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Abstract: The prognosis of pancreatic cancer is extremely poor, and development of new
treatment modalities is needed. One such treatment could be specific immunotherapy.
To evaluate safety and immunological responses, we conducted a phase I study of
personalized peptide vaccination for pancreatic cancer patients (n=11). Namely,
pre-vaccination peripheral blood mononuclear cells were screened for their reactivity in
vitro to each of 14 or 16 peptides in HLA-A24* or -A2* patients, and then only the
reactive peptides (maximum: 4) were vaccinated in vivo. This regimen was generally
well tolerated, although inflammatory reactions at the injection site were observed in 7
patients. Delayed-type hypersensitivity to peptides used for vaccination was observed in
7 patients. Increased cellular and humoral immune responses to at least one of peptides
used for vaccination were observed in the post-vaccination PBMCs and sera from 4 of 8
patients and 4 of 10 patients tested, respectively. The 6- and 12-month survival rates for
patients who received more than 3 vaccinations (n=10) were 80% and 20%, respectively.
Due to tolerability and capability of inducing specific immunity, further development of

personalized peptide-based immunotherapy for pancreatic cancer patients is warranted.

Keywords: personalized peptide vaccination, pancreatic cancer, clinical trial, CTL

precursors, peptide antibody



Introduction

Patients with pancreatic cancer (PC) have a poor prognosis, and for this reason, PC is
considered to be one of the deadliest types of malignancy. The median survival time
(MST) after diagnosis is less than 12 months, with a 5-year survival rate of
approximately 3-5%.12 There is no standard therapy for advanced PC, although many
chemotherapeutic agents have been used in clinical trials in the past two decades.36
Among these chemotherapeutic agents, gemcitabine (GEM) is somewhat clinically
effective, but the MST is still less than 6-9 months. Therefore, development of new
treatment modalities is needed, one such treatment could be a peptide-based specific
immunotherapeutic approach, as recent advances in tumor immunology have resulted
in the identification of many tumor-associated antigens and epitopes recognized by
HLA-class-I-restricted cytotoxic T lymphocytes (CTLs) from various cancers, including
PC.710 However, clinical trials using those peptides have rarely demonstrated major
clinical responses.11'12 This failure could be due to an insufficient induction of anti-tumor
responses by these vaccine regimens, under which the peptide-specific memory T cells
were not measured in pre-vaccination peripheral blood monenuclear cells (PBMCs). We
have reported that personalized vaccinations based on pre-vaccination measurement of
peptide-specific CTLs in the circulation induced potent anti-tumor immune responses in
patients with cancers, such as lung, gastric, colorectal, prostate, and gynecologic
cancers.!#1® Moreover, we previously reported that PC cells expressed tumor-associated
antigens~that encoded the peptides used for those clinical studies.2% Peptide-specific
CTL precursors were also detectable in the majority of PC patients.29 In this report, we
describe the safety and the immune responses to personalized peptide vaccination of PC

patients.

Materials and Methods

Patients and eligibility criteria

The Institutional Review Boards of Yamaguchi University and Kurume University
approved this clinical protocol #2031). Complete written informed consent was obtained
from all of the patients at the time of enrollment. According to the protocol, the patients
were required to be positive for HLA-A24 or ‘A2, All patients were clinically confirmed to
have PC. Eligibility criteria included the following: age of 85 years or less, serum
creatinine of less than 1.4 mg/dl, bilirubin of less than 1.5 mg/dl, platelet count of
100,000/pl or more, hemoglobin of 8.0 g/dl or more, and total WBC of 3000/ul or more.
Hepatitis B surface antigen and Hepatitis C antibody were negative in all patients. The



patients were untreated for at least 4 weeks before entry into the 'study, and had to have
an Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0 to 2 at the
time of entry. Patients with evidence of other serious illness, immunosuppression, or
antormmune disease were excluded. Treatment was carried out at Yamaguchi
University and Kurume University Hospitals from March 2001 through March 2004.

Screening of peptide-specific CTL-precursors

Thirty ml of peripheral blood was obtained before and after every 3 vaccinations.
PBMCs were isolated by means of Ficoll-Conray density gradient centrifugation, and
were then used for a CTL precursor assay, as reported previously.20 In brief, PBMCs
(1x105 cells/well) were incubated with 10 uM of a peptide in wells of u-bottom-type
96-well microculture plates (Nunc, Roskilde, Denmark) in 200 ul of culture medium
containing 100 U/ml of interleukin-2 (IL-2). Half of the medium was removed and
replaced with new medium containing a corresponding peptide (20 pM) every 3 days.
After incubation for 12 days, these cells were harvested and tested for their ability to
produce interferon-y (IFN-y) in response to CIR-A2402 cells for HLA-A24* or to T2 cells
for HLA-A2* patients, were pre-loaded with either a corresponding peptide or a HIV
peptide (RYLRQQLLGI for HLA-A24* and SLYNTVATL for HLA-A2+ patients) as a
negative control. The level of IFN-y was determined by enzyme-linked immunosorbent
assay (ELISA) (limit of sensitivity: 10 pg/ml). Two-tailed Student’s ttest was employed

for the statistical analyses.

Peptides and vaccination

The peptides used in the present study were prepared according to good manufacturing
practice conditions using Multiple Peptide System (San Diego, CA). The sequences of the
peptides are shown in Table 1. All of these peptides have the ability to induce HLA-A24-
or HLA-A2-restricted and tumor-specific CTL activity in the PBMCs of cancer
patients.”20 Montanide ISA-51 adjuvant (known as incomplete Freund’s adjuvant (IFA))
was purchased from Seppic, Inc. (Franklin Lakes, NJ). The peptides were supplied in
vials containing 2 mg/ml sterile solution for injection. One ml of solution was added in a
1:1 volume to IFA, and then the solution was mixed in a vortex mixer (Fisher, Inc.,
Alameda, CA). The resulting emulsion was injected subcutaneously into the thigh using
a glass syringe. The interval between vaccinations was 2 weeks, and a total of 3
injections were performed. For patients with a favorable clinical course, vaccination was
repeated in order to further evaluate adverse events, immunological responses, and

clinical responses.



Immunological assays

Skin tests were performed by intradermal injection of 50 pg of each peptide using a
tuberculin syringe and a 27-gauge needle. Saline was used as a negative control.
Immediate- and delayed-type hypersensitivity (DTH) reactions were determined at 20
minutes and 24 hours after the skin test, respectively. At least 5 mm of induration or 10
mm of erythema was needed to score the skin test as positive. Cytotoxic activity was
measured by a standard 6-hr 51Crrelease assay, as reported previously.20 In brief,
cryopreserved pre- and post (3rd to 9th)-vaccination PBMCs were thawed at the same
time, and then were cultured in the medium with 100 U/ml of IL-2 in the absence of
peptides. On the 21st to 25th days of culture, the cells were harvested and used for the
assay. MIA PaCa2 (HLA-A24*A2" pancreatic carcinoma, which was obtained from Cell
Resource Center for Biomedical Research Institute of Development, Aging and Cancer
Tohoku University), PK-8 (HLA-A24+*A2" pancreatic carcinoma), YPK-1 (HLA-A24+A2
pancréatic carcinoma),’® Panc-1 (HLA-A24°A2¢ pancreatic adenocarcinoma), and
phytohemagglutinin (PHA)-blastoid T cells (HLA-A24* or HLA-A2+) were used as target
cells.

The serum levels of peptide-specific IgG were measured by ELISA, as previously
reported.’419 In brief, 100 pl/well of serum sample diluted with 0.05% Tween 20-Block
Ace were added to the peptide (20 pug/well)-immobilized plate. After 2-hr incubation at
37°C, the plate was washed and further incubated for another 2 hours with a
1:1000-dilluted rabbit anti-human IgG (y-chain-specific, DAKO, Glostrup, Denmark),
The plate was washed, then 100 pl of 1:100-diluted goat anti-rabbit Ig-conjugated
horseradish peroxidase-dextran polymer (En Vision, DAKO) was added to each well, and
the plate was incubated for 40 minutes. After washing, 100 ul/wéll of
tetramethyl-benzidine substrate solution (KPL, Guildford, UK) was added, and the
reaction was stopped by the addition of 1 M phosphoric acid. To estimate the
peptide-specific IgG levels, the optical density (OD) values of each sample were
compared with those of serially diluted standard samples, and the values are shown as
OD units/ml.

Evaluation of adverse events and clinical response _

All adverse events were evaluated by the National Cancer Institute-Common Toxicity
Criteria (NCI-CTC) version 2.0 at every vaccination. All known sites of disease were
evaluated by computed tomography (CT)-scan before and after every 3 vaccinations.

Patients were assigned to a response category according to the response evaluation



