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.

Results

Parient 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 fvﬁgptide vaceination, was assessed in 436

patients. No complete resporises (CR). were observed in either -

group. Forty-three patients (10%) had partial response (PR) and

144 patients (33%) had stable disease”(SD). The remaining 249 ~

patients (57%) had progressive diseai‘sg;z(P\‘iDm)"f without géshons’ég
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 6-week intervals as long as patient samples were
available. The total numbers of evaluable patients for CTL and
IgG responses duting the personalized peptide vaccination were
332 and 300, and positive resules 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 superiority 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 cach peptide candidate at
the first vaccination between long- and short-term 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 rreactive to each of the vaccinated peptides

; V;IC}C;Q measuredfoer 0f 23 short-term survivors and all 20 long-

term sutvivors 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 observed, 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 peprides in 6
patients and 4 peptides in 3 patients (p = 0.000282). To better
represent n-fold increase in 1gG 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 vaccinared 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

Groyps of canter
Characlanisiics Total Prostatic cancer Colampolal canver Pancreatic cancer . Gastric cancer Brain wmor Cervicsl cancer
Ha % Mo ka B, 3 o k3 Ha, ki3 Ny ki3 N e
No. of patients £60 474 £ 74 % 50 0w a2 g a8 ¥ o8 #
Average Age, years a1s 879 sa8 [ 587 445 484
Standard deviation 28 (1 128 g8 23 WH w4
Sax
tale 363 bl 174 100 5 0 a2 B4 28 o i 55
Female ¥ B 2 30 i B 5% k3l % A8 F 100
Performance status (ECOG)
(4] a3 a7 144 82 %7 4 ¥ 56 2 48 7 21 i a7
1 T8 4 2% 1.8 25 a1 % a2 6 8 [} w0 & 3
2 2 L3 1 o6 4 & o [ & i 4 e 3 o
K] 1 3 4 2 o [ [ 2 o o 33 &1 @ n
Paplides bind for HLA
A2 138 2% as 28 ® ] ] a0 i ke 8 w4 kR 5%
A4 a2 [ 10 a3 58 7% » 8z 7% a1 25 78 s a1
Adsupretype [ 3 4 2z [ o [ [ o o o [ [ a
Mixed type kS 5 3 ? o [} 4 8 o o [ [ b [
Average times of vaccination 147 17 (ET (LK af [EXS 1
Stancard deviation 1% 189 118 143 58 12 134
Treatment
Vaccination alone ias [ W0k 83 A7 [ 1 3w 3 &1 i a3 a8 R
Combination R 34 85 37 a7 3 a8 b 8 W % 5 ] [
CTL responag
No. of gvaluable case 332 1 &0 a0 28 28 o
yes W a0 % 88 2 &3 28 6 15 o 17 45 13 ag
no 33 A £ a2 28 &5 14 3% s 0 2 34 7 28
igG response
No. of evaluable case 300 105 48 41 2% s 2
yes 187 62 7 S 27 56 21 51 4 a7 " &0 7 58
ne 3 38 28 27 2 44 20 8 H 33 1 50 & 42
Best clinical response
Na. of evaluable case 43 154 3 21 5 30 2%
PR 4% 0 25 % 1 1 4 1 o o § " k] 13
B0 144 a3 W% 2% ol 3¢ el ® ] e i ki 7 n
PD 248 54 90 5% 4% L i L2 a7 4 i 47 kS 47
Response rate (%) (3] RN %] oR W 13
Disease conteol rate (%) anw 418 63 858 G 55% ERE

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

of peptides, against which increased CTL responses were observed,
were 0 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 O 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
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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
Charactenstics NSCLC RCC Mulanora Brast cancer Urotherial cancer Others
b, L) b, i Hp, % Ho, % b, 5 N, %
Mo, of patients 2 4 = ] 4 2 [t H i 2 a 8
Average Age, years -1 34 573 543 ] L1
Standard deviation 124 12 18 1 107 1
Bax
Wlain EH £ 11 45 ¥ E 4 4 b o0 56 52
Female 1 L] H 1% 5 a2 1 W 1 1] 55 a8
Performance status ECOG)
o 1 64 0 T H 5 & & 4 g0 W 52
1 & 24 3 1% ] % 4 % 3 0 B 70
2 3 (£} 1 8 H 7 % & 1 10 ¥ 0
3 ] o ] 2 1 ] o E] [ [
Peplides bind for HLA
AR 4 @ 3 23 4 a3 4 36 & 4t 3 24
Azd i 82 @ [ 8 87 v 64 4 80 W 52
Adsupretype @ o i o ¢ 3 8 [ o o 2 8
Mixed type 8 o 1 ] o [ o 9 o o [ 1%
ge times of n Wwe 285 R G t1g we
Standard deviation 54 b 08 @8 & 134
Treatment
Vacvination alone 22 100 2 w2 Lt o & a & G @ 94
Combination 9 % 1 8 o 4 7 64 i i 2 &
CTL wsponse
No. of avaluable case 1 w0 ] [ £ 12
yig 8 o b # 4 5 1 " H L 4 w5
o g a5 8 £ b] 2% 4% 83 1 33 @ [
igls response
No. of evaluatie case £ El i 4 3 i
Y8 ¥ 56 3 5% ] 71 4 ] 2 ar ¥ 4
ne % 42 4 & F4 28 ¢ ¢ 1 3B ¥ &8
Hest dinical esponse
Mo, of evaluable case ] ] 1 0 ¥ 24
PR [ g % [ [ @ 2 [ 1 14 o ]
80 41 52 ] % & 45 1 W0 H 39 ] 54
[¥] W a8 3 % 6 §8 ] 0 & 67 1% &
Response rate (%) - W3
Disease control rale (%) 524 7% anh 10 424 48

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), 'Crrelease cytotoxicity assay, peptide-MHC multi-
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.****' 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.**** 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.*33!
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™ vaccmamon 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 1IgG responses in the 43

patients listed in Table 4A and B As a result, thére was no_ sw—gi '

nificant correlation between them. In addition, we addressed if

boosted IgG responses to the vaccinated peptides were associated ©

with concomitant increase of pepndc -specific IgG. 0 non»vacch ‘
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,?*193% 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 TII trials. A number of poorly validated or con-
troversial markers made it difficult to obtain approval of cancer
vaccines as drugs. Indeed, there are no prospectively defined
markers validated in large phase IT 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 CD4SRO*
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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 I-restricted
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Table 2. Univariate and multivariate analysis for overall survival using Cox regression models

Univariate =

HR
24560
16810
14970
13420
08420
11800
0.8900
0.8760

Factor p
<00001
<0.0001

i Performancestatus (E{CO‘G) svel
Counts of lymphocytes < v = 1,500/l
- “lgGresponses nov yes
Age<vz63

_ Gender Male v Female .

0.2117

© Multivariate
HR 95% Cl

95%(! p .
 issososo <aooor
1362-207 00095
il
11131617
L 0686-1.033 -
0.937-1.486
0729-1086 : ;
0.712-1.078 - ' - ' -

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

Table 3. Baceline patient characteristics

No
20

No. of patients.
Age, yeais :
Median-
Range
“ECOG pe‘rz‘fq_tijmapfc‘e,f
0
1.

HLA typing
‘A2 ) 8
PSA, nglm!

Range

Gleason score

Site’»bffmétasfasi&)_
No

G Bone only:
Bone and node 2

14-926

1483

- Median
' o 699-28T1

Range

peptides, still remain to be clarified, one possibility is that the pep-
tides employed in this study may be presented not only in HLA
class I but also in HLA class IT and recognized by both CD8 and
CD4 T cells, as has been reported in the PSA peptide at position
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, ';Shéﬂ-“ survivors G Gl
No

%

Ceh
50-80

20

40 8

2-296

30 3
10

43.5

25

14-96

189 <0.0001
e e
248-257 in prostate patients by our group and also in the Melan
A 26-35 (A27L) peptide in melanoma patients.** Alternatively,
the peptides employed in this study may be recognized by CD4*
T cells on HLA class I molecules without requirement of CD8

1271



Table 4A. Comparison of immune responses between short- and long-term survivors

. ‘Short-term survivors (n =23).

Anti-peptide cellular response Anti-peptide IgG response
Lk e T me e e
1 SART3-109 0 NT NA 492 1221 22
. Lck-208 0 ONT NA o 18 negative
Lck-488 0 NkT NA 15 20 negative
: SART3-315 0 NT NA 30 27 negative
2 SART3-109 53 183 22 456 3123 =2
S Lck-488 159 0 negative 320 310 negative
ART1-170 1312 0 negative <10 <10 negative
i SART3-315 77 189 22 <10 <100 negative
3 SART2-161 899 ] negative 36 38 negative
L Lek208 23 108 negative <10 <0 negative
Lck-486 101 0 negative 118 144 negative
o SART3-315 53 69 negative 35 30 negative
4 SART3-109 Q NT NA 22 14 negative
Lck-208 67 NT NA <10 S0 _ negative
Lck-486 78 NT NA 107 92 negative
o ~ART4-75 79 . CUNT NA ONT NT NA
5 CypB72 212 NT NA <10 1211 210
HNRL-501 477 NT NA <10 8 210
PPMAPKkk-294 0 NT NA 12 13 negative
6. PAP-213" 159 0. negative 34 w39 negative
PSA-248 55 0 negative 273 2138 22
SART3-315 449 0 negative <10 <10 negative
PSA-152 516 61 negative <10 <10 negative
7 . Use4s 0 CONT NA 308 NT. NA
UBE-208 223 NT NA 73 NT NA
PSCA-21 0 NT NA 143 NT NA
EGFR-479 74 NT NA 68 NT NA
8 UBE-43 0 NT NA 544 NT NA
PSCA-21 56 NT NA 358 NT NA
PTHrP-42 0 ©UNT NA 176 NT NA
Her2/neu-484 0 NT NA 227 NT NA
G SART3-302 608 CONT NA 229 19363 210
Lck-422 0 NT NA 14 215 22
WHSC2:103 . S0 NT NA 48 L7000 negative
UBE2V-43 0 NT NA 35 59 negative
0 SART3-109 5561 SO negative” - 274 283 negative
Lck-488 0 0 negative 98 96 negative
MRP3-1293 -0 0 negative 78 76 negative
PAP-213 0 0 negative 68 69 negative

NA, not available; NT, not tested. *Values indicate IFNv production of peripheral blood mononuclear cells (PBMCs) reactive to the corresponding pep-
tide (pg/mL). A two-tailed Student’s t-test was employed for the statistical analyses. A well was considered positive when the level of IFNy production
in response to a corresponding peptide was significantly higher (p < 0.05) than that in response to an HIV peptide, and also when the mean amount of
IFN-y production in response to a corresponding peptide was > 50 ng/ml compared with that to an HIV peptide. ®Plasma levels of peptide-specific IgG
were measured using the Luminex™ system as previously reported.” Values indicate fluorescence intensity units (FIU) of IgG antibodies reactive to the
corresponding peptide. Positive immune responses were defined as either pre-lgG levels/post (sixth vaccination) IgG levels = 2 or pre-IFNy levels/post
(sixth vaccination) IFNy levels > 2. In addition, positive immune responses were defined as either pre-lgG levels/post (sixth vaccination) IgG levels = 10
or pre-IFN+y levels/post (sixth vaccination) IFNy levels = 10.
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Table 4A. Comparison of immune responses between short- and long-term survivors (continued)
oy : N/ s

CypB-129-
o ,  : uB E-43
HNRL-501
 SART2:93
Lck-208
£ Lck«486
CypB-91

} 13 ’ - ',CVF’B:‘\‘D s

Lck-422
 MAP-294
HNRL-501

. SART3-109
 Lek208
 Lckass
psA-248
 SART3-109
PAP-213

Soqa

- PSA248

PSA-152
16 SART3302
CypB-172
. Lck2ds
PpMAPKKk-294
7 Her2/meuss3
k EZH2-291
 PTHPA02
PSA-248
k  PSA-248
~ Her/neuss3
19 SART3-109
Ll  Lck4ss
PAP-213
G 20 - SART3-302 s
UBE2V-43
HNRLSOT
EZH2-569
SART3-109
Lck-486
. PAP2I3
EZH2-291

CNT

NT

NT

68

123

0

488

o o o o o

o
S o
g ¢

5 00 0 0 0o o 0o oo o0 00000 oo

753

COONT

/348

1000

2045

2246

o84

o o o o o

931

4326

NT

NT

NT
12'89:

302

191

130

131

0

 neg:

NA

 negative

negative

sz

negative
22
negative

negative - -

negative

o =l0

210

~negative -

negative

 negative

negative

" ‘negative

negative
a0

negative

Coip

negative

CNA
NA
NA
NA
210

negative
=10
negative

negative

210

negative

 negative

210

~ negative

negative

o0

negative

ive

L gy

804

s

15

9524

561 -

112

, ‘f25_1 :

29

251 -

312

186

132
3
26

10

45

534

103

59

879

641

143
1
40

S0l

38

287

232

34

<10

16

g

: ;36": f,} -

n

125

527'1‘”; i
‘<V10‘ '
S
350
g9

hegative

negative

negative

~ negative

negative

~ negative

negative

negative

negative

negative

negative

negative

negative

negative

NA
=10
310
=10

negative

negative

 negative.

negative

negative

negative

_ negative

~ negative
~ negative
. negative
J’gggaj:’iv,e i
negative

. negative

. negative

negative .

_ negative

. ":,'h‘egat;ivé -

=0

=10

NA, not available; NT, not tested. Values indicate IFNy production of peripheral blood mononuclear cells (PBMCs) reactive to the corresponding pep-
tide (pg/mL). A two-tailed Student’s t-test was employed for the statistical analyses. A well was considered positive when the level of IFNy production
in response to a corresponding peptide was significantly higher (p < 0.05) than that in response to an HIV peptide, and also when the mean amount of
bPlasma levels of peptide-specific IgG
were measured using the Luminex™ system as previously reported.” Values indicate fluorescence intensity units (FIU) of IgG antibodies reactive to the
corresponding peptide. Positive immune responses were defined as either pre-lgG levels/post (sixth vaccination) IgG levels = 2 or pre-IFNy levels/post
(sixth vaccination) IFN+y levels 2 2. In addition, positive immune responses were defined as either pre-lgG levels/post (sixth vaccination) IgG levels = 10

IFN production in response to a corresponding peptide was > 50 ng/ml compared with that to an HIV peptide.

or pre-IFNy levels/post (sixth vaccination) IFNy levels 2 10.
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Table 4A. Comparison of immune responses between short- and long-term survivors (continued)

4923

22 ‘SART2:161 0
SART3-109 318 0
Lck-486 0 0
MRP3-1293 262 0
23 SART3-109 0 NT.
Lck-486 0 NT
MRP3-1293 0 NT

210 . 24 90 22
negati;/e 41 151 negative
negative 39 4 negative
négative 30 30 negative

NA 945 7675 2200

NA 18 18 negative

NA 16 16 negative

NA, not available; NT, not tested. *Values indicate IFNy production of peripheral blood mononuclear cells (PBMCs) reactive to the corresponding pep-
tide (pg/mL). A two-tailed Student’s t-test was employed for the statistical analyses. A well was considered positive when the level of IFN+y production
in response to a corresponding peptide was significantly higher (p < 0.05) than that in response to an HIV peptide, and also when the mean amount of
IFN+y production in response to a corresponding peptide was > 50 ng/ml compared with that to an HIV peptide. "Plasma levels of peptide-specific IgG
were measured using the Luminex™ system as previously reported.” Values indicate fluorescence intensity units (FIU) of 1gG antibodies reactive to the
corresponding peptide. Positive immune responses were defined as either pre-IgG levels/post (sixth vaccination) lgG levels 2 2 or pre-IFNvy levels/post
(sixth vaccination) IFNvy levels = 2. In addition, positive immune responses were defined as either pre-lgG levels/post (sixth vaccination) IgG levels = 10

or pre-IFNy levels/post (sixth vaccination) IFNvy levels = 10.

molecules, as has been reported on T cell receptor-engineered
CD4" T cells* Although we have no data on the association
between HLA class II types in the vaccinated patients and anti-
peptide IgG responses in the current study, this important issue
will be addressed in further studies. Biological roles of peptide-
specific IgG also need to be elucidated in the near future.
Increases IgG responses to the vaccinated peptides in patients
showing longer sutvivil"cquldébg, at least in part, in c,rcﬂ;:ctgom

of their better immune-compétence with :rc:gafd,tdihclpér Tocell ©
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functions and subsequent B cell responses, although biomarkers
predictable of better immune-competence with regard to favorite
clinical benefits in response to peptide vaccinations are presently
unclear. This issue is now under investigation and our prelimi-
nary results suggest that serum levels of C-reactive protein could
be one of them (Noguchi M, et al. unpublished results). At the lit-
erature level, a number of prognostic factors have been evaluated
with respect to their roles in determining the treatment strategy
and ability to predict the response to therapy. Recent reports have
shown some significant prognostic factors for CRPC patients.
Smaletz et al. reported that performance status, lactate dehy-
drogenase (LDH), PSA and alkaline phosphate were significant
prognostic factors of overall survival in HRPC patients.” Halabi
et al. reported that performance status, Gleason sum, LDH,
alkaline phosphatase, PSA, hemoglobin and visceral metastases
were associated with survival in CRPC patients.”® Unlike these
reports, we identified the number of lymphocytes before vaccina-
tion and IgG responses after vaccination. These factors were not
included in the other reports because most patients in the above
studies were treated without specific active immunotherapy.

To address whether or not the long-term survived HRPC
patients shown in Table 4A and B were different from “better
performing, more likely to survive” patients who are not treated
with cancer vaccines, we compared the results shown in this study
with those of the TAX327 study of docetaxel-based regimens
without the vaccine treatment, as a well known historical control,
primarily because the disease conditions of HRPC patients in the
TAX327 study were similar to those of this study subjects.>¥
Namely, in the TAX327 study, a randomized, nonblinded, mul-
tinational phase III study involving 1,006 men with HRPC, they
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had a median survival of 16 to 20 months."*” In that study, there
were 800 deaths (80%) of 1,006 patients within 18 months of
follow-up.® Therefore, long-term survivors for more than 30
months (900 days) shown in Table 4A and B could be considered
to benefit from the peptide vaccination, and thus could be dif-
ferent from better performing HRPC patients who received the
standard therapy without cancer vaccines. Of note, the beneficial
roles of our personalized peptide vaccination have been also clearly
demonstrated in the fgcehdylfccnductﬂedli}éndomizcd trial in con-
sideration of the pre-existing host immunity.”” Although several

: p«apersl"?;”’hgve been reported on the relationships between lym-
- phocyte counts and survival in advanced cancers, there have been

no publications régéra)ing antibody responses after peptide vacci-
nations and survival in cancer patients. Because all of our data
were derived from the cancer patients that might have received
a survival benefit from vaccinations, we cannot know whether
the patients who were able to mount an antibody respanse and
who were not lymphopenic were in fact more likely to control the
cancer (and survive longer) even if they did not receive the vac-
cine. To address this issue, we will need to examine anti-peptide
IgG responses after vaccinations with antigen peptides that do not
affect patient survival. However, it would be very difficult for us
to obtain such data.

One might have a question whether the IgG responses to the
vaccinated peptides are unique to the peptides used in this study
or widely observed in peptide vaccines conducted in other groups.
Unfortunately, to our knowledge, no other groups have examined
anti-peptide IgG responses after peptide vaccinations in the liter-
ature. Therefore, it would be impossible for us to decide whether
the IgG responses that we detected in this study are unique to
our peptide vaccines or not. Also, we do not know at the present
time whether anti-peptide IgG responses are useful in general as
an indicator of survival in cancer patients without vaccinations,
because all of our data were derived from the cancer patients that
received peptide vaccinations. Of note, however, the methods
to identify the peptides used in this study are largely different
from those by other groups. We at first established tumor-spe-
cific CTL clones and lines in culture of patients’ PBMCs and
autologous tumor cell lines, followed by identification of genes
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NA, not available; NT, not tested. “Values indicate IFNvy production of peripheral blood mononuclear cells (PBMCs) reactive to the corresponding pep-
tide (pg/mL). A two-tailed Student’s t-test was employed for the statistical analyses. A well was considered positive when the level of IFN+y production

in response to a corresponding peptide was signific

antly higher {p < 0.05) than that in response to an HIV peptide, and also when the mean amount of

IFNy production in response to a corresponding peptide was > 50 ng/ml compared with that to an HIV peptide. "Plasma levels of peptide-specific 1gG
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Table 4B. Comparison of immune responses between short- and long-term survivors (continued)
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tide (pg/ml). A two-tailed Student’s t-test was employed for the statistical analyses. A well was considered positive when the level of IFNy production
in response to a corresponding peptide was significantly higher (p < 0.05) than that in response to an HIV peptide, and also when the mean amount of
IFN-y production in response to a corresponding peptide was > 50 ng/ml compared with that to an HIV peptide. "Plasma levels of peptide-specific IgG
were measured using the Luminex™ system as previously reported.”? Values indicate fluorescence intensity units (FIU) of IgG antibodies reactive to the
corresponding peptide. Positive immune responses were defined as either pre-1gG levels/post (sixth vaccination) IgG levels = 2 or pre-IFNvy levels/post
(sixth vaccination) IFNv levels = 2. In addition, positive immune responses were defined as either pre-lgG levels/post (sixth vaccination) IgG levels > 10
or pre-IFNy levels/post (sixth vaccination) IFNv levels > 10.
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Patients and Methods
Study population. This study was

conducted through the serial col-
lection of blood samples from 500
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consecutive patients positive for HLA-A24, -A2 or -A3 super-
types with advanced cancer, who entered into phase I, I/II and
I clinical trials for personalized peptide vaccination at 8 institu-
tions (Kurume University Hospital, Kinki University Hospital,
Okayama University Hospital, Hokkaido University Hospiral,

Niigata  University Hospital, Kitasato University Hospital,
Kansai Medical University Hospital and Yamaguchi University
Hospital, Japan) between October 2000 and October 2008. The
ethics review committee of each institution accepted the present
project and blood samples were collected at baseline (before vac-
cination), at sixth vaccination, and during the follow-up period
after written informed consent was obtained. All 500 patients
suffered from advanced cancer originating in the prostate (n =
174), colon and rectum (n = 74), pancreas (n = 50), stomach (n
= 42), brain (n = 33), uterus (n = 28), lung (n = 22), kidney (n
= 13), skin (n = 12), breast (n = 11), bladder and urinary tracts
(n = 10) and elsewhere (n = 31) (Table 1A and B). The safety,
immune responses and clinical responses in most of those stud-
ied had been reported previously.*1"? The exceptions were the
results of vaccinations against bladder cancer, breast cancer, some
pancreatic cancer cases, and those from HLA-A3 supertype-posi-
tive patients. These unpublished results have now been submitted
for publication or are under preparation based on results obtained
after October 2008. In the sub-analysis, 20 patients who survived
more than 900 days (ong—tarm survivors) and 23. patlents -who

died within 300 days (short-tefm suivivors) were selected to com=

pare immune responses from a total of 174 patients with CRPC.

Personalized peptide vaccination and immunological -

assessment. Personalized peptide vaccination is. ‘based on a pre-
vaccination measurement of peptide- specnﬁc CTL precursors
and anti-peptide IgG in the circulation of cancer patients reac-
tive to vaccine candidates, followed by administration of only
reactive peptides (up to four peptides) as reported previously.?2
Selected peptides were mixed with incomplete Freund’s adjuvant
(Montanide ISA-S1VG; Seppic, Paris, France), and four peptides
of 1.5 ml emulsion each at doses of 3 mg/peptide were injected
subcutaneously into the regional lymph node area. A total of 77
candidate peptides (32 peptides for HLA-A24-positive cancer
patients, 37 for HLA-A2 and 8 for HLA-A3 supertypes) were used
in the personalized peptide vaccination. All of these peptides can
induce HLA-A24-, A2- and A3-supertype-restricted and tumor-
specific CTL activity in PBMCs of cancer patients.®'?2%:42:44
Before the first vaccination and 7 days after every sixth vacci-
nation, 30 ml of peripheral blood was obtained and PBMCs were
isolated by means of Ficoll-Conray density gradient centrifugation.
Peptide-specific CTL precursors in PBMCs were detectcd using
the previously reported culture method. ™ Briefly, PBMCs (1 x
107 cells/well) were incubated with 10 UM of a peptide in 200
pl of culture medium in u-bottom 96-well microculture plates
(Nunc, Roskilde, Denmark). Half of the medium was removed
and replaced with a fresh medium containing a corresponding
peptide (20 M) every 3 days. After incubation for 14 days, these
cells were haryested and tested for their ability to produce TFNvy
in response to CIR-A2402 or T2 cells that were pre-loaded with
cither a corresponding peptide or HIV peptides (RYL RQQ LLG
[ for HLA-A24 and LLF GYP VYV for HLA-A2) as a negative
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control. For HLA-A3 supertype-positive cases, the cells were har-
vested and tested for their ability to produce IFNv in response to
CIR-A1101, -A31012 or -A3303 cells that were pre-loaded with
either a corresponding peptide or an HIV peptide (RLR DLL LIV
TR) as a negative control. The level of IFNy was determined by
enzyme-linked immunosorbent assay (ELISA) (limit of sensitiv-
ity: 10 pg/ml). All assays were performed in quadruplicate. A two-
tailed Student’s t-test was employed for the statistical analyses.

The Ievels of anti-peptide IgG were measured using the
Luminex™ system, as previously reported. % In brief, plasma
was incubated with 25 pl of peptide-coupled color-coded beads
for 2 h at room temperature on a plate shaker. After incubation,
the mixture was washed with a vacuum manifold apparatus and
incubated with 100 wl of biotinylated goar anti-human IgG
(chain-specific) for 1 h at room temperature. The plate was then
washed, followed by the addition of 100 pl of streptavidin-PE to
wells and was incubated for 30 min at room temperature on a plate
shaker. The bound beads were washed three times followed by the
addition of 100 .l of Tween-PBS to each well. Fifty microliters of
sample was used for detection with the Luminex™ system.

For evaluation of immune responses during the treatment,
peptide-specific CTL precursors among PBMCs and serum lev-
els of peptide-specific antibodies were measured every sixth vac-
cination. Positive immune responses were defined as either post
(sixth vaccination) IgG Ievels/pxe -IgG levels 2 2 or post (sixth
addition, in
the analysis between long- and short-term survivors, positive
immune responses were defined as either post (sixth vaccination)

IgG Ievels/pre‘IgG levels 2 10 or post (sixth vaccination) IFNvy

levels/pre-IFNYy levels > 10.

Adverse events and clinical responses. Adverse events were
monitored according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 3.0. The clinical
responses were evaluated on the basis of clinical observations and
radiological findings. Patients were assigned a response category
according to the Response Evaluation Criteria in Solid Tumors
(RECIST).

Statistical methods. Overall survival and 1 and 3 year survival
rates were determined by Kaplan-Meier actuarial analysis and
the difference between survival curves was assessed by the log-
rank test. Cox proportional hazards regression model was used
for univariate and multivariate analyses to identify combinations
of factors that had a significant impact on survival. All baseline
parameters in the survival and proportional hazards regression
analysis were analyzed as dichotomous variables using the overall
mean values as cut-off levels. All statistical calculations were car-
ried out using the StatView® program (SAS Institute Inc., Cary,
NC). A two-sided significance level of 5% was considered statis-
tically significant.
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A Phase | Study of Personalized Peptide Vaccination
Using 14 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 I dose-escalation study, four peptides showing the highest levels of
peptide-specific immunoglobulin 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 with a
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 maximum tolerated dose
could not be determined. Cytotoxic T lymphocyte responses measured by interferon-y 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 cell count >3,000/mm?,
lymphocyte count >1,200/mm?, hemoglobin >9 g/dl,
platelets >100,000/mm?, total bilirubin <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 permitted. All
patients gave written informed consent approved by
each IRB.

Study Design

This was a phase I 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: SART293_101,
SART31g9-118, Lckoos—216) PAP213-201, PSAzsg 57, EGF-
Rsoo-s09r MRP3s503-511, MRP31293-1302, SART214;-169,
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Lekygs-q04, Lekygg 97, PSMAg24_g30, EZH2735_ 743, and
PTHrPjgp-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/2ml), 1.5ml emulsion ata
dose level of 3mg/peptide, and 2.5mL emulsion at a
dose level of 5mg/peptide were injected subcutane-
ously into the thigh, the hip or the lower part of trunk
area. Bach 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
313.4 mg, 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 1 mg/
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 (1x10° 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% ECS,
20U/ml of interleukin-2 (IL-2), and 0.1 mM MEM
nonessential amino acid solution (Invitrogen Corp.),
36mg/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 (C1R-A2402, 1 x 10*/well) were pulsed
with each peptide (10 uM) for 2hr, and then effector
cells (1 x 10°/well) were added to each well with a final
volume of 200 pl. After incubation for 18 hr, the super-
natants (100 pl) were collected, and the amounts of IFN-
¥ 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 1. Baseline Demographics

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

Median 73

Range 63-78
ECOG Ps

0 14 (93)

1 1@
Gleason score

7 3(20)

8 5(33)

9 4 (27)

10 17

Unknown 2(13)
PSA (ng/mL)

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 1)

Other 2 (13)
Local therapy

Prostatectomy 4 (27)

EBRT 3 (20)

No definitive local therapy 8 (53)
Hormone therapy

Primary therapy only 17

>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 1. 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/10mL) 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 3 mg/peptide
after the sixth treatment. At the 5mg/peptide dose

TABLE Il. The Results of Dose-Escalation in Phase 1 Study

No. of patients

No. of patients

Peptides dose level Discontinued or MAD (>grade 2 MTD (>grade 3 systemic
(mg/peptide) Enroll 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’ own requests.
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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 5 mg/
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 ad verse 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
3mg/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
1 mg/peptide, four of six patients with 3 mg/peptide,
and two of three patients with 5mg/peptide tested.
CTL responses measured by IFN-y 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.

Clinical 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 1mg/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
overallsurvival 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, phaseI 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
SARTS3 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 phase Istudy
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 4 mg/2mlL,
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
Tmg/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 lI. 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 /] ver12.0 symptonu: Gl1(Pl/ G2 @I/ G3(®P/ G1®/ G2(®PI/ G3@l/ GlI@ey G2@l/ G3@®Y

preferred Trem(PT) Whole) Whole) Whole) Whole) Whole) Whole) Whole) Whole)  Whole) PI Whole
Vomiting 11 167%)  16.7%)
Ventricular extrasystoles 0/1 1 (6.7%)
Fatigue 0/1 0/1 1/0 0/1 1(6.7%) 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 0/1 167%)  5(333%)
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 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%) 16.7%)
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 1,494 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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