen in three of the six patients (50%) receiving 0.5 mg
vaccination, four of the six patients (67%) receiving 1 mg, and
four of the six patients (67%) receiving 2 mg, respectively
(Table 4). The positive CTL responses were observed in 11
(61%) of the 18 patients who received at least one course of the
vaccination. The representative data from the IFN-c ELISPOT
assay and CTL responses in patient no. 12 before and after one
course of the treatment are shown in Figure 1. The positive CTL
response against the VEGFR2-169 peptide was observed after
one course of the treatment, while no CTL response against the
VEGFR2-169 peptide was observed before the vaccination.

Treg cells. The proportion of Treg cells was measured using
PBMC samples of the enrolled patients. The average ratios of
Treg cells in the CD4+ cells of healthy donors and patients
before the vaccination and those after one course and two
courses of the treatment were 3.9%, 5.3%, 4.4%, and 4.2%,
respectively. The proportion of Treg cells before the vaccination
in pancreatic patients in this study (shown as pancreatic cancer
with stage IV) was significantly higher than that of healthy
donors (P < 0.05, Fig. 2a). The proportion of Treg cells after
the vaccination was significantly reduced in comparison with
that before the vaccination in the patients showing positive CTL
responses (P < 0.05, Fig. 2b). The representative fluorescence-
activated cell sorter profile of Treg is shown in Figure 2(c).

Clinical outcomes. One patient achieved PR, 11 patients
(61%) achieved SD and six patients (33%) revealed PD
(Table 5). Thus, the disease control rate (complete response,
PR, and SD) in this study was calculated to be 67%. CT scan
images of the patient with PR are shown in Figure 3. Seven
436
months later, the tumor in the pancreatic body was reduced to
45% in comparison to that before the vaccination. This patient
started to receive this treatment in May 2007 and is still alive.
This patient revealed the longest progression-free survival time
of 19.4 months, although liver metastasis was found at the
beginning of the treatment. CT scan images of one representa-
tive patient with SD are shown in Figure 4. The tumor in the
pancreatic tail stayed at almost the same size, and one of the
liver metastatic legions almost disappeared.

The Kaplan–Meier curve for overall survival is shown in Fig-
ure 5. The median overall survival time (MST) was 7.7 months
when we analyzed all 18 patients. However, the MST was a little
bit longer (8.7 months) for the 15 patients who had no pretreat-
ment of chemotherapy before enrolling in this clinical trial. The
median TTP was 3.9 months for all 18 patients and 4 months for
the 15 patients without pretreatment (data not shown).

Discussion

The prognosis of pancreatic cancer is one of the worst among
the malignant tumors with a 5-year survival rate of only approx-
imately 5%. Gemcitabine is at present the only effective agent
for pancreatic cancer. Combination therapies of cytotoxic agents
with gemcitabine have been investigated, but have failed to
prove their clinical benefit. Immunotherapies, including the
granulocyte-macrophage colony-stimulating factor gene trans-
duced tumor vaccines (GVAX) trial, mutated KRAS peptide
vaccine, and gastrin peptide vaccine for pancreatic cancer, have
also been tested and are expected to improve the prognosis of
patients with the disease.(32–34) The quantity of myeloid-derived
suppressor cells was reported to be reduced by gemcitabine
treatment in vivo.(30) Furthermore, gemcitabine was shown to
enhance the sensitivity of tumor cells to killing-mediated CTL
and their induction.(35,36) Considering this evidence, we believe
that the combination of gemcitabine with immunotherapy might
provide some clinical benefit to patients with pancreatic cancer.

For cancer immunotherapy, the loss or downregulation of
HLA molecules on the tumor cells is considered to be one of the
major reasons of limited clinical efficacy.(19,20) Under these
conditions, the development of vaccines against vascular
doi: 10.1111/j.1349-7006.2009.01416.x
ªª 2009 Japanese Cancer Association
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Fig. 2. Proportion of CD25highFoxp3+ cells (Treg) in peripheral blood
cells in pancreatic cancer patients by flow cytometry. (a) Proportion of
Treg cells in CD4+ cells was examined in healthy donors, as well as
patients with stage IV and unresectable pancreatic cancer in this trial.
Number of samples, the average of the proportion, and standard
deviation are indicated under the graph. Proportion of Treg cells in
patients before the vaccination was significantly higher than that in
the healthy donors. Statistical analysis was performed using unpaired
Student’s t-test (*P < 0.05). (b) Proportion of Treg cells in 11 patients
who showed positive cytotoxic T-lymphocyte responses. Numbers
indicate the patients in this trial, respectively. After the vaccination,
the proportion of Treg cells was significantly reduced compared with
that before the vaccination. Statistical analysis was performed using
the Wilcoxon signed rank test. (*P < 0.05) (c) Treg profile of patient
no. 10 by flow cytometry is shown as representative data.

Table 5. Clinical outcomes

Peptide

0.5 mg 1.0 mg 2.0 mg

(n = 6) (n = 6) (n = 6)

Injection times of

peptide†

8 (4–12) 8 (5–11) 8 (4–34)

Clinical outcome

Antitumor effect

PR ⁄ SD ⁄ PD 0 ⁄ 4 ⁄ 2 0 ⁄ 4 ⁄ 2 1 ⁄ 3 ⁄ 2
Progression-free

survival (days)†

102 (28–148) 135 (60–675) 131 (31–589)

Overall

survival (days)†

233 (102–334) 207 (135–675) 344 (109–614)

†Median (range). PD, progressive disease; PR, partial response;
SD, stable disease.

(a)

(b)

Fig. 3. Axial contrast-enhanced computed tomography (CT) images
of a patient who showed a partial response. (a) Axial contrast-
enhanced CT image shows the locally-advanced tumor of the
pancreatic body (arrow). (b) Axial contrast-enhanced CT image after
7 months shows the partial response of the pancreatic body mass
(arrow). Tumor was reduced to 45% according to the Response
Evaluation Criteria in Solid Tumors.
endothelial cells induced in tumor tissues is one of the
approaches to overcome such problems. Vascular endothelial
cells play crucial roles in the growth and progression of tumors
Miyazawa et al.
and stably express HLA molecules. Moreover, pancreatic cancer
cells were reported to express VEGFR2 themselves and
expected to be the target of CTL.(37,38)
Cancer Sci | February 2010 | vol. 101 | no. 2 | 437
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(a) (b)

Fig. 4. Axial contrast-enhanced computed tomo
graphy (CT) images of a patient showing stable
disease. (a) Axial contrast-enhanced CT image shows
a tumor of the pancreatic tail (thick arrow) and one of
the multiple liver metastases (thin arrow). (b) Axial
contrast-enhanced CT image after 3 months shows a
stable tumor of the pancreatic tail (thick arrow) and
the disappearance of one of the liver metastasis (thin
arrow).
The current study investigated a novel cancer vaccine therapy
for pancreatic cancer using the VEGFR2-169 peptide in combi-
nation with gemcitabine. We observed no severe adverse reac-
tion related to the treatment in this trial, as shown in Table 2.
Specific adverse events caused by this vaccine treatment were
the RAI, but no event greater than grade 3 was observed. There-
fore, this protocol is considered to be very safe and well tolera-
ble. The immunological responses in this trial were measured by
the RAI, CTL responses against the vaccinated peptide, and the
proportion of Treg cells. The incidence of RAI was significantly
correlated with the clinical outcome, as shown in Table 3. This
result suggests that RAI may be one of the surrogate markers to
predict clinical responses for this protocol, although the biologi-
cal significance and specificity for RAI are not clear. The spe-
cific CTL responses against the vaccinated peptide were
observed in 11 (61%) of the 18 patients, clearly demonstrating
that CTL against VEGFR2 could be induced by a vaccination of
the VEGFR2-169 peptide with gemcitabine treatment in the
patients. No obvious correlations of CTL response and clinical
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Fig. 5. Overall survival measured by the Kaplan–Meier method. Mean
overall survival time (MST) was 7.7 months for all 18 patients (––) and
8.7 months for 15 patients who had no chemotherapy before the
enrollment in this clinical trial (- - -).
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outcome were shown in this study. Further studies are required
to confirm this issue because of the small number of patients in
this phase I study. It is important to address the killing to anti-
gen-expressing cells endogenously. We did not monitor the CTL
response against the endogenous target in this phase I study,
because significant blood volumes are required to assess the
endogenous killing assay. However, Wada et al. clearly demon-
strated that the CTL induced with theVEGFR2-169 peptide
showed strong cytotoxicity against the human umbilical vein
endothelial cells, which are endothelial cells naturally and
endogenously expressing VEGFR2.(28) Although the number of
the patients was small, the proportion of Treg cells in patients
with advanced pancreatic cancer was significantly higher than
that in the healthy donors. The proportion of Treg cells in
peripheral blood cells was significantly decreased in the patients
who showed positive CTL responses by the vaccination. The
Treg ratio increased in some patients without a CTL response;
however, there was no statistical significance (data not shown).
These data indicated that there might be some correlation
between the decrease of Treg cells and the induction of positive
CTL responses by treatment with the peptide vaccine and gem-
citabine, possibly due to the enhancement of the antitumor
immune response by gemcitabine. No dose-limiting toxicity was
observed in each dose cohort. However, the RAI was observed
in all six patients with the 2 mg vaccination, as shown in
Table 2. Furthermore, the RAI was observed in all patients with
PR or SD. Therefore, we assume the optimal dose of the peptide
for further clinical trials to be 2 mg ⁄ body.

This protocol was well tolerated, and peptide-specific CTL
were found to be induced by a VEGFR2-169 peptide vaccine at
a high rate, even in combination with the anticancer agent, gem-
citabine. In future, a randomized, controlled clinical trial will be
essential to demonstrate the clinical benefits of the VEGFR2-
169 peptide for advanced pancreatic cancer patients treated with
gemcitabine.
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