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Fig. (2). Rationale of personalized peptide vaccine. In conventional peptide vaccines without pre-existing immunity, patients without im-
munological memory to vaccine antigens would take more time to develop effective anti-tumor immune responses because several rounds of
repeated vaccinations might be required to prime antigen-specific naive T cells to functional effector cells. In personalized peptide vaccines
with the pre-existing immunity, patients with antigen-specific immunological memory are expected to show quick and strong secondary im-

mune responses to them.

clinical benefits, especially in advanced cancer patients who
show rapid disease progression [26]. In light of this, it would
be quite reasonable to select vaccine antigens on the basis of
the pre-existing immune cell repertoires in each patient.

Cancer cells can develop various mechanisms to acceler-
ate malignant behavior [21]. For example, it has been well
recognized that cancer cells might escape the host’s immu-
nological surveillance. After the interaction/competition be-
tween tumor cells and host immune cells, tumor cell variants
resistant to the immunological pressure often emerge through
the selection of mutants with reduced antigenicity [21].
Therefore, the selection and administration of multiple vac-
cine antigens could reduce the risk of tumor escape through
the existence and/or induction of antigen-negative variants
escaping antigen-specific immune responses [22, 27], since it
would be rare for tumor cells to simultaneously lose all of
the multiple antigens selected for vaccination.

Collectively, our new concept of “personalized” cancer
vaccine formulation, where multiple peptide antigens are
selected for vaccination by the pre-existing host immunity
from a list of vaccine candidates, may confer several advan-
tages, including the possibility of bypassing both immu-
nological diversity and tumor heterogeneity.

2.2. PPV Procedures

For PPV, a maximum of four peptides are selected based
on the results of HLA typing and the pre-existing immune
responses specific to each of the 31 HLA class I-restricted
cytotoxic T lymphocyte (CTL) epitope peptides with mini-
mal optimal lengths (9-mer or 10-mer): 12 peptides for
HLA-A2, 14 peptides for HLA-A24, 9 peptides for HLA-A3
supertype (A3, All, A3l, or A33), and 4 peptides for HLA-
A26 (Table 1). These peptides were identified mainly
through the cDNA expression cloning method with tumor-
infiltrating T-lymphocyte lines [25, 28-34]. The safety and

potential immunological effects of these vaccine candidates
have been demonstrated in clinical studies [25, 35, 36]. It
should be noted that we currently employ these 31 CTL epi-
topes, which are also shown to induce antigen-specific B-cell
immune responses, as vaccine antigen candidates for PPV,
since it has been suggested that a CTL peptide with the abil-
ity to induce antigen-specific B-cell responses could provide
more effective immune responses than a CTL peptide with-
out it [37, 38].

Although short peptide epitopes with minimal optimal
lengths have been reported to bear the potential to induce
immune tolerance rather than activate antigen-specific im-
mune responses [39-41], our PPV formulation with short
epitopes has been demonstrated to efficiently induce antigen-
specific IFN-y-producing CD8" T cells, but not tolerance to
them, possibly because only immunogenic epitopes are se-
lected in each patient by screening before vaccination. Al-
though long synthetic peptides have shown excellent im-
mune responses and promising clinical results in some clini-
cal trials [42, 43], we do not currently use long peptides for
PPV, since they may contain undesirable T-cell epitopes that
activate other immune cells, such as T helper 2 cells and/or
regulatory T cells [44, 45], which could negatively affect
beneficial antigen-specific immune responses.

Different peptides have their own different binding af-
finities to the corresponding HLA molecules. Therefore, if
multiple CTL-epitope peptides with different HLA-binding
affinities are loaded to APCs, the individual peptides may
compete with each other to bind HLA molecules on the
APCs [46]. For PPV, to prevent such competition among
peptides at the vaccinated sites, a maximum of 4 immuno-
genic peptides selected from the 31 different vaccine can-
didates are individually mixed with incomplete Freund’s

. adjuvant (Montanide ISAS1; Seppic, Paris, France) and

subcutaneously injected at different sites, but not at a single
site as a mixture. Regarding the vaccination schedule,
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Table1. Peptide candidates used for personalized peptide vaccine (PPV).
Peptide Name HLA R;strlcnon ' O;lgmal Prt;;n ‘ Position Ammo Acid Sequence
L CypB-129 A2 A3sup CyclophllmB 129-138 KLKHYGPGWV
,,,,, EGFR-800 A2 EGFR ~ 800-809 ~ DYVREHKDNI
' Ezmﬂs:; i A EZH2 | 735743 KYVGIEREM
S m . HINRPL | | lao-148 _ALVEFEDVL =~
{ HNRPL-501 A2 A2 .~ HNRPL 501510 . NVLHFENAPL
© Lek90 A3sup  pS6lek _ILEQSGEWWK _
Lok-208 A ps6lck ~ HYTNASDGL
Lok246 | A2 U ps6lek " KLVERLGAA
,,,,, Lok422 A2 Alsup  ps6lck 422430 " DVWSFGILL
Lok-449 A3sup pS6 fck 449458 | VIQNLERGYR
- Lok-486 A24 pS6 Iek | © 486-494 TFDYLRSVL
?  Lok-488 An ~ ps6lck 488497 DYLRSYLEDF
A2 A% | poMAPkKk 42440 _ DULSHAFFA
_ MRP3-503 A24 | MRP3 503-511  LYAWEPSFL
7 MRP3-1293 A2 _ MRP3 12931302 | NYSVRYRPGL |
- PAP213 A24 PAP 213221 LYCESVHNF
- PAP248 | Alsup PAP ; 248-257 1 GIHKQKEKSR
pSA-248 A2 PSA ) 248257 | HYRKWIKDTI
PSMA-624 A24 PSMA © 624-632 TYSVSFDSL
© PTHrP-102 A2 'PTHP C102m1 RYLTQETNKV
|SART2-93 A _ SART2 93-101 DYSARWNEL |
SART2-161 _ A2 SART2 161-169 V AYDFLYNYL |
SART3-109 A24 Alsup A26 SART3 Joo-us b ,VYDYNCHVDL ‘
ART: a SARTS 302310 _ LLQABAPRL
"~ SART3-309 A SART3 309-317
"""" " SART3-S1L 1 Assup SART3 511-519 TWLEYYNLER
] 'SART3-734 “A3sup SARTZ 734 742 QIRPIFSNR
UBE-43 A2 UBE2V 4351 RLQEWCSVI
UBES | A2  UBE2V 85-93 LIADFLSGL
~ WHSC2-103 A2 A3sup A26 WHSC2 - 103-111 ASLDSDPWV
WHSC2-141 ~ WHSCZ 141149 ILGELREKV

protein L; ppMAPkkk: partial putatlve mltogen—actwated prlotem kinase kinase kinase; MRP3: multxdrug resistance-associated protem 3 PAP Prostatjc acid phosphatase; PSA:
prostate specific antigen; PSMA: Prostate specific membrane antigen; PTHrP : parathyroid hormone-related peptide; SART2: squamous cell carcinoma antigen recognized by T cells
2; SART3: squamous cell carcinoma antigen recognized by T cells 3; UBE2V: ubiquitin-conjugated enzyme variant Kua; WHSC2: Wolf-Hirschhomn syndrome candidate 2.

the selected peptides are administered weekly for at least
the first cycle of six vaccinations, since a clear trend
toward better immune responses was observed among the
patients who underwent the weekly administration protocol
compared to those who underwent a bi-weekly protocol in

our previous clinical trials [47].

One of the noticeable characteristics of our PPV formula-
tion is that it screens vaccine antigen candidates before vac-

cination, based on CTL-precursor frequencies and/or immu-
noglobulin G (IgG) titers specific to each of the candidates in
pre-vaccination blood samples from each patient [25]. In the
earlier stage of translational studies of PPV, pre-existing
immunity was defined by the frequencies of CTL precursors

in pre-vaccination peripheral blood mononuclear cells
(PBMC) by detecting peptide-specific IFN-y production by
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munity to vaccine candidates by measuring peptide-specific
IgG titers in pre-vaccination plasma by the multiplex bead-
based Luminex assay rather than CTL precursor frequencies,
since the performance characteristics, such as the sensitivity
and reproducibility, of the current T-cell assays are some-
times unsatisfactory for detecting low frequencies of antigen-
specific CTL [52, 53]. In contrast to the drawbacks inherent
to T-cell assays, the multiplex bead-based Luminex technol-
ogy that we have developed to monitor B-cell responses al-
lows simple, quick, and highly reproducible high-throughput
screening and monitoring of IgG responses specific to a large
number of peptide antigens with a tiny amount of plasma
[36, 54, 55]. Indeed, the selection of vaccine antigens based
on IgG titers seemed to be useful for predicting CTL boost-
ing after vaccination in our clinical trials. The predictive
power of evaluating the existence of antigen-specific CTL
precursors solely by the humoral responses before vaccina-
tion could be estimated at around 50% when four peptides
were chosen for PPV in each patient [56, 57].

2.3, Clinical Trials of PPV for Advanced Cancers

A series of phase I, I/IL, and II clinical trials of PPV has
been conducted in the past several years for various types of
advanced cancer patients. Table 2 summarizes the immune
and clinical responses of advanced cancer patients treated
with PPV. In the following sections, we provide some de-
tailed information on these clinical studies.

2.3.1. Castration-Resistant Prostate Cancer (CRPC)

In phase I studies of PPV for advanced HLA-A2" or
HLA-A24" CRPC, we have reported increased cellular and
humoral immune responses and decreased PSA levels in
some patients [58, 59]. In a phase I dose-escalation study of
PPV (1, 3, and S mg/peptide injection) for HLA-A24"
CRPC, we have also demonstrated that a dose of 3
mg/peptide injection showed better cellular immune re-
sponses to vaccine peptides than either 1 or 5 mg/peptide
injections, although the maximum tolerated dose (MTD) was
not determined [56]. In addltlon in a phase /Il study of 58
HLA-A2" or HLA-A24" CRPC patients, a combination of
PPV and low-dose estramustine phosphate (EMP) showed a
median survival time (MST) of 17 months (95% confidence
interval (95% CI), 12 to 25 months), along with a decreased
serum PSA level in the majority (76%) of patients [60]. The
same study also revealed that fewer lymphocytes, negative
immunological responses to vaccine antigens, and poor per-
formance status were independent predictors of disease-
related death [60].

Subsequently, we conducted a randomized phase II trial
to compare PPV plus low-dose EMP with standard-dose
EMP in HLA-A2" or HLA-A24" CRPC patients. The pa-
tients receiving PPV in combination with low-dose EMP
showed a significantly longer progression-free survival
[MST, 8.5 months vs 2.8 months; hazard ratio (HR), 0.28
(95% CI, 0.14-0.61); P = 0.0012] and overall survival [MST,
undefined vs 16.1 months; HR, 0.30 (95% CI, 0.1-0.91); P =
0.0328] than those receiving standard-dose EMP alone, sug-
gesting the efficacy of this combination therapy [61]. In an-
other phase II study, we compared docetaxel-based chemo-
therapy (DBC)-resistant CRPC patients undergoing PPV (n
=20) with a historical control (n = 17). MSTs from the fail-
ure of previous DBC treatments were 17.8 and 10.5 months
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in patients treated with and without PPV, respectively [62].
These promising results suggested that PPV warrants further
study as a novel therapy for CRPC patients, even for those
with progressive disease following DBC treatment. A phase
III randomized clinical trial of PPV is currently under way in
DBC-resistant CRPC patients.

2.3.2. Malignant Glioma

In a phase I clinical study, we demonstrated the feasibil-
ity of PPV for HLA-A2" or HLA-A24" advanced malignant
glioma patients [47]. The clinical responses of 27 patients
who received more than six vaccinations were partial re-
sponse (PR) in 5, stable disease (SD) in 8, and progressive
disease (PD) in 8 patients, with a MST of 20.7 months. Sig-
nificant levels of IgG specific to vaccine peptides were de-
tected after vaccination in the tumor cavity or spinal fluid
obtained from patients who had shown favorable clinical
responses. Another phase I clinical trial in HLA-A24" pa-
tients with recurrent or progressive GBM also showed the
safety and increased immune boosting of PPV with potential
clinical benefits, with a MST of 10.6 months even after fail-
ure of the standard temozolomide treatment [57]. On the
basis of these promising results, double-blind randomized
phase III trials are under way in GBM patients resistant to
the standard treatment.

2.3.3. Pancreatic Cancer and Biliary Tract Cancer

We have conducted a phase I trial of PPV in 13 HLA-
A2" or HLA-A24" patients with advanced pancreatic cancer,
where the patients were treated by PPV at three different
doses (1, 2, or 3 mg/peptide) in combination with gemcitabin
(GEM) [63]. This combination therapy was well tolerated,
and 11 of 13 patients (85%) showed reduced tumor sizes
and/or levels of tumor markers. Peptide-specific CTL re-
sponses were augmented at each dose level, and the incre-
ment of peptide-specific IgG antibodies was dependent on
the peptide dose. These findings suggested that GEM did not
inhibit the immune responses induced by PPV. Subse-
quently, we conducted a phase II trial of PPV in combination
with GEM to evaluate the safety, clinical efficacy, and anti-
gen-spemﬁc immune responses as a front-line therapy for 21
HLA-A2" or HLA-A24" nonresectable patients with ad-
vanced pancreatic cancer [64]. This combination therapy was
also well tolerated, and the best clinical responses were PR
in7, SD in 9, and PD in 5 patients. The MST of all 21 pa-
tients was 9 months with a l-year survival rate of 38%,
which was better than that reported for GEM alone (MST of
5.7 months with a 1-year survival rate of 18%) [65]. Impor-
tantly, the MST was 15 months in patients who showed im-
munological responses to vaccine peptides.

We also conducted a phase IT clinical trial of PPV in 25
HLA-A2" or HLA-A24" chemotherapy-resistant patients
with advanced biliary tract cancer [66]. When two to four
vaccine peptides selected by pre-existing immunity were
administered to the patients in this study, humoral and/or T-
cell responses specific to the vaccine antigens were substan-
tially induced in a subset of the patients without severe ad-
verse events. Greater numbers of selected and vaccinated
peptides were significantly favorable factors for overall sur-
vival (HR = 0.258, 95% CI = 0.098-0.682, P = 0.006) in this
study (Table 3).
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Table2. List of clinical trials of personalized peptide vaccines (PPV) for advanced cancer.

' ' | : . - Toxicities | Humoral | Cellular
Disease Phase HLA Combined | No.of Clinical MST : Refer-
Organ diti f trial tricti treatment ‘ Patients response (months) (Grade response | response ce
con 100 ol iria restriction reatmen n P . 3/4) ; (%) L (%) s ‘ en:
} o S e e
1. Prostat : ‘ }
(::‘; c§ Advanced I A2 - | 10 | spso% | Na 5 60 40 |
i} Prostate . ] f
dvanced 4 | BMP | 13 PR 63% 24 | G3,5% 91 55 | 4
(crecy | Advenee ! Az N A Ry
Prostate ) Rt o
1 : d . 1 SD 30% 2 70 40 59
' (CREC) Advance 1 A2 | () 8P o B ; , o [59]
Prostate Advanced 1 A2 EMP 16 PR43% | 17 50 71 [115]
. .
| (CRPC) | o . . e
e : S
(CrP Advanced | 1 A2A24 | EMP 58 PR 24% 17 G3,7% 88 78 [60]
AN R
¥ c(:;cjm bAdvanced 1 I | A24 M EMP 15| les% | 24 A 47 67 (561
; Prostate II (Ran- 85Mvs | 224Mvs i
: Advanced A2/A24 EMP 57 - 64 50 61
| (CreC) Vet ] domizedy | A2 28M(PFS) | 16.1M - 61
Prostate - A2/A24/
| Advanced I - ) PR 12% 17.8 : 44 34 62
(CRPC) vanee A3sup/A26 | .| 621
Prostate | Localized it A2 . 10 PR 20% 1 N 80 | [uie]
— | S A Bl i I NN FURERG S e
Brai . ;ancet I A2/A24 21 PR 24%, NA ; 20-64 | 50-82 | @7
rain .| mal : gnan SD 38% E [
glioma
Advanced A e, | -
Brai I A24 12 10.6 - | 17 75 57]
R GBM so42% | e ~ e7l
} S N B T ?
| Pancreas | Advanced I A2/A24 GEM 13 ] 4; 76 69 69 [63]
4 (]
' S PR 33%, :
- Advanced 21 . 2 7
I S : {
| Advanced n 25 SD 32% NA G3,4% | 35 47 1661
fract i 1 _ | A3sup/A26 |  therapy | - ) . )
Stomach | Advanced | 1 | Ava4 | s 13 | Spas% | NA -] s s | 67
Stomach i ; i
OmAt 1 Advanced | LI A2IA24 s1 | 1 SD 36% NA | on18% | 81 | 63 (691
| Colorectal |, : . : !
Colorectal | Advanced I A% | - | 10 | PRI% | NA S 50 [68]
Colorectal || Metastatic I | A2a2 13 || sp43% 19.6 G3,77% | 6 | 85 [70]
Lung | Advenced | 1 | A2 spso% | 1s2 |+ | 40 | 40 | sy
S s St Woat e e s T e e . s s 3 s e R _,),] - 4
: Advanced .. A2/A24 u i . i
Lung | M 41 SD 56% 100 )| 63,7% P 4 | 34 7
8 | ascrey | " |aspiazs| ey | | SO | 1M1 GATH | i
| Advanced | . | A2A24 | Chemo-
Lung | 1
(SCLC) A3sup/A26

— 180 —



2338 Current Medicinal Chemistry, 2014, Vol. 21, No. 21

Sasada et al,

(Table 2) contd....
- ~fToxicitvi;sb Humoral Clll
1 Disease Phase HLA Combined | No. of Clinical MST : elular Refer-
Organ condition of trial | restriction | (reatment | Patients | response (months) (Grade | response | response ence
‘ . 34y (%) (%) ; '
- Urothelial | Ad d k I A2/A24 ‘ 10 CR 10%, 24 80 80 73
: rothelia vance B PR 10% [73]
Kidney Metastatic | I A2/A24 = 10 - SD60% 23 . 80 5 o741
| Uterine, | ecurrent I A2/A24 s 14 SD 36% NA G3,8% 86 86 | [49]
Ovary : . X
Malignan 1 T
Skin gnan I A2n24 | - 7 SD43% | Na - 57 86 511
melanoma o . ) T

CRPC: castration-resistant pros.t;t‘é ;ancer; GBM ghohlastoma multiforme; SCI‘_,C:V;z'n.alvl‘c;}l lung éancér; NSCLC son-small cell lung cancer;El‘s’up: i-.IiLA~A3 supertypeiAi%, All,

A31, or A33); EMP: estramustine phosphate; GEM: gemncitabine; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; PFS: progression-free

survival; MST: median survival time; NA: not assessed; M: months,

Table3. Biomarkers for personalized peptide vaccines (PPV) for advanced cancer.
Type of cancer Factor - Statistical analysis (HR, 95% CI, P value) ;| Reference
Performance status (1,2, 3 vs 0) HR =2.295;95%CI, 1.653 - 3.188;
P <0.0001
=1.472; 959 , 1. -1.972,
Miscellaneous (n = 500" Lymphocyte counts (<1500uL vs > 1500uL) HR=1.472; 95%CI, 1.099 - 1.972 136]
P=0.0095
1gG responses to antigens after vaccination HR = 1.455; 95% CI, 1.087 - 1.948,
(ovsyes) | . P=00116
L6 (Not determined)
Prostat C, n=40
rostate (CREC, n=40) MDSC (Not determined) [81]
Non-small lung cell cancer (n =41)*° C-reactive protein (CRP) HR=10.115, 9}5, f (():i) 0 12'447 41.806, 74
IL-6 HR = 1,123, 95% CI=1.008 -1.252,
P=0035
i = . 0, - .
Biliary tract (n = 25)" Albumin HR =0.158; 95% CI, 0.029 - 0.860; 661
P=0.033
Numbers of vaccine peptides HR =0.258, 95% CI = 0.098-0.682,
B P=0.006

MDSC: myeloid-derived suppressor cells,

2.3.4. Gastric Cancer and Colorectal Cancer

In a phase I clinical trial of PPV in 13 HLA-A2" or HLA-
A24" patients with advanced gastric cancer (9 nonscirrhous
and 4 scirrhous), prolonged survival was observed in patients
who showed cellular and humoral immune responses to the
vaccine peptides in the post-vaccination blood samples, in-
cluding all 4 patients with the scirrhous type [67]. In addi-
tion, a phase I clinical trial of PPV in 10 HLA-A24" patients
with advanced colorectal cancer showed one PR and one SD,
each continuing for more than 6 months [68].

In a phase UII clinical trial of PPV in combination with
three different doses (20, 40, or 80 mg/m*/day) of oral ad-
ministration of a 5-fluorouracil derivative, S-1, for 11 HLA-
A2" or HLA-A24" advanced gastric or colorectal cancer pa-
tients [69], the combined administration of the standard dose
(80 mg/m”/day) of S-1 did not inhibit immunological re-

sponses to vaccine antigens, but instead maintained or aug-
mented them. In another phase I clinical trial for 13 HLA-
A2" or HLA-A24" metastatic colorectal cancer patients [70],
the combined treatment of PPV and the oral administration
of a 5-fluorouracil derivative, UFT, and calcium folinate,
UZEL, proved to be safe and to induce good antigen-specific
immune responses. In this trial, IgG responses to the vaccine
peptides correlated well with overall survival. These encour-
aging results suggest that combined treatment with PPV and
standard chemotherapeutic agents might be promising for
advanced gastric and colorectal cancers.

2.3.5. Lung Cancer

The prognosis of advanced lung cancer patients remains
very poor, with a MST of around 6-10 months. Phase I and I
studies of PPV in a small number of patients with refractory
NSCLC demonstrated that PPV was safe and well tolerated,
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with no major adverse effects, and that PPV treatment re-
sulted in longer survival (MST of 10.1 or 15.2 months) [50,
71]. A clinical study in 10 advanced small cell lung cancer
(SCLC) also showed the safety and feasibility of PPV [72].

2.3.6. Urothelial Cancer

A phase I clinical trial of PPV was conducted in 10 HLA-
A2" or HLA-A24" refractory urothelial cancer patients [73].
In this study, some patients treated by PPV showed clear
clinical responses as evaluated by the Response Evaluation
Criteria in Solid Tumors (RECIST) criteria with boosted
immune responses: CR in 1, PR in 1, and SD in 2 patients.
These 4 responders showed better progression-free survival
(MST, 21 months) and overall survival (MST, 24 months),
suggesting the potential clinical efficacy of PPV for ad-
vanced urothelial cancer.

2.3.7. Other Cancers

We also conducted phase I clinical trials for other ad-
vanced cancers, including metastatic renal cell carcinoma
(RCC) [74], gynecologic cancers [49], and malignant mela-
noma [51]. All of these studies demonstrated that PPV was
safe and well tolerated with no major adverse effects, and
that good immune responses to vaccine antigens were in-
duced in many of the patients after PPV, Further clinical
trials would be required to clearly prove the clinical benefits
of PPV in these cancers.

2.4. Biomarkers for PPV (Table 3)

Recent clinical trials of cancer immunotherapies, includ-
ing peptide-based cancer vaccines, have demonstrated that
only a subset of patients show clinical benefits. Furthermore,
unexpectedly, some large clinical trials in the past several
years have demonstrated that cancer vaccines might some-
times show worse clinical outcomes {75, 76]. It would thus
be important to identify predictive biomarkers that could
accurately assess anti-tumor immune responses and predict
patient prognosis following the administration of cancer vac-
cines. In some clinical trials, several post-vaccination bio-
markers, including CTL responses, Thl responses, delayed-
type hypersensitivity (DTH), and autoimmunity, have been
reported to be associated with clinical responses.[77-80].
However, there are currently no validated biomarkers for
cancer vaccines in widespread use.

To identify biomarkers for PPV, we statistically reviewed
500 advanced cancer patients undergoing PPV from October
2000 to October 2008 [36]. Both lymphocyte counts before
vaccination (P = 0.0095) and increased IgG response (P =
0.0116) to the vaccine peptides after vaccination, along with
performance status (P < 0.0001), were well correlated with
overall survival. In CRPC patients treated with PPV (n = 40),
a comprehensive study of soluble factors assessed by multi-
plexed bead array in plasma and gene expression profiles by
DNA microarray in PBMC demonstrated that higher IL-6
level and granulocytic myeloid-derived suppressor cells
(MDSC) in the peripheral blood before vaccination were
closely related to poorer prognosis in the vaccinated patients
[81]. By multivariate Cox regression analyses in patients
with refractory NSCLC (n = 41), higher C-reactive protein
(CRP) level before vaccination was a significant predictor of
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unfavorable overall survival (HR = 10.115, 95% CI =2.447
— 41.806, P = 0.001) [71]. In addition, in refractory biliary
tract cancer patients (n = 25), multivariate Cox regression
analyses showed that higher IL-6 and lower albumin levels
before vaccination were significantly unfavorable factors for
overall survival [HR = 1.123, 95% CI = 1.008 - 1.252, P =
0.035; HR = 0.158, 95% CI = 0.029 - 0.860, P = 0.033; re-
spectively] [66].

Collectively, these findings suggested that less inflamma-
tion may contribute to better responses to PPV, indicating
that the evaluation of inflammmatory factors before vaccina-
tion could be useful for selecting cancer patients who are
appropriate for PPV (Table 3). An early phase clinical trial is
under way to reveal whether or not the blockage of IL-6-
mediated inflammatory signaling with a humanized anti-IL-6
receptor monoclonal antibody, tocilizumab, would be bene-
ficial for enhancing the immune and/or clinical responses
after PPV in advanced cancer patients who show higher
plasma IL-6 levels [82, 83].

3. OTHER NEW TYPES OF PEPTIDE VACCINES

Recent early phase clinical trials have also demonstrated
significant advances in other types of therapeutic peptide-
based vaccines [19, 20]. Several new types of peptide-based
vaccines are reviewed in this section (Fig. 1).

3.1. Multi-Peptide Vaccine Consisting of CTL and Helper
T-Cell Epitopes

Numerous helper T-cell epitopes have been identified
from TAA. Since helper T cells are known to play crucial
roles in the efficient induction of CTL responses, cancer
vaccines, which consist of both HLA class Il-restricted
helper epitopes recognized by CD4 T cells and class I-
restricted CTL epitopes recognized by CD8 T cells, have
been developed and clinically tested [84-89]. For example,
Kuball ef al. conducted a phase I study of a multi-peptide
vaccine consisting of multiple CTL epitopes from Wilms
tumor gene-1 (WT-1), proteinase 3 (Pr3) and mucin 1
(MUC1), and MUC]l-helper epitope or pan HLA-DR epitope
(PADRE) [84]. Each peptide was formulated separately and
injected at a different site. In this study, an increase in PA-
DRE-specific CD4 T cells, which appeared unable to pro-
duce IL2, was observed after vaccination, and regulatory T
cells were increased, suggesting that helper epitope peptides
have the potential to induce not only helper T cells but also
regulatory T cells. Krug et al. tested the safety and immuno-
genicity of a WT1 vaccine comprised of four class 1 and
class Il-restricted peptides in patients with malignant pleural
mesothelioma or NSCLC expressing WT1 [85]. They
showed that this multivalent WT1 peptide vaccine induced
both CD4 and CD8 T-cell responses in a high proportion of
patients with minimal toxicity.

3.2. Multi-Peptide Cocktail Vaccine

If each of multiple peptides are formulated separately and
injected at a separate site, the number of peptides employed
for vaccination might be limited. One strategy for overcom-
ing this limitation is to generate multi-peptide cocktaijl vac-
cines, since one preparation could contain more than 10 dif-
ferent peptides. Although the issue of competition between
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individual peptides to bind to HLA molecules on the APCs
still remains [46], different types of multi-peptide cocktail
vaccines have been developed; vaccines consisting of CTL
epitope peptides alone [90, 91] or those of both CTL epitope
and helper epitope peptides [86-89].

Barve et al. conducted a phase Il study of a multi-
peptide cocktail vaccine, IDM-2101, consisting of nine CTL
epitope peptides and the PADRE helper epitope peptide with
Montanide ISAS1 in patients with metastatic non-small cell
lung cancer [86]. No significant adverse events were noted
except for low-grade erythema and pain at the injection site.
One-year survival in the treated patients was 60%, with a
median overall survival of 17.3 months. One complete re-
sponse (CR) patient was observed in the total of 63 patients.
Slingluff ez al. conducted a multicenter randomized trial to
examine the immunogenicity of a multi-peptide cocktail vac-
cine containing 12 melanoma-associated HLA class I-
restricted peptides (12MP) for CD8" T cells and tetanus
peptide or a mixture of six melanoma-associated helper
peptides (6MHP) for CD4" T cells in the presence or absence
of cyclophosphamide pretreatment in 167 patients with
resected stage IIB to IV melanoma [87]. However, the
combination of 6MHP with 12MP paradoxically reduced the
circulating CD8" T-cell response, and cyclophosphamide
pretreatment had no measurable effect on CD8" or CD4”"
responses. Clinical outcome was not improved by adding
melanoma-associated helper peptides or by adding
cyclophosphamide.

Rammensee and his colleagues also reported a phase I/IL
trial of a muiti-peptide cocktail vaccine, which consisted of
13 synthetic peptides (11 HLA-A*0201-restricted CTL epi-
topes and 2 helper epitoPes derived from prostate tumor an-
tigens) for 19 HLA-A2" hormone-sensitive prostate cancer
patients with biochemical recurrence after primary surgical
treatment [88]. The vaccine was well tolerated, and stabi-
lized or slowed down PSA progress in 4 of the 19 patients.
The same group also developed another cocktail vaccine,
IMA901, which consisted of nine HLA-A*0201-restricted
CTL epitopes and one helper epitope from renal cell cancer
antigens with hepatitis B virus epitope as a marker peptide,
for advanced renal cell cancer [89]. In a randomized phase IT
trial with a single dose of cyclophosphamide, the number of
regulatory T cells was reduced, and immune responses to the
vaccine peptides were associated with longer overall sur-
vival. A randomized phase III study to determine the clinical
benefit of IMA901 is ongoing.

3.3. Hybrid Peptide Vaccine

Peptides used in most clinical trials for peptide-based
vaccines possess native amino acid sequences with or with-
out slight modification in anchor amino acids to increase
their binding capability to HLA molecules. However, hybrid-
type peptide vaccines, which use a new artificial peptide
fusing two or more peptides, have been devised. For exam-
ple, the Ii-Key/HER-2/neu hybrid peptide vaccine, a fusion
peptide made up of the li-Key 4-mer peptide and HER-2/neu
(776-790) helper epitope peptide, has been reported [92, 93].
The Ti/Key 4-mer peptide is the shortest active sequence of
the Ii protein, which catalyzes direct charging of MHC class
II epitopes to the peptide-binding groove, circumventing the
need for intracellular epitope processing [94]. Phase I studies
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of the Ii-Key/HER-~2/neu hybrid peptide vaccine in patients
with prostate cancer showed that this vaccine is safe and can
induce HER-2/neu-specific cellular immune responses in
vaccinated patients [93]. In addition, significant decreases in
circulating regulatory T-cell frequencies, plasma HER2/neu,
and serum TGF-beta levels were observed.

Nishimura er @l reported an artificially synthesized
helper/killer-hybrid epitope long peptide (H/K-HELP) of
MAGE-A4 cancer antigen [95]. In the first case report, a
patient with pulmonary metastasis of colon cancer was vac-
cinated with MAGE-A4-H/K-HELP in combination with
OK432 and Montanide ISAS1. There were no severe side
effects except for a skin reaction at the injection site. Vacci-
nation with MAGE-A4-H/K-HELP induced MAGE-A4-
specific Thl and Tcl immune responses and the production
of MAGE-A4-specific complement-fixing IgG antibodies.
Tumor growth and tumor markers were significantly de-
creased in this patient.

3.4. Long Peptide Vaccine

The classical types of peptide vaccines have consisted of
short epitope peptides with minimal optimal lengths, which
are recognized by CTLs or helper T cells in an HLA class I-
or class II-restricted manner, respectively. However, direct
binding of short peptides to nonspecific cells without a co-
stimulatory capacity has been reported to bear the potential
to induce tolerance to antigen-specific T cells rather than to
induce their activation in some mouse models [39-41].
Therefore, a novel approach using synthetic long peptides,
which need to be taken up by professional APCs and proc-
essed for presentation by HLA class I and/or class II mole-
cules, has been developed for cancer vaccination, although
the efficiency and mechanisms of presentation of exogenous
long peptides in human HLA class I remain to be fully eluci-
dated [96]. Synthetic long peptides may contain not only
HLA class I-restricted but also HLA class Il-restricted epi-
topes, which can activate helper T cells important for the
efficient induction of antigen-specific CTL responses.

Several clinical studies using a pool of multiple synthetic
long peptides have been reported, since a mixture of multiple
synthetic long peptides is likely to contain multiple HLA
class I-restricted and class Il-restricted T-cell epitopes,
which could be applicable to any patients irrespective of
their HLA types [42-45, 97-100]. Melief and his colleagues
showed that a vaccine composed of a synthetic long peptide
pool derived from high-risk-type human papillomavirus
(HPV)-16 E6/E7 oncoproteins successfully induced HPV-
specific immune responses [42, 43]. They conducted a phase
I study of HPV16 E6 and E7 overlapping long peptides in
end-stage cervical cancer patients [42]. Cocktails of nine E6
peptides and/or four E7 peptides covering the entire se-
quences of E6 and E7 proteins showed a strong and broad T-
cell response dominated by immunity against E6 after four
subcutaneous administrations with Montanide ISA51 at 3-
week intervals. Subsequently, they conducted a phase II
study of the same vaccine in patients with HPV-positive
grade 3 vulvar intraepithelial neoplasia, which is a chronic
disorder caused by HPV [43]. At 3 months after the last vac-
cination, 12 of 20 patients (60%) had clinical responses and
reported relief of symptoms. Five women had complete re-
gression of the lesions. At 12 months of follow-up, 15 of 19
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patients’ (79%) had clinical responses, with a complete re-
sponse in 9 of 19 patients (47%).

The same group also reported a synthetic long peptide
vaccine targeted for p53. This p53 synthetic long peptide
vaccine (p53-SLP) consisted of 10 synthetic 25-mer to 30-
mer long overlapping peptides, spanning amino acids 70—
248 of the wild-type p53 protein. In a phase I/II trial of the
p53-8SLP vaccine in 10 patients with metastatic colorectal
cancer, p53-specific T-cell responses were induced in 9 of 10
patients as measured by IFN-y enzyme-linked immunospot
(ELISPOT), proliferation, and cytokine bead arrays [97].
Subsequently, a phase II study of the same vaccine in 20
ovarian cancer patients with recurrent elevation of CA-125
showed that SD, as determined by CA-125 levels and CT
scans, was observed in 2 out of 20 patients {10%) as the best
clinical response, but no relationship was found between the
clinical response and vaccine-induced immunity [44]. IFN-
y—producing pS53-specific responses were induced in CD4 T
cells, but not in CD8 T cells, in all patients who received
four immunizations. The absence of p53-specific CD8 T-cell
responses might be attributable to the dominant production
of Th2 cytokines by CD4 T cells, which have inhibitory ef-
fects on CTL induction. Nevertheless, the combined use of
p53-SLP vaccine and a low dose of cyclophosphamide or
IFN-o has recently been reported to efficiently induce more
IFN-y—producing p53-specific T cells, suggesting that these
combinations may potentiate the immunogenicity of the p53-
SLP vaccine [98, 99].

Kakimi et al. also conducted a phase I trial of an NY-
ESO-1 synthetic long peptide vaccine. A 20-mer peptide
spanning from amino acid 91 to 110 of NY-ESO-1, called
NY-ESO-1f, which includes multiple epitopes recognized by
antibodies and CD4 and CD8 T cells, was administered
along with OK-432 and Montanide ISA51 to patients with
advanced cancers [100]. Both antigen-specific CD4 and CD8§
T-cell responses, as well as antibody responses, were in-
creased in 9 of 10 patients.

3.5. Novel Approach for Targeting Peptides to Profes-
sional APCs

The goal of cancer immunotherapy is to induce and am-
plify functional antigen-specific immune responses in order
to develop long-lasting immunological memory specific to
tumor cells [101, 102]. However, one hurdle to the use of
peptide-based vaccines is that the uptake and/or presentation
of vaccine peptides by nonspecific cells, but not by profes-
sional APCs, leads to CTL anergy through insufficient
stimulation [103]. For efficient priming and activation of
antigen-specific CTL through vaccination, sufficient
amounts of antigens should be presented to T cells by func-
tionally activated, professional APCs for sufficient periods
of time [104-107]. In this respect, a novel delivery system
for peptide vaccines remains to be developed.

For example, nanotechnology-based antigen delivery has
been developing as a vaccine strategy due to its dose-sparing
and prolonged antigen presentation features [108, 109]. In
particular, polymeric nanoparticles (NP) have attracted in-
creasing attention as carriers of therapeutic immunogens
[110]. Antigen peptides encapsulated in polymeric NP are
shown to be directly and specifically delivered to profes-
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sional APCs via phagocytosis without proteolytic degrada-
tion, and efficiently cross-presented to induce strong T-cell
immunity, whereas those in solution that are internalized by
APCs via macropinocytosis are reported to be poorly pre-
sented as peptides in complex with MHC class I molecules
on cell surfaces [111, 112]. Indeed, we have demonstrated
the feasibility of NP consisting of a biodegradable, biocom-
patible copolymer, poly(D,L~lactide-co-glycolide) (PLGA)
carrying antigenic peptides and a toll-like receptor 4 agonist,
monophosphoryl lipid A, to efficiently induce CTL re-
sponses against TAA in murine tumor models [113]. To in-
crease the efficacy of peptide-based vaccines, such a novel
antigen delivery system remains to be developed and clini-
cally examined.

CONCLUSIONS

In the field of cancer immunology and immunotherapy,
excitement and enthusiasm have risen around the latest ap-
provals of immunotherapy-based treatments in various can-
cer types. However, several issues remain to be addressed in
order to achieve further development of cancer vaccines. In
particular, in view of the complexity and diversity of tumor
cell characteristics and host immune cell repertoires, the se-
lection of vaccine peptides appropriate for individual patients
based on the pre-existing host immunity before vaccination
could be critical for the efficient induction of beneficial anti-
tumor responses in cancer patients. In a series of clinical
trials, we have demonstrated promising results of PPV as a
new treatment modality for patients with various types of
advanced cancer. Further randomized phase I clinical trials
are essential to validate the clinical benefits of PPV. Moreo-
ver, novel biomarkers for selecting patients who would bene-
fit most from PPV remain to be addressed.
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Abstract The heterogeneity expression of tumor-associ-
ated antigens (TAA) and variability of human T cell reper-
toire suggest that effective cancer vaccine requires induc-
tion of a wide breadth of cytotoxic T lymphocyte (CTL)
specificities. This can be achieved with vaccines target-
ing multiple TAA. We evaluated the safety and immune
dynamics of a cancer vaccine consisting of 20 mixed pep-
tides (KRM-20) designed to induce CTLs against 12 differ-
ent TAA in patients with castration-resistant prostate cancer
(CRPC). Patients received each of three different randomly
assigned doses of KRM-20 (6, 20, or 60 mg) once a week
for 6 weeks. KRM-20 was applicable for patients with
positive human leukocyte antigen (HLA) A2, A3, All,
A24, A26, A31 or A33 alleles, which cover the majority of
the global population. To evaluate the minimum immuno-
logical effective dose (MIED), peptide-specific CTL and
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immunoglobulin G (IgG) responses, and immune suppres-
sive subsets were evaluated during the vaccination. Total of
17 patients was enrolled. No serious adverse drug reactions
were encountered. The MIED of KRM-20 in CTL or IgG
response calculated by logistic regression model was set as
16 or 1.6 mg, respectively. The frequency of immune sup-
pressive subsets was fewer in the 20 mg cohort than that
in 6 or 60 mg cohort. Clinical responses determined by
prostate-specific antigen levels were two partial responses
(from the 20 mg cohort), five no changes and ten progres-
sive diseases. Twenty milligrams of KRM-20 could be rec-
ommended for further studies because of the safety and
ability to augment CTL activity.
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Abbreviations

CR Complete response

CRPC Castration-resistant prostate cancer

CTL Cytotoxic T lymphocytes

CTLA-4 Cytotoxic T lymphocyte antigen 4

ECOG  Eastern Cooperative Oncology Group
EGF-R  Epidermal growth factor receptor

HLA Human leukocyte antigen

HNRPL Heterogeneous nuclear ribonucleoprotein L

IgG Immunoglobulin G

MDSC  Myeloid-derived suppressor cells
MRP3 Multidrug resistance-associated protein 3
PAP Prostatic acid phosphatase

PBMC  Peripheral blood mononuclear cells
PD Progressive disease

PES Progression-free survival

PPV Personalized peptide vaccine

PR Partial response

PSA Prostate-specific antigen

PSMA  Prostate-specific membrane antigen
PTHrP  Parathyroid hormone-related peptide
SART3  Squamous cell carcinoma antigens 3
TAA Tumor-associated antigen

T Regulatory T cells

reg

UBE2V Ubiquitin-conjugated enzyme variant Kua
WHSC2Z Wolf-Hirschhorn syndrome critical region 2
Introduction

Although numerous clinical studies of peptide-based can-
cer vaccines have been conducted in the past two decades,
no outcome sufficient for drug approval has been obtained
[1-3]. The heterogeneity of tumor-associated antigens
(TAA) and the diversity of both human leukocyte antigens
(HLA) and T cell subsets could hamper the successful
development of therapeutic peptide vaccines [4, 5].

To overcome these hurdles, we newly developed a cancer
vaccine consisting of 20 mixed peptides (KRM-20) from
12 different TAA that is applicable for patients with many
different HLA alleles. These 12 TAA are highly expressed
in prostate cancer tissues (prostate-specific antigen [PSA]
[6], prostatic acid phosphatase [PAP] [7], prostate-specific
membrane antigen [PSMA] [8], epidermal growth factor
receptor [EGF-R] [9], parathyroid hormone-related pep-
tide [PTHrP] [10]), and recognized by T cells and induced
cancer-reactive CTLs (squamous cell carcinoma antigens
[SART3] [11], cyclophilin B [12], Wolf-Hirschhormn syn-
drome critical region 2 [WHSC2] [13], UBE2V, ubiqui-
tin-conjugated enzyme variant Kua [UBE2V] [13], het-
erogeneous nuclear ribonucleoprotein L [HNRPL] [13]) or
having characteristics of T cell development and function
(p56/* [14, 15], multidrug resistance-associated protein
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3 [MRP3]) [15]. Twenty peptides used in this study were
derived from these TAAs, and each peptide showed high
immune responses to source TAA and clinical responses
in previous clinical trials involving patients with CRPC
[13]. All 20 peptides represent CTL epitopes, and these
CTL epitopes are restricted by HLA-A2, A24, A3 super-
type or A26 of major histocompatibility complex class I
molecules, providing coverage of the vast majority of the
general population. We also monitored regulatory T cells
(ng), myeloid-derived suppressor cells (MDSC) and sol-
uble cytotoxic T lymphocyte antigen 4 (sSCTLA-4), three
major types of suppressor cells for vaccine-induced CTL
activity, to better understand immune dynamics during vac-
cination [16, 17]. We report here the results of a phase I,
first-in-human study of this novel vaccine in patients with
CRPC.

Patients and methods
Patient selection

Eligible patients had pathologically confirmed CRPC,
age > 20 years, Eastern Cooperative Oncology Group
(ECOG) performance status 0 or 1, positive status for
HLA-A2, A24, A3 supertype (A3, All, A31 and A33) or
A26, life expectancy of at least 12 weeks, and adequate
bone marrow function (white blood cell count > 3,000/
mm?, lymphocyte count > 1,000/mm?, hemoglobin > 8 g/
dL, platelets > 100,000/mm3), hepatic function (total
bilirubin < 1.5 x the upper limit of normal [ULM]) and
renal function (serum creatinine < 1.5 x ULM). Patients
were also required to have undergone bilateral orchiecto-
mies or received ongoing treatment with a GnRH agonist
or antagonist. Patients were required to have radiologi-
cal progressive disease defined by computed tomography
(CT), magnetic resonance imaging (MRI) or bone scan
using the RECIST criteria, and/or prostate-specific anti-
gen (PSA) progression defined as at least two consecutive
rises and a level of >5 ng/ml for serum PSA taken over
2 weeks apart, in the setting of the castration level of tes-
tosterone (<50 ng/dl). Patients were excluded if they had
had radiation therapy, chemotherapy, or immunotherapy
within 4 weeks, immunosuppressive treatment using sys-
temic steroid within 1 year except for using low-dose ster-
oid (less than 30 mg/day prednisolone or less than 3 mg/
day dexamethasone), multiple active cancers, a history of
severe allergic reactions or severe symptoms caused by
active infectious disease, circulatory disease, respiratory
disease, kidney disease, immunodeficiency, or disturbance
of coagulation. Patients who had received any of the pep-
tides within the mixture of 20 peptides (KRM-20) were
also excluded.
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Study design

In this phase I, open-label, multicenter, randomized, dose-
ranging, first-in-human study of KRM-20 as a single agent
(Clinical trial registration, UMIN000008209), patients
were randomized 1:1:1 to receive 6 mg/0.15 ml (0.3 mg/
peptide), 20 mg/0.5 ml (1 mg/peptide), or 60 mg/1.5 ml
(3 mg/peptide) of KRM-20 subcutaneously once a week for
6 weeks. These three dose levels were chosen based on pre-
vious clinical data, in which 3 mg/peptide was considered
an acceptable dose according to its safety and immunologi-
cal response [18, 19]. The sample size for each cohort was
5 for the completion of protocol treatment allowing ade-
quate evaluation of safety and tolerability while minimiz-
ing exposure to a new cancer vaccine.

The primary objective was to evaluate the safety and
immunological activity of different doses of KRM-20. The
immunological activity was to determine the minimum
immunological effective dose (MIED) of KRM-20 among
three dose levels. The MIED was calculated by logistic
regression model, and the study assumption is that MIED
would be >60 % of immune responses. At each dose level,
immunological response rates assessed by HLA-matched
peptide-specific IgG and CTL levels at pretreatment,
3 weeks (1 week after the third vaccination) and 6 weeks
(1 week after the sixth vaccination), were analyzed. Sec-
ondary and exploratory endpoints included relative change
in serum PSA, ng, MDSC and CTLA-4.

The study was conducted according to the Declaration
of Helsinki and relevant International Conference on Har-
monization Good Clinical Practice guidelines, and was
notified to a Japanese regulatory agency (Pharmaceuticals
and Medical Devices Agency, PMDA) and the local insti-
tutional review boards of all four participating hospitals in
Japan. All participants provided written informed consent
before participating in this study.

Peptide preparation and preclinical study

KRM-20 consisted of the following 20 peptides:
SART3305 310 Lekoggosa UBE2Vys5;, WHSC2y4) 149
and HNRPL,, 143 for patients with HLA-A2; Lckygs
216 LCKagsaos Lckygg 497, MRP31593 130, PAP; 1399y,
PSAgg 257, PSMAgyy 632, EGF-Rggq 809 and PTH-1Pyp 113
for patients with HL.A-A24; SART3734 74, Lckgg gg and
Lckyyg_4sg for patients with HLA-A3 supertype; SART3;4q_
118 for patients with HLA-A24, A3 supertype or A26;
WHSC2,; ;; for HLA-A2, A3 supertype or A26; and
CypB 29.133 for patients with HLA-A2 or A3 supertype.
Twenty peptides were prepared under conditions of cur-
rent Good Manufacturing Practice using a Multiple Pep-
tide System (San Diego, CA) and by the American Peptide
Company (Vista, CA). The twenty peptides were mixed

with incomplete Freund’s adjuvant (Montanide ISA-51VG;
Seppic, Paris, France) and prepared for emulsion at three
different dose levels.

As KRM-20 is specific for the human host, the pre-
clinical safety pharmacological study focused on possi-
ble effects of process-related impurities and related signs
and symptoms of possible relevance for cardiovascular or
respiratory in beagle, and central nervous system impair-
ment in mice under conditions of Good Laboratory Prac-
tice (GLP). A 4-week subcutaneous subacute toxicity and
26-week chronic toxicity study in mice were also evalu-
ated. In accordance with our previous observations [5-10],
neither treatment-related deaths nor toxicologically impor-
tant clinical or pathological signs were observed through-
out these studies.

CTL and IgG responses

T cell responses specific to the vaccine peptides were eval-
uated by interferon (IFN)-y Elispot assay (MBL, Nagoya,
Japan), using peripheral blood mononuclear cells (PBMCs),
which were separated by density gradient centrifugation
with Ficoll-Paque Plus (GE Healthcare; Uppsala, Sweden)
from peripheral blood (30 ml) before and after vaccination,
and stored frozen until analysis. After thawing, PBMCs
(1 x 10° cells/well) were incubated in 96-well U-bottomed
plates (Thermo Fisher Scientific, Rochester, NY) with
100 pL of medium (OpTmizer™ T Cell Expansion SFM;
Life Technologies, Carlsbad, CA) containing 10 % FBS
(MP Biologicals, Solon, OH), 1 % r-glutamine (Life Tech-
nologies), IL-2 (20 IU/mL; AbD Serotec, Kidlington, UK)
and a mixture of 20 vaccinated peptides (3 pg/mL each)
for 6 days. The cultured cells were harvested and tested
for their ability to produce IFN-y in response to either the
corresponding peptides or HLA-matched negative con-
trol peptides from human immunodeficiency virus (HIV)
sequence (SLYNTYATL for HLA-A2; RYLRQQLLGI for
HLA-A24; RLRDLLLIVTR for HLA-A3 supertype; EVI-
PMFSAL for HLA-A26). The cells (1 x 10° cells/well)
were cultured in triplicate for 18 h at 37 °C with the C1R
cells transfected with each type of HLA (1 x 10* cells/
well) loaded with specific or control peptides (3 ug/mL) in
a 96-well ELISPOT plate (MultiScreen, Millipore) coated
with antihuman IFN-y Ab. After washing, the spots were
developed with biotin-conjugated antihuman IFN-y Ab,
streptavidin-ALP and BCIP/NBT substrate, according to
the manufacturer’s instructions (MBL), and then counted
using an ELISPOT reader (ImmunoSpot S5 Versa Ana-
Iyzer; Cellular Technology Ltd., Shaker Heights, OH).
‘When the spot numbers in response to the specific peptides
were significantly higher than those in response to the con-
trol peptides (P < 0.05 by Student’s t test with the tripli-
cate samples), antigen-specific CTL responses were shown
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as the differences between them (means of the triplicate
samples). If the spot numbers in response to at least one
HILA-matched peptide per patient in the post-vaccination
PBMC were more than twofold higher than those in the
pre-vaccination PBMC, the changes were considered to be
significant.

The humoral immune responses specific to the vaccine
peptides were determined by peptide-specific IgG titers
using a bead-based multiplex assay with the Luminex 200
system (Luminex, Austin, TX), as reported previously [20].
In brief, plasma before and after vaccination was incubated
with 100 pL of peptide-coupled and peptide-uncoupled
(negative control) color-coded beads for 1.5 h at 30 °C.
After washing, the beads were incubated with 100 pL
of biotinylated goat antihuman IgG Ab (gamma chain-
specific; Vector Laboratories, Burlingame, CA) for 1 h at
30 °C. After washing again, the beads were incubated with
100 uL of streptavidin-PE (Life Technologies, Carlsbad,
CA) for 30 min at 30 °C, followed by washing and detec-
tion of fluorescence intensity unit (FIU) on the beads using
the Luminex 200 system. Peptide-specific IgG responses
were defined by the difference between the FIU on peptide-
coupled beads and that on peptide-uncoupled beads. If the
titers of peptide-specific IgG in the post-vaccination plasma
were more than twofold higher than those in the prevacci-
nation plasma, the changes were considered to be signifi-
cant. If a significant increase was observed in at least one
vaccinated peptide, the specific humoral response was con-
sidered to be augmented.

Tieg» MDSC and sCTLA-4

T,eg and MDSC among the PBMC were examined by flow
cytometry. For the analysis of T,,, PBMC (0.5 x 10%) sus-
pended in PBS containing 2 % FBS were stained with anti-
CD-4, anti-CD25 and anti-FoxP3 antibodies (Ab) by using
the One Step Staining Human T,,, Flow™ Kit (Biolegend,
San Diego, CA) in accordance with the manufacturer’s
instructions. For the analysis of MDSC, PBMC (0.5 x 10%
suspended in PBS containing 2 % FBS were incubated with
the following monoclonal Ab for 30 min at 4 °C: anti-CD3-
FITC, anti-CD56-FITC, anti-CD19-FITC, anti-CD33-
APC, anti-HLA-DR-PE/Cy7 and anti-CD14-APC/Cy7. In
the cell subset negative for lineage markers (CD3, CD19,
CD56, CD14) and HLA-DR, MDSC were identified as
positive for CD33. The samples were run on a FACSCanto
II (BD Biosciences, San Diego, CA), and data were ana-
lyzed using the Diva software package (BD Biosciences).
The frequencies of T, and MDSC in the lymphocyte gate
defined by forward scatter and side scatter were calcu-
lated. All Ab were purchased from Biolegend. sCTLA-4
in plasma was analyzed using a commercially available kit
(MedSystems Diagnostics, GmbH, Vienna, Austria).
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Statistical analysis

The safety and tolerability analyses were performed on
data from all patients receiving at least one dose of KRM-
20. Immunological analyses were performed on data from
all patients who completed the study. Because of the low
planned number of patients in each cohort, descriptive sta~
tistics were used to summarize all demographic, safety,
tolerability and immunological outcomes by dose cohort.
Changes in immunological parameters across doses were
assessed by an exploratory analysis of variance.

Results
Patient population

Between June 2012 and January 2013, 17 patients from
four clinical sites in Japan were randomized to treat-
ment with KRM-20 at three different doses: Arm A
(6 mg/0.15 ml), n = 5; Arm B (20 mg/0.5 ml), n = 6; and
Arm C (60 mg/1.5 ml), n = 6. Fifteen of these 17 patients
completed the study as planned, and two patients discontin-
ued treatment due to non-treatment-related serious adverse
events of compression fracture of metastatic bone or uri-
nary retention: one in the 20 mg dose cohort (Arm B) and
the other in the 60 mg dose cohort (Arm C), respectively.
Demographics and baseline characteristics were generally
balanced among the treatment arms, although one patient
had a high PSA level in Arm A (Table 1).

Safety

Adverse events were assessed using the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 4.0 (NCI-CTC Ver. 4). There was no obvious dif-
ference in the rate of adverse events across the three dose
cohorts. The most common treatment-related adverse event
was skin reactions at injection sites (76.5 %). Two patients
had a grade 2 increase of liver enzymes or herpes zoster. No
grade 3/4 treatment-related adverse events were observed. All
adverse events observed in this study are shown in Table 2.

Clinical outcomes and immune responses

All patients were assessed by CT of the abdomen and pelvis
and bone scans within 4 weeks prior to the first vaccination
of KRM-20, and serum PSA was evaluated at pretreatment,
and after the third and sixth vaccination. Fifteen of seven-
teen patients completed the study treatment of six injec-
tions. According to the PSA response by the Prostate Can-
cer Clinical Trials Working Group (PCGW?2) criteria [21],
among these 15 patients, the best response was reported as a
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Table 1 Patient baseline Arm A Arm B Arm C Total
characteristics (6mg0.15m)  (20mg/0Sml)  (60mglSml)  (n=17)
(n=5) (n=16) (n=6)
Age, years
Median 72 73.5 69 71.5
Range 60-77 68-77 55-76 5577
ECOG performance status, n
0 4 6 15
1 1 1 2
HLA typing, n
A2/A3 supertype 1 2 2 5
A2/A26 0 0 1 1
A2 0 1 0 1
A24/A3 supertype 2 1 1 4
A24/A26 1 1 2 4
A24 1 0 0 1
A3 supertype 0 1 0 1
Baseline PSA, ng/ml
Median 67.9 21.6 31.6 40.4
Range 1.02~-1,529 5.23-84.8 8.72-81.47 1.02-1,529
Gleason score, n
<7 2 4
>8 4 5 13
Site of metastasis, n
No ) 0 0 1 1
Bone only 2 3 3 8
ECOG Eastern Cooperative Bone and nodal/organ 1 3 2 6
Oncology Group, HiA human Nodal / organ 2 0 0 2
leukocyte antigen, PSA prostate- Prior chemotherapy, n
specific antigen, HLA-A3 Estramustin phosphate 3 5 12
supertype including A11, A31 Docetaxel 9 7

or A33

partial response (PR) in two patients in Arm B (20 mg dose
cohort), no change (NC) in five and progressive disease
(PD) in eight. Disease control (PR or NC) during the treat-
ment was thus observed in 7 of 15 patients (Table 3).

Blood samples at pre-vaccination, and after the third
and sixth vaccination in the 15 patients, were analyzed for
HLA-matched peptide-specific IgG by LUMINEX and
HLA-matched peptide-specific T cells by IFN-y-based
ELISPOT in a blinded fashion (Table 4). The median num-
ber of HLA-matched peptides was 10 (range 6-15) in all
cases. In all HLA-matched peptides, CTL response after
the third vaccination was boosted for 3 of 61, 12 of 45 and
11 of 50 peptides tested in patients receiving 6, 20 and
60 mg of KRM-20, respectively. CTL response after the
sixth vaccination, however, largely decreased in patients
receiving 60 mg, concomitant with strong boosting of the
IgG response.

For each patient base after the sixth vaccination, CTL
activity was augmented for at least one peptide in 1 of 5, 4

of S and 4 of 5 patients receiving 6, 20 and 60 mg of KRM-
20, respectively. 1gG level was also augmented in 4 of 5,
2 of 5 and all 5 patients, respectively. Collectively, 9 or 2
patients (two from the 60 mg cohort) showed boosted CTL
or IgG responses after the third vaccination, while 9 or 11
patients showed this after the sixth vaccination, respectively.

Immune responses and PSA responses in 15 patients
during the vaccination are shown in Fig. 1. Positive immune
responses were observed in 13 of 15 patients (87 %), with
2 PR, 5 NC and 6 PD. In addition, CTL responses to two or
more peptides (2-6 peptides), restricted by HLA-A2, A24,
A3 supertypes or A26, were observed in 5 or 6 patients
after the third or sixth vaccination.

T..., MDSC and sCTLA-4

reg’

The mean frequency of T, or MDSC among PBMC
at pre-vaccination, and 3 and 6 weeks after the first vac-
cination were 2.0, 2.5 and 1.8 %, or 1.0, 1.2 and 1.4 %,
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Table 2 Adverse events by Arm A

Arm B Arm C Total
treatment cohort and grade

(6 mg/0.15ml) (20 mg/0.5 ml) (60 mg/1.5 ml)

n=35 n==6 n=6 n=17
Gl G2 G3 Gl G2 G3 Gl G2 G3 Gl G2 G3 Al(%)

Any AEs
Anemia 1 1 159
Toothache 1 1 1(5.9)
Injection site skin reaction 3 5 5 13 13 (76.5)
Fever 1 1 1(5.9
Increased ALT and AST 1 1 1(5.9)
Herpes zoster 1 1 1(5.9
Compression fracture of 1 1 1(5.9)
bone
Dehydration 1 1 1(5.9
Bone pain 1 1 1(5.9)
Headache 1 1(5.9
Urinary retention 1 1 1(5.9)
Microhematuria 1 1 1(5.9)
Increased Creatinine ' 1 1 1(5.9)
Treatment-related AEs
Injection site skin reaction 3 5 5 13 13 (76.5)
AE adverse event, ALT alanine Increased ALT and AST 1 1 1(5.9)
aminotransferase, AST aspartate Herpes zoster 1 1 1(5.9)

aminotransferase, G grade

Table 3 Changes of Ty,,, MDSC and sCTLA-4, and PSA responses in 15 patients during vaccination

Patient Treatment Arm Treg (%) MDSC (%) sCTLA-4 (ng/ml) PSA response
(% from base line)

No. Pre 3rd 6th Pre 3rd 6th Pre 3rd 6th

1 Arm A (6 mg/0.15 ml) 2.6 2.4 5.7 1.6 0.2 1.2 1.5 14 1.3 PD (63)

2 4.9 3.2 1.7 0.5 0.4 0.2 0.0 0.0 0.0 PD (45)

3 0.9 0.7 13 0.6 0.7 0.3 0.0 0.0 0.0 PD (182)

4 1.7 2.0 2.8 1.9 4.8 0.6 0.0 0.0 0.0 NC (24.8)

5 2.6 2.9 0.9 0.8 0.5 2.3 0.0 0.0 0.0 NC (—2.8)

6 Arm B (20 mg/0.5 ml) 33 3.4 2.5 0.6 0.8 13 0.0 0.0 0.0 NC (11)

7 1.0 0.9 0.7 0.2 0.1 2.2 0.3 03 0.3 PR (-65)

8 2.4 3.0 0.7 14 4.1 1.2 0.0 0.0 0.0 PD (40.8)

9 0.8 0.5 1.8 0.3 0.4 1.0 0.0 0.0 0.0 PD (102)

10 0.8 1.5 1.1 0.8 0.7 0.8 0.0 0.0 0.0 PR (-73)

11 Arm C (60 mg/1.5 ml) 12 1.6 13 1.6 1.8 1.2 0.2 0.1 0.2 NC(2)

12 2.4 9.6 2.7 0.6 0.3 0.6 0.0 0.0 0.0 PD (196)

13 2.0 2.9 1.2 0.1 0.3 4.1 1.7 1.6 1.9 NC (-39)

14 2.1 2.7 2.0 0.8 0.8 2.8 0.0 0.0 0.0 PD (886)

15 . 1.0 1.1 1.1 32 1.8 0.9 0.0 0.0 0.0 PD (206)

T,ep regularity T cell, MDSC myeloid-derived suppressor cell, Pre pretreatment, sCTLA-4 soluble cytotoxic T lymphocyte antigen 4, PSA pros-
tate-specific antigen, PR partial response, NC no change, PD progressive disease

The values showing the increment are in bold

respectively (Table 3). Although there was no significant  increased in 3 of 5 or 3 of 5 patients receiving 60 or 6 mg
difference among these mean frequencies, it is of note that ~ of KRM-20, respectively. In contrast, the increase after the

the frequency of Ty, after the third or sixth vaccination was  third and sixth vaccinations occurred in one patient in the
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Table4 CTL and IgG Patient no. (HLA)  HLA matching peptides CTL response IgG Response (FIU)
responses to HLA.-matchec.i (Target HLA) (spots/10°x cells)
peptides in 15 patients during
vaccination Pre 3rd 6th Pre 3rd 6th
Arm A (6 mg/0.15 mi)
1 (A24,A11) CypB-129 (A11) 35 0 0 0 0 0
EGFR-800 (A24) 0 0 0 0 0 0
Lck-208 (A24) 0 0 0 0 0 0
Lck-449 (A11) 0 20 0 14 17 13
Lck-90 (A11) 67 36 24 31 41 1,805
MRP3-1293 (A24) 0 0 0 0 0
PSA-248 (A24) 0 0 0 0 0
PTHrP-102 (A24) 0 0 0 0 0 0
SART3-734 (All) 50 17 0 5,053 6,424 5,360
WHSC2-103 (Al1) 56 0 31 11 13 11
Lck-486 (A24) 0 0 0 15 14 13
Lck-488 (A24) 0 0 0 20 26 21
PSMA-624 (A24) 0 0 0 0 0 0
PAP-213 (A24) 0 0 0 10 13 72
SART3-109 (A24, Al11) 76 48 0 0 12 12
2 (A2,A31) CypB-129 (A2, A31) 72 95 90 0 0 0
Lck-246 (A2) 0 0 55 0 0
Lck-449 (A31) 81 65 227 0 10 0
Lck-90 (A31) 128 99 99 0 0 0
SART3-302 (A2) 0 51 0 0 0 0
SART3-734 (A31) 139 71 88 0 0 0
WHSC2-103 (A2, A31) 96 117 404 O 0 0
HNRPL-140 (A2) 0 36 0 0 0 0
SART3-109 (A31) 76 56 72 0 0 0
WHSC2-141 (A2) 0 0 0 0 0 0
UBE2V-43 (A2) 0 0 25 0 11 19
3 (A24, A26) EGFR-800 (A24) 0 0 0 14 16 13
Lck-208 (A24) 0 0 0 0 0 0
MRP3-1293 (A24) 0 0 0 19 18 17
PSA-248 (A24) 0 0 0 0 0 0
PTHrP-102 (A24) 0 0 0 0 0 0
Lck-486 (A24) 0 0 0 35 39 33
Lck-488 (A24) 0 0 0 140 149 142
PSMA-624 (A24) 0 0 0 19 21 18
PAP-213 (A24) 0 0 0 12 13 11
SART3-109 (A24, A26) 0 0 0 53 57 49
4 (A24, A31) CypB-129 (A31) 70 0 36 0 0 0
EGFR-800 (A24) 0 0 0 10 10 11
Lck-208 (A24) 0 0 0 0 0 0
Lck-449 (A31) 121 86 103 24 20 21
Lck-90 (A31) 153 0 97 24 21 21
MRP3-1293 (A24) 0 0 0 12 11 12
PSA-248 (A24) 0 0 0 11 0 0
PTHrP-102 (A24) 0 0 0 0 0 0
SART3-734 (A31) 140 74 0 13 10 10
WHSC2-103 (A31) 56 0 31 11 10 10
) Springer
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Table4 continued Patient no. (HLA) HLA matching peptides CTL response IgG Response (FIU)
(Target HLA) (spots/10°x cells)
Pre 3rd 6th Pre 3rd 6th

Lck-486 (A24) 0 0 0 21 19 19
Lck-488 (A24) 0 0 0 32 29 30
PSMA-624 (A24) 0 0 0 12 0 10
PAP-213 (A24) 0 0 11 10 4,139
SART3-109 (A24, A31) 113 434 141 22 22 21

5 (A24) EGFR-800 (A24) 0 0 0 28 27 29
Lck-208 (A24) 0 0 0 12 14 12
MRP3-1293 (A24) 0 0 0 37 35 34
PSA-248 (A24) 0 0 0 60 63 819
PTHrP-102 (A24) 0 0 0 0 0 0
Lck-486 (A24) 0 0 0 60 57 53
Lck-438 (A24) 0 0 0 118 111 108
PSMA-624 (A24) 0 0 0 37 38 33
PAP-213 (A24) 0 0 0 42 38 37
SART3-109 (A24) 0 0 0 58 57 54

Response rates (confidence intervals) 0.20(0.0051-0.7164)  0.80 (0.2836-0.9949)

Arm B (20 mg/0.5 ml)

6 (A2, A33) CypB-129 (A2, A33) 0 0 0 0 0 17
Lck-246 (A2) 0 451 472 0 0 0
Lck-449 (A33) 27 0 130 1,004 1,127 1,064
Lck-90 (A33) 26 44 45 66 71 68
SART3-302 (A2) 0 0 0 1,031 1,122 1,099
SART3-734 (A33) 31 32 62 81 102 102
WHSC2-103 (A2, A33) 48 46 30 18 20 19
HNRPL-140 (A2) 0 0 435 38 45 45
SART3-109 (A33) 25 30 35 33 35 35
WHSC2-141 (A2) 0 0 0 12 12 11
UBE2V-43 (A2) 0 0 0 15 14 15

7(A2) CypB-129 (A2) 0 107 O 0 0 0
Lck-246 (A2) 0 129 247 O 0 0
SART3-302 (A2) 0 103 0 16 20 18
WHSC2-103 (A2) 0 125 0 16 17 14
HNRPL-140 (A2) 0 121 0 15 17 15
UBE2V-43 (A2) 0 0 0 32 33 27
WHSC2-141 (A2) 0 121 0 0 0 0

8 (A24, A26) EGFR-800 (A24) 0 0 0 0 0
Lck-208 (A24) 0 0 0 0 0 0
MRP3-1293 (A24) 0 0 0 18 19 19
PSA-248 (A24) 0 0 0 0 0 0
PTHrP-102 (A24) 0 0 0 0 0 0
Lck-486 (A24) 0 0 0 27 27 26
Lck-488 (A24) 0 0 0 41 39 38
PSMA-624 (A24) 0 0 0 11 10 11
PAP-213 (A24) 0 0 0 0 0 0
SART3-109 (A24, A26) 0 0 0 14 14 12

9 (A2, A33) CypB-129 (A2, A33) 0 45 0 0 0 0
Lck-246 (A2) 49 28 248 O 0 0
Lck-449 (A33) 72 104 O 13 11 11
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