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Table II. Vaccine-related severe adverse events.
Onset of Clinical
Total SAE outcomes
Age at no. of (vaccination CTCAE
Case ID entry Gender Disease  vaccinations times) SAE gradle BCR PES OS
K-GEM-005 73 F Pancreatic 77 48 Dermatology/ 3 SD 803 1123
cancer skin-other
: (cellulitis)
K-GEM-008 54 M Pancreatic 23 19 Injection site 3 SD 153 362
cancer reaction-
ulceration
EBO-112P 77 M . Prostate 104 102 Edema: Head 3 PR 437 2430
cancer and neck ‘

EBL-002 61 NSCL 23 7 Colitis 3 SD 323 668
EBG-101 68 F Cervical 10 10 Hemorrhage, 3 PR 323 323
cancer Gl-rectum
GY-II-004 75 F Cervicél 29 25 Fistula, 3 SD 789 804
cancer GU-bladder/

vagina

Figure 1. A skin ulcer at the injection site. Grade 3 ulcerations appeared at the
previous injection sites of the thigh regions after the 19th vaccination in the
abdominal region, in a patient with advanced pancreatic cancer (K-GEM-008).

appeared after the 29th vaccination in a 73-year-old female
patient with advanced pancreatic cancer (K-GEM-005, stage
IVDb), and therefore the vaccination interval was extended
from 2 to 3 weeks in this patient (Table IT). However, grade 3
cellulitis appeared at the injection site after the 48th vacci-
nation in this patient, and consequently both the vaccination
and gemcitabine were terminated for 4 weeks. After the
disappearance of cellulitis, the vaccination and gemcitabine
were resumed and continued until the 77th vaccination. The
best clinical response (BCR) was stable disease (SD) with a
progression free survival (PFS) of 803 days and an overall
survival (OS) of 1123 days.

Grade 2 inflammatory skin reactions at the injection sites
(the thigh regions) appeared after the 15th vaccination in a

Figure 2. Colitis associated with ulcers. Examination with a sigmoid fiber-
scope revealed colitis associated with ulcers in a patient with advanced non-
small cell lung cancer (EBL-002).

54-year-old male patient with advanced pancreatic cancer
(K-GEM-008, stage IVb), and consequently the injection
sites were changed from the thigh to the side-abdominal
regions (Table IT). However, grade 3 ulcerations appeared at
the previous injection sites in the thigh regions after the 19th
vaccination. The clinical trial was terminated after the 23rd
vaccination due to the skin ulcers in the thigh regions. The
BCR was SD with a PFS of 186 days and an OS of 362 days.
A representative ulcer at the injection site is shown in Fig. 1.
Grade 3 edema of the head and neck regions appeared 6
days after the 102nd vaccination in the subcutaneous thigh
regions in a 77-year-old male patient with advanced hormone
refractory prostate cancer (EBO-112P) who had been
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Figure 3. Bladder-vaginal fistula. Magnetic resonance imaging revealed the disappearance of the tumor mass after the 27th vaccination in a patient with

advanced cervical cancer (GY-1I-004).

responding well to the vaccination for a long period of time
(Table II). The ISEC permitted the continuation of the
vaccination therapy with careful observation, so the patient
received the 103rd vaccination 14 days after the 102nd
vaccination. Grade 3 edema of the head and neck region re-
appeared 13 days after the 103rd vaccination. The patient
was hospitalized for treatment, and the edema disappeared
thereafter. The vaccination was terminated after the 104th
vaccination based on the recommendations of the ISEC. The
BCR was a partial response (PR) with a PES of 437 days and
an OS of 2430 days.

Grade 2 diarrhea appeared in a 61-year-old male patient
with advanced non-small cell lung cancer (EBL-002, stage
IVDb), after the 4th vaccination (Table IT). The diarrhea became
more frequent after the 5th vaccination, and the vaccination
interval was prolonged from 2 to 4 weeks. Examination with
a sigmoid fiberscope revealed localized colitis. As the patient
experienced no diarrhea thereafter, the interval was shortened
again to 2 weeks after the 17th vaccination. Grade 3 diarrhea
appeared after the 19th vaccination, and the vaccination
interval was again prolonged from 2 to 4 weeks. However, the
diarrhea and associated rectal bleeding continued. Examination
with a sigmoid fiberscope revealed colitis associated with
ulcers (Fig. 2). The patient was hospitalized for treatment,
and the symptoms disappeared thereafter. The vaccination
was terminated after the 23rd vaccination based on the
recommendations of the ISEC. The BCR was SD with a PFS
of 323 days and an OS of 668 days.

Constipation and rectal narrowing appeared after the 5th
vaccination in a 68-year-old female patient with advanced
cervical cancer (EBG-101, stage IV) who had a history of
whole pelvic radiation therapy (60 Gy). A colostomy was
carried out based on the diagnosis of radiation colitis. The
patient re-entered the clinical trial. Grade 3 rectal bleeding
with anemia appeared after the 7th vaccination, and blood
transfusion was required in order to continue the treatment.
Examination with a colon fiberscope revealed redness and
swelling of the rectal mucosa, and a diagnosis of radiation
colitis was made again. No invasion of cancer cells was
observed. The ISEC concluded that the rectal bleeding was

mainly caused by radiation colitis, and the vaccination
therapy was considered not to have played a role. The dose
of vaccination was reduced from 3 to 1 mg/peptide based on
the recommendations of the ISEC. The rectal bleeding
disappeared thereafter. The BCR was PR with an OS of 323
days. The patient died as a result of sepsis due to pyelo-
nephritis, but not due to the progression of cancer.

Incontinence of urine appeared after the 24th vaccination
in a 75-year-old female patient with advanced cervical cancer
(GY-1I-004, stage IV) who had a history of whole pelvic
radiation therapy (60 Gy), and was diagnosed as a bladder-
vaginal fistula. The tumor mass disappeared after the 27th
vaccination (Fig. 3). The ISEC concluded that the fistula was
mainly caused by vaccination-induced anti-tumor responses
at the tumor sites, but the involvement of radiation colitis
was not excluded. The vaccination was terminated after the
29th vaccination based on the recommendations of the ISEC.
The BCR was SD with a PFS of 789 days and an OS of 806
days.

Immune responses and clinical responses at the onset of
SAE. We next examined whether boosted immune responses
were truly involved in the 6 cases of vaccine-related SAEs
(Table II). Both CTL responses and IgG responses to each of
the vaccinated peptides around the onset of SAEs, are shown
in Table III. Both CTL and IgG responses to at least 2
peptides were observed in all patients. CTLs to all 4, 3, or 2
peptides were observed in 3, 1, or 2 patients in quadruplicate
assays, respectively. All 4 out of 4 wells tested positive for
4 patients, while 3 out of 4 wells tested positive for 3
patients, indicating that the CTL precursor frequencies in
post-vaccination PBMCs around the onset of the vaccine-
related SAEs were much higher than those in the pre-
vaccination PBMCs. Furthermore, the amounts of IFN-y
exceeded 500 ng/ml in most wells for all patients, suggesting
the elevating activity of peptide-specific CTLs. Similarly,
IgG responses to the vaccinated peptides were observed in
5 out of 6 patients. In addition, the IgG titers in post-
vaccination plasma increased >100-fold in these 5 patients
compared to those in pre-vaccination plasma. These results
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Table II1. Antigen-specific CTL and IgG responses to the vaccinated peptides at the time of SAE onset.
IFEN-y production (pg/ml)? NIgG (FIU)
Vaccinated
Case ID peptides Pre-vaccination SAE onset Pre-vaccination SAE onset
K-GEM-005 SART3-109 - (0) -(0) 130 20,936
Lck-486 - (0) 1419,553 (2) 69 1,116
PTHrp-102 -(0) -(0) 113 14,500
EZH2-291 -(0) 2266, 1075, 684,381 (4) 10 29
K-GEM-008 SART3-109 -(0) 299 (1) 184 3,929
Lck-486 -(0) -(0) 62 161
HER2/neu-553 47 (1) 553,190,133 (3) 20 24,555
PTHrp-102 - (0) -(0) 36 38
EBO-112P SART3-309 359,130 (2) 4076,2691, 2102, 1324 (4) 10 23,960
Lck-246 136, 100 (2) 2950,2198, 1197 (3) 25 26,434
UBE2V-43 -(0) 876 (1) 120 26,231
UBE2V-85 -(0) >5000, >5000 (2) 113 20,258
EBL-002 SART2-93 123 (1) 262,190, 123,96 (4) <10 <10
SART3-315 336 (1) 269 (1) <10 <10
Lck-208 100, 65 (2) 229,118,77,52 (4) <10 <10
Lck-486 112 (1) 257,123,96 (3) <10 <10
EBG-101 Lck-422 142 (1) >5000, >5000, 905, 842 (4) <10 <10
MAP-432 130, 103,41 (3) >5000, 524 (2) <10 <10
UBE2V-43 -(0) 2597,2477,402 (3) 244 28,567
Lck-246 - (0) >5000, >5000, 227 (3) 196 20,273
GYII-004 SART2-93 -(0) 395,145 (2) 10 25
SART3-315 - (0) 785, 144 (2) 11 215
SART3-109 77 (1) 192 (1) 248 29,511
Lck-208 ()] -(0) 134 19,159

#Values of IFN-y production (pg/ml) in the positive wells are indicated. Number of positive wells in the quadricate cultures is also shown in

parenthesis. °FIU, fluoresence intensity unit.

indicate that both cellular and humoral responses specific to
the vaccinated peptides were truly boosted at the onset of the
vaccination-related SAEs. The clinical responses of these 6
patients were 2 PRs and 4 SDs (Table II).

Discussion

In the present study, with the exception of vaccine-related
SAEs, the frequencies of SAEs were high in the bladder,
pancreas and prostate cancer patients, and low in patients
with gastric and colon cancer, or malignant brain tumors.
This difference could mainly have been due to the nature of
the cancers themselves. The OS of advanced bladder and
pancreatic cancer patients at the time of entry to the
vaccination trial was very short, ranging from 5 to 8 months,
compared to that of patients with advanced gastric and colon
cancer (22,23). The exception was prostate cancer, and the
OS of advanced prostate cancer patients was relatively long,
ranging from 12 to 17 months.

The main reason for the high frequency of SAEs in
advanced prostate cancer could be the prolonged vaccination
cycles. The median number of vaccinations for advanced
prostate cancer patients was 16, with a range of 3 to 112
vaccinations, whereas the median number for patients with
other types of advanced cancer was from 6 to 9, as previously
reported (4-10,14-25).

Skin reactions at the injection sites were expected, as
repeated vaccinations of the peptides along with ISAS51 in the
subcutaneous regions should elicit inflammatory responses
(26), which in turn can result in SAEs in certain cases (4). In
addition, anti-tumor responses at the cervical region in cervical
cancer patients with a history of radiation therapy and thus
are at risk of radiation colitis, could be a risk factor for vacci-
nation-related SAEs.

The number of vaccinations in these 6 cases at the time of
SAEs were relatively large, ranging from 7 to 102, as these
patients were good responders, suggesting that the vacci-
nation-related SAEs appeared more frequently in patients
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who were considered to be good responders. This assumption
could be supported by the fact that both cellular and humoral
responses specific to the vaccinated peptides, were truly
boosted around the onset of the vaccination-related SAEs in
all 6 patients.

In conclusion, we show that the majority of SAEs
occurring after peptide vaccination for advanced cancer
patients were caused by cancer progression. However, it is
recommended that physicians should be on guard for vaccine-
related SAFs, despite their low incidence.
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A Phase | Study of Personalized Peptide Vaccination
Using I4 Kinds of Vaccine in Combination With
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BACKGROUND. To evaluate the safety, tolerability, immune response, and antitumor
activity of a combination of personalized peptide vaccination (PPV) and estramustine
phosphate (EMP) in patients with castration-resistant prostate cancer {CRPC).

METHODS. In a phase [ dose-escalation study, four peptides showing the highest levels of
peptide-specificimmunoglobulin G (IgG) to 14 vaccine candidates (ITK-1) were subcutaneously
injected every week in three different dose settings (1, 3, and 5 mg per peptide) for 6 weeks witha
low dose of EMP, and the patients were followed by maximum 2 years extension study
either weekly or bi-weekly six times PPV as one course with a low dose of EMP.

RESULTS. Fifteen patients were enrolled in the phase I study. No serious treatment-related
adverse events were observed. The most common adverse events were grade 2 skin reactions at
the injection sites. The maximum acceptable dose of ITK-1 was 8.643 mg. There were no
treatment-related systemic adverse events of grade 3 or more, and maximumn tolerated dose
could not be determined. Cytotoxic T lymphocyte responses measured by interferon-v release
assay were boosted in 10 of 15 (67%) patients, and IgG responses were boosted in 7 of 15 (47%)
patients. Twelve patients proceeded to the extension study, and the median survival time was
23.8 months during a median follow-up of 23.8 months.

CONCLUSIONS. PPV treatment for HLA-A24 positive patients with CRPC could be
recommended for further stages of clinical trials because of its safety and the higher frequency
of boosting immune responses. Prostate 71: 470-479,2011. ¢ 2010 Wiley-Liss. Inc.
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INTRODUCTION

In the initial trials, peptide-based vaccine treatment
of cancer patients rarely induced clinical responses and
the levels of immune responses was low, indicating
that the classical type of peptide vaccines did nothave a
promising future in the treatment of advanced cancer
[1,2]. However, there have been slow but substantial
advances in peptide vaccines and dendritic cell (DC)-
based vaccines with regard to both clinical responses
and immunological markers [3-12].

We previously reported that repeated multiple
peptide vaccine regimen planned according to the
pre-existing immunity (personalized peptide vaccine:
PPV) could prolong the overall survival of patients
with advanced cancer, and IgG specific to each peptide
can frequently be detected in pre- and post-vaccination
plasma [13]. In the previous trial, PPV was adminis-
tered in 113 patients with advanced cancer, and the
levels of peptide-specific cytotoxic T lymphocyte (CTL)
precursors were measured by the interferon (IFN)-y
release assay and those of anti-peptide immunoglobu-
lin (IgG) were estimated by enzyme-linked immuno-
sorbent assay (ELISA). The level of anti-peptide IgG
was a laboratory marker that predicted clinical
responses to the PPV with a positive relationship to
overall survival. Further, we showed that 58 patients
with castration-resistant prostate cancer (CRPC)
treated with a combination therapy of PPV and a low
dose of estramustine phosphate (EMP) survived for a
relatively long period of 17 months, which was
comparable with the results of chemotherapy with
docetaxel, and serious adverse events occurred less
frequently in the study [4].

ITK-1 is a peptide set consisting of 14 kinds of
peptide discovered as a HLA class I epitope, which
being developed by Green Peptide Co., Ltd. All the 14
peptide candidates can induce CTLs, and each of them
can induce HLA-A24-restricted and tumor-specific
CTL activity in peripheral blood mononuclear cells
(PBMCs) of cancer patients [14-18]. We have con-
ducted a phase I study on PPV and low-dose EMP in
HLA-A24-positive patients with CRPC in order to
define the safety, tolerability, and immune and pros-
tate-specific antigen (PSA) responses of this drug
combination.

PATIENTS AND METHODS

Patients

This was a multi-center study and approved by each
institutional review board (IRB) that evaluated it from
the viewpoint of the science and ethics in all four
hospitals in Japan before the initiation of the study.
Patients who had a histological diagnosis of prostate
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adenocarcinoma (PC) and progressive disease (PD) by
diagnostic imaging (computerized tomography; CT,
magnetic resonance imaging; MRI or bone scintigra-
phy) or PSA after both androgen deprivation therapy
either by castration or with luteinizing hormone-
releasing hormone (LHRH) agonists and anti-andro-
gen therapy, as well as oral EMP treatment were
eligible. PSA progression was defined as at least three
consecutive rises in serum PSA taken over 2 weeks
apart, in the setting of castration levels of testosterone.
Patients were required a washout period of at least
4 weeks before the first vaccination after the completion
of prior hormone therapy, hormone-chemotherapy,
chemotherapy, or immune therapy. Anti-androgen
therapy was discontinued for at least 4 weeks before
the first vaccination for patients receiving flutamide
and 6 weeks for those receiving bicalutamide. All
patients had an Eastern Cooperative Oncology Group
performance status of 0 or 1, HLA~-A24-positive type,
and serum testosterone level <50ng/dl, and were
maintained on LHRH agonist therapy or castration.
Adequate organ functions were required and were
defined as white blood ce]l count >3,000/mm?,
lymphocyte count >1,200/mm?®, hemoglobin >9g/dl,
platelets >100,000/mm?, total b1hrubm <1.5mg/dl,
AST and ALT <2x (upper normal limit), and serum
creatinine <1.4mg/dl. Patients with comorbidities
including serious cardiovascular, hepatic, nephritic,
and hematological diseases >grade 3 of Common
Terminology Criteria for Adverse Events (CTCAE),
serious gastric ulcers, and infectious diseases with
antibiotic treatment, were excluded. Radiation therapy
or immunosuppressive treatment using a systematic
steroid within the last 1 year was not permltted All
patients gave written informed consent approved by
each IRB.

Study Design

This was a phase 1 open-labeled dose-escalation
study. After a pre-vaccination measurement of pep-
tide-specific IgG in the plasma of patients reactive to 14
kinds of vaccine candidate peptides (ITK-1) with the
ability to induce CTLs, patients were treated with
6 weekly subcutaneous administration of the top four
peptides showing the strongest antibody responses at
three different dose settings (1, 3, and 5 mg/peptide),
with daily oral EMP 313.4 mg in the phase I study. This
was followed by a maximum of 2 years in an extension
study of six PPVs either weekly or bi-weekly as one
course. All patients were treated at the hospital during
the first 1 week followed by outpatient clinic visits.
ITK-1 consists of 14 kinds of peptides: SARTZ93_10,
SARTS3109-118, Lckaos-216, PAP 2153201, PSAnsg_asy, EGF-
Rsoo-s0e, MRP3sg3-511, MRP31293-1302, SART2161-169,
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Lekygs-a9s, LcKygs_a97, PSMAgpy_g30, EZH2735_743, and
PTHrPigs-111- All peptides were prepared under
Good Manufacturing Practice (GMP) compliance by
American Peptide Company (San Diego, CA) and by
PolyPeptide Laboratories (San Diego, CA), and were
supplied in lyophilized vials; 4 mg, including inactive
ingredients, under GMP compliance. Selected peptides
were dissolved in 1ml distilled water and emulsified
with 1 ml of incomplete Freund’s adjuvant (Montanide
ISA-51VG; Seppic, Paris, France), under GMP compli-
ance. Each of four peptides in 0.5 ml emulsion at a dose
level of 1 mg/peptide (4 mg/2 ml), 1.5ml emulsion at a
dose level of 3mg/peptide, and 2.5 mL emulsion at a
dose level of 5mg/peptide were injected subcutane-
ously into the thigh, the hip or the lower part of trunk
area. Each peptide was independently injected nearby.
EMP was administered orally as a 156.7 mg capsule,
one capsule twice daily, for a total daily dose of
313.4mg, half of the standard dose of EMP (626.8 mg/
day) to avoid immunosuppression as reported in our
previous study [19]. From the starting dose of 1mg/
peptide, subsequent dose levels were increased after
the evaluation of the safety data by the Data and Safety
Monitoring Committee (DSMC) according to the dose
escalation design of the protocol. The initial cohort
included six patients. If the DSMC recommended
proceeding to the next level as a result of the safety
evaluation of the prior level, new six patients were
enrolled. The highest dose level enrolled three patients
at first and was evaluated the safety data by the DSMC
to include additional three patients. The maximum
acceptable dose (MAD) was defined as the lowest dose
level at which at least two-thirds of patients experi-
enced grade 2 or greater injection site reactions after the
sixth treatment. The maximum tolerated dose (MTD)
was defined as the lowest dose level at which more than
one-third of patients experienced grade 3 or greater
systemic adverse events caused by ITK-1 after the sixth
treatment. Adverse events were graded according to
the CTCAE version 3.0 and were coded using Med-
DRA/J (Medical Dictionary for Regulatory Activities
Terminology/Japanese) version 12.0. Patients who
experienced no significant (>CTCAE grade3) adverse
events and no disease progression, and signed in-
formed consent were eligible to extend treatment until
disease progression or unacceptable adverse events
occurred, or the patient met other withdrawal criteria.

Pretreatment and Follow-Up Studies

A complete history, physical examination, and
routine laboratory studies, including complete blood
counts, biochemical tests, ECG, relevant radiologic
studies, PSA, and urinalysis were performed before
treatment and repeated after every six injections.
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Immune Responses

For evaluation of immune responses, peptide-
specific CTL precursors in PBMCs and peptide-specific
IgG levels in plasma were measured as described
previously [13]. Also, peptide-specific IgG levels were
measured using patient’s plasma of the screening
examination to select the best peptides. Briefly, 30 ml
of peripheral blood samples were obtained from each
patient to measure peptide specific CTL and IgG prior
to vaccination, at the fourth and after the sixth
vaccinations, and after every sixth vaccination in the
extension study, and then the PBMCs and plasma were
isolated by Ficoll-Conray density gradient centrifuga-
tion. We reported that the IgG specific to each peptide
measured by Luminex system as the fluorescence
intensity unit (FIU) could frequently be detected in
pre- and post-vaccination plasma, and the level of
peptide-specific IgG is a laboratory marker that
predicts clinical responses to the PPV with a good
relationship to overall survival [13,20]. Therefore,
peptides were chosen on the basis of evaluation of
peptide-specific IgG levels in plasma. Peptide-specific
CTL precursors in PBMCs were detected using a
previously reported culture method [21]. Briefly,
PBMCs (1 x10° cells/well) were incubated with
10uM of each peptide in U-bottom-type 96-well
microculture plates (Nunc, Roskilde, Denmark) in
200 pl of culture medium. The culture medium con-
sisted of 45% RPMI-1640 medium, 45% AIM-V®
medium (Invitrogen Corp., Carlsbad, CA), 10% FCS,
20U/ml of interleukin-2 (IL-2), and 0.I1mM MEM
nonessential amino acid solution (Invitrogen Corp.),
36 mg/L gentamicin sulfate (Wako Pure Chemical
Industries, Ltd., Osaka, Japan). Half of the medium
was removed and replaced with new medium contain-
ing a corresponding peptide (20 uM) every 3 days for
up to 12 days. On the 12th day of the culture, 24 hr after
the last stimulation, these cells were harvested, washed
three times, and then tested for their ability to produce
IFN-v in response to C1R-A2402 cells preloaded with
either a corresponding peptide or HIV peptide
(RYLRQQLLGI) as a negative control in HLA-A24.
The target cells (CIR-A2402, 1 x 10*/ well) were pulsed
with each peptide (10 M) for 2hr, and then effector
cells (1 x 10°/well) were added to each well with a final
volume of 200 ul. After incubation for 18 hr, the super-
natants (100 ul) were collected, and the amounts of IFN-
v were measured using an ELISA (limit of sensitivity:
10 pg/ml). All experiments were performed in quad-
ruplicate assay.

Definition of Treatment Outcomes

Outcomes were assessed by post-therapy changes in
serum PSA and immune responses. A post-therapy
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TABLE |. Baseline Demographics

Characteristics No. of patients (%)
No. of patients 15
Age, years

Median 73

Range 63-78
ECOG PS

0 14 (93)

1 1(7)
Gleason score

7 3 20
.8 5 (33)

9 4 (27)

10 1(7)

Unknown 2 (13)
PSA (ng/mlL)

Median 39.6

Range 0.2-354.4
Site(s) of metastasis

None 4 (27)

Lymph node 2 (13)

Bone 6 (40)

Lymph node - bone 17

Other 2 (13)
Local therapy

Prostatectomy 4(27)

EBRT 3 (20

No definitive local therapy 8 (53)
Hormone therapy

Primary therapy only 1M

>2 therapies 14 (93)
Chemotherapy

EMP 15 (100)

Other 2 (13)

ECOG PS, Eastern Cooperative Oncology Group performance
status; PSA, prostate-specific antigen; EBRT, external-beam
radiation therapy; EMP, estramustine phosphate.

decrease of PSA to a normal range was defined as a
complete response (CR) and a decrease in PSA of >50%
from baseline was defined as a partial response (PR) in
the phase I study. Also, a post-therapy PSA decrease of

<50% or an increase >25% from baseline were
interpreted as no change (NC) [22] and PSA above
125% of the baseline PSA value was defined as PD.
Positive immune responses were defined as post-IgG
levels/pre-IgG levels >3, post-IFN-y levels/pre- IFN-y
levels >3, respectively. All patients were followed up
every 3 months for life. Data, except the survival data,
were analyzed by November 2009 using SAS (Statistical
Analysis System) software version 9.1.3. The Student’s
t-test and the chi-square test were used to compare
quantitative and categorical variables, respectively.
Overall survival was calculated from the study
registration date to the date of the last follow-up or
the death from any cause. The Kaplan—-Meier method
was used to estimate product-limit estimate curves
with the survival data obtained in March 2010. Tests
results were considered significant at a two-sided
significance level of 5%. The analysis was performed
by intent to treat.

RESULTS

Patient Characteristics

Fifteen patients were recruited to the study between
April 2006 and September 2007. Patient characteristics
are listed in Table I. All patients were HLA-A24-
positive, and had hormone and EMP refractory
prostate cancer. In addition, all 15 patients were
evaluated for the safety and the efficacy of the PPV
treatment.

Dose Escalation

The dose-escalation scheme is presented in Table II.
Maximum dose escalation preplanned for each peptide
of 5mg/25mL (4 peptides, 20mg/10mlL) was
achieved. There were no treatment-related grade 3 or
4 adverse events or deaths in this study. Grade 2
injection site reactions were observed in two of six
patients in the first dose level of 1 mg/peptide, and five
of six patients in the second dose level of 3mg/peptide
after the sixth treatment. At the 5mg/peptide dose

TABLE Ii. The Results of Dose-Escalation in Phase I Study

No. of patients

Peptides dose level Discontinued or

Enroll

No. of patients

MAD (>grade 2 MTD (>grade 3 systemic

(mg/ peptide) skipped? injection site reaction) treatment-related AE)
1 6 0/6 2/6 0/6
3 6 0/6 5/6 0/6
5 3 3/3 3/3 0/3
Total 15 3/15 10/15 0/15

MAD, maximum acceptable dose; MTD, maximum tolerated dose; AE, adverse event.
*Patients were discontinued or skipped the treatment because both widespread grade 2 injection site reactions and patients’ ownrequests.

The Prostate
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level, three patients were treated, but the vaccination
was skipped or discontinued in all three patients
considering the ethical viewpoint because of patients’
own requests and physical burden, caused by wide-
spread grade 2 injection site reactions. After these
treatment-related adverse events, two of three 5mg/
peptide dose level patients were entered in the
extension study and then the dose level was reduced
to 3mg/peptide during treatment. The DSMC
reviewed the results and recommended stopping the
additional three enrollments for the dose level of 5mg/
peptide. Subsequently, the MAD for PPV was calcu-
lated to be 8.643mg/4 peptide (2.161 mg/peptide)
based on the logistic regression model.

Adverse Events

There were no treatment-related serious adverse
events and no grade 3 or greater adverse events in the
phase I study. In contrast, a grade 3 injection site
reaction and a grade 3 pyrexia occurred in one patient
each during the extension study. All treatment-related
adverse events observed in whole study (phase I and
extension study) are listed in Table III. The primary
nonhematologic treatment-related adverse events were
injection site reaction (93.3%), malaise (33.3%), edema
peripheral (33.3%), and fatigue (20.0%). These adverse
events were manageable with routine intervention.
Hematologic adverse events were, grade 1 white blood
cell count increased and grade 1-2 lymphocyte count
decreased occurred in4 of 15 (26.7%) and 3 of 15 (20.0%)
patients, respectively. One patient at a dose level
of 5mg/peptide had a grade 1 blood fibrinogen
increased, and another patient at a dose level of
3 mg/peptide had grade 1 blood triglycerides increas-
ed during the first course, and these changes returned
~ to normal levels on the next course.

immune Response

The best peptides for each patient were selected
based on peptide-specific IgG levels for each peptide at
the screening examination (data not shown). The
results of the immune response in the first course are
given in Table IV. After the sixth vaccination, IgG
responses were increased in one of six patients with
1mg/peptide, four of six patients with 3 mg/peptide,
and two of three patients with 5mg/peptide tested.
CTL responses measured by IFN-v release assay were
increased in four of six patients with 1 mg/ peptide, six
of six patients with 3mg/peptide, and zero of three
patients with 5 mg/peptide tested.

Clinicai Response

PSA response after the sixth vaccination was CR in
one patient (6.7%) receiving 3 mg/peptide, PR in one
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patient (6.7%) receiving 1 mg/peptide, and PD in two
patients (13.3%) receiving 5 mg/peptide. At the time of
data analysis, nine patients had died and all deaths
were attributed to prostate cancer or metastases. The
median follow-up time for all patients was 23.8 months,
ranging from 3.0 to 38.3 months. None of the patients
was lost to follow-up during this analysis. The median
overall survival was 23.8 months for all 15 patients (95%
CL, lower limit was 15.6 months, upper limit was not
estimated; Fig. 1).

DISCUSSION

We performed a multicenter, open-label, phase I trial
to evaluate the safety, tolerability, immune response,
and PSA response of a combination of escalating doses
of PPV and low-dose EMP. All patients had hormone
and EMP-refractory prostate cancer. The treatment
regime was well tolerated at all dose levels, except the
injection site reaction at the highest dose level of 5mg/
peptide observed in all three patients enrolled, and no
MTD was established in this trial. The most common
adverse event was injection site reaction. The concept of
dose escalation in a phase I trial to identify an MTD may
not be applicable to most therapeutic cancer vaccines
[23]. Peptide vaccines based on non-mutated mela-
noma antigens such as MART-1/Melan A and gp100
were initially evaluated in a phase I setting, at doses
ranging from 0.1 to 10 mg [24,25]. However, no toxicity
was observed even at the highest doses, and in vitro
analysis did not reveal any correlation between the
peptide dose and the generation of specific T-cell
reactivity from the PBMCs of the vaccinated patients.
Neither the safety nor efficacy of the vaccine can be
assessed in patients with a blunted immune response
since both safety and efficacy depend on the immune
response. In contrast, our initial trial for colorectal
cancer patients with 0.3, 1, and 3mg/injections of
SART3 peptide showed that a dose of 3 mg/injection
was better than that of 0.3 and 1 mg/injection based on
the induction of cellular immune responses to both
tumor cells and peptides [26]. The current phaseIstudy
also showed that a dose of 3 mg/injection was better
than those of 1 and 5mg/injection based on the
induction of cellular immune responses to peptides,
although total doses of four peptides were 4mg/2 mlL,
12mg/6mL, and 20mg/10mL. Under these condi-
tions, there were no serious adverse events caused by
ITK-1; however, grade 2 injection site reactions
were observed in two of six patients receiving
1mg/0.5mL/peptide, five of six patients receiving
3mg/1.5mL/peptide, and three of three patients
receiving 5mg/2.5mL/peptide in the phase I study.
The vaccination was skipped or discontinued in three
of three patients receiving 5mg/2.5mL/peptide
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TABLE . Treatment-Related Adverse Events for Castration-Resistant Prostate Cancer

No. of patients experienced treatment-related adverse events during phase I

study/whole study® by grade Total (15 patients)
1mg/peptide group 3mg/peptide group 5mg/peptide group
(6 patients) (6 patients) (3 patients) All grade

MedDRA/J verl12.0 symptom: Gl (®1/ G2/ G3((®PI/ GI1{/ G2/ G3(P/ GLE/ G2/ G3@PY
preferred Trem(PT) Whole)  Whole)  Whole)  Whole)  Whole)  Whole)  Whole)  Whole)  Whole) PI Whole
Vomiting 1/1 1(6.7%)  167%)
Ventricular extrasystoles 0/1 1(6.7%)
Fatigue 0/1 0/1 1/0 0/1 16.7%) 3 (20.0%)
Injection site reaction 2/2 2/3 1/1 5/4 0/1 3/3 13 (86.7%) 14 (93.3%)
Malaise 1/2 0/1 0/1 0/1 1(6.7%) 5 (33.3%)
Oedema peripheral 1/2 0/1 0/1 0/1 1(6.7%)  5(33.3%)
Pyrexia 0/1 1(6.7%)
Aspartate aminotransferase increased 0/1 1(6.7%)
Blood fibrinogen increased /1 1(6.7%) 1(6.7%)
Blood triglycerides increased 1/1 1 (6.7%) 1(6.7%)
Crystal urine present 0/1 1(6.7%)
Blood urine present 0/1 1(6.7%)
Lymphocyte count decreased 1/1 1/1 1/1 3(20.0%) 3 (20.0%)
Neutrophil count increased 0/1 1(6.7%)
Urinary casts 0/1 1(6.7%)
White blood cell count increased 0/1 1/2 1/1 2 (13.3%) 4 (26.7%)
White blood cells urine positive 0/1 0/1 2 (13.3%)
Bacteria urine identified 0/1 1(6.7%)
Dizziness 0/1 1(6.7%)
Dizziness postural 0/1 1(6.7%)
Headache 1/0 0/1 1(6.7%) 1(6.7%)
Insomnia 0/1 1(6.7%)
Cough 0/1 1(6.7%)
Rash generalized 0/1 1(6.7%)

*Whole study means phase I and extension study.
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TABLE IV. Immunorogical Responses During the Personalized Peptide Vaccination

Anti-peptide IgG response (FIU)"

Anti-peptide cellular response (pg/ml°®

Increased Increased
Dose of Post Post response Post Post response
peptide Pts No. Peptide Pre {fourth) (after sixth) (after sixth) Pre (fourth) (after sixth) (after sixth)
1mg 1 Lck-486 94 90 81 — ND ND ND —
PSMA-624 <5 <5 <5 — ND ND ND —
PTHrP-102 42 30 23 — 113 ND ND —
SART3-109 31 24 21 — ND ND ND —
2 Lck-486 310 206 976 Positive 667 ND 204 —
MRP3-1293 38 21 28 — ND ND 186 Positive
SART2-93 20 11 9 — ND ND 656 Positive
SART3-109 27 13 18 — . 899 ND ND —
3 Lck-486 102 102 114 — ND 78 ND —_
Lck-488 45 46 52 — 462 ND ND —
MRP3-1293 52 45 50 — ND ND ND —_
PAP-213 252 210 215 —_ ND ND ND —
4 Lck-486 200 199 247 — ND ND 1,393 Positive
Lck-488 <5 <5 <5 — ND ND 472 Positive
PSA-248 117 99 109 — ND ND ND —
PTHrP-102 171 138 142 — 564 ND ND —
5 Lck-486 575 364 396 —_ ND 117 57 —
Lck-488 144 102 92 — ND ND 439 Positive
MRP3-1293 91 64 51 —_— 133 160 ND —
PAP-213 90 70 77 — 3,764 ND 114 —
6 MRP3-1293 779 586 411 _— ND 477 ND —
PSA-248 804 756 1,825 — ND ND ND —
PTHrP-102 502 414 310 — ND 93 753 Positive
SART3-109 142 152 83 — ND ND 3,276 Positive
3mg 7 Lck-486 202 216 9,028 Positive ND 1,636 ND —_
MRP3-1293 29 21 22 — ND ND ND —
PAP-213 <5 <5 5 — 274 ND 1,49 Positive
PSA-248 11 12 1,902 Positive 173 ND ND —
8 Lck-486 298 261 287 — 2,543 ND ND —
Lck-488 10 9 11 — ND ND 598 Positive
MRP3-1293 23 21 23 — ND ND ND —_
PAP-213 8 5 9 — ND ND 2,613 Positive
9 Lck-486 329 290 308 — ND ND 72 —
Lck-488 128 103 106 — ND 119 627 Positive
MRP3-1293 53 36 40 — ND 1,706 ND —_
PAP-213 <5 <5 10,992 Positive ND 683 ND —

(Continued)
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TABLE V. (Continued)
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Anti-peptide IgG response (FIU)?

Anti-peptide cellular response (pg/ml)°

Increased Increased
Dose of Post Post response Post Post response
peptide Pts No. Peptide Pre (fourth) (after sixth) (after sixth) Pre (fourth) (after sixth) (after sixth)
10 Lck-486 826 1,632 16,376 Positive 127 ND 7,014 Positive
Lck-488 21 22 48 — 117 227 115 —
MRP3-1,293 21 22 24 — ND 109 ND —
PAP-213 15 15 60 Positive 189 ND 285 —
11 Lck-208 19 18 21 — 211 54 ND —_—
Lck-486 434 349 105 — ND ND ND —
Lck-488 12 12 12 —_ ND ND 5,258 Positive
PTHrP-102 102 99 135 — ND 2,991 2,934 Positive
12 Lck-486 392 549 348 — ND ND 1,136 Positive
Lck-488 87 96 64 — ND ND ND —
PSA-248 157 2,653 18,163 Positive ND ND ND —
SART3-109 76 87 58 — ND ND 794 Positive
5mg 13 Lck-486 183 231 861 Positive 184 103 104 —
PAP-213 39 35 8,490 Positive 232 ND ND —
SART2-93 56 49 51 —_ 59 215 ND —
SART3-109 31 31 38 — 391 ND 165 —
14 Lck-486 162 120 2,950 Positive 185 348 126 —
MRP3-1293 29 27 149 Positive 97 104 ND —
SART2-161 16 17 27 — 178 200 263 —
SART3-109 23 20 108 Positive 1,285 117 1,024 —
15 Lck-486 809 837 916 — 1,339 ND ND —
MRP3-1293 710 543 550 — 251 ND ND —
SART2-161 72 46 57 - ND ND 55 —
SART3-109 311 248 236 - — 100 ND 110 —_

*Values indicate fluorescence intensity unit (FIU) of IgG antibodies reactive to each peptide.
“Values indicate the mean of specific interferon-y production in positive wells reactive to each peptide.
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Fig. I. Kaplan—Meler estimates of overall survival for I5 patients
treated by personalized peptide vaccination with low-dose estra-
mustine. Median overall survival is 23.8 months.

because of both widespread grade 2 skin reactions and
patients’” own requests. Subsequently, we calculated
MAD as 8.643mg/4 peptides in this study. Therefore,
considering the adverse events, tolerability, and
immune responses, the 3mg/1.5mL/peptide dose of
PPV will be recommended for further clinical trials.

In the present study, CTL responses measured by
IFN-vy release assay and IgG responses were enhanced
in 10/15 (66.7%) and 7/15 (46.7%) of the examined
patients, respectively, and in the PSA response, CR and
PR was one patient each (6.7%) and PD was two
patients (13.3%) after the sixth vaccination. In addition,
the long-term (23.8 months) medjan survival time after
combination therapy with PPV and low-dose EMP
observed in the extension study indicated that this
treatment suppresses tumor growth. However, the
exact mechanism of this interaction is unclear and
further studies are needed.

In conclusion, the results of safety, immune
responses, and improved overall survival without
MTD, as well as the consistency between these results
and the data from our previous trials [4,19,27], could
lead to us to the next phase of randomized clinical trial
wherein we can confirm the survival benefit of such
personalized immunotherapy in HLA-A24 positive
patients with CRPC.

ACKNOWLEDGMENTS

We thank Tadao Kakizoe (medical advisor).
REFERENCES

1. Rosenberg SA, Yang JC, Restifo NP. Cancer immunotherapy:
Moving beyond current vaccines. Nat Med 2004;10:909-915.

The Prostate

10.

11.

12.

13.

. Itoh K, Yamada A, Mine T, Noguchi M. Recent advances in

cancer vaccines: An overview. Jpn J Clin Oncol 2009;39:73-80.

. Yajima N, Yamanaka R, Mine T, Tsuchiya N, Homma J, Sano M,

Kuramoto T, Obata Y, Komatsu N, Arima Y, Yamada A,
Shigemori M, Itoh K, Tanaka R. Immunologic evaluation of
personalized peptide vaccination for patients with advanced
malignant glioma. Clin Cancer Res 2005;11:5900--5911.

. Noguchi M, Mine T, Yamada A, Obata Y, Yoshida K, Mizoguchi

J, Harada M, Suekane S, Itoh K, Matsuoka K. Combination
therapy of personalized peptide vaccination and low-dose
estramustine phosphate for metastatic hormone refractory
prostate cancer patients: An analysis of prognostic factors in
the treatment. Oncol Res 2007;16:341-349.

. Bolonaki I, Kotsakis A, Papadimitraki E, Aggouraki D, Konso-

lakis G, Vagia A, Christophylakis C, Nikoloudi I, Magganas E,
Galanis A, Cordopatis P, Kosmatopoulos K, Georgoulias V, -
Mavroudis D. Vaccination of patients with advanced non-small-
cell lung cancer with an optimized cryptic human telomerase
reverse transcriptase peptide. T Clin Oncol 2007;25:2727-2734.

. Domchek SM, Recio A, Mick R, Clark CE, Carpenter EL, Fox KR,

DeMichele A, Schuchter LM, Leibowitz MS, Wexler MH, Vance
BA, Beatty GL, Veloso E, Feldman MD, Vonderheide RH.
Telomerase-specific T-cell immumity in breast cancer: Effect of
vaccination on tumor immunosurveillance. Cancer Res
2007;67:10546~10555.

. Becker JC, Wobser M, Hofmeister V, Bauer B, Broecker EB,

Thorstraten P. Safety, immunologenicity and clinical regponse of
a survivin-based peptide vaccine in therapy-resistant advanced
cancer: Results from phase I/11 trial. Abstract of Annual Meeting
of American Society of Clinical Oncology J Clin Oncol 2008; 26:
3046, page 143s.

. Barve M, Bender J, Senzer N, Cunningham C, Greco A, McCune

D, Steis R, Khong H, Richards D, Stephenson J, Ganesa P,
Nemunaitis ], Ishioka G, Pappen B, Nemunaitis M, Morse M,
Mills B, Maples PB, Sherman J, Nemunaitis JJ. Induction of
immune response and clinical efficacy in a phase II trial of IDM-
2101, a 10-epitope cytotoxic T-lymphocyte vaccine, in metastatic
non-smali-cell lung cancer. J Clin Oncol 2008,27:4418-4425.

. Engell-Noerregaard L, Hansen TH, Andersen MH, Thor Straten

P, Svane IM. Review of clinical studies on dendritic cell-based
vaccination of patients with malignant melanoma: Assessment
of correlation between clinical response and vaccine parameters.
Cancer Immunol Immunother 2008;58:1-14.

de Vries 1], Bernsen MR, Lesterhuis WJ, Scharenborg NM, Strijk
5P, Gerritsen M]J, Ruiter DJ, Figdor CG, Punt CJ, Adema GJ.
Immunomonitoring tumor-specific T cells in delayed-type
hypersensitivity skin biopsies after dendritic cell vaccination
correlates with clinical outcome. T Clin Oncol 2005;23:5779-5787.
Escobar A, Lépez M, Serrano A, Ramirez M, Pérez C, Aguirre A,
Gonzalez R, Alfaro ], Larrondo M, Fodor M, Ferrada C, Salazar-
Onfray F. Dendritic cell immunizations alone or combined with
low doses of interleukin-2 induce specific immune responses in
melanoma patients. Clin Exp Immunol 2005;142:555-568.
Small EJ, Schellhammer PF, Higano CS, Redfern CH, Nemunai-
tis JJ, Valone FH, Verjee SS, Jones LA, Hershberg RM. Placebo-
controlled phase Tl trial of immunologic therapy with sipuleu-
cel-T (APC8015) in patients with metastatic, asymptomatic
hormone refractory prostate cancer. J Clin Oncol 2006;24:3089-
3094.

Mine T, Sato Y, Noguchi M, Sasatomi T, Gouhara R, Tsuda N,
Tanaka S, Shomura H, Katagiri K, Rikimaru T, Shichizo S,
Kamura T, Hashimoto T, Shirouzu K, Yamada A, Todo S, Itoh X,
Yamana H. Humoral responses to peptides correlate with



Peptide Vaccination for Prostate Cancer 479

14.

15.

16.

17.

18.

19.

20.

overall survival in advanced cancer patients vaccinated with
peptides based on pre-existing peptide-specific cellular
responses. Clin Cancer Res 2004;10:929-937.

Harada M, Kobayashi K, Matsueda S, Nakagawa M, Noguchi M,
Itoh K. Prostate-specific antigen-derived epitopes capable of
inducing cellular and humoral responses in HLA-A24™ prostate
cancer patients. Prostate 2003;57:152-159.

Kobayashi K, Noguchi M, Itoh K, Harada M. Identification of
a prostate-specific membrane antigen-derived peptide capable
of eliciting both cellular and humoral immune responses
in HLA-A24" prostate cancer patients. Cancer Sci 2003;94:622-
627.

Matsueda S, Kobayashi K, Nonaka Y, Noguchi M, Itoh K, Harada
M. Identification of new prostate stem cell antigen-derived
peptides immunogenic in HLA-A2" patients with hormone-
refractory prostate cancer. Cancer Immunol Immunother
2004;53:479-489.

Ogata R, Matsueda S, Yao A, NoguchiM, Itoh K. Identification of
polycomb group protein enhancer of zeste homolog 2 (EZH2)-
derived peptide immunogenic in HLA-A24™ prostate cancer
patients. Prostate 2004;60:273-281.

Yao A, Harada M, Matsueda S, Ishihara Y, Shomura H, Noguchi
M, Matsuoka K, Hara I, Kamidono S, Itoh K. Identification of
parathyroid hormone-related protein-derived peptides immu-
nogenic in human histocompatibility leukocyte antigen-A24"
prostate cancer patients. Br ] Cancer 2004;91:287-296.

Noguchi M, Itoh K, Yao A, Mine T, Yamada A, Obata Y, Furuta
M, Harada M, Suekane S, Matsuoka K. Immunological evalua-
tion of individualized peptide vaccination with a low-dose of
estramustine for HLA-A24" HRPC patients. Prostate 2005;63:
1-12.

Komatsu N, Shichijo 5, Nakagawa M, Itoh K. New multiplexed
flow cytometric assay to measure anti-peptide antibody: A novel
tool for monitoring immune responses to peptides used for
immunization. Scand J Clin Lab Invest 2004;64:535-546.

The Prostate

21.

22.

23.

24.

25.

26.

Hida N, Maeda Y, Katagiri K, Takasu H, Harada M, Itoh K. A
simple culture protocol to detect peptide-specific cytotoxic T
lymphocyte precursors in circulation. Cancer Immunol Immun-
other 2002;51:219~228.

Bubley GJ, Carducci M, Dahut W, Dawson N, Daliani D,
Eisenberger M, Figg WD, Freidlin B, Halabi S, Hudes G, Hussain
M, Kaplan R, Myers C, Oh W, Petrylak DP, Reed E, Roth B, Sartor
O, Scher H, Simons J, Sinibaldi V, Small EJ, Smith MR, Trump
DL, Wilding G. Eligibility and response guidelines for phase II
clinical trials in androgen-independent prostate cancer: Recom-
mendations from the Prostate-Specific Antigen Working Group.
J Clin Oncol 1999; 17: 3461-~3467.

Simon RM, Steinberg SM, Hamilton M, Hildesheim A, Khleif 5,
Kwak LW, Mackall CL, Schlom J, Topalian SL, Berzofsky JA.
Clinical trial designs for the early clinical development of
therapeutic cancer vaccines. ] Clin Oncol 2001;19:1848-1854.

Salgaller ML, Marincola F, Comier JN, Rosenberg SA. Immuni-
zation against epitopes in the human melanoma antigen gp100
following patient immunization with synthetic peptides. Cancer
Res 1996,56:4749-4757.

Cormier JN, Salgaller ML, Prevette T, Barracchini KC, Rivoltini
L, Restifo NP, Rosenberg SA, Marincola FM. Enhancement of
cellular immunity in melanoma patients immunized with a
peptide from MART-1/Melan A. Cancer ] Sci Am 1997,3:37-44.
Miyagi Y, Imai N, Sasatomi T, Yamada A, Mine T, Katagiri K,
Nakagawa M, Muto A, Okouchi S, Isomoto H, Shirouzu K,
Yamana H, Itoh K. Induction of cellular immune response to
tumor cells and peptides in colorectal cancer patients by
vaccination with SART3 peptides. Clin Cancer Res 2001;7:
3950-3962.

27. Naito M, Itoh K, Komatsu N, Yamashita Y, Shirakusa T, Yamada

A, Moriya F, Ayatuka H, Mohamed ER, Matsuoka K, Noguchi
M. Dexamethasone did not suppress immune boosting by
personalized peptide vaccination for advanced prostate cancer
patients. Prostate 2008;68:1753-1762.



R T e n s nnp e TSR e R e e s e e e e e e e R
Cancer Biology & Therapy 10:12, 1266-1279; December 15, 2010; © 2010 Landes Bioscience

Assessment of immunological biomarkers
in patients with advanced cancer treated
by personalized peptide vaccination

Masanori Noguchi,"** Takashi Mine,* Nobukazu Komatsu,? Shigetaka Suekane,? Fukuko Moriya,? Kei Matsuoka,?
Shigeru Yutani,® Shigeki Shichijo,® Akira Yamada,® Uhi Toh,® Kouichiro Kawano,” Kouichi Azuma,® Hirotsugu Uemura,®
Kiyotaka Okuno,'® Kazumasa Matsumoto," Hiroaki Yanagimoto,'? Ryuya Yamanaka,"* Masaaki‘Oka,"* Satoru Todo,”
Tetsuro Sasada® and Kyogo Itoh®?

'Divisions of Clinical Research and *Cancer Vaccine; Innovative Research Center for Cancer Treatment; 2Departments of Urology, 2immunology and Immunotherapy;
“Multi-displenary Cancer Center; *Department of Surgery, ’Gynecology, ®Medicine; Kurume University School of Medicine; Kurume; Japan; *Department of Urology;
Kinki University School of Medicine; Sakai; Japan; *Division of Colorectal Surgery; Department of Surgery; Kinki University School of Medicine; Osaka-Sayama; Japan;
"Department of Urology; Kitasato University Schoof of Medicine; Sagamihara; Japan; “Department of Surgery; Kansai Medical University; Hirakata; Japan;’
3Brain Research Institute; Niigata University; Niigata; Japan; “Department of Digestive Surgery and Surgical Oncology; Yamaguchi University Graduate School of Medicine;
Ube;Japan; *Department of General Surgery; Hokkaido University Graduate School of Medicine; Sapporo, Japan

Key words: biomarker, personalized peptide vaccine, IgG, CTL, overall survival

Abbteviations: CTL, cytotoxic T lymphocytes; EBV, Epstein-Barr virus; ECOG, Eastern Cooperative Oncology Group; HLA,
human leukocyte antigen; IFNYy, interferonyy; PBMC, peripheral blood mononuclear cells; HIV, human immunodeficiency virus;
IgG, immunoglobulin G; NSCLC, non-small cell lung cancer; RCC, renal cell carcinoma; PR, partial response; SD, stable disease;
PD, progression disease; HR, hazard ratio; CI, confidence intervals; PSA, prostate-specific antigen

Introduction

The field of therapeutic cancer vaccines is currently in an active
state of clinical investigations. There have been slow but substan-
tial advances in peptide vaccines."* However, there are as yet no
definite biomarkers to predict clinical responses, which hamper the
development of cancer vaccines. Cytotoxic T lymphocyte (CTL)
response has been reported as an immunological biomarker in
many clinical trials, but the statistical powers have not been strong
enough to warrant assignment as a definite biomarker.* This could
be in part due to the lower sensitivity of CTL assays because of the
CTL precursor frequency in the circulation is generally lower than

1 in 10,000 peripheral blood lymphocytes®® This could also be
due to lower reproducibility as well as the requirement of in vitro
incubation. More importantly, the clinical benefits of recent tri-
als were not clear enough for the statistical analysis of biomarkers,
which also made it difficult to find definite biomarkers.** Indeed,
the majority of recently conducted randomized cancer vaccine tri-
als failed to result in clinical benefits; in fact the clinical outcomes
were worse in the vaccination groups than in the control groups.”?

We previously reported that personalized peptide vaccination
could prolong the overall survival of advanced cancer patients
along with immunoglobulin G (IgG) responses as a biomarker
in a relatively small number of patients.!®" In this study, we
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used the data from a total of 500 advanced cancer patients, who
received personalized peptide vaccination conducted between
October 2000 and October 2008, to investigate biomarkers that
are predictive of their overall survival. Furthermore, we used
samples from long-term survivors (more than 900 days of overall
survival) and short-term survivors (less than 300 days of over-
all survival) with advanced castration-resistant prostate cancer
(CRPC) under treatment with personalized peptide vaccination.
It is well known that advanced CRPC patients rarely survive
more than 2 years even if they receive global standard chemo-
therapy combined with hormone therapy.!? Therefore, although
only 43 patients were examined in subgroup analysis, the clinical
benefits in the long-term survivors should be sufficiently large for
the statistical analysis to identify definite biomarkers easily if any.

Resulis

Patient characteristics, immunological and clinical responses.
The demographic, immunological responses and clinical char-
acteristics of the 500 patients with advanced cancer are listed
in Table 1A and B. The most frequent symptom of toxicity in
the personalized peptide vaccination was a local skin reaction at
injection sites. These symptoms were manageable through rou-
tine interventions as reported previously.®? The best response
to the personalized peptide vaccination was assessed in 436
patients. No complete responses (CR) were observed in either
group. Forty-three patients (10%) had partial response (PR) and
144 patients (33%) had stable discase (SD). The remaining 249
patients (57%) had progressive discase (PD) without responses.
Most of these clinical responses were already reported.’®® The
response rate and disease control rate during the personalized
peptide vaccination were 9.9 and 42.9%, respectively.

Correlation between overall survival and immune responses.
The median follow-up for all 500 patients was 9.1 months (range,
1-105 months). Forty-five patients (9%) were alive at the end of
the study (October 2009). Four hundred and forty-five patients
died from advanced cancer and 10 patients died of other causes.
The median overall survival time was 9.9 months with 1- and
3-year survival rates of 43 and 10.7%, respectively (Fig. 1A).
Peptide-specific cellular and humoral immune activities were
measured at G-week intervals as long as patient samples were
available. The total numbers of evaluable patients for CTL and
IgG responses during the personalized peptide vaccination were
332 and 300, and positive results in CTL and IgG responses after
the sixth vaccination were detected in 199 (60%) patients and
in 187 (62%) patients, respectively. The median overall survival
for patients with a positive IgG response was significantly longer
than that for patients with a negative IgG response (p = 0.0015
by log-rank test; Fig. 1C), while an association between CTL
response status and overall survival was not observed (p = 0.167
by log-rank test; Fig. 1B).

Analysis of predictors of overall survival. Cox proportional
hazards regression analysis was performed to determine factors
that are predictive of overall survival in the 500 patients listed
above (Table 2). In univariate regression analysis, performance
status (p < 0.0001), counts of lymphocytes (p < 0.0001), IgG
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response and age (p = 0.002) were found to be associated with
survival. Gender, CTL response, HLA typing and vaccine inter-
val were not significant factors. Forward stepwise multivariate
analysis showed that only performance status (p < 0.0001; haz-
ard risk 2.295; 95% CI, 1.653-3.188), counts of lymphocytes
(p = 0.0095; hazard risk 1.472; 95% CI, 1.099-1.972) and IgG
response (p = 0.0116; hazard risk 1.455; 95% CI, 1.087-1.948)
were independent predictors of overall survival. None of the other
variables were significant predictors of overall survival.

Comparison of immune responses between short- and long-
term survivors. To statistically confirm the supetiority of IgG
response as a predictor to CTL response, samples from 20 patients
who survived more than 900 days (long-term survivors) and those
from 23 patients who died within 300 days (short-term survivors),
among 174 patients with CRPC who received personalized pep- -
tide vaccination, were analyzed further. There were no statistical
differences between the two groups with regard to clinical and
pathological characteristics at the time of entry (Table 3). The
only apparent difference was overall survival after the vaccination.
Median survival times of long- and short-term survivors used for
the analysis were 1,483 days and 189 days, respectively.

The frequencies of selection of each peptide candidate at
the first vaccination between long- and shortterm survivors
were investigated to address if the peptides used were different
between the two groups. There were no significant differences in
the frequencies of selection of each peptide at the first vaccination
between the two groups.

The levels of IgG reactive to each of the vaccinated peptides
were measured for 21 of 23 shore-term survivors and all 20 long-
term survivors during both pre-vaccination and post-vaccination
periods, and the representative results were given in Table 4A
and B. The post-vaccination samples were not available from
two short-term survivors. In short-term survivors, the numbers
of peptides, against which a more than two-fold increase in
IgG was obsérved, were 0 peptide in 10 patients, 1 peptide in
7 patients, 2 peptides in 3 patients and 3 peptides in 1 patient.
In long-term survivors, numbers of peptides, to which increased
IgG responses were observed, were 0 peptide in 3 patients, 1
peptide in 3 patients, 2 peptides in 5 patients, 3 peptides in 6
patients and 4 peptides in 3 patients (p = 0.000282). To better
represent n-fold increase in IgG levels, the results were drawn in
Figure 2, in which the vertical bars denote log 10 scores. In short-
term survivors, the numbers of peptides, against which a more
than 10-fold increase in IgG was observed, were 0 peptide in 16
patients, 1 peptide in 2 patients, 2 peptides in 2 patients and
3 peptides in 1 patient. In long-term survivors, the numbers of
peptides, against which a more than 10-fold increase in IgG was
observed, were 0 peptide in 5 patients, 1 peptide in 6 patients, 2
peptides in 5 patients and 3 peptides in 4 patients (p = 0.00045).

. CTL activity against each of the vaccinated peptides was mea-
sured in 17 of 23 short-term survivors and all 20 long-term sur-
vivors during both pre-vaccination and post-vaccination periods
(Table 4A and B). The post-vaccination peripheral blood mono-
nuclear cells (PBMCs) needed for measurement of CTL responses
were not available from 9 short-term survivors primarily because of
rapid progression of cancer. In short-term survivors, the numbers
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Table 1A. Characteristics, Immune responses and clinical responses of 500 patients with advanced cancer

Groups of cancer

Characteristics Total Prostatic cancer

Colorectal cancer,

Pancreatic cancer Gastric cancer Brain tumor Cervical cancer

No. No. % No,

)
®

%

No. % No. % No., % No. %

No. of patients 500 174 35 74

Average Age, years 618 67.9 585

Standard deviation 128 7.8 123
Sex
Male
Female
Performance status (ECOG)
0
1 118
2
3
Peptides bind for HLA
A2
A24
A3-supretype 6 1 4
Mixed type
Average times of vaccination

353 71 174 100 52

147 28 - 22

333 67 144 83 47

24 25 145 23

3 0.5 4

18 3 4

138 28 48 28 %

332 665 108 83 58

23 5 13 7 o

147 7 138

Standard deviation 189 1.8

Treatment

Vaccination alone 331 66 109 63 47

Combination 169 34 65 27

CTL response

No. of evaluable case 332 111 60

yes 199 50 75 32

no 133 40 38 32 28

1gG response

No. of evaluable case 300 105 48

yes 62 77 73 27

no 113 38 28 27 21

Best clinical response
No. of evaluable case 436 185 68
PR
SD
PD

Response rate (%)

43 28 19 1

144 33 23 23

249 57 &8 44

9.9 187

Disease control rate (%) 429 419 353

15

22

78

36

53

47

86

a4

65

50 10 42 8 33 7 28 6

64.8 587 4986 498

88 203 124

32 29 69 18 55 -

18 13 31 15 45 100

33 20 48 21 &7

16 38 19 8 32

24 3

36 0

30 14 24 11 39

62 28 7% 17 61

9.8 131 14

9.8 1.2 9.8

22 81 14 42 28

-

Qo
=1

38 78 19

40 26

26 &5 60 17 65 65

14 35 40 9’ 35 35

41 21 22

21 51 14 &7 1 50 58

20 49 7 33 11 50 42

41 35 30

10 .

23 56 8 23 11 37 30

34 27 77 14 47 57

9.8 - 16.7

659 228 53.3 435

Immunological responses were evaluated using the pre-and post-sixth vaccination samples.

of peptides, against which increased CTL responses were observed,
were O peptide in 4 patients, 1 peptide in 6 patients and 2 pep-
tides in 4 patients. In long-term survivors, the numbers of peptides,
against which increased CTL responses were observed, were 0 pep-
tide in 5 patients, 1 peptide in 12 patients, 2 peptides in 1 patient
and 3 peptides in 2 patients (p = 0.827009).

Discussion
This study showed that both lymphocyte counts prior to the vac-
cination and increased IgG response to the vaccinated peptides,

along with performance status, well correlated with overall survival
of advanced cancer patients who received personalized peptide

1268

Cancer Biology & Therapy

vaccination. Lymphocyte counts prior to vaccination shall be a bio-
marker primarily because lymphocytes are absolutely required for
vaccine-mediated immune boosting. In addition, lymphopenia is
recently reported to be an independent prognostic factor for overall
survival in advanced cancers.* In contrast to lymphocyte counts,
one might question why IgG response, but not CTL response, is
a biomarker of the effectiveness of the peptide vaccination given
that the vaccination primarily activates peptide-specific CTLs, but
not B cells. We also brought up the same question when report-
ing on IgG responses as a biomarker following an investigation of
211 patients under treatment with personalized peptide vaccina-
tion.® Therefore, we extended that study in the present work and
report convincing results showing that IgG response is superior to
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Table 1B. Characteristics, Immune responses and clinical responses of 500 patients with advanced cancer

Groups of cancer

Characteristics NSCLC RCC

Melanoma

Brest cancer Urotherial cancer Others

Yo %

No,

% No, % No, % No,

No. of patients 22 4
Average Age, years
Standard deviation
Sex
Male

Female

60.5 578

124 1.2
50 85
50 15
Performance staius (ECOG)

0

1

2

3
Peptides bind for HLA

A2

A24

64 77
23

13 1

18 23

82 69
A3-supretype
Mixed type

Average times of vaccination

13.8 238

Standard deviation 15.4

Treatment
Vaccination alone 22 100 92
Combination

CTL response
No. of evaluable case 11

yes 55 20

no 45 80
lgG response
No. of evaluable case
yes 58

no 42 44
Best clinical response
No. of evaluable case
PR
8D

PD

52 %

48 25
Response rate (%) - -
75

Disease control rate (%) 524

12

12

1 2 10 2 31

57.3 543 86,6 638

182 11.4 107 1.9

&8 90 52

42 100 10 15 48

58 46 50 16 52

25 36 30 28

17 1 10

a3 36 40 26

67 64 60 52

16

12.3 10.8

66 9.8 134

100 36 90 29 94

64 1 10

12

75 1 17 &7 33

25 83 1 a3 67

71 100 67 44

29 33 §6

45 1 10 29 35

55 90 57

- - 143 -

455 429

" Immunological responses were evaluated using the pre-and post-sixth vaccination samples.

CTL response in predicting the overall survival of advanced cancer
patients under treatment with personalized peptide vaccination.

It is obvious that cellular immune responses shall be an
important marker if appropriate assay conditions are defined and
used. However, the current available T cell assays possess insuf-
ficient sensitivity and reproducibility for monitoring immune
responses in vaccinated patients. Various T cell assays for quan-
tifying and characterizing antigen-specific T cell responses,
including ELISPOT, ELISA, intracellular cytokine staining
(ICS), *'Cr-release cytotoxicity assay, peptide-MHC mult-
mer and proliferation assay (*H-thymidine uptake and CFSE),
have been extensively studied.#***' Using these T cell assays,
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increasing numbers of studies have reported significant correla-
tions between clinical benefits and immunological responses in a
limited number of patients.#>*3! However they are often incon-
sistent and unreproducible in other studies, because no univer-
sal standards have been established in the current T cell assays,
which continue to be modified on a regular basis.#3%3 In fact, we
have already tried several T cell assays, including delayed type
hypersensitivity test and cytotoxicity assay, in our vaccinated
patients, but their results were no better than the CTL precursor
assay that we employed in the current study.’® We also employed
ELISPOT assay with the similar results (Noguchi M, et al,
unpublished results). Therefore, we think that optimization and
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standardization of T cell assay protocols, including the analysis,
interpretation and reporting of data, may be crucial for future
development of immune monitoring in cancer patients.*3%3
Nevertheless, it should be also noted that T cell assays have their
inherent limitations. Even if innovated technologies are intro-
duced and assay protocols are sophisticated, it will be difficult
to dramatically improve their performance characteristics, such
as sensitivity and reproducibility, because the frequencies of anti-
gen-specific T cells are usually quite low even after vaccination.>®

One might have several questions with regard to relationship
between peptide-specific CTL responses and peptide-specific
IgG responses, but we found no statistically significant correla-
tion between the increased IgG responses and the increased CTL
responses in 300 patients shown in Table 1A and B as well as 43
patients shown in Table 4A and B. We previously reported that
both IgG and CTL responses were augmented in the samples
after 6% vaccination from the majority of patients who showed
PR responses.?*® We also demonstrated that there were no
significant differences in overall survival between patients show-
ing both CTL and IgG responses and those showing only IgG
response.’®! These results suggest that boosted CTL responses
are involved in tumor reduction, but not necessarily involved in
prolonged overall survival.

We investigated the correlation between pre-vaccination lym-
phocyte counts and the induction of IgG responses in the 43
patients listed in Table 4A and B. As a result, there was no sig-
nificant correlation between them. In addition, we addressed if
boosted IgG responses to the vaccinated peptides were associated
with concomitant increase of peptide-specific IgG to non-vacci-
nated peptides in the patients showing longer survivals shown
in Table 4A and B. As a result, no such concomitant increase
was observed in the majority of long survivors as well as short
survivors listed in Table 4A and B. These results suggest that
the boosting effect was really limited to the vaccinated peptides.

There could be several possible explanations for these unex-
pected results. Firstly, to the best of our knowledge, none of the
previously reported studies involved more than several hundred
cases under a single concept (personalization of peptide selec-
tion) of therapeutic peptide vaccination for advanced cancer
patients. Although some of the clinical trials of peptide vaccina-
tion identified CTL response as a biomarker that predicts overall
survival,>#1%3 the numbers of patients were too small to obtain
significant results. Furthermore, the clinical benefits of those
peptide vaccination trials were not sufficiently large to enter ran-
domized phase III trials. A number of pootly validated or con-
troversial matkers made it difficult to obtain approval of cancer
vaccines as drugs. Indeed, there are no prospectively defined
markers validated in large phase II or III studies at the time of
writing.”? Therefore, IgG response, but not CTL response, to the
vaccinated peptides or proteins has the possibility to become a
true biomarker that is predictive of the overall survival of can-
cer patients under treatment with cancer vaccine. In line with
our observations, other researchers have also recognized the sig-
nificance of B cell responses induced by vaccination with tumor
antigens. Secondly, we previously reported that the personalized
peptide vaccination mainly induced infiltration of CD45RO*
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T cells, but not that of CD8* T cells or CD20* B cells.®® The
results suggest that personalized peptide vaccination initially
induced CD45RO* memory helper T cells to infiltrate into
tumor sites, which in turn facilitated the proliferation of CD8*
CTLs and B cells. Consequently, the activated CTLs eliminated
cancer cells, while the activated B cells differentiated into plasma
cells, which in turn produced IgG specific to the vaccinated pep-
tides. Although the precise mechanisms, in which helper CD4*
T cells are activated after vaccination with HLA class [-restricted
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Table 2. Univariate and multivariate analysis for overall survival using Cox regression models

Factor 95% Cli

1.099-1.972

<0.0001

1.113-1.617

i S

0.937-1.486

Vaccine interval 1 week v = 2 weeks 0.2117 0.8760 0.712-1.078 - Co- -

Lymphocyte and patient age are based on median values, and the remaining are treated as dichotomous variables.

Table 3. Baceline patient characteristics

Age, years

Range 54-78 50-80

0 20 100 20 87 0.236

Range 2-330 2-296

7 6 . 30 3 13 0.299

No 3 15 2 9 0.651

rga

RSP URR AR
Progression free survival time, days
ey

Median 1483 189

peptides, still remain to be clarified, one possibility is that the pep-  248-257 in prostate patients by our group and also in the Melan
tides employed in this study may be presented not only in HLA A 26-35 (A27L) peptide in melanoma patients.>* Alternatively,
class I but also in HLA class II and recognized by both CD8 and  the peptides employed in this study may be recognized by CD4*
CD4 T cells, as has been reported in the PSA peptide at position T cells on HLA class I molecules without requirement of CD8
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