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Table4 continued Patientno. (HLA)  HLA matching peptides CTL response IgG Response (FIU)
(Target HLA) (spots/ 10°x cells)
Pre 3rd 6th Pre 3rd 6th

Lck-90 (A33) 108 131 140 21 16 40
SART3-302 (A2) 0 0 136 2,765 2,099 2,824
SART3-734 (A33) 112 259 127 53 38 42
WHSC2-103 (A2, A33) 79 168 109 35 30 37
HNRPL-140 (A2) 0 0 184 16 17 24
SART3-109 (A33) 89 101 90 10 0 10
WHSC2-141 (A2) 0 96 0 0 0
UBE2V-43 (A2) 0 0 0 30 25 46

10 (Al11, A33) CypB-129 (A11, A33) 0 22 0 0 4,109
Lck-449 (Al1, A33) 17 0 46 0 0 0
Lck-90 (All, A33) 93 71 0 0 10 17
SART3-734 (All, A33) 53 43 53 64,000 52,180 6,140
WHSC2-103 (Al11, A33) 39 49 53 0 0 20
SART3-109 (Al1, A33) 40 40 0 0 0 23

Response rates (confidence intervals) 0.80 (0.2836-0.9949)  0.40 (0.0527-0.8534)

Arm C (60 mg/1.5 ml)

11 (A2, A26) CypB-129 (A2) 0 0 0 0 0 1,707
Lck-246 (A2) 0 134 281 O 0 0
SART3-302 (A2) 0 50 0 6,110 5,797 95,650
WHSC2-103 (A2) 45 0 0 0 0 45
HNRPL-140 (A2) 49 0 0 0 0 16
SART3-109 (A26) 0 0 0 0 0 0
UBE2V-43 (A2) 0 0 41 14 10 10,287
WHSC2-141 (A2) 60 0 0 0 0

12 (A24, A26) EGFR-800 (A24) 0 0 0 0 102
Lck-208 (A24) 0 0 0 11 10 79
MRP3-1293 (A24) 0 0 0 0 0 10
PSA-248 (A24) 0 0 0 331 7,724 8,167
PTHrP-102 (A24) 0 0 0 38 34 37
Lck-486 (A24) 0 0 0 11 12 6,358
Lck-488 (A24) 0 29 0 17 15 76
PSMA-624 (A24) 0 0 0 0 0 72
PAP-213 (A24) 0 146 36 33 39 152,340
SART3-109 (A24, A26) 0 0 0 0 0 195

13 (A24,A11) CypB-129 (A11) 0 25 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) 16 34 0 0 0 0
Lck-90 (A11) 17 36 20 23 26 17
MRP3-1293 (A24) 0 0 0 0
PSA-248 (A24) 0 0 0 0 0
PTHrP-102 (A24) 0 0 0 0
SART3-734 (A11) 24 49 31 108 116 147
WHSC2-103 (A11) 0 29 30 85 159 172
Lck-486 (A24) 0 0 0 0 0 0
Lck-488 (A24) 0 0 0 14 15 0
PSMA-624 (A24) 0 0 0 0 0 0
PAP-213 (A24) 0 0 0 0 0
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Table4 continued

Patient no. (HLA) HLA matching peptides CTL response 1gG Response (FIU)
(Target HLA) (spotsllO5 x cells)
Pre 3rd 6th Pre 3rd 6th
SART3-109 (A24, All) 35 0 0 0 0 0
14 (A2, A33) CypB-129 (A2, A33) 0 0 0 0 0 42
Lck-246 (A2) 0 285 181 O 10 0
Lck-449 (A33) 0 29 39 17 18 19
Lck-90 (A33) 44 28 24 45 63 102
SART3-302 (A2) 0 0 0 20 20 21
SART3-734 (A33) 77 28 24 13 13 10
WHSC2-103 (A2, A33) 54 0 0 22 23 25
HNRPL-140 (A2) 0 0 0 0 10 11
SART3-109 (A33) 71 35 19 24 22 86
WHSC2-141 (A2) 0 0 0 0 0 0
UBE2V-43 (A2) 0 0 0 0 0 0
15 (A1) CypB-129 (A11) 0 0 0 0 0
Lck-449 (A11) 0 0 0 0 0 0
CTL cytotoxic T lymphocyte, Lek-90 (A1D) 21 56 0 0 0 0
FIU fluorescence intensity SART3-734 (A11) 0 0 0 0 7 136
units, HLA human leukocyte WHSC2-103 (A1) 17 0 0 0 0 23
antigen, JgG immunoglobulin SART3-109 (Al1) 0 0 0 0 0 0
G, Pre pretreatment Response rates (confidence intervals) 0.80 (0.2836-0.9949)  1.00 (0.4782~1.0000)
The values showing the Total 0.60 (0.3229-0.8366)  0.73 (0.4490-0.9221)

increment are in bold

20 mg dose cohort. In addition, the frequency of MDSC in
CTL-positive patients was lower than that in CTL-negative
patients in the 20 mg dose cohort (p = 0.019, Wilcoxon
signed rank test). The mean levels of plasma sCTLA-4 at
pre-vaccination, and after the third and sixth vaccinations
were 0.3, 0.2 and 0.3 ng/ml, respectively. These low lev-
els of sCTLA-4 were similar when compared with those
in healthy donors, as previously reported [22]. No differ-
ence in sSCTLA-4 levels during vaccination was seen in any
cohort.

Discussion

The toxicities related to the KRM-20 vaccine were lim-
ited to grade 1 or 2. The most common reported toxicity
was grade 1 local injection site reactions, and a few cases
experienced a grade 2 increase in liver enzymes or herpes
zoster, in agreement with the results from our previously
conducted personalized peptide vaccination [13, 18, 19].
The main objective of this phase I study was to deter-
mine the dose for subsequent efficacy trials through the
study of immune dynamics, which was not well conducted
in previous trials. Peptide vaccines with MART-1/Melan
A or others were initially evaluated in a phase I setting,
at doses ranging from 0.1 to 10 mg, and no toxicity was

@ Springer

encountered even at the highest doses [23, 24]. A correla-
tion between peptide dose and the generation of specific T
cell responses from the PBMC of vaccinated patients was
also not reported. Thus, neither safety nor efficacy can be
assessed in patients with a blunted immune response. Our
past study also reported that the maximum tolerated dose
was not reached in a phase I study of personalized peptide
vaccination, using 0.3-5 mg/peptide, and then 3 mg/pep-
tide times 4 peptides (12 mg/body) was recommended for
further clinical trials because of its tolerability and immune
responses [18, 19]. Therefore, in the current study, we set
0.3 mg/peptide times 20 peptides (6 mg/body), 1 (20 mg)
and 3 mg/peptide (60 mg). The 20 peptides were mixed
with incomplete Freund’s adjuvant (Montanide ISA-51VG)
and prepared for emulsion at three different dose levels.
The Montanide ISAS1VG was used as an adjuvant in the
current study, since it is the most popular in clinical use
to induce cellular immunity and has been employed in the
majority of peptide vaccine trials globally [25]. Because
PBMCs contain low frequencies of antigen-specific T cells
even after vaccinations, the current CTL response (ELIs-
pot) assays have limited sensitivity to detect them directly
ex vivo [26]. Therefore, in the current study, we stimulated
and expanded antigen-specific T cells using in vitro cell
culture with the specific antigens. Nevertheless, since in
vitro-expanded cells do not necessarily give a better picture
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Fig.1 Immune responses and PSA responses. HLA-matched best
peptide~specific CTL (a) and IgG (b) responses, and PSA responses
(e) in 15 patients divided by treatment dose (6, 20 or 60 mg) dur-

of the T cell activity present in vivo, the development of
novel assays for detecting and monitoring antigen-specific
T cells directly ex vivo is anticipated. In contrast, the multi-
plex bead-based Luminex technology allows high-through-
put screening of IgG responses specific to large numbers
of short peptides with high accuracy [20]. Our previous
studies suggested the clinical significance of peptide-spe-
cific IgG responses as a surrogate biomarker in monitor-
ing vaccine-induced immune responses [30]. Therefore,
we measured the peptide-specific IgG responses as well as
peptide-specific CTL responses for detecting and monitor-
ing immune responses after vaccination. As a result, in all
HLA-matched peptides, the 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. That after the sixth vaccination was
4 of 61, 10 of 45 and 6 of 50 peptides, respectively, indi-
cating that CTL response after the sixth vaccination largely
decreased in the 60 mg cohort. From a view of both preex-
isting and boosted CTL activity, CTL activity was boosted
in patients with 20 mg cohort, but not the other groups.
These results indicated that CTL activity was augmented
as early as after the third vaccination in patients with 20

ing the vaccination. Positive responses are highlighted in blue. CTL,
cytotoxic T lymphocyte; FIU, fluorescence intensity units; IgG,
immunoglobulin G; Pre, pretreatment; PSA, prostate-specific antigen

and 60 mg cohorts followed by continued activation in
20 mg cohort and decline in 60 mg cohort. In addition, the
MIED of KRM-20 in CTL or IgG response calculated by
logistic regression model was 16 mg (0.8 mg/peptide) or
1.6 mg (0.3 mg/peptide), respectively. PSA responses were
better in the 20 mg group with two PR and one NC. All
these results suggest that 20 mg of KRM-20 could be rec-
ommended for a phase II study primarily because of lower
levels of vaccine-induced suppression to CTL activity and
PSA responses. However, the design to select the MIED
of KRM-20 in this study has several limitations, including
small numbers of patients in each arm and four different
HLA types. Therefore, it might be difficult to compare the
immune response rates with a wide confidence interval in
different dose groups with small numbers of patients who
have different HLA alleles. These issues shall be addressed
in further studies with large numbers of patients are needed.

It has been well documented that efficiently primed T
cells often lose their responsiveness to tumor antigens. This
may be explained by a variety of mechanisms, including
down-regulation or loss of tumor antigens, immunosuppres-
sion by T, and MDSC cells, and T cell inhibition mediated
by checkpoint molecules, such as CTLA-4 and PD-1 [16, 26,
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27]. In our exploratory analysis to evaluate effect of KRM-
20 vaccine on such inhibitory mechanisms, we measured the
frequency of T, and MDSC in PBMCs and sCTLA-4 in
plasma, but no obvious differences were observed in the fre-
quency of T, and MDSC and the level of sCTLA-4 during
the vaccination. However, frequency of MDSC in CTL-posi-
tive patients was lower than that in CTL-negative patients in
20 mg dose cohort, suggesting that MDSC could be respon-
sible for inhibition of CTL activity augmented by vaccina-
tion. Vaccination with 20 mg of KRM-20 might be better
than that with the others from this point of view, although
further studies with large numbers of patients are needed.

In this study, we used 20 mixed peptides containing
several HLA alleles for patients with different HLA types.
After the vaccination of 20 mixed peptides, HL.A-matched
peptides would be recognized by CTLs, but peptides with
different HLA alleles would theoretically be metabolized
without a biological effect. There might be concern about
the competition between peptides for binding to the same
HLA restriction element in KRM-20. Although peptide
competition was not directly evaluated here, we detected
CTL response to two or more peptides (range 2—6 pep-
tides), restricted to HLA-A2, A24, A3 supertype or A26
alleles. This is consistent with what has been reported for
other multiple peptide vaccines suggesting that competition
for binding to the same HLA molecule is not significant
enough to limit immunogenicity [28, 29]. Thus, multiple
peptides can be combined and administered as the same
mixture to elicit CD84- T cell responses.

Although we have not directly tested whether the 20
peptides used for vaccination were naturally processed or
not, we employed a cDNA expression technique to identify
genes encoding 7 of the 12 antigens shown above, indicat-
ing that at least some of the peptides could be presented
to the T cell receptor of CTL used as indicator cells for
cloning. In addition, we confirmed that the CTL specific
to the 20 peptides employed could recognize cancer cells
expressing both corresponding antigens and HLA, but not
those lacking either of them, suggesting that these peptide
epitopes are processed and presented naturally by cancer
cells. We also tested the reactivity of peptides to CTL and
IgG from pre-vaccination samples of cancer patients using
more than 1,000 peptide candidates derived from the 12
antigens shown above. Thereafter, 31 peptide candidates
were selected for clinical trials of personalized peptide
vaccination [5, 13]. The 20 peptides were further chosen
among the 31 peptides based upon the higher reactivity in
order to obtain pre-vaccination samples of CRPC patients.
Therefore, the 20 peptides might be naturally recognized
by the immune system of pre-vaccination CRPC patients
through natural presentation to peptide-reactive T cells.

In summary, this phase I study of KRM-20 consisting
of 20 mixed peptides derived from twelve TAA for patients

@ Springer

with CRPC demonstrated the feasibility, safety, and rapid
and high immune responses without changes of immuno-
suppressive cell subsets. Vaccination with 20 mg of KRM-
20 could be recommended for further clinical trials based
on tolerability and immune responses. With these encour-
aging results, a randomized, placebo-controlled, phase II
study for CRPC is underway.
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Primary endpoint : Overall survival
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—28 days weekly Biweekly 34 weeks

Secondary endpoint : 1 year survival, PSA response and Immune response

2 Phase I placebo controlled randomized study for advanced prostate cancer
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