To evaluate the response of NFxB in vitro, B16F10 NF«xB
transfectants or B16F10 CMV control cells (1 x 10°/well)
were cultured in a 96-well plate and treated with TNF-o
(0.1-100 ng/mL). After incubation for 6 h, luciferase activity
was measured with a multiplate reader (2030 ARVO X; Perkin
Elmer Life Sciences, Boston, MA, USA).

Analysis of NFkB activation with TRAIL. The B16F10 NFxB
cells (1.25 x 10°/well) were cocultured with either TRAIL-
expressing 2PK3 (TRAIL-2PK3) cells or control 2PK3 cells
(1.25 x 10% 6.25 x 10% 1.25 x 10*/well) in a 96-well plate.
After 6 h incubation, luciferase activity was measured with a
multiplate reader. To evaluate the specificity of TRAIL on
NFxB  activation in  B16F10 cells, TRAIL-2PK3
(1 x 10°/well) cells were pretreated with anti-TRAIL mAb
(clone N2B2, 10 pg/mL) at 37°C for 1 h then cocultured with
B16F10 NFxB cells at 37°C for 6 h. After the incubation,
luciferase activity was measured with a multiplate reader.

Cell proliferation assay. The B16F10 CMV  cells
(5 x 10°/well) were cocultured with TRAIL-2PK3 or control
2PK3 cells (1 x 10%, 5 x 10°, 2.5 x 10°/well) in a 96-well
plate for 48 h at 37°C. After the incubation, luciferase activity
was measured with a multiplate reader.

Gelatin zymography. The B16F10 NF«B cells (5 x 10°/well)
were cultured with serum-free medium in a 24-well plate then
treated with TNF-o (50 ng/mL) or cocultured with
TRAIL-2PK3 (5 x 10°/well) for another 48 h. After the incu-
bation, cell-free supernatants were collected and mixed with
sample buffer containing 2% SDS (without 2-mercaptoethanol)
and incubated at 37°C for 20 min. Comparative gelatin zymog-
raphy was carried out on 10% SDS-PAGE with 0.1% gelatin.
Samples were electrophoresed at 10 mA for 4-5 h at 4°C.
Gels were washed with buffer containing 2.5% Triton X-100
and 0.01 M Tris-HCI for 2 h at 4°C and washed with 0.01 M
Tris-HC1 for 40 min at room temperature. Gels were incubated
in the buffer containing 0.05 M Tris-HCI, 0.5 mM CaCl,, and
1 uM ZnCl, for 48 h at 37°C. After the incubation, gels were
stained with Coomassie Brilliant Blue for 6 h and destained
with 5% acetic acid and 10% methanol. The bands were quan-
tified using ImageQuant LAS 4010 (GE Healthcare Japan,
Tokyo, Japan).

Experimental lung metastasis model. Inbred wild-type
C57BL/6 mice were purchased from Japan SLC (Tokyo,
Japan). All experiments were carried out according to the
guidelines of the Care and Use of Laboratory Animals of the
University of Toyama (Toyama, Japan). The B16F10 CMV
cells were inoculated i.v. (3 x 10%) with or without pretreat-
ment with anti-DRS mAb (30 min, 4°C). Mice were injected
with p-luciferin (150 mg/kg i.p.; Promega) 4 days after the
tumor inoculation, then the lungs were removed 20 min after
the p-luciferin injection to measure luminescence using an in
vivo imaging system (IVIS Lumina II; Caliper Life Sciences,
Hopkinton, MA, USA). The data was presented as the mean
luminescence = SEM.

Statistical analysis. Data were analyzed for statistical signifi-
cance using Student’s #-test. P-values <0.05 were considered
significant.

Results

Establishment of NFkB-mediated luciferase gene stably express-
ing B16F10 cells. In order to determine whether TRAIL-DRS5
interaction may have biological roles in B16F10 metastatic
melanoma cells through NFxB-mediated inflammatory signals,
we established luciferase gene-expressing B16F10 cells under
an NFxB reporter (B16F10 NF«kB cells). We first characterized
the association between cell numbers and luciferase activity of
B16F10 NF«xB cells or control BI6F10 CMV cells under sta-
ble cell culture conditions. There was a strong correlation
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between luciferase activity and cell number not only in
B16F10 CMV cells (Fig. S1A,B) but also in B16F10 NFxB
cells (Fig. SIC,D). These results clearly indicated that the
luminescence represents cell number or viability without any
stimulation in those reporter cells.

We further examined the response of B16F10 NF«xB cells to
TNF-o, known to be a typical inflammatory cytokine to activate
the NFxB pathway. As shown in Figure 1, TNF-a induced
luciferase activity in a dose-dependent manner (Fig. 1a) and
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Fig. 1. Nuclear factor-kB (NFxB) activation after tumor necrosis fac-
tor-a. (TNF-o) treatment in B16F10 mouse melanoma cells. (a) B16F10
NFxB cells were incubated with indicated concentrations of TNF-o for
6 h and the luminescence was measured. (b) B16F10 NFxB cells were
treated with TNF-o (100 ng/mL) and the luminescence was measured
at the indicated time after the TNF-o stimulation. (c) B16F10 NFxB and
B16F10 CMV cells were stimulated TNF-o (100 ng/mL) for 6 h. The
luminescence was measured at 0 h and 6 h after TNF-o stimulation.
Error bars represent SEM.
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appeared to have a peak response at 6-8 h after the TNF-o
stimulation (Fig. 1b). Such induction of luciferase activity in
response to TNF-a was specific for B16F10 cells expressing
NFxB reporter, because B16F10 CMYV cells did not show any
response in its luciferase activity after TNF-o stimulation
(Fig. 1c). These results indicate that B16F10 NF«B cells but
not B16F10 CMV cells induce their luminescence in response
to inflammatory stimulation through the NFxB pathway.

Interaction between TRAIL and DR5 activates NFkB in B16F10
cells. It is known that highly metastatic B16F10 melanoma
cells are resistant to TRAIL-induced apoptosis despite their
expression of DRS receptor (Fig. SI1EJF). To investigate
whether TRAIL-DRS interaction activates the inflammatory
signaling pathway in B16F10 cells, we tested B16F10 NFxB
cells to monitor NFxB activation in response to TRAIL stimu-
lation. After coculture with TRAIL-2PK3 transfectants,
B16F10 NFxB cells showed increased luminescence, but not
with control 2PK3 cells (Fig. 2a). The reporter activity was
associated with the amount of TRAIL availability within the
coculture (Fig. 2a). Importantly, such induction of reporter
activity was diminished in the presence of anti-TRAIL mAb
(Fig. 2b). Furthermore, the activation of TRAIL receptor by
agonistic anti-DR5 mAb also activated NFxB reporter in a
dose-dependent manner (Fig. S2). Collectively, these results
indicate that TRAIL-DRS interaction activates the NFxB path-
way in B16F10 cells.

Interaction between TRAIL and DR5 functionally activates
B16F10 cells. We next examined whether TRAIL shows any
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Fig. 2. Nuclear factor-xB (NFxB) activation through tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL)-DR5 interaction in
B16F10 mouse melanoma cells. (a) B16F10 NFxB cells were cocultured
with TRAIL-2PK3 or 2PK3 at indicated responder (R):stimulator (S)
ratios (B16F10 NF«xB : TRAIL-2PK3 .or 2PK3). After 6 h incubation, the
luminescence was measured. (b) B16F10 NFxB cells were cocultured
with TRAIL-2PK3 (at R:S 1:1) and N2B2 (10 pug/ml). After 6 h incuba-
tion, the luminescence was measured. Error bars represent SEM.
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functional roles in B16F10 cells in association with NFxB
activation. In concert with NFxB activation, the proliferation
rate of B16F10 cells was increased after 48 h of coculture with
TRAIL-2PK3 cells but not with control 2PK3 cells (Fig. 3a).
In addition to its activity in promoting proliferation, TRAIL~
DRS5 interaction also increased the production of MMP-9 from
B16F10 cells, which is known to be a typical target molecule
for NFxB activation. As shown in Figure 3(B), the activity of
MMP-9 in the cell culture supernatant of TRAIL-stimulated
B16F10 cells was higher than that of the control, and the
induction of MMP-9 by TRAIL stimulation was comparable to
TNF-o.. These results clearly indicate that TRAIL-DRS func-
tionally activates B16F10 cells to facilitate their proliferation
and MMP-9 production.

Finally, we examined the physiological significance of TRAIL
-DRS5 interactions in cancer metastasis. In an experimental lung
metastasis model of B16F10 melanoma cells, we found that the
activation of TRAIL receptor by pretreatment with agonistic
anti-DR5 mAb enhanced the metastatic colonization of B16F10
cells (Fig. 4). Together with the functional role of TRAIL
engagement in B16F10 cells in vitro, these results strongly
imply that TRAIL-DRS interactions have a physiological poten-
tial to enhance metastasis of B16F10 melanoma cells rather than
to induce apoptosis of the cells expressing these receptors.

Discussion

Tumor necrosis factor-related apoptosis-inducing ligand is
associated with one of the important effector pathways in the
tumor immune surveillance, and the TRAIL signal has been
known to induce the suppression of tumor metasta51s b}/ induc-
ing apoptosis of malignantly transformed cells.* 30 1
contrast, it is also suggested that TRAIL may be involved in
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Fig. 3. Functional roles of the tumor necrosis factor-related apopto-
sis-inducing ligand (TRAIL)-DR5 pathway in B16F10 mouse melanoma
cells. (a) B16F10 CMV cells were cocultured with TRAIL-2PK3 or control
2PK3 cells at responder (R):stimulator (S) ratio of 1:1 for 48 h and
luminescence was measured. Error bars represent SEM. (b) B16F10 cells
were stimulated with tumor necrosis factor-o (TNF-o; 50 ng/mL) or
cocultured with TRAIL-2PK3 (at R:S 1:1) for 48 h, and the cell-free
supernatant was collected. Gelatin zymography was used to deter-
mine MMP-9 production and the band intensity was measured.
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Fig. 4. Stimulation of tumor necrosis factor-related apoptosis-induc-
ing ligand receptor enhances experimental metastasis of B16F10
mouse melanoma cells. B16F10 CMV cells were inoculated i.v. with or
without pretreatment with anti-DR5 mAb. Lungs were removed
4 days after tumor inoculation to measure luminescence for determin-
ing lung metastasis. Data presented as the mean luminescence 4 SEM.

cancer cell activation by providing inﬂammatorly signals simi-
lar to other TNF superfamily members.®'*>% previous
studies have indicated that NFxB activation can be critical for
acquiring resistance to TRAIL-induced apoptosis in some
tumor cells.*??"?® In the present study, we showed the contri-
bution of TRAIL-DRS interaction to the activation of the
NFxB pathway in B16F10 mouse melanoma cells, which is
resistant to the TRAIL-induced apoptosis pathway. The
TRAIL-DRS interaction also plays a functional role in
B16F10 cells by inducing their proliferation, MMP-9 produc-
tion, and acquisition of metastatic potential in vivo.

It has been shown that cancer cells can evade TRAIL-
induced apoptosis or acq}uire TRAIL resistance through several
different mechanisms.®"1*!> One particular mechanism can
be the lower exPression of death receptors for TRAIL, such as
DR4 and DR5.9?? PRurthermore, the intrinsic activation of
anti-apoptotic machinery was also shown to be involved in
acquiring TRAIL resistance in cancer cells.">*'=% It is also
suggested that NFxB can be a key regulator for the expression
of pro-inflammatory genes, including those for cancer cell pro-
liferation and survival.*>*® Despite the significant expression
of DR5 on their cell surface,** murine B16F10 melanoma
cells were known to be resistant to TRAIL inducing apopto-
sis. % Our present results clearly show that TRAIL stimula-
tion in B16F10 cells activates NFxB and further promotes
their cellular functions, including MMP-9 production and pro-
liferation, which might contribute to cancer progression and
metastasis. We did not find significant differences in B16F10
proliferation after a relatively short time (24 h) of coculture
with TRAIL-2PK3 cells (data not shown), therefore, TRAIL—-
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Abstract

Purpose: The prognosis of patients with advanced biliary tract cancer (BTC) is extremely poor and there
are only a few standard treatments. We conducted a phase I trial to investigate the safety, immune response,
and antitumor effect of vaccination with four peptides derived from cancer-testis antigens, with a focus on
their fluctuations during long-term vaccination until the disease had progressed.

Experimental Design: Nine patients with advanced BTC who had unresectable tumors and were refractory
to standard chemotherapy were enrolled. HLA-A*2402-restricted epitope peptides, lymphocyte antigen 6
complexlocus K, TTK protein kinase, insulin-like growth factor-Il mRNA-binding protein 3, and DEP domain
containing 1 were vaccinated subcutaneously once a week at doses of 0.5, 1, or 2 mg and continued until
disease progression. The adverse events were assessed by Common Terminology Criteria for Adverse Events
and the immune response was monitored by an enzyme-linked immunospot assay or by flow cytometry. The
clinical effects observed were tumor response, progression-free survival (PFS), and overall survival (OS).

Results: Four-peptide vaccination was well tolerated. No grade 3 or 4 adverse events were observed.
Peptide-specific T-cell immune responses were observed in seven of nine patients and clinical responses were
observed in six of nine patients. The median PFS and OS were 156 and 380 days. The injection site reaction
and CTL induction seemed to be prognostic factors of both PEFS and OS.

Conclusions: Four-peptide vaccination was well tolerated and seemed to provide some clinical benefit to
some patients. These immunologic and clinical responses were maintained over the long term through

2224

continuous vaccinations. Clin Cancer Res; 19(8); 2224-31. ©2013 AACR.

Introduction

Biliary tract cancer (BTC) is not a common disease woild-
wide, but is prevalent in East Asia and Latin America. The
occurrence rate is gradually increasing and there is a high
mortality rate because most cases of BTC are not diagnosed
until advanced and inoperable. At this time, very few stan-
dard treatments have been established for BTC (1, 2), and
thus development of new treatment modalities is urgently
needed. Recently, cancer vaccines using synthetic peptides
have been undergoing development throughout the world,
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and their safety and clinical efficacy have been reported (3,
4). Cancer peptide vaccines are capable of inducing antigen-
specific CTLs in vivo (5). In this study, we selected 4 cancer-
testis antigens that were overexpressed in nearly 100% of BTC
cancer cells, as revealed by ¢cDNA microarray technology
coupled with laser microdissection in a previous study.
Patients were enrolled on the basis of unresectable BTC
refractory to standard chemotherapy, and no additional
diagnostic procedures were needed, except for genotyping
for HLA-A*2402. This study was conducted as a phase I study
to assess the safety and antigen-specificimmune response of a
4-peptide vaccination in patients with advanced BTC.
Patients were vaccinated on a continuous basis over the long
term until their disease had progressed, a time when we
assessed the safety of the vaccination by CTCAE v3.0 as a
primary endpoint and the antigen-specificimmune response
and dlinical benefit as secondary endpoints.

Materials and Methods
Patient eligibility

Patients with unresectable BTC (intrahepatic bile duct
cancer, extrahepatic bile duct cancer, or gallbladder cancer)

Clin Cancer Res; 19(8) April 15, 2013

AC{Amm’can Association for Cancer Research

Downloaded from clincancerres.aacrjournals.org on April 25, 2014. © 2013 American Association for Cancer Research.



Published OnlineFirst March 11, 2013; DOI: 10.1158/1078-0432.CCR-12-3592

Multiple-Peptide Vaccination for Biliary Tract Cancer

who were refractory to standard chemotherapy were eligible
for this study. All patients were required to have an HLA-A
type of A*2402. Additional inclusion criteria consisted of
age between 20 and 80 years, absence of severe organ
function impairment, white blood cell count between
2,000 and 10,000/mm?, hemoglobin >8 mg/dL, platelet
count >100,000/mm?, aspartate aminotransferase (AST)
and alanine aminotransferase (ALT) <100 IU/L, and total
bilirubin <2 mg/dL. Performance status measured by the
Eastern Cooperative Oncology Group (ECOG) scale was 0
to 2. It was required that there should be at least 4-week
interval since the last chemotherapy. The exclusion criteria
consisted of pregnancy, serious infections, severe underly-
ing disease, severe allergic disease, and a judgment of
unsuitability by the principal investigator.

Study design and endpoints

This was a phase I study. Patients who received standard
chemotherapy under a diagnosis of inoperable *BTC
between April 2008 and March 2009 were invited to par-
ticipate after providing their informed consent. The HLA-A
genotypes of these patients were examined, and the 9
patients with an HLA-A type of A*2402 were enrolled. Four
peptides were used for the vaccine, lymphocyte antigen 6
complex locus K (LY6K)~177 (RYCNLEGPP; ref. 6), TTK
protein kinase (TTK)-567 (SYRNEIAYL; ref. 7), insulin-like
growth factor-Il mRNA-binding protein 3 (IMP3)-508
(KTVNELQNL; ref. 8), and DEP domain containing 1
(DEPDC1; EYYELFVNI; ref. 9). These peptides were chosen
from a large number of antigens identified by using cDNA
microarray technology coupled with laser microdissection
because they were the most highly overexpressed in BTC
samples in a previous study. The purity (>97%) of the
peptides was determined by analytic high-performance
liquid chromatography (HPLC) and mass spectrometry
analysis. The endotoxin levels and bioburden of these
peptides were tested and determined to be acceptable based

on the GMP grade for the vaccines (NeoMPS Inc.). These
peptides were mixed with incomplete Freund's adjuvant
(IFA; Montanide ISA51, SEPPIC), which has been proven
safe and used in many clinical studies, and injected subcu-
taneously into the inguinal or the axicilla site. Each of the 4
peptides at doses of 0.5, 1, or 2 mg was injected subcuta-
neously into 3 patients once a week until the eighth vacci-
nation and once or twice a week after the ninth vaccination
as a monotherapy until the patient was judged to exhibit
disease progression. This dose escalation design was chosen
on the basis of limitations in the production of the emul-
sion component. The primary endpoint in this study was
the assessment of toxicities caused by the vaccination based
on the Common Terminology Criteria for Adverse Events
version 3 (CTCAE v.3). The secondary endpoint was the
assessment of the immunologic response, tumor response,
progression-free survival (PFS), and overall survival (OS)
from the first dose given. For the image analysis, computed
tomography (CT) scan or ultrasound was conducted during
the prevaccination period and every fourth vaccination
until the disease had progressed. This study was approved
by the Institutional Review Board at Tokyo Women’s Med-
ical University (Tokyo, Japan) and was registered with the
University Hospital Medical Information Network Clinical
Trials Registry (UMIN-CTR number, 000003207).
Informed consent was obtained from all the patients and
the procedures followed were in accordance with the Dec-
laration of Helsinki.

Measurement of immunologic response

Lymphocyte preparation for immunologic monitoring. The
performance of the immunologic assay at the central
laboratory was periodically standardized and validated by
Clinical Laboratory Improvements Amendments (CLIA)
and the International Conference on Harmonization of
Technical Requirements for Registration of Pharmaceuti-
cals for Human Use (ICH) guidelines. Peripheral blood
lymphocytes (PBL) were obtained from the patients at the
prevaccination period and after every fourth vaccination.
Peripheral blood was taken by venipuncture, collected in
an EDTA tube, and transferred to the center laboratory
within 24 hours at room temperature. Within 24 hours of
blood collection, PBLs were isolated using Ficoll-Paque
Plus (GE Healthcare Bio-Sciences) density gradient solu-
tion and were stored at —80°C in cell stock media (Juji
Field) without serum at 5 x 10° cells/mL. After thawing,
the cell viability was confirmed to be more than 90% by
Trypan-blue dye staining.

Enzyme-linked immunospot assay. The peptide-specific
CTL response was estimated by enzyme-linked immuno-
spot (ELISPOT) assay following in vitro sensitization. Fro-
zen peripheral blood mononucdear cells (PBMC) derived
from the same patient were thawed at the same time, and
the viability was confirmed to be more than 90%. PBMCs
(5 x 10°/mL) were cultured with 10 pg/mL of the respective
peptide:and 100 IU/mL of interleukin (IL)-2 (Novartis) at
37°C for 2 weeks. The peptide was added to the culture at
day 0 and 7. Following CD4™* cell depletion by a Dynal CD4
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Positive Isolation Kit (Invitrogen), an IFN-y ELISPOT assay
was conducted using a Human [EN-y ELISpot PLUS kit
(MabTech) according to the manufacturer’s instructions.
Briefly, HLA-A*2402-positive B lymphoblast TISI cells
(IHWG Cell and Gene Bank) were incubated with 20 ug/
mL of vaccinated peptides overnight, and then the residual
peptide in the media was washed out to prepare peptide-
pulsed TISI cells as the stimulation cells. Prepared CD4~
cells were cultured with peptide-pulsed TISI cells (2 x 10*
cells/well) at a 1:1, 1:2, 1:4, or 1:8 mixture ratio of
responder cells to stimulator cells (R:S ratio) on a 96-well
plate (Millipore) at 37°C overnight. Nonpeptide-pulsed
TISI cells were used as negative control stimulator cells. To
confirm IFN-y productivity, responder cells were stimulat-
ed with phorbol 12-myristate 13-acetate (PMA) and iono-
mycin (3 pg/ml) overnight, then applied to an IEN-y
ELISPOT assay (2.5 x 10° cells/well) without stimulator
cells. All ELISPOT assays were conducted in triplicate
wells. The plates were analyzed by an automated ELISPOT
reader, ImmunoSPOT $4 (Cellular Technology, 1td.) and
ImmunoSpot Professional Software Version 5.0 (Cellular
Technology, Ltd.). The number of peptide-specific spots
was calculated by subtracting the number of spots in the
control well from the number of spots in the well with
peptide-pulsed TISI cells. The sensitivity of our ELISPOT
assay was estimated as an approximately average level by
an ELISPOT panel of the Cancer Immunotherapy Consor-
tium [CIC (http://www.cancerresearch.org/consortium/
assay-panels/)].

Flow cytometry assay. The expression of peptide-specific
T-cell receptors was analyzed on a FACS-Canto 11 flow
cytometer (Becton Dickinson) using LYGK-derived epitope
peptide-MHC pentamer-phycoerythrin (PE; Prolmmune,
Ltd.), TTK, or DEPDCIl-derived epitope peptide-MHC
dextramer-PE (Immudex) according to the manufacturer’s
instructions. HIV-derived epitope peptide (RYLRDQQLL)-
MHC pentamer or dextramer-PE was used as a negative
control. Briefly, the in vitro cultured T cells were incubated
with peptide-MHC pentamer or dextramer-PE for 10 min-
utes at room temperature, then treated with fluorescein
isothiocyanate (FITC)-conjugated anti-human CD8 mono-
clonal antibody (mAb), allophycocyanin (APC)-conjugat-
ed anti-human CD3 mAb, PE-Cy7-conjugated anti-human
CD4 mAb, and 7-aminoactinomycin D (BD Pharmingen)
at 4°C for 20 minutes. Conventional 2-color phenotypical
analysis was also conducted with FITC-conjugated anti-
human CD3, CD4, and CD8 mAb plus PE-conjugated
anti-human CD28, CD57, and CD62L mAb (BD Pharmin-
gen) and CXCR3 plus CCR4 mAb (R&D Systems) to assess
the change of T-helper cell (Ty)1/Tu2 subsets, cytotoxic cell
subset, and central memory/effector memory subsets.

Statistical analysis

Statistical analyses of prognostic factors of PES or OS were
done using the Kaplan-Meier method and evaluated by log-
rank test. A Pvalue less than 0.05 was considered to indicate
a statistically significant difference. All statistical analyses
were conducted using SPSS statistics software.
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Table 2. Adverse events assessed by CTCAE v3.0

Adverse events Total (%) Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%)
Hemoglobin 6 (66.7) 5 (55.6) 1(11.1) 0 0
Lymphopenia 2(22.2) 2 (22.2) 0 o] 0
Injection site reaction 8 (88.9) 3(33.3) 5 (55.6) 0 0

period of peptide vaccination.

NOTE: Hemoglobin and lymphopenia were observed before the first vaccination. No other adverse events were seen throughout the

Results

Patient characteristics

Nine patients (4 males and 5 females; median age, 70
years; range, 59-78) whose HLA type was A*2402 were
enrolled in this study (Table 1). Their primary tumor site
was the intrahepatic bile duct in 4 cases, the extrahepatic
bile ductin 2 cases, and the gallbladder in 3 cases. They had
several metastases to the liver, lungs, lymph nodes, perito-
neum, and bone. Previous therapies consisted of operation,
gemcitabine, cisplatin, tegafur-gimeracil-oteracil potassi-
um (TS-1), carboplatin, or etoposide (VP-16). Two patients
dropped out after the first follow-up study and 1 patient
dropped out after second study. Six patients were vaccinated
more than 16 times, with the maximum number being 54
times.

Assessment of toxicity

Toxicity was assessed by CTCAE v3.0. Eight of 9 patients
developed grade 1 or 2 injection site reactions. Low hemo-
globin and lymphopenia were observed before the first
vaccination and were not worsened throughout the vacci-
nation term. No other adverse events were seen through
peptide vaccination. Therefore, the multiple-peptide vac-
cine therapy was well tolerated without any adverse events
of grade 3 or higher (Table 2) up to a dose of 2 mg for each
peptide, or a total of 8 mg for all 4 peptides.

Antigen-specific immune response

In the ELISPOT assay, one or more wells showed 25 spots
or more observed in 7 of 9 patients (Supplementary Fig.
S1). Table 1 summarizes the responses to each antigen in
each patient based on the algorithm given in Supplemen-
tary Fig. $2. The number of peptide-specific IEN-y spots per
section increased with the number of vaccinations (Fig. 1A
and B), and the number of LYGK-specific CTLs also
increased (Fig. 1C) gradually. These immune responses
were not found for all antigens and were not found in all
patients. In particular, the anti-LY6K and DEPDCI1
responses were greater than the responses to TTK or IMP3.
In the patient receiving vaccination for the longest period of
time, patient 3, these immune responses were observed over
the long term with vaccination (Fig. 2A). However, patient 3
might notbe a representative case, as theimmune responses
to antigens were already elevated before vaccination in this
patient. The reason for the early elevation of antigens in this

patient might be that he had received the standard chemo-
therapy plus the autologous formalin-fixed tumor vaccine
(AFTV; ref. 10) at approximately 1 year before enrolling in
this study. The phenotypical analysis was shown in Figs. 1D
and 2B.

Clinical response

Two patients exhibited a clinical activity indicating
tumor regression in some targets (Fig. 2C and D) but did
not achieve a complete remission (CR) or partial response
(PR), 4 had stable disease, and 3 had progressive disease
(PD) as judged after the eighth vaccination. The 6 patients
who were judged to have clinical activity or stable disease
continued to be administered the vaccination until their
disease was judged to be PD. Although stable disease was
achieved through long-term vaccination, all of the patients
eventually showed disease progression, and all had died
within 3 years of the first vaccination. The median PFS of
all patients after the first vaccination was 156 days
(Fig. 3A) and the median OS was 380 days (Fig. 3B). In
the univariate analysis of the prognostic factors, the
patients who developed grade 2 local skin reaction at
the vaccination site, peptide-specific CTLs (i.e., CTLs with
over 25 IEN-y spots), or a type I immune condition (i.e., a
CXCR3"CCR4 ™~ T-cell ratio of over 8%) showed a longer
survival time than those with either PES or OS (Table 3).
These parameters were therefore considered prognostic
factors.

Discussion

BTC is well known as a disease with an extremely poor
prognosis. Operation in the early stage is the only curative
treatment of BTC, but unfortunately most of these lesions
are not found until the late stage. There are only a few
standard chemotherapies for this disease, that is, gemci-
tabine, gemcitabine plus cisplatin, and/or TS-1. Both PES
and OS of the patients treated with the standard che-
motherapies were almost the same as the data of the
patients in this study although they were enrolled after
the failure of the standard chemotherapies. This result
indicated the potential of the peptide vaccine for improv-
ing PFS and OS in patients with BTC. In this study, no CR
or PR was seen, but long-term stable disease was seen in
some patients, and thus the OS seemed to improve. This
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Figure 1. Immunologic monitoring in case 8. A, LY6K peptide-specific IFN-y-positive spots at several R:S ratio. B, IFN-y ELISPOT assay for LY6K. C,
the value of LYBK-multimer positive/CD8 positive cells. D, phenotype analysis of lymphocytes by flow cytometry.

is a special characteristic of cancer vaccine therapy; there-
fore, we should plan a phase II study to assess the PFS
and/or OS in a randomized study.

There have been numerous clinical trials on cancer
vaccine therapy, and the safety, immune response, and
clinical effects have already been reported. Dendritic cell
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vaccine therapies in particular have been investigated for
a long time. We previously reported the clinical use of a
dendritic cell vaccine in an adjuvant setting for intrahe-
patic bile duct cancer (11), and a similar trial was also
reported by another group (12). The dendritic cell vaccine
seems to be a useful tool for adjuvant therapy, but it is
difficult to harvest and induce the dendritic cells, and
the high cost and severe regulations of the cell processing

are also major problems. Therefore, the peptide vaccine
is expected to be developed as an attractive alternative
for cancer vaccine therapy. The peptides used in this
study have already been used in different combinations
in other clinical trials for esophageal cancer (13, 14) or
bladder cancer (15). These reports have shown the safety
of these peptides and their ability to induce peptide-
specific CTLs in vivo when injected individually. Our
study is the first trial to use injection of a mixture of
4 peptides into one site, and our results showed that each
of the peptide-specific CTLs was induced in vivo. The
immune responses to the 4 peptides were not equal. Each
of the 4 peptides was synthesized using the most immu-
nogenic sequence measured in a previous in vitro study.
There might be some differences in the immunogenic
reaction among these 4 peptides. This result is meaning-
ful in part because a single vaccination of mixed peptides
would be less painful for a patient than 4 separate
vaccinations of the individual peptides. In our previous
study, these 4 antigens were expressed on almost all BTCs
(data not shown). Therefore, it is not necessary to test
the expression of antigens on each tumor. At present,
there are very few trials to develop new therapeutics for
BTC, and thus this peptide vaccine must be developed
immediately.

There ‘are many candidates for peptides that have
already undergone clinical trials (16-18). The results of
these previous studies suggest that peptide-specific CTL
induction is needed to achieve a dlinical effect by peptide
vaccine therapy. The ability to induce peptide-specific
CTLs is not equal among all peptides, and the 4 peptides
that we used here were very effective. In particular, LY6K
and DEPDC1 are very hopeful candidates for induc-
ing a strong CTL response, and thereby improving the
PES and OS. In the blood examination, patients with a
lymphocyte count more than 1,500 tended to show
a better prognosis.

Although peptide vaccines are a hopeful candldate for
cancer therapy, their clinical efficacy is currently limited.
To obtain a good result in the clinical trials with immu-
notherapy, an important problem to be solved is the
immune suppression in cancer patients. Regulatory T cells
are one of the most critical factors in the suppression of
immune response. Nonmyeloablative chemotherapy to
deplete the regulatory T cells is a promising technique to
overcome these problems (19). A CCR4 antagonist or
anti-CCR4 mAb that has already been approved in Japan
might be a useful tool, because the regulatory T cells
express CCR4 (20, 21). Another method using denileukin
diftitox has also been examined in animal models and
human models (22, 23). The regulation of the host
immune condition is crucial. for -obtaining -a good
immune response in a clinical study. An anti-CTLA-4
mAb (ipilimimab) has also been approved for melanoma
(24), and anti-PD-1 (25) or anti-PD-L1 (26) showed
promising results in some clinical studies. A combination
therapy could be a more successful anticancer strategy for
cancer immunotherapy in the future.
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At this stage, there is only one cancer vaccine, Sipuleu-
cel-T, which was approved by the U.S. Food and Drug
Administration (FDA) in 2011 (27). However, several
phase III randomized trials of cancer peptide vaccines
are ongoing throughout the world, and new candidates
are coming soon. In this study, we showed that long-term
vaccination with a multiple cancer peptide vaccine was
feasible and resulted in the prolongation of PFS and OS in
patients with advanced BTC. To obtain success in a
clinical study, the next goal in the progress of cancer
vaccines might be an adjuvant therapy after curative
operation. Another possibility would be a combination
with first-line chemotherapy, but we have not yet evalu-
ated the ability of chemotherapy to induce antigen-spe-
cific CTLs in vivo. We should be careful when combining
an immunotherapy and chemotherapy in order that these
modalities do not counteract each other.

In this report, we showed the safety, immune
response, and clinical use of a peptide vaccine in patients

with advanced BTC. We anticipate that this immuno-
therapy will eventually be established as the standard
therapy for BTC. We are planning to advance to a phase
II randomized study in an advanced cancer setting, an
adjuvant setting after curative operation or a study in
which the peptide vaccine would be the first choice
therapy along with standard chemotherapy to verify our
hypothesis.

Conclusions

We have shown that a cancer peptide vaccine therapy
using a mixture of 4 peptides was well tolerated, induced
peptide-specific CTLs, and seemed to provide some clinical
benefit in some patients with advanced BTC throughout the
long-term vaccination. On the basis of these results, a phase
II clinical study with a suitable protocol is warranted along
with subsequent clinical trials to verify the usefulness of the
cancer peptide vaccine.

Table 3. Prognostic factors of PFS or OS

Factors PFS 0Ss

Sex (male/female) 0.954 0.297

Age (>65/<65) 0.728 0.544

Primary tumor site (//G, I/E, G/E)® 0.679, 0.207, 0.364 0.235, 0.207, 0.364
LYBK CTL spots (>25/<25) 0.002 0.002

TTK CTL spots (>25/<25) 0.017 0.005

DEPDC1 CTL spots (>25/<25) 0.002 0.002

LYBK multimer + CTLs (>10%/<10%) 0.113 0.840
CXCR3*CCR4™ (>8%/<8%) 0.017 0.005

Skin reaction of vaccine site (>G2/<G2) 0.003 0.003

Vaccine dose (0.5 mg/1 mg, 0.5 mg/2 mg, 1 mg/2 mg) 0.988, 0.988, 0.694 0.343, 0.343, 0.832
Lymphocyte (%; >30%/<30%) 0.545 0.423

Lymphocyte (number; >1,500/<1,500) 0.155 0.155

2Primary tumor site: E, extrahepatic bile duct; G, gallbladder; I, intrahepatic bile duct.
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Abstract

3.0 mg of KIF20A-66 peptide.

as 81 cases in our and other hospitals (MST: 63 days).

Keywords: KIF20A, Peptide vaccine, Pancreatic cancer

-

Background: We previously developed an immunotherapy treatment utilizing a cancer vaccine reagent KIF20A-66
in order to treat pancreatic cancer. KIF20A-66 is HLA-A24-restricted epitope peptide derived from KIF20A, a member
of kinesin super family protein 20A that is significantly transactivated in pancreatic cancer. In this report, we further
demonstrated non-randomized, open-label, single centered phase I/ll clinical trial of immunotherapy using the
KIF20A-66 peptide for the patients with advanced pancreatic cancer.

Methods: Vaccination was performed to the patients with metastatic pancreatic cancer, in whom gemcitabine-based
therapy had failed. In phase | study, KIF20A-66 peptide was subcutaneously injected weekly in a dose-escalation manner
{doses of 1.0 and 3.0 mg/body, 6 patients/1 cohort) After safety was assessed, phase Il study was conducted using

Results: KIF20A-66 peptide vaccination was well tolerated in the doses we examined and tumor responses after

1 month of the treatment were evaluated. Among 29 patients who completed one course of the treatment at least,
stable disease (SD) was found in 21 cases, while progressive disease (PD) was found in 8 cases, indicating that the
disease control rate was 72%. Objective tumor shrinkage was observed in 8 cases, including 1 case of complete
response (CR). The median survival time (MST) and progression free survival time (PFS) were 142 days and 56 days,
respectively. These results clearly demonstrate that overall survival of the patients was significantly prolonged,
compared to the historical controls of 9 cases with unmatched HLA in the same hospital (MST 83 days), as well

Conclusion: The patients vaccinated with KIF20A-66 peptide had better prognosis than the control group with best
supportive care (BSCO). Thus, we concluded that KIF20A-66 vaccination is significantly effective as an immunotherapy
against advanced pancreatic cancer. KIF20A-66 peptide was well tolerable in the dose of either 1.0 mg or 3.0 mg/body,
and effectively induced peptide-specific response of cytotoxic T lymphocyte (CTL). Further clinical study using this
peptide is a promising approach for advanced pancreatic cancer to achieve high potential benefit for better prognosis.

Clinical trial registration: UMIN-CTR, number UMINO00004919

Intreduction

Pancreatic cancer remains one of the most challenging
conditions to treat, due to extremely poor prognosis
with the overall five-year survival of less than 10% [1-3].
During the last decades, gemcitabine has been the
standard single-agent chemotherapy for unresectable

* Correspondence: sasahara@chibatokuorjp
"Department of Internal Medicine, Chiba Tokushukai Hospital, Chiba, Japan
Full list of author information is available at the end of the article

() BiolMed Central

pancreatic cancer [4,5]. Regarding combination chemo-
therapy, several phase IIl trials of gemcitabine-based
multi-drug regimens have been attempted, whereas
significant improvement in survival has not been
observed [6-14]. Although TS-1, a prodrug of 5-FU,
has been employed as a major alternative approach in
a variety of solid tumors, the single-agent treatment of
TS-1 yielded non-inferiority result against the gemcitabine
treatment [15]. After all, once pancreatic cancer became

© 2013 Asahara et al; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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refractory to gemcitabine, there is virtually no effective
treatment for the patients. Hence, novel strategy providing
better survival benefit is urgently required, in particular,
for the patients with advanced pancreatic cancer.

Cancer immunotherapy is a promising approach to fight
against cancer, and thus we have conducted research and
development of peptide vaccines targeting tumor-specific
antigens [16-19]. Briefly, we identified dozens of cancer-
testis or oncofetal proteins from more than 1,000 clinical
cancer tissues using cDNA microarray including 32,000
genes or ESTs [20]. Utilizing the result of this genome-
wide expression profile analysis, we tried to establish an
epitope peptide derived from the tumor-associated antigen
mentioned above, which is applicable for cancer peptide
vaccination [21,22]. KIF20A, kinesin family member 204,
is one of the candidates of such target antigen, as it was
up-regulated in the majority of pancreatic cancer [23].
Therefore, we developed an epitope peptide, namely
KIF20A-66, restricted to HLA-A*2402 that is the most
common HLA-A allele in a Japanese population [24].
We here report the results of a phase I/1I clinical trial
using KIF20A-66 mono peptide as cancer immunotherapy
for the patients with advanced pancreatic cancer.

Methods

Patient eligibility

Patients with unresectable or metastatic pancreatic cancer,
who were resistant to gemcitabine and TS-1 treatments or
unable to continue the treatment of gemcitabine or TS-1
because of severe adverse events, were enrolled in this trial
from March 2009 to February 2010 at Chiba Tokushukai
Hospital. The eligibility criteria are as follows: unresectable
pancreatic cancer with metastatic, recurrent and/or locally
advanced disease based on diagnostic imaging using
computed tomography (CT) and histological examinations.
Other entry criteria included the HLA-A*2402-positive
status, an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2, age of 20-85 vyears, life
expectancy of at least 2 months, adequate respiratory,
and liver and kidney functions for vaccination treatment.
The exclusion criteria are as follows: pregnancy or lac-
tation, active infection, other active malignancy, non-
recovered injury, and treatment with immunosuppressive
agents or steroid. Written informed consent was obtained
from each individual patient, and the study was approved
by Tokushukai Group Ethical Committee. The study
was registered at University Hospital Medical Information
Network (UMIN) Center with the Clinical Trial Regis-
tration number UMIN000004919.

Control group

Clinical data used as the control group (BSC, multi-
center, n = 81) in this study were obtained from our and
other hospitals where written informed consent was
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obtained at each institution. Clinical information of each
patient utilized in our statistical analysis includes age at
diagnosis, sex, performance status at the endpoint of
the Standard Chemotherapy, treatment status at primary
lesion, median survival time, and mean survival time. This
study was approved by the institutional review board at
each institution.

Study design and end points

This study is a non-randomized, open-label phase I/II
clinical trial with dose escalation of KIF20A-66 peptide
mono-therapy. The primary end point of phase I part
was safety of peptide vaccination and tolerance for
phase II part. The primary end point of phase II part
was antitumor effects assessed by CT scan in accordance
with the Response Evaluation Criteria in Solid Tumors
(RECIST) criteria version 1.1. The secondary end points
were overall survival (OS), progression free survival (PFS),
immunological responses assessed by CTL induction
specific to the KIF20A-66 peptide and the injection site
reactions (ISRs). In phase II part, the information of 9
patients with best supportive care in the Chiba Tokushukai
Hospital from January 2007 to January 2009 was used
as a historical control. '

Treatment protocol

After emulsified with Incomplete Freund’s adjuvant
(Montanide ISA51VG, SEPPIC, France), KIF20A-66
peptide in the amount of 1.0 or 3.0 mg/body was sub-
cutaneously administered on days 1, 8, 15 and 22 in a
28 days-treatment cycle. After two cycles of the vaccination,
the peptide was administrated once in every two weeks
until tumor progression was observed in the patient.

Toxicity assessment

The toxicity was assessed based on the Common
Terminology Criteria for Adverse Events version 3.0
(CTCAE v3.0).

Peptides

The KIF20A-66 peptide (KVYLRVRPLL) was synthesized
and its quality was analyzed by American Peptide
Company Inc. (Sunnyvale, CA). The epitope peptide
derived from HIV-Env peptide (RYLRDQQLL), restricted
to HLA-A*2402, was used as a control to evaluate
CTL response.

Enzyme-linked immunospot (ELISPOT) assay

To evaluate the peptide-specific CTL response, ELISPOT
assay was performed after in vitro sensitization [16].
Briefly, frozen Peripheral Blood Mononuclear Cells (PBMC)
derived from the same patient were thawed, cultured
with respective peptide and IL-2 (Novartis, Emeryville,
CA) (IVS), and harvested after two weeks. Followed by
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CD4" cell depletion, IFN-y ELISPOT assay was performed
utilizing HLA-A#*2402-positive TISI cells (IHWG Cell and
Gene Bank, Seattle, WA) stimulated by either vaccinated
peptide or HIV-Env peptide (as control). Reaction in a
MultiScreen-IP 96-plate (Millipore, Bedford, MA) was
measured by an automated ELISPOT reader, Immuno-
SPOT S4 (Cellular Technology Ltd, Cleveland, OH)
with ImmunoSpot Professional Software Version 5.0
(Cellular Technology Ltd). All ELISPOT assays were
performed in triplicate. The number of peptide-specific
spots was calculated by subtracting the number of the
spots of control cells from that of the cells stimulated by
vaccinated peptide. The peptide-specific T cell response
was classified into four grades (-, +, ++, and +++), ac-
cording to the algorithm flow chart described in our
previous report (+++: the content rate of CTL is more
than 0.2% , ++ : 0.02 - 0.2%, + : 0.01 - 0.02%, —: less than
0.01%) [25]. Sensitivity of ELISPOT assay was estimated
as approximate average level utilizing proficiency panels
conducted by Cancer Immunotherapy Consortium (CIC)
in 2009 and 2011 [26].

Flow cytometry

Expression of peptide specific T cell receptor (TCR) was
examined by FACS-Cantoll (Becton Dickinson, San Jose,
CA) using KIF20A-66/HLA-A*2402 dextramer-PE (KI
F20A-dextramer) according to the manufacturer’s in-
struction (Immudex, Copenhagen, Denmark). HIV-A24
epitope peptide (RYLRDQQLL)/MHC-dextramer (HIV-
dextramer) was used as negative control. Briefly, cells
were incubated with peptide-HLA-A*2402 dextramer-PE
for 10 minutes at room temperature, then treated with
FITC-conjugated anti-human CD8 monoclonal antibody
(mAb), APC-conjugated anti-human CD3 mAb, PE-
Cy7-conjugated anti-human' CD4 mAb, and 7-AAD
(BD Biosciences, San Jose, CA) at 4°C for 20 minutes.
Analysis gate was set on the staining profiles using
HIV-dextramer, and positive cell percentage (dextramer™
cells/CD3* CD4™ CD8" cells) was calculated by subtracting
the percentage of HIV-dextramer™ from that of KIF20A-
dextramer™.

Statistical analysis

StatView version 5.0 (SAS Institute Japan Ltd., Japan)
was used for statistical analysis. TTP and OS curves
were estimated using the Kaplan-Meier methodology
and analyzed with a log-rank test. Mann—Whitney U
test and Chi-square test were used to compare patient
characteristics.

Results

The peptide vaccine treatment

A total of 31 patients with chemotherapy-refractory
pancreatic cancer were enrolled in this trial. 16 patients
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had unresectable tumor and 15 had recurrent one after
surgery. Tables 1 and 2 indicate clinicopathological
information of the 31 patients, as well as the patients
in control group, who received best supportive care in
our and other hospitals (Table 1). The peptide in the
amount of either 1.0 mg or 3.0 mg per body was examined
in this phase I/II study. These dosages were well tolerated
in the 31 patients with advanced pancreatic cancer. There
is no severe adverse event (SAE) related to the peptide
vaccine in the 1.0 mg/body-injected group, except the
immunological response at injection sites.- As well, no
SAE was observed in the first 6 patients in the 3.0 mg/
body-injected group during the first cycle in the treatment.
Hence, we determined that 3.0 mg per body is an
appropriate dose for phase II part in this study.

Immunological "injection site reactions (ISRs) of all
the 31 patients were evaluated. Clinical responses of 29
patients out of 31, who received at least one treatment
cycle (4 injections), were evaluated by immuno-monitor-
ing. ISRs, including adverse reactions on the skin in grades
1-3, was observed in 23 patients out of 29. It should be
noted that there were two patients who were incompatible
with further vaccination treatment due to the exclusion
criteria, such as autoimmune hepatitis and interstitial
pneumonia. The patient, who experienced grade 3
autoimmune hepatitis after 11 months of vaccination,
was recovered after drug withdrawal. Another patient
with the interstitial pneumonia was well recovered by
hospital treatment without any steroid therapy. In these
cases, we could not rule out the possibility whether
these adverse events were related to vaccine treatments
or not. ‘

Clinical outcomes of eligible patients

Among the 29 patients examined in this trial, 21 patients
yielded the status of “stable disease” (SD), while 8 resulted
in “progressive disease” (PD) after one cycle of the
treatment (injections of the peptide vaccine for 4 times)
(Table 2). The rate of disease control at the time of one
cycle was calculated to be 72%. 8 patients showed
objective tumor response at target lesions (Figure 1).
On the other hand, according to RECIST criteria, the
other patients were not classified as partial response
(PR), since the ratio of tumor shrinkage was insufficient.
One patient (case 9) achieved “complete response” (CR)
after SD over the long term (Table 2, Figures 1a, 2, and 3).
The rate of objective response to the total was calculated
to be 25.8%.

Case 9 describes a 33-year-old female ended up with
CR after 25 months including a long period of SD
(Figure 1a). This patient underwent pancreatoduode-
nectomy in November 2008 and was diagnosed with
giant cell pancreatic cancer. Adjuvant chemotherapy
utilizing gemcitabine was discontinued at the one course
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Table 1 Clinical status and profile of the patients
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KIF20A peptide vaccine treatment

Best supportive care

Chiba (n=31) * Chiba (hn=9) * Multi-center (n=81) **
Age (average, (range)) 61.3 (33-80) 64 (53-82) 64.5 (41-85)
Sex (Male: Female) 1714 54 4932
Performance status (0:1:2:3) 11:8:120 1:332 13:28:36:0 ***
Status of primary lesion (Resected: Unresected) 15:16 18 23:58
Median survival time (days) 1420237 830+335 62.0+65
Mean survival time (days) 171.8+238 933148 911116

*, Clinical data obtained at our institution, Chiba Tokushukai Hospital.

**, Clinical data of Multi-center (n =81) include those obtained from Chiba and other three hospitals.

% 4 cases were excluded, since Performance Status was not determined.

of drug administration, due to severe adverse reactions
including hematopoietic toxicity. In February 2009,
a progressive solitary liver metastasis was diagnosed
(Figure 1a). There was no clinical sign of inflammation
at the time of April 13th, 2009. White blood cell count
(2.8 x 10*/p-1) and CRP level (0.02 mg/dl) were
within normal limits. Vaccination started on April 23rd,
2009, and the tumor kept stable condition during the
administration. After 8 months, shrinkage of the tumor
size was observed. Vaccination was discontinued after
11 months, because the level of liver enzyme was increased
and thus autoimmune hepatitis was suspected. None-
theless, the tumor continued to shrink and became
undetectable by CT 25 months after the start of
administration. At the time of the submission of this
manuscript, there is no sign of relapse or metastasis,
and the general condition of the patient has been kept
well with the performance status (PS) of zero.

Case 14 reports a 60-year-old male who showed object-
ive response (Figure 1b). After pancreatoduodenectomy,
gemcitabine treatment started in October 2008 and liver
metastasis was found 3 months later. Followed by TS-1
chemotherapy, we found that metastatic lesions in the
liver progressed after the condition of SD during 3 cycles
of TS-1 treatment. After 1 cycle of the peptide vaccine,
one target lesion of liver metastases located at S8 was
shrunken. This lesion kept shrinking until September
2009, and became hardly detectable by CT scan. Similarly,
a metastatic lesion in the lymph node was significantly
shrunken until September 2009. However, the other
target lesion (S4) in the liver showed no response to
the vaccine treatment and the tumor progression was
promoted after 2 cycles. Finally, the patient died at
220 days after the start of the vaccination.

In case 24, a 74-year-old male also showed objective
response (Figure 1c). After distal pancreatectomy in
August 2007, adjuvant chemotherapy utilizing gemcitabine
was performed for 6 months and then switched to TS-1
because of the side effect. Bone metastasis was found in
the xiphoid process by CT scan in April 2009. Radiation

therapy was performed to the xiphoid process in May
2009, but the tumor did not respond well. The patient
was enrolled into the peptide vaccine trial in July 2009
after one month of cooling off period. Bone metastasis
started to shrink after one cycle of the peptide vaccine
treatment. The precordial pain was rapidly diminished
and well controlled without opioid treatment. After the
5th shot of the peptide, Grade 3 interstitial pneumonia
was observed and the treatment was discontinued. The
patient was hospitalized in one week of treatment without
any steroid therapy and then well recovered. Even without
the vaccination, pain was well controlled and tumor
markers kept decreasing for the next two months.
After the re-progression of the disease, gemcitabine
was administered and no clinical effect was observed.
Since the patient desired to receive the peptide vaccine
again, we obtained an approval of the re-entry of this
case from the Ethical committee. The vaccine treat-
ment was restarted with careful monitoring, while
neither adverse events nor clinical effect was observed
in this second round of drug administration. His overall
survival period from the first day of administration was
495 days.

The median overall survival time of 31 patients was
142 days, and the progression free survival period was
56 days (Figures 4a and 4b). In comparison with the
control group without the vaccine treatment, who are
the patients visited Chiba Tokushukai Hospital in the
period between January 2007 and January 2009 (MST:
83 days), overall survival of the patients with the
KIF20A-peptide vaccination was statistically significant
(p =0.0468, MST: 142 vs. 83 days) (Figure 4c). Moreover,
MST of the patients who received BSC was 63 days.
Compared to the control group in multi-center, Overall
Survival of the vaccinated patients was significantly
improved (p = 0.0020, MST: 142 vs. 63 days) (Figure 4c).
Taken together, we concluded that the cancer vac-
cination utilizing KIF20A-derived peptide was signifi-
cantly effective as immunotherapy against advanced
pancreatic cancer.



Table 2 Patient characteristics and clinical responses

No. Age  Sex Target lesion Dose of Number Clinical Objective Response lesion Injection site CTL response
peptide (mg)  of injection  response*  Response reaction(Grade) Pre-vaccination  Post-vaccination™
1 75 M Local LNs 1 4 PD 0 N.A. +
2 57 F Local 1 1 PD 1 ++ ++
3 72 M Liver 1 3 - 0 NT. NT.
4 60 M Lung, local LNs 1 19 SD Yes Lung metastasis 2 -
5 72 F Primary , liver 1 12 PD 1 +++
6 65 F Liver 1 4 PD 0 +
7 61 F Local , liver 3 14 SD 2 +++
8 57 F Primary, liver 3 10 SD 2 ++ +++
9 33 F Paraaortic LNs 3 29 SD Yes(CR) Liver metastasis 3 NA. +++
10 76 M Liver 3 12 PD 2 - ++
1 55 F Primary, lung 3 17 SD 1 + -
12 58 M Primary 3 5 PD 0 - -
13 58 F Live, lung, LNs 3 10 sD 1 - ++
14 60 M Liver, LNs 3 17 SD Yes Liver metastasis, LNs 2 +++ +4+
15 80 F Liver, LNs, lung 3 5 PD 0 - +
16 58 M Primary, liver, lung 3 13 PD 1 - ++
17 49 M Parimary 3 17 SD 2 + +++
18 62 M Primary, liver, LNs 3 7 sD 1 - At
19 61 M Primarym, liver, lung, LNs 3 1 SD 2 - +
20 58 M LNs, lung 3 25 sD 2 + +++
21 47 M Primary, liver 3 13 SD 1 - +
22 71 F Liver, local LNs 3 7 sD Yes Liver metastasis 2 NA. ++
23 50 M Local, LNs 3 6 SD 0 NA. -
24 74 M Bone 3 21 sD Yes Bone metastasis 2 NA. +++
25 69 F Primary 3 2 - 0 NT. NT.
26 80 M Liver, lung 3 18 SD 1 + +++
27 44 M Liver, lung, local LNs 3 24 SD Yes Lung and liver metastasis 1 + -
28 61 F Peritoneal, local LNs 3 9 SD Yes Peritoneal metastasis 0 - -
29 46 M Liver 3 10 SD 2 - +4++
30 64 F Liver 3 9 SD 2 - +H+
31 68 F Liver 3 9 sD Yes Liver metastasis 2 + +++
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No. PFS(day) OS (day) Pre-vaccination Post-vaccination
WBC(/mm?®) Lymphocyte (%) Lymphocyte (/mm?) WBC(/mm?®) Lymphocyte (%) Lymphocyte (/mm?)
1 36 36 7300 7 511 5300 105 557
2 26 108 7400 13 962 7900 8 632
3 31 31 7800 11 858 16200 105 1701
4 223 283 5100 21 1071 5200 105 546
5 24 128 2400 255 612 4200 108 454
6 26 40 4500 16.5 743 8000 4.1 328
7 55 155 4000 25 1000 6400 183 nn
8 56 145 4500 i 33 1485 14100 16 2256
9 >1219 >1219 2500 44.5 1113 3600 33 1188
10 27 142 2300 295 679 5800 115 667
1 112 225 2600 9 234 2200 15 253
12 32 32 4500 30 1350 2400 107 257
13 57 97 7100 155 1101 9100 10.5 956
14 169 220 2300 27 621 4100 195 800
15 24 44 8500 95 808 13300 48 638
16 28 182 4800 27 1296 6400 193 1235
17 169 309 6200 265 1643 7900 175 1383
18 93 93 4200 28 1176 6600 186 1228
19 57 105 10200 205 2091 28700 9 2583
20 169 332 10100 34 3434 7600 195 1482
21 56 249 6000 275 1650 9600 8 768
22 89 89 7000 115 805 5200 20 1040
23 148 148 7900 20 1580 ' 11200 19 2128
24 45 495 3800 16 608 5600 178 997
25 1 1 7600 215 1634 7400 205 1517
26 112 207 6600 24 1584 7500 215 1613
27 115 317 2500 235 682 4000 255 1020
28 69 69 9000 265 2385 11200 75 840
29 52 388 4000 26 1040 5600 246 1378
30 56 69 4800 26.5 1272 8900 7.1 632
31 56 82 6800 33 2244 8300 195 1619

*Clinical response was evaluated one month after vaccination. PD, Progressive disease; SD, Stable disease; CR, Complete response; OR, Objective response.
**Best CTL response after vaccination. CTL responses were evaluated and classified based on the algorithm as described in Methods.

N.T. (Not Tested); CTL response was not tested in the samples in which PD was observed within one course of the treatment.

N.A. (Not Analyzed); CTL response was not analyzed because of the poor viability during the in vitro stimulation.
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2009/4/22 2009/5/20 2009/6/16 2009/8/1

4 y
8.6mm 131.6mm 31.5mm

Observation

‘(Post 8 courses) (Post 1 2’cours'es)
©:2009/12/3 2010/3/26

2011/8/25

“CRin

(after 25 months
from vaceination)

b Vaccination

(Pre Vaccination)

2009/5/15 2009/6/22 2009/7/22 2009/9/14

Vaccination 2009/5/282009/8/6, 6times

2009/6/26 2009/7/29 2009/11/6

32.7 mm 26.1 mm

g Vaceination

Vaccination

(Pre Vaccination)
2009/6/22

2009/7/18

e Vaccination

(Pre Vaccination) :
2000/7/9 2009/8/12

2009/8/12 2009/11/7

B

8.3 mm

171 mm

Vaccination =

(Pre Vaccination) WA
20008/7/9 2009/8/10 2009/8/7

“(Short-axis diameter)
18.5 mm

{Pre Vaﬁcination)
S 2009/9/4"

21.4 mm

2000/10/3

180 mm

Figure 1 CT images of the target lesions showing objective tumor response. Repreéentative CT images of the target lesions were shown,
such as liver metastasis in case 9 (a), liver metastasis in case 14 (b), bone metastasis in xiphoid process in case 24 (c), liver metastasis in case 22
(d), liver metastasis in case 27 {e), peritoneal metastasis in case 28 (f}, and liver metastasis in case 31 {(g). Arrow head indicates the target lesion.

CTL response and injection site reactions

We expected that the number of CTL responded to
KIF20A peptide may be associated with the efficacy of
the vaccine treatment. Therefore, CTL response was

measured by ELISPOT assay in 29 patients who received
the vaccination at least one cycle (Table 2). Among them,
CTL responses in 24 patients were comparable in pre-
and post-vaccination. In 16 patients out of 23 (70%), the



