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Cancer vaccines do not always elicit beneficial immune or
clinical responses in treated patients. Therefore, identification
of biomarkers for predicting clinical responses in vaccinated
patients would be a significant issue in the clinical applica-
tion of cancer vaccines (5,15-17). At present, however, there
is little information available regarding predictive biomarkers
in patients undergoing cancer vaccines. In this study, the
multivariate analysis demonstrated that lower IL-6 and higher
albumin values, which may reflect less inflammation and
better nutritional status, prior to vaccination wete significantly
favorable factors for OS. IL-6 is a multifunctional cytokine
that regulates various aspects of immune responses, acute
phase reactions and hematopoiesis. In particular, IL-6 has been
reported to be deeply involved in cancer development, such as
tumor cell growth and cancer-associated inflammation (18).

There have been a number of studies describing the corre-
lation between IL-6 levels and prognosis in various types of
cancer (19-22). IL-6 has also been reported to be one of the
critical cytokines for inducing suppressive immune cell subsets.
For example, MDSCs and Th17, which are known to modulate
antitumor immunity, were shown to be generated from their
precursors in the presence of IL-6 and other cytokines (23-25).
Although the role of IL-6 in the immune response to cancer
vaccines remains to be clarified, it is possible that the blockage
of IL-6 signaling would be beneficial for enhancing the thera-
peutic efficacy of cancer vaccines.

In conclusion, the present study demonstrated that PPV
induced substantial immune responses to vaccine antigens
without severe adverse events in advanced BTC patients. In
addition, the multivariate analysis suggested that lower plasma
IL-6 and better nutritional status prior to vaccination and pre-
existing immune responses to greater numbers of antigens may

.contribute to better responses to PPV. Therefore, the evaluation
of these factors prior to vaccination may be useful for selecting
patients who would benefit from PPV and defining eligibility and/
or exclusion criteria for molecular-based personalized immuno-
therapy in BTC patients. Nevertheless, since this was a small
study with a limited number of patients, all of whom received
PPV, the clinical efficacy of PPV, as well as the clinical utility
of the identified factors in refractory BTC patients remain to be
-confirmed in future larger-scale prospective trials conducted in
defined patient populations with or without receiving PPV.
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Since the prognosis of small cell lung cancer (SCLC) remains poor,
development of new therapeutic approaches, including
immunotherapies, would be desirable. In the current study, to
evaluate immunological responses in refractory SCLC patients,
we conducted a small scale phase Il clinical trial of personalized
peptide vaccination (PPV), in which vaccine antigens are selected
based on pre-existing host immunity. Ten refractory SCLC
patients, who had failed to respond to chemo- and/or chemora-
diotherapies (median number of regimens, 2.5; median duration,
20.5 months), were enrolled. A maximum of four human leuko-
cyte antigen (HLA)-matched peptides showing higher antigen-
specific humoral responses were subcutaneously administered
(weekly for six consecutive weeks and then bi-weekly thereaf-
ter). PPV was terminated before the 3rd administration in four
patients because of rapid disease progression, whereas the
remaining six patients completed at least one cycle (six times) of
vaccinations.  Peptide-specific immunological boosting was
observed in all of the six patients at the end of the first cycle of
vaccinations, with their survival time of 25, 24.5 (alive), 10
(alive), 9.5, 6.5, and 6 months. Number of previous chemotherapy
regimens and frequency of CD3*CD26* cells in peripheral blood
were potentially prognostic in the vaccinated patients (hazard
ratio [HR] = 2.540, 95% confidence interval [CI] = 1.188-5.431, P =
0.016; HR = 0.941, 95% CI = 0.878-1.008, P = 0.084; respectively).
Based on the feasible immune responses in refractory SCLC
patients who received at least one cycle (six times) of vaccina-
tions, PPV could be recommended for a next stage of larger-
scale, prospective clinical trials. (Cancer Sci 2012; 103: 638-644)

Although recent advances in chemotherapies contributed
to improved clinical outcomes in refractory small cell
lung cancer (SCLC) patients, their prognosis still remains
very poor with a median survival time of 6-10 months."™®
Several clinical trials of immunotherapies have been
attempted in refractory SCLC patients,> but none of them
demonstrated a meaningful therapeutic benefit to patients. We
have developed a novel regime of personalized peptide vacci-
nation. (PPV), in which vaccine antigens are selected and
administered based on the pre-existing host immunity before
vaccination. ¢ For example, a recently conducted random-
ized clinical trial in advanced prostate cancer patients showed
a promising clinical benefit of PPV.(” In the current study, to
address if refractory SCLC patients have the capability to
respond to cancer vaccines, we conducted a small scale phase
II study of PPV and evaluated immunological responses in
the vaccinated patients.

Cancer Sci | April 2012 | vol. 103 | no.4 | 638-644

Materials and Methods

Patients. Patients with histological diagnosis of SCLC were
eligible for inclusion in the current study, if they had failed to
respond to previous chemotherapies and/or chemoradiothera-
pies. They also had to possess positive humoral responses to at
least two of the 31 different vaccine candidate peptides (Table
S1), determined by both human leukocyte antigen (HLA) class
I types and the titers of IgG against each peptide. The other
inclusion criteria as well as exclusion criteria were not largely
different from those of the previously reported clinical stud-
ies; an age between 20 and 80 years; an Eastern Coopera-
tive Oncology Group (ECOG) performance status of 0 or 1;
positive status for HLA-A2, -A3, -Al1, -A24, -A26, -A31, or -
A33; life expectancy of at least 12 weeks; adequate hemato-
logic, renal, and hepatic function. Patients with lymphocyte
counts of <1000 cells/uL. were excluded from the study, since
we previously reported that pre-vaccination lymphopenia is an
un-favorable factor for overall survival (OS) in cancer patients
receiving PPV."? Other exclusion criteria included pulmonary,
cardiac, or other systemic diseases; an acute infection; a his-
tory of severe allergic reactions; pregnancy or nursing; or other
inappropriate conditions for enrollment judged by clinicians.
The protocol was approved by the Kurume University Ethical
Committee and conforms to the provisions of the Declaration
of Helsinki in 1995 (as revised in Tokyo 2004). It was regis-
tered in the UMIN Clinical Trials Registry (UMIN# 2084),
After full explanation of the protocol, written informed consent
was obtained from all patients before enrollment.

Clinical protocol. This was an open-label phase-II study, in
which the primary and secondary endpoints were to identify
biomarkers for OS and to evaluate safety in refractory SCLC
patients who received PPV, respectively. Thirty-one peptides
(PolyPeptide Laboratories, San Diego, CA, USA; American
Peptide Company, Vista, CA, USA), whose safety and immu-
nological effects had been confirmed in previously conducted
clinical studies,’ were used for vaccination (Table S1).
The frequencies of expression of the parent proteins, from
which the vaccine peptides were derived, in SCLC tissues
were examined by immunohistochemistry (Fig. S1) and shown
in Table S1. The right peptides for vaccination to individual
patients were selected in consideration of the pre-existing host
immunity before vaccination, assessed by the titers of IgG
specific to each of the 31 different vaccine candidates, as
previously described.' Although the prostate-related anti-
gens, including prostate-specific antigen (PSA), prostatic acid
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Clinical trial registration information: UMIN Clinical Trials Registry (UMIN# 2984).

doi: 10.1111/].1349-7006.2012.02202.x
© 2012 Japanese Cancer Association



phosphatase (PAP), and prostate-specific membrane antigen
(PSMA), have been reported to be expressed not only by pros-
tate cancer but also by other types of cancers,>'® the expres-
sion frequencies of these molecules in SCLC tissues were low
(Table S2). Therefore, the peptides derived from them were
selected only when pre-existing IgG responses to other remain-
ing peptides were absent. A maximum of four peptides (3 mg/
each peptide), which were selected based on the results of
HLA typing and peptide-specific IgG titers, were subcutane-
ously administered with incomplete Freund’s adjuvant (Monta-
nide ISAS51; Seppic, Paris, France) once a week for
consecutive 6 weeks. After the first cycle of six vaccinations,
up to four antigen peptides, which were re-selected according
to the titers of peptide-specific IgG at every cycle of six vacci-
nations, were administered every 2 weeks up to four cycles
(24 vaccinations). Combined chemotherapy and/or radiotherapy
were allowed during the vaccination. Adverse events were
monitored according to the National Cancer Institute Common
Terminology Criteria for Adverse Events version 3.0 (NCI-
CTC Ver 3.0). The clinical responses were evaluated using the
Response Evaluation Criteria in Solid Tumors (RECIST 1.1)
after the first cycle of vaccinations or at premature termination
from the study. Pre-vaccination blood samples (PBMCs and
plasma) were available from all of the enrolled patients (n =
10). Post-vaccination blood samples were available from six
and four patients, who completed the first and second cycles
of vaccinations, respectively.

Measurement of humoral and T cell responses. The humoral
responses specific to each of the 31 peptide candidates (Table
S1) were determined by peptide-specific IgG levels using the
Luminex %fstem (Luminex, Austin, TX, USA), as previously
reported.® If the titers of peptide-specific IgG to at least one
of the vaccine peptides in the post-vaccination plasma were
more than twofold higher than those in the pre-vaccination
plasma, the changes were considered to be significant.

T cell responses specific to the vaccine peptides were evalu-
ated by interferon (IFN)-y ELISPOT assay (MBL, Nagoya,
Japan). Briefly, PBMCs (2.5 x 10* cells/well) were incubated
in 384-well microculture plates (IWAKI, Tokyo, Japan) with
25 pL of medium (OpTmizer T Cell Expansion SFM; Invitro-
gen, Carlsbad, CA, USA) containing 10% FBS (MP Biologi-
cals, Solon, OH), interleukin (IL.)-2 (20 IU/mL; AbD serotec,
Kidlington, UK), and each peptide (10 pM). Half of the med-
ium was replaced with new medium containing the corre-
sponding peptide (20 pM) at day 3. After incubation for the
following 6 days, the cells were harvested and tested for their
ability to produce IFN-y in response to either the correspond-
ing peptides or negative control peptides from human immuno-
deficiency virus (HIV). Antigen-specific IFN-y secretion after
18-h incubation was determined by ELISPOT assay with an
ELISPOT reader (ImmunoSpot S5 Versa Analyzer; Cellular
Technology Ltd, Shaker Heights, OH, USA). Means of the
triplicate samples were used for analyses. Antigen-specific T
cell responses were evaluated by the differences between the
spot numbers in response to the corresponding peptides and
those to the control peptide; differences of at least 10 spot
numbers per 10° PBMCs were considered as positive. If the
spot numbers in response to at least one of the vaccine pep-
tides in the post-vaccination PBMCs were more than twofold
higher than those in the pre-vaccination PBMCs, the changes
were considered as significant.

Measurement of C-reactive protein, serum amyloid A, and cyto-
kines. C-reactive protein (CRP), serum amyloid A (SAA), and
IL-6 in plasma were examined by ELISA using the kits from
R&D systems (Minneapolis, MN, USA), Invitrogen, and eBio-
science (San Diego, CA, USA), respectively. Multiplexed
bead-based Luminex assays were used to measure Th1/Th2
cytokines, including IL-2, IL-4, IL-5, and IFN-y (Invitrogen).

Terazaki et al.

Frozen plasma samples were thawed, diluted, and assayed in
duplicate in accordance with the manufacturer’s instructions.
Means of the duplicate samples were used for analyses,

Flow cytometric analysis of immune cell subsets in PBMCs. A
suppressive immune cell subset, myeloid-derived suppressor
cells (MDSCs), in PBMCs was examined by flow cytometry.
For analysis of MDSCs, PBMCs (0.5 x 10°) were incubated
for 30 min at 4°C with mAbs against lineage markers (CD3,
CD14, CD19, CD56), CD33, and HLLA-DR. In the cell subset
negative for the lineage markers and HLA-DR, MDSCs were
identified as positive for CD33. The frequency of MDSCs in
the mononuclear cell gate defined by the forward scatter and
side scatter was calculated. In addition, the expression of
CD26 in PBMCs was analyzed, since the gene expression level
of this molecule assessed by DNA microarray analysis was
prognostic for OS in the prostate cancer patients receiving
PPV (Sasada T , Komatsu N, Itoh K, unpublished observation).
PBMCs were stained with anti-CD26 and anti-CD3 mAbs fol-
lowed by calculation of the frequencies of CD26" subset in
CD3" cells. The samples were run on a FACSCanto II (BD
biosciences, San Diego, CA, USA), and data were analyzed
using the Diva software (BD biosciences). All mAbs were pur-
chased from Biolegend (San Diego, CA, USA).

Immunohistochemistry. Anti-tumor immune responses were
examined by immunohistochemistry (IHC) in tumor tissues
resected from SCLC patients treated with PPV (n = 1, Patient
No. 5) or without PPV (n = 3). Paraffin-embedded tissue sam-
ples were cut into 4-pm sections, and. labeled on the Bench-
Mark XT (Ventata Automated Systems Inc., Tucson, AZ,
USA) with anti-CD3 (clone LN10; Novocastra, Newcastle,
UK), anti-CD4 (clone 4B12, Novocastra), and anti-CD8 (clone
4B11, Novocastra) mAb. The streptavidin-biotin complex
method with 3,3'-diaminobenzidine tetrachloride (DAB) was
used as a chromogen (Ventana iVIEW DAB Detection Kit).
The expressions of vaccine antigens SART3 and p56lck in the
tumor tissue from the patient treated with PPV (Patient No. 5)
were also examined by IHC with anti-SART3 (rabbit poly-
clonal; Abcam, Cambridge, UK) and anti-p56lck (rabbit poly-
clonal, Abcam) Abs.

Statistical analysis. The Wilcoxon test was used to compare
differences between pre- and post-vaccination measurements.
All tests were two-sided, and differences at P < 0.05 were con-
sidered to be statistically significant. OS time was calculated
from the first day of peptide vaccination until the date of death
or the last date when the patient was known to be alive.
Curves for OS were estimated by the Kaplan—Meier method.
Potentially prognostic factors were evaluated by the Cox pro-
portional hazards model. A value of P < 0.1 was used to iden-
tify potentially significant variables. All statistical analyses
were conducted using the JMP version 9 or SAS version 9.1
software package (SAS Institute Inc., Cary, NC, USA).

Results

Patients’ characteristics. Between March 2009 and October
2010, 10 patients with histology of SCLC were enrolled in this
study. Table 1 shows the clinicopathological characteristics of
the enrolled patients. All patients were male subjects with a
median age of 63.5 years, ranging from 48 to 69. They had
advanced stages of cancer (limited-stage disease [LD] at diag-
nosis, n = 5; extended-stage disease [ED] at diagnosis, n = 5),
which had been refractory to previous treatments. Before
enrollment, they failed to respond to one (n = 3), two (n = 2),
three (n = 2), or more than 4 (n = 3) regimen(s) of chemother-
apies and/or chemoradiotherapies. Median duration of these
preceding regimens prior to the PPV was 20.5 months, ranging
from 1 to 51. Performance status at the time of enrollment was
grade O (n = 7) or grade 1 (n = 3). The numbers of peptides
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Table 1. Characteristics of the enrolled patients with refractory SCLC (n = 10)

No Previous Disease location
Patient HLA Stage at - treatment (tumor size) No. Combined Treatment  OS
No. Type Gender Age diagnosis PS pre.vnous period before vaccinations  therapy  responset  (days)
regimens (months) vaccination
1 A2/A26 M 58 ED 0 2 32 Mediastinal LN 24 CBDCA, PD 771
(28 mm), cervical PTX
LN#, braint
2 A24 M 68 LD 0 3 26 Pleural 2 -) PD 17
dissemination#
3 A24 M 62 LD 0 4 19 Cervical LN%, liver 11 VNR PD 178
(13 mm)
4 A24/A26 M 52 ED 1 6 22 Liver (30 mm), 2 CBDCA, PD 16
bone (spine)t, PTX
atelectasis$
5 A31/A33 M 67 LD 0 1 51 Lung (36 mm), 24 CDDP, SD 7468
brainf VP16,
WBRT
6 A2/A26 M 51 ED 0 2 5 Mediastinal LN%, 10 AMR Non-CR/ 285
bone (spine)+ non-PD
7 A26/A31 M 65 LD 0 5 31 Lung (39 mm), 2 CPT11, PD 33
adrenal (40 mm, PTX
18 mm),
brain (10 mm),
mediastinal LN$
8 A2/A24 M 69 ED 1 3 10 Pancreas (19 mm), 14 (&) PD 195
mediastinal LN
(15 mm)
9 A2/A26 M 69 ED 1 1 3 Lung (50 mm), 1 - PD 89
braint
10 A2/A24 M 48 LD 0 1 1 Mediastinal LN 219 AMR, SD 306§
{16 mm) TPT,
SRT

tEvaluated by the Response Evaluation Criteria in Solid Tumors (RECIST 1.1). ¥Non-measurable lesion. §Patients alive (censored data). TUnder
treatment. AMR, amrubicin; CBDCA, carboplatin; CDDP, cisplatin; CPT11, irinotecan; CR, complete response; ED, extensive-stage disease; LD,
limited-stage disease; LN, lymph node; M, male; OS, overall survival; PD, progressive disease; PS, performance status; PTX, paclitaxel; SCLC, small
cell lung cancer; SD, stable disease; SRT, stereotactic radiotherapy; TPT, topotecan; VNR, vinorelbine; VP16, etoposide; WBRT, whole brain

radiotherapy.

vaccinated to the patients at the first cycle of vaccinations
were four peptides in eight patients and two in two patients.
Of the 10 patients, six completed the first cycle of six vaccina-
tions, whereas the remaining four patients failed before the 3rd
vaccinations due to rapid disease progression. The median
number of vaccinations was 10.5 with a range of 1-24. During
the PPV, seven patients were treated in combination with
chemotherapies and/or radiotherapy, and the remaining three
patients did not tolerate them. None had a complete response
(CR) or partial response (PR). The best response, seen in two
patients, was stable disease (SD), whereas seven patients had
progressive disease (PD). A patient without measurable lesions
(Patient No. 6) had Non-CR/non-PD.

Toxicities. Toxicities are shown in Table 2. The most fre-
quent adverse events were dermatological reactions at injec-
tion sites (n = 7), hematological toxicity (n = 10), and
hypoalbuminemia (n = 8). Grade 3 serious adverse events
(SAE) were as follows: dyspnea (n = 1), anemia (n = 1), leuk-
ocytopenia (n = 1), and lymphopenia (n = 1). The Grade 3
hematological SAE, including anemia, leukocytopenia, and
~ lymphopenia, were transiently observed in the Patient No. 1
~ during PPV, just after he started receiving a concomitant che-
motherapy with carboplatin and paclitaxel. But these SAE dis-
appeared soon after stopping the concomitant chemotherapy,
and did not recur even if he restarted the vaccinations after
his recovery from the SAE. In addition, he showed no hemato-

logical SAE before this episode, while he received no con-
comitant chemotherapies. Based on these observations, the
independent safety evaluation committee for this trial con-
cluded that these SAE might not be directly associated with
the vaccinations, but with the concomitant chemotherapy. The
Grade 3 dyspnea was observed in Patient No. 2, who rapidly
developed pleural effusion due to pleural dissemination and
required hospitalization for oxygen supplementation. Since this
symptom was highly likely to be caused by the rapidly pro-
gressing disease, the independent safety evaluation committee
concluded that it might not be directly associated with the
vaccinations.

Immune responses to the vaccine peptides. Both IgG and T
cell responses specific to the vaccine peptides were analyzed in
blood samples before and after vaccinations (Table 3). Plasma
samples were obtained from 10, six and four patients before and
at the end of the first (six vaccinations) and second (12 vaccina-
tions) cycles of vaccinations, respectively. For monitoring of
humoral responses, the titers of peptide-specific 1gG reactive to
each of 31 different peptides were measured by bead-based mul-
tiplex assay. The IgG responses specific to at least one of the
vaccine peptides were augmented in five of six patients (83%)
and in all of four patients (100%) examined at the end of the
first and second cycles of vaccinations, respectively.

T cell responses to the vaccine peptides were also measured
by IFN-y ELISPOT assay (Table 3). PBMCs were available

doi: 10.1111/1.1349-7006.2012.02202.x
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Table 2. Toxicities

-
Table 3. Immunological responses to the vaccine peptides

Grade 1 Grade2 Grade3 Grade4 Total

Injection site reaction 3 4 0 0 7
Constitutional symptom

Fever 0 1 0 0 1

Fatigue 2 0 0 0 2
Gastrointestinal

Anorexia 2 0 0 0 2

Nausea 1 0 0 0 1
Pulmonary/Upper respiratory

Dyspnea 0 0 1 0 1
Blood/Bone marrow

Anemia 8 1 1 0 10

Leukocytopenia 3 0 1 0 4

Neutropenia 0 1 0 0 1

Lymphopenia 3 0 1 0 4

Thrombocytopenia 1 0 0 0 1
Laboratory

AST elevation 0 1 0 0 1

ALT elevation 1 1 0 0 2

v-GTP elevation 1 0 0 0 1

Creatinine elevation 1 1 0 0 2

Hypoalbuminemia 8 0 0 0 8

Hyperkalemia 1 0 0 0 1

Hyponatremia 1 0 0 0 1

Hyperglycemia 1 0 0 0 1

Hyperuricemia 1 0 0 0 1

ALT, alanine aminotransferase; AST, aspartate aminotransferase;
GTP, glutamyl transpeptidase.

from 10, six and three patients before and at the end of the
first and second cycles of vaccinations, respectively. Antigen-
specific T cell responses to at least one of the vaccine peptides
were detectable in eight of 10 patients (80%) before vaccina-
tion, and augmented in five of six patients (83%) and in all of
three patients (100%) tested at the end of the first and second
cycles of vaccinations, respectively.

Collectively, at the end of the first cycle of six vaccinations,
peptide-specific immunological boosting assessed by IgG and/
or T cell responses was observed in all of the six patients who
received at least six vaccinations, with their survival time of
25, 24.5 (alive), 10 (alive), 9.5, 6.5, and 6 months.

Cytokines and inflammation markers. We then measured
cytokines (IL-2, IL-4, IL-5, IL-6, and IFN-y) and inflammation
markers (CRP and SSA) in the plasma before and at the end
of the first cycle of vaccinations (Table 4). IL-6 was detectable
in five of 10 patients (50%) before vaccination with median of
0.5 pg/mL, ranging from O to 7 pg/mL. IL-6 levels were
increased, decreased, or unchanged in 2, 1, or 3 patients tested,
respectively. There was no significant difference in the level of
IL-6 between before and after vaccinations (P = 0.500; Wilco-
xon test). Other cytokines, including IL-2, IL-4, IL-5, and
IFN-y, were rarely detectable in either pre- or post-vaccination
plasma (data not shown). i

An inflammation marker, CRP, was detectable in pre-vacci-
nation plasma from the majority of patients (nine of 10
patients [90%]), with median value of 0.46 mg/dL (ranging
from 0 to 1.04 mg/dL). Plasma CRP levels were increased or
decreased in four or two patients, respectively. Another inflam-
mation marker, SAA, was also detected in pre-vaccination
plasma from all of the patients (100%) with median value of
5.475 mg/dL (ranging from 0.13 to 15.37 mg/dL). Plasma
SAA levels were increased or decreased in three or three
patients, respectively. There were no significant differences in
the levels of CRP as well as SAA between before and after

Terazaki et al.

1gG responset T cell responset

Patient .
No. Peptide
Before 1st 2nd  Before 1st 2nd
1 Lek-422 185 252 0 0 1000 2050
HNRPL-140 428 723 1155 0 119 a7
SART3-109 224 657 2028 1309 294 186
WHSC2-103 554 1332 16987 0 264 543
MAP-432§ 176 290 0 0 53 949
2 SART2-93 6609 NA  NA 0 NA TNA
PSA-248 8975 NA  NA 0 NA NA
SART2-161 7979 NA  NA 0 NA NA
PSMA-624 7555 NA  NA 0 NA NA
3 SART2-93 80 0 NA 146 0 NA
MRP3-503 410 3040  NA 0 2389 NA
SART2-161 166 0 NA 125 0 NA
Lck-486 76 413 NA 0 364 NA
PAP-213§ 0 46 NA NA NA NA
PSMA-624§ 38 422 NA NA NA NA
4 PAP-213 552 NA  NA 0 NA NA
PSMA-624 266 NA NA 333 NA NA
MAP-432 200 NA NA 1333 NA NA
WHSC2-103 591 NA  NA 0 NA NA
5 SART3-734 2142 11371 54795 1833 188 5390
Lck-449 45 31 21708 600 944 9500
SART3-109§ 0 50 1854 NA  NA 0
SART3-511§ 0 28 1328 NA  NA 107
6 MAP-432 43 0 NA 0 227 NA
HNRPL-501 104 446 NA 0 4 NA
UBE2V-43 241 0 NA 157 71 NA
SART3-109 2075 2621  NA 0 694 NA
7 SART3-109 174 NA NA 117 NA NA
SART3-511 25 NA  NA 42 NA NA
Lck-90 85 NA  NA 0 NA NA
HNRPL-501 294 NA NA 4 NA NA
8 SART2-93 20 2 922 0 56 NAY
PAP-213 208 187 12293 86 0 NAJ
PSA-248 25 3856 18849 6 33 NAY
Lck-486 35 67 17704 15 16 NA|
9 CypB-129 136 NA T NA 121 NA NA
Lck-422 34 NA  NA 13 NA NA
10 Lck-246 74 63 3725 0 729 515
WHSC2-141 77 58 455 o 75 0
PAP-213 25 0 16345 0 89 166
Lck-486 a1 0 1378 0 102 0
CypB-129§ 70 86 81 0 0 19
HNRPL-140§ 43 48 24 0 3 &

tValues indicate the fluorescence intensity unit (FIU) of plasma IgG
reactive with the corresponding peptides before and after the 1st and
2nd cycles of vaccinations. The augmented IgG responses are under-
lined. $Values indicate the number of spots per 10° peripheral blood
mononuclear cells (PBMCs) reactive with the corresponding peptides
in IFN-y ELISPOT assay before and after the 1st and 2nd cycles of vacci-
nations. When the number of spots was <10 per 10° PBMCs, the data
are shown as “0”. The augmented T cell responses are underlined.
§Peptides used for the 2nd cycle of vaccinations. 1PBMCs unavailable.
NA, not assessed.

vaccinations (P = 0.910 and P = 0.924, respectively; Wilcoxon
test).

Flow cytometric analysis of immune subsets in PBMCs.
Immune cell subsets in both pre-vaccination and post-vaccina-
tion PBMCs were examined by flow cytometry (Table 4). The
median frequency of MDSCs in pre- and post-vaccination
PBMCs was 0.2% (range from 0 to 0.8%, n = 10) and 0.3%
(range from O to 0.9%, n = 6), respectively. The median

Cancer Sci | April 2012 | vol. 103 | no.4 | 641
© 2012 Japanese Cancer Association



Table 4. Laboratory data before and after vaccinationt

IL-6 (pg/mL) CRP (mg/dL) SAA (mg/dL) MDSCs (%) CD3*CD26" (%)
Patient No.
Before After Before After Before After Before After Before After
1 0 0 0.39 0.56 8.58 7.78 0.3 0.6 48.2 58.4
2 7 NA 0.92 NA 12.65 NA 0.1 NA 29.8 NA
3 3 1 0.54 0.52 3.10 0.00 0.0 0.0 15.3 24.6
4 0 NA 0.47 NA 117 NA 0.1 NA 21.0 NA
5 1 2 0 0.56 0.28 3.99 0.2 0.1 329 34.8
6 3 9 0.39 0.61 5.47 11.95 0.2 0.5 49.7 57.3
7 1 NA 0.40 NA 5.48 NA 0.8 NA 19.0 NA
8 0 0 1.04 0.17 12.36 6.73 0.6 0.9 51.1 39.0
9 0 NA 0.94 NA 15.37 NA 0.4 NA 15.6 NA
10 0 0 0.45 0.53 0.13 0.55 0.1 0.1 39.4 28.3

tValues before and after the 1st cycle of vaccinations are shown. CRP, C-reactive protein; MDSCs, myeloid-derived suppressor cells;

NA, not assessed; SAA, serum amyloid A.
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Fig. 1. Kaplan-Meier survival analysis in the enrolled patients. The

median overall survival of patients who received personalized peptide
vaccination (PPV) (n = 10; solid line) was 186.5 days and the 1 year sur-
vival rate was 30%. Dotted lines show 95% confidence intervals.

frequency of CD3*CD26" cells in pre- and post-vaccination
PBMCs was 31.35% (range from 15.3 to 51.1%) and 36.9%
(range from 24.6 to 58.4%), respectively. No significant differ-
ences were found in the frequencies of MDSCs and
CD3*CD26" between before and after the vaccinations (P =
0.140 and P = 0.825, respectively; Wilcoxon test).

Potentially prognostic factors in SCLC patients undergoing
PPV. Median OS of the 10 patients was 186.5 days, with 1
year survival rate of 30% (Fig. 1). To identify potentially
prognostic factors in refractory SCLC patients undergoing
PPV, statistical analyses were carried out by the Cox propor-
tional hazards model with clinical findings or laboratory data.
As shown in Table 5, the number of previous chemotherapy
regimens and frequency of CD3*CD26" cells in PBMCs before
vaccination were potentially prognostic in the patients receiv-
ing PPV (hazard ratio [HR] = 2.540, 95% confidence interval
[CI] = 1.188-5.431, P = 0.016; HR = 0.941, 95% CI = 0.878-
1.008, P = 0.084; respectively).

Accumulation of tumor-infiltrating lymphocytes in a patient
undergoing tumor resection after PPV. A patient (Patient No.
5), who had good immune responses to vaccine antigens and
showed stable disease (24.5 months alive), underwent resection
of the primary tumor after 24 vaccinations. The parent proteins
for the used peptides, SART3 and p56Ick, were expressed in
the tumor tissue resected after the vaccinations (Fig. 2). To
know the immune responses to the tumor following the vacci-
nations, tumor-infiltrating lymphocytes were assessed by THC
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Table 5. Statistical analysis with clinical findings and laboratory data

Factor Hazard ratio (95% CI)t P-valuet
Age 1.047 (0.943-1.163) 0.393
Limited-stage disease 1.250 (0.278-5.625) 0.771
at diagnosis

Performance status (PS) 3.270 (0.651-16.427) 0.150
Number of previous 2.540 (1.188-5.431) 0.016
treatment regimens

Previous treatment 0.989 (0.945-1.035) 0.637
period (months)

Combined treatment (+) 0.336 (0.066-1.698) 0.187
IL-6 (pg/mL) 1.299 (0.900-1.877) 0.163
CRP (mg/dL) 7.459 (0.608-91.517) 0.116
SAA (mg/dL) 1.095 (0.940-1.275) 0.246
MDSCs (%) 2.872 (0.094-87.379) 0.545
CD3*CD26" (%) 0.941 (0.878-1.008) 0.084

tEvaluated by the Cox proportional hazards model. Cl, confidence
interval; CRP, C-reactive protein; IL, interleukin; MDSCs, myeloid-
derived suppressor cells; SAA, serum amyloid A.

using antibodies specific to immunological markers, including
CD3, CD4, and CD8. In the tumor from this patient treated
with PPV, CD3" cells infiltrated densely not only within the
cancer stroma but also within the cancer cell nest (Fig. 3a).
These tumor-infiltrating lymphocytes consisted of both CD4*
and CD8" cells (Fig. 3b,c). In contrast, when the tumors from
SCLC patients without PPV treatment (n = 3) were examined
by IHC as a control, only a few cells positive for CD3, CD4,
or CD8 accumulated within the tumors from all patients exam-
ined (representative data were shown in Fig. 3d-f). These
results suggest the possibility that PPV induced anti-tumor
immunity mediated by CD4" and CD8" T cells, leading to bet-
ter clinical outcomes.

Discussion

Despite recent advances in chemotherapies for refractory
SCLC patients, novel treatment modalities, including immuno-
therapies, still remain to be developed."> However, there
have been a few reports available regarding immunotherapies
against SCLC.*” For example, a DC-based vaccine targeting
p353 was reported to show a feasible result in a subset of SCLC
patients, who had positive immune responses against p33.
However, the induction rate of anti-p53 immunity was
relatively low.">*® Vaccinations with cell surface glycolipid
antigens to induce antigen-specific Ab responses were also
attempted in several clinical studies.*"*? However, only a

doi: 10.1111/1.1349-7006.2012.02202.x
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Fig. 2. Expression of the vaccine antigens in the
tumor from a small cell lung cancer (SCLC) patient
undergoing surgery after personalized peptide
vaccination (PPV) treatment. The vaccine antigens
SART3 and pS6lck were detected by
immunohistochemistry (IHC) with the antibodies
specific to these molecules in the tumor tissue from
a patient undergoing surgery after PPV treatment
(Patient No. 5). Both sections, x200.

SART3

Fig. 3.

Detection of tumor-infiltrating lymphocytes in tumors from small cell lung cancer (SCLC) patients treated with or without personalized

peptide vaccination (PPV). Immune cells infiltrating within tumors were detected by immunohistochemistry (IHC) with the antibodies against
CD3 (a and d), CD4 (b and e), and CD8 (c and f). All sections, x100. (a-¢) Tumor from a SCLC patient after PPV treatment (Patient No. 5). (d-f)
Tumor from a SCLC patient without PPV treatment. Since the tumors from three SCLC patients without PPV treatment showed similar findings,

representative data are shown.

limited number of patients developed a detectable Ab
response, and there was no impact on clinical outcomes. In the
current study, we addressed if refractory SCLC patients could
have pre-existing IgG responses to 31 different vaccine candi-
dates and well respond to these peptide vaccines. Notably, our
results demonstrated that pre-vaccination plasma from all of
the refractory SCLC patients had detectable levels of IgG spe-
cific to the cancer vaccine candidates, suggesting that they had
the capability to show secondary immune responses to vaccine
antigens. Furthermore, immunological boosting of T cell or
IgG responses was observed in all of the patients, who com-
pleted at least one cycle of six vaccinations. Toxicity of PPV
was mainly skin reactions at injection sites, and no SAE
directly associated with the vaccinations were observed. These
findings suggest the feasibility of PPV for refractory SCLC.
Interestingly, in a patient undergoing tumor resection after
PPV, both CD4" and CD8" T cells infiltrated densely not only
within the cancer stroma but also within the cancer cell nest.
Since the vaccine antigens SART3 and p56lck were expressed
in the tumor cells, it may be possible that T cells specific to
these molecules infiltrated and accumulated within tumors.
SART3 was strongly and homogeneously expressed in the
tumor cells, whereas expression of p56lck was weak and heter-
ogeneous. This heterogeneous expression of p56lck may be
attributed to the immune escape mechanism of tumor cells

Terazaki et al.

following PPV, although the pre-vaccination tumor tissue of
this patient was unavailable to demonstrate this possibility.
The prognosis of refractory SCLC patients remains very poor
with a median survival time of around 6-10 months.”® There-
fore, it could be worthwhile to discuss the clinical efficacy of
PPV, although it was not the main objective of this study. In 10
refractory SCLC patients receiving PPV, the median OS was
186.5 days, with 1 year survival rate of 30%. In particular, six
patients who received at least one cycle of six vaccinations sur-
vived for 25, 24.5 (alive), 10 (alive), 9.5, 6.5, and 6 months
(median OS, 528 days), although survival time of the remaining
four patients without completing six vaccinations was only 0.5,
0.5, 1, and 3 months (median OS, 25 days). Statistically analyses
with clinical findings and laboratory data were performed to
identify potentially prognostic factors, although the result was
preliminary due to the small number of patients and its clinical
utility needs to be confirmed in future studies. In the analysis of
clinical findings, greater numbers of previous chemotherapy reg-
imens might be associated with worse prognosis, suggesting that
PPV should be considered before repeated failures of multiple
chemotherapeutic regimens. Similar to our finding, the ability to
mount an immune response to therapeutic vaccines was reported
to be directly correlated with fewer prior chemotherapy regi-
mens.*? In addition, the statistical analysis with pre-vaccination
laboratory data demonstrated that the frequency of CD3*CD26*
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cells in PBMCs was potentially prognostic in patients receiving
PPV. The frequency of CD3*CD26" cells has not been previ-
ously reported as a biomarker in SCLC patients. CD26 is a cell
surface glycoprotein that functions as a proteolytic enzyme, dip-
eptidyl peptidase IV (DPP IV), and has been reported to play a
critical role in signal transduction.®” Since this molecule is
highly expressed on activated T cells,?” the increased fre-
quency of CD3*CD26* might contribute to better immune
responses against the vaccine antigens. The role of CD26" acti-
vated T cells in cancer vaccines remains to be determined.

In summary, the current study demonstrated that immune
responses to the vaccine antigens were substantially induced
without SAE in refractory SCLC patients who received at least
one cycle (six times) of vaccinations. Nevertheless, due to the
small number of patients and the short term of observation in
this early phase trial, clinical efficacy of PPV for refractory
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Abstract. Since the prognosis of non-small cell lung cancer
(NSCLC) remains poor, the development of novel therapeutic
approaches, including cancer vaccines, is highly desirable. In
the current study, we conducted a phase II study of personalized
peptide vaccination (PPV), in which a maximum of 4 peptides
were selected based on:pre-existing humoral immune responses
and administered subcutaneously (weekly for 6 consecu-
tive weeks and bi-weekly thereafter) in refractory NSCLC
patients. Forty-one refractory NSCLC patients (4 stage IIIb,
22 stage IV and 15 recurrent), who had failed to respond to
chemotherapy and/or targeted therapy (median number of
regimens, 3; median duration, 10 months), were enrolled.
Median overall survival (OS) was 304 days with a one-year
survival rate of 42% in the enrolled patients. The main
toxicity of PPV was skin reactions at the injection sites, but
no serious adverse events were observed. In order to identify
potential biomarkers for predicting OS, pre-vaccination and
pest-vaccination clinical findings and laboratory data were
retrospectively assessed and evaluated by multivariate Cox
regression analysis. Among the pre-vaccination factors exa-
ined, high C-reactive protein (CRP) level was-a significant
predictor of unfavorable OS [hazard ratio (HR)=10.115; 95%
confidence interval (CI)=2.447-41.806, P=0.001]. Among the
post-vaccination factors, high CRP level and low frequency of
CD3*CD26" cells were significant predictors of unfavorable
OS (HR=23.127, 95% CI1=2.919-183.233, P=0.003; HR=0.952,
95% CI=0.917-0.989, P=0.012). Taken together, our results
suggest the feasibility of PPV for the treatment of refrac-
tory NSCLC. Evaluation of the identified factors before or
at an early 'stage of vaccination could be potentially useful
for selecting NSCLC :patients who would likely have better
prognosis following PPV,
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Introduction

Non-small cell lung cancer (NSCLC) is one of the most
common causes of cancer death worldwide. Although recent
advances in chemotherapy and/or targeted therapy have helped
to improve the clinical outcomes of patients with refractory
NSCLC (1-5), their prognosis still remains very poor with a
median survival time of 6-8 months. Therefore, development
of novel therapeutic approaches, including cancer vaccines,
would be highly desirable.

- We developed a new approach of peptide-based vaccination,
named personalized peptide vaccination (PPV), in which
vaccine antigens are selected and administered based on pre-
existing host immunity before vaccination (6-14). We have
shown promising results of PPV in various types of advanced
cancers (6-9). For example, a recently conducted random-
ized clinical trial of PPV for patients with advanced prostate
cancér suggested a potentially favorable clinical outcome
in the vaccinated group (9). However, to improve clinical
efficacy further, prognostic biomarkers that would make it
possible to select patients for whom cancer vaccines would
be appropriate remain to be identified. In the present investi-
gation, we conducted a small-scale phase II study to identify
potential biomarkers that would be useful for prediction of
overall survival (OS) before or at an early stage of vaccina-
tion in refractory NSCLC patients. Our results suggested
the feasibility of PPV for refractory NSCLC. The identified
factors would be informative for predicting the subpopulation
of NSCLC patients, who would likely have better prognosis
following PPV.

Patients and methods

Patients. Patients with a histological diagnosis of NSCLC
were eligible for inclusion in the present study, if they had
failed to respond to previous chemotherapy and/or targeted
therapy. They also had to show positive humoral responses
to at least two of the 31 different candidate vaccine peptides
(Table I), determined by both HLA class I type and the titer of

* IgG against each peptide. The other inclusion criteria, as well

as the exclusion criteria, were not largely different from those
of other previously reported clinical studies (6-9): patient age
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between 20 and 80 years; an Eastern Cooperative Oncology
Group (ECOG) performance status of 1 or 2; positive status
for HLA-A2, -A3, -All, -A24, -A26, -A31, or -A33; life
expectancy of at least 12 weeks; negative status for hepatitis
virus B and C; adequate hematologic, renal, and hepatic func-
tion, Patients with lymphocyte counts of <1000 cells/ul were
excluded from the study, since we had previously reported that
pre-vaccination lymphopenia is a predictor of unfavorable OS
in cancer patients receiving PPV (12). Other exclusion criteria
included pulmonary, cardiac, or other systemic diseases; acute
infection; a history of severe allergic reactions; pregnancy
or nursing; or other inappropriate conditions for enrollment
as judged by clinicians. The protocol was approved by the
Kurume University Ethics Committee, and was registered in
the UMIN Clinical Trials Registry (UMIN no. 1839). After a
full explanation of the protocol, written informed consent was
obtained from all patients before enrollment.

Clinical protocol. This was an open-label phase II study in
which the primary and secondary endpoints were to identify
potential biomarkers for OS and to evaluate the safety of PPV
in NSCLC patients, respectively. Thirty-one peptides, whose
safety and immunological effects had been confirmed in
previously conducted clinical studies (6-9, 13), were employed
for vaccination [12 peptides for HLA-A2, 14 peptides for
HILA-A24, 9 peptides for HLA-A3 supertype (-A3, -A1l, -A31,
and -A33), 4 peptides for HLLA-A26] (Table I). The peptides
were prepared under the conditions of good manufacturing
practice (GMP) by the PolyPeptide Laboratories (San Diego,
CA) and American Peptide Company (Vista, CA). Appropriate
peptides for vaccination in individual patients were selected
in consideration of pre-existing host immunity before vacci-
nation, assessed from the titers of IgG specific to each of the
31 different vaccine candidates, as described previously (14).
Combined chemotherapy and/or targeted therapy were allowed
during the vaccination period, unless patients were unable to
tolerate combined chemotherapies or declined them (Table II).
A maximum of 4 peptides (3 mg/each peptide), which were
selected on the basis of HLA typing and peptide-specific IgG
titers, were administrated subcutaneously with incomplete
Freund’s adjuvant (Montanide ISAS51; Seppic, Paris, France)
once a week for 6 consecutive weeks. After the first cycle of 6
vaccinations, up to 4 antigen peptides, which were re-selected
according to the titers of peptide-specific IgG in every cycle
of 6 vaccinations, were administered every 2 weeks. Adverse
events were monitored according to the National Cancer
Institute Common Terminology Criteria for Adverse Events
version 3.0 (NCI-CTC Ver3). Complete blood counts and serum
biochemistry tests were performed after every 6 vaccinations.
The clinical responses were evaluated using the Response
Evaluation Criteria in Solid Tumors (RECIST) in the vacci-
nated patients, for whom computed tomography (CT) scan or
magnetic resonance imaging (MRI) data were available before
and after the first cycle of vaccinations.

Measurement of humoral and T cell responses. The humoral
responses specific to each of the 31 candidate peptides (Table I),
including those employed and not employed for vaccination,
were determined by the peptide-specific IgG levels using the
Luminex system (Luminex, Austin, TX), as reported previously
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(14). If the plasma titers of peptide-specific IgG in response to
at least one of the vaccinated peptides after vaccination were
>2-fold higher than those before vaccination, the changes were
considered to be significant..

T cell responses specific to the vaccine peptides were
evaluated by interferon (IFN)-y Elispot using peripheral blood
mononuclear cells (PBMCs), which were separated by density
gradient centrifugation from peripheral blood (30 ml) with
Ficoll-Paque Plus (GE Healthcare; Uppsala, Sweden) and stored
frozen until analysis. After thawing, PBMCs (2.5x10* cells/well)
were incubated in 384-well microculture plates (Iwaki, Tokyo,
Japan) with 25 ul of medium (OpTmizer™ T Cell Expansion
SFM; Invitrogen, Carlsbad, CA) containing 10% FBS (MP
Biologicals, Solon, OH), IL-2 (20 IU/ml; AbD Serotec,
Kidlington, UK), and each peptide (10 uM). Half of the medium
was removed and replaced with new medium containing a
corresponding peptide (20 uM) after culture for 3 days. After
incubation for a further 6 days, the cells were harvested and
tested for their ability to produce IFN-y in response to either
the corresponding peptides or a negative control peptide from
human immunodeficiency virus (HIV) sequence (SLYNTYATL
for HLA-A2; RYLRQQLLGI for HLA-A24; RLRDLLLIVTR
for HLA-A3 supertype; EVIPMFSAL for HLA-A26).
Antigen-specific IFN~y secretion after 18 h of incubation was
determined by Elispot, in accordance with the manufacturer's
instructions (MBL, Nagoya;, Japan). All assays were carried out
in triplicate, and analyzed with the Zeiss Elispot reader (Carl
Zeiss Microlmaging Japan, Tokyo, Japan). Antigen-specific T
cell responses were evaluated by the difference between the
numbers of spots produced in response to each corresponding
peptide and that produced in response to the control peptide; a
difference of at least 30 spots per 10° PBMCs was considered
posmve :

Measurement of C-reactive protein. (CRP), serum amyloid A
(SAA), and cytokines.CRP,SA A, and I1.-6 in plasma were exam-
ined by ELISA using kits:from R&D Systems (Minneapolis,
MN), Invitrogen, and eBioscience (San Diego, CA), respectively.
Multiplexed bead-based Luminex assays were used to measure
Th1/Th2 cytokines, including IL.-2, IL-4, IL-5, and IFN-y
(Invitrogen). Frozen plasma samples were thawed, diluted, and
assayed in duplicate in accordance with the manufacturer's
instructions.

Flow cytometric analysis of immune subsets amorig PBMCs. |
A suppressive immune subset, myeloid-derived suppressor
cells (MDSCs), among PBMCs were examined by flow cyto-
metry. For analysis of MDSCs, PBMCs (0.5x10°) suspended
in PBS containing 2% FBS were incubated with the following
monoclonal antibodies (Abs) 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, CD36, CD14)
and HLA-DR, MDSCs were identified as positive for CD33.
The frequency of MDSCs in the lymphocyte gate defined by
forward scatter and side scatter was calculated. In addition,
the expression of CD26 in PBMCs was also analyzed, since
the expression level of this gene assessed by cDNA microarray
analysis has been shown to be predictive of OS in patients-with
prostate cancer receiving PPV (Sasada et al, unpublished data).
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Table 1. Peptide candidates for cancer vaccination.
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Symbol for peptide Protein Position of peptide Amino acid sequence HLA type
CypB-129 Cyclophilin B 129-138 KLKHYGPGWV A2, A3sup®
Lck-246 p56Lck 246-254 KLVERLGAA A2
Lck-422 p56Lck 422-430 DVWSEGILL A2, A3sup
MAP-432 ppMAPkkk 432-440 DLLSHAFFA A2,A26
WHSC2-103 WHSC2 103-111 ASLDSDPWV A2, A3sup, A26
HNRPL-501 HNRPL 501-510 NVLHFFNaPL A2,A26
UBE-43 UBE2V 43-51 RLQEWCSVI A2
UBE-85 UBE2V 85-93 LIADFLSGL A2
WHSC2-141 WHSC2 141-149 ILGELREKV A2
HNRPL-140 HNRPL 140-148 ALVEFEDVL A2
SART3-302 SART3 302-310 LLQAEAPRL A2
SART3-309 SART3 309-317 RLAEYQAYI A2
SART2-93 SART2 93-101 DYSARWNEI A24
SART3-109 SART3 109-118 VYDYNCHVDL A24,A3sup, A26
Lck-208 pS6Lck 208-216 HYTNaSDGL A24
PAP-213 PAP 213-221 LYCESVHNF A24
PSA-248 PSA 248-257 HYRKWIKDTI A24
EGFR-800 EGF-R 800-809 DYVREHKDNI A24
MRP3-503 MRP3 503-511 LYAWEPSFL A24
MRP3-1293 MRP3 1293-1302 NYSVRYRPGL A24
SART2-161 SART2 161-169 AYDFLYNYL A24
Lck-486 p56Lck 486-494 TFDYLRSVL A24
Lck-488 p56Lck 488-497 DYLRSVLEDF A24
PSMA-624 PSMA 624-632 TYSVSFDSL A24
EZH2-735 EZH2 735-743 KYVGIEREM A24
PTH1P-102 PTHrP 102-111 RYLTQETNKV A24
SART3-511 SART3 511-519 WLEYYNLER A3sup
SART3-734 SART3 734-742 QIRPIFSNR A3sup
Lck-90 pS6Lck 90-99 ILEQSGEWWK A3sup
Lck-449 p56Lck 449-458 VIQNLERGYR A3sup
PAP-248 PAP 248-257 GIHKQKEKSR A3sup

*A3sup, HLA-A3 supertype (A3,A11,A31, and A33).

PBMCs were stained with anti-CD26-PE and anti-CD3-FITC
Abs. The frequency of the CD26* subset among CD3* cells
was calculated. The samples were run on a FACSCanto II (BD
Biosciences, San Diego, CA), and data were analyzed using
the Diva software package (BD Biosciences). All Abs were
purchased from Biolegend (San Diego, CA).

Statistical analysis. The two-sided Wilcoxon test was used
to compare differences between pre- and post-vaccination
measurements at a significance level of P<0.05. OS time was
calculated from the first day of peptide vaccination until the
date of death or the last date when the patient was known to be
alive. The survival curve was estimated by the Kaplan-Meier
method. Predictive factors for OS were evaluated by univariate
and multivariate analyses with the Cox proportional hazards
regression model. Statistically significant (P<0.05) variables

in the univariate analysis were included in the multivariate
analysis. Spearman rank correlation index was also utilized
to choose the variables for multivariate analysis. All statistical
analyses were conducted using the JMP version 8 or SAS
version 9.1 software package (SAS Institute Inc., Cary, NC).

Results

Patient characteristics. Between December 2008 and October
2010, 41 patients with refractory NSCLC were enrolled in this
study. Table II shows the clinicopathological characteristics of
the enrolled patients. There were 19 male and 22 female subjects
with a median age of 63 years, ranging from 37 to 76 years.
Histologically, the tumors comprised 32 adenocarcinomas,
5 squamous cell carcinomas, 2 adenosquamous cell carcinomas,
1 large cell carcinoma, and 1 pleomorphic carcinoma. The



Table II. Characteristics of the enrolled patients with refractory NSCLC (n=41).

Previous treatment

Patient Histology HLA Gender Age Stage PS No. of Period Combined No. of Treatment oS
no. type regimens (months) therapy vaccination response (days)
1 Ad A24 F 67 v 0 1 2 CBDCA + PTX 24 SD 683
2 Ad A26 F 56 R 0 5 16 S-1 24 SD 691
3 Ad Al1l1/A31 M 70 v 0 1 5 - 6 PD 58
4 Ad A24 F 69 v 1 4 4 - 15 PD 225
5 Adsq A2/A24 M 68 IIIb 0 3 5 Erlotinib 7 PD 95
6 Adsq A24/A33 F 52 R 0 2 18 Erlotinib 6 NA 467
7 Ad A2/A33 M 63 v 0 1 1 - 4 NA 41
8 Ad A2/A24 F 53 R 1 5 24 GEM 9 PD 159
9 Pleo- A24 M 55 R 0 2 DOC 3 NA 41
10 Ad A2/A26 M 50 R 0 1 11 CBDCA + PTX 6 NA 422
11 Ad A2/A24 M 57 1ITb 0 1 - 18 SD 354
12 Ad A24 M 72 v 0 1 4 - 22 SD 596°
13 Sq Al11/A33 F 53 v 0 2 8 Gefitinib 6 SD 573°
14 Ad A26 M 75 R 0 2 10 - 17 SD 366
15 Ad A2 F 59 v 0 3 10 Gefitinib 8 PD 291
16 Ad A2 F 54 v 1 4 24 CDDP + PEM 2 NA 304
17 Ad A24 F 72 v 0 1 25 - 11 SD 266
18 Ad A2/A33 ‘F 69 R 0 6 23 - ) NA 51
19 Ad A2/A31 F 76 R 0 3 4 - 6 NA 503
20 Ad A2/A11 - M 61 v 0 1 4 DOC 6 NA 431
21 Ad A2/Aji 1 F 65 R 0 1 3 Gefitinib 202 SD 412°
22 Ad A2/A11 M 50 v 0 1 2 - 14 NA 356
23 Ad A24/A33 M 67 R 0 3 9 - 17 SD 398°
24 Ad A2/A3 M 70 v 0 2 12 - 6 - NA 230
25 Ad A24/A33 F 68 v 1 4 9 - 7 PD 81
26 Ad A26/A33 F 65 v 0 6 30 - 5 NA 208
27 Ad A2/A26 F 70 v 0 3 21 Erlotinib 11 SD 258
28 Ad A24/A26 M 53 R 0 4 13 - 11 NA 189
29 Ad A24 M 54 v 0 5 13 - 8 PD 77
30 Ad A24 M 37 R 0 2 10 PEM 14 PD 2390
31 Sq A2/A24 M 64 L) 0 3 6 VNR 14* NA 232b
32 Ad A2/A24 F 59 R 0 3 43 Gefitinib 16* SD 251b
33- Ad A24 F 73 I1Ib 0 10 72 - 11 PD 246°

OTOSN AMOLOVYId Y 04 NOILVNIDOVA HALLJHd QHZI'TYNOSYHEd 17 12 VINVATHSOA

°[5}-18



1496

Table II. Continued. -

Previous treatment

0S
(days)

Combined No. of Treatment
vaccination

Period
(months)

PS

No. of
regimens

response

therapy

Stage -

:I{LA
- type

Patient
no.

“ Age

Gender

Histology

F .
F
M
M

50
239°

NA

v
v

62

A2/A24
A26/A33

Sq

Ad

Sq
LCC

34
35
36
37
38
39
40

NA
NA
SD
PD
PD
SD
SD

142
15°
14
10

13*
12

12*

Gefitinib

17
12
19

54

A24/A11

237°

190°

127

v

70
66
57

A24/A26
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A2
A2/A30
A24/A26
A2/A26

Sq
Ad

181°

PEM + Gefitinib

32
23
11

%

F
F
F

176°

Erlotinib

Ad
Ad

176°

v

57

41

*Under treatment, "patients alive. NSCLC, non-small cell lung ancer; Ad, adénocagcinbma; Adsq, adenosquamous carcinoma; LCC, large cell carcinoma; Ple, Pleomorphic carcinoma; Sq, squamous cell

carcinoma: M, male; F, female

; R. recurrent; PS, performance status: CBDCA, carboplatin; PTX, péﬁ:litaxel; GEM, gemcitabine; DOC, docetaxel; CDDP, cisplatin; PEM, pemetrexed; VNR, vinorelbine;

SD, stable disease; PD, progressive disease; NA, not assessed; 08, overall su

L.

rviva

patients' cancers were at the refractory stage (stage I1Ib, n=4;
stage IV, n=22; recurrent, n=15) when they had failed to respond
to one (n=11), two (n=7), three (n=11), or >4 (n=12) regimen(s)
of chemotherapy, targeted therapy, and/or a combination
of them. The median duration of these preceding regimens
prior to PPV was 10 months, ranging from 1 to 72 months.
Performance status at the time of enrollment was grade 0
(n=36) or grade 1 (n=5). The numbers of peptides used for
vaccination of the patients during the first cycle were 4 peptides
in 31 patients, 3 in 5 patients, and 2 in 5 patients. Among the
41 patients, 35 completed the first cycle of 6 vaccinations,
whereas the remaining 6 patients failed to do so due to rapid
disease progression. The median number of vaccinations was
11, with a range of 2 to 24. Among the 25 vaccinated patients
for whom both pre- and post-vaccination radiological findings
were available, none had a complete response (CR) or partial
response (PR). The best response, seen in 14 patients, was
stable disease (SD); the remaining 11 patients had progressive
disease (PD).

Toxicities. Toxicities are shown in Table III. The most frequent
adverse events were skin reactions at the injection sites (n=28)
and hypoalbuminemia (n=21). One grade 4 serious adverse event
(SAE), anemia, was noted. Grade 3 SAEs comprised injection
site reaction (n=2), fever (n=1), hemoptysis (n=1), anemia (n=1),
lymphopenia (n=1), and thrombocytopenia (n=1). According
to evaluation by the independent safety evaluation committee
for this trial, all of these SAEs, except for two cases of grade 3
injection site reaction, were concluded to be not directly
associated with the vaccinations, but with cancer progression
or other causes.

Immune responses to the vaccine peptides. Both humoral
and T cell responses specific to the vaccine peptides were
analyzed using blood samples obtained before and after
the PPV. Plasma samples were obtained from 41, 35 and 18
patients before vaccination and at the end of the first (6 vacci-
nations) and second (12 vaccinations) cycles, respectively. Due
to disease progression, 6 patients failed to complete the first
cycle of 6 vaccinations. For monitoring of humoral immune
responses, peptide-specific IgG reactive with each of the 31
different peptides, including those employed and not employed
for vaccination, were measured by bead-based multiplex
assay. The IgG responses specific to at least one of the vaccine
peptides were augmented in 17 of 35 patients (49%) and in all
of the 18 patients (100%) examined at the end of the first and
second cycles of vaccination, respectively (data not shown).

T cell responses to the vaccine peptides were measured by
IEN-y Elispot assay. PBMCs from 36, 32 and 9 patients were
available for this assay before and at the end of the first (6 vacci-
nations) and second (12 vaccinations) cycles, respectively. In the
pre-vaccination samples, antigen-specific T cell responses were
detectable in only 8 patients (22%). Among the 32 patients at
the end of the first cycle of vaccinations, 11 (34%) showed T cell
responses to the vaccine peptides. Among the 9 samples at the
end of the second cycle of vaccinations, T cell responses were
observed in 5 patients (56%).(data not shown).

Collectively, an increase of peptide-specific IgG titers was
observed in about half and in all of the vaccinated patients at
the end of the first and second cycles, respectively. In contrast,
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Table III. Toxicities.
Toxicity type Grade 1 Grade 2 Grade 3 Grade 4
Skin reactions at injection sites (n=28) 10 16 2 0
Constitutional symptom
Fever (n=3) 1 1 1 0

Pulmonary/upper respiratory

Dyspnea (n=3) 1

Hemoptysis (n=1) 0
Blood/bone marrow

Anemia (n=11) 9

Leukocytopenia (n=7) 5

Neutropenia (n=4) 3

Lymphopenia (n=12) 10

Thrombocytopenia (n=2) 1
Laboratory

Hyperbilirubinemia (n=3) 1

AST elevation (n=3) 2

ALT elevation (n=4) 3

Hypoalbuminemia (n=21) 17
Creatinine elevation (n=1)

oy

S
— O
o O

0 1 1
2 0 0
1 0 0
1 1 0
0 1 0
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1 0 0
1 0 0
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0 0 0
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Survival time (days)

Figure 1. Kaplan-Meier survival analysis in the NSCLC patients receiving
PPV. The median overall survival of patients who received PPV (n=41, solid
line) was 304 days and the one-year survival rate was 42%. Dotted lines show
95% confidence intervals.

antigen-specific T cell responses were induced in only limited
patients even after vaccination.

Cytokines and inflammation markers. We then measured
cytokines (IL-2, IL-4, IL-5, IL-6, IFN-y) and inflammation
markers (CRP and SSA) in plasma before and at the end of
the first cycle of vaccinations. IL-6:-was detectable in 23 of 41
patients before vaccination, with a median level of. 1 pg/ml,
ranging from O to 103 pg/ml..Among the 35 plasma samples
available at the end of the first cycle of vaccination, IL-6 levels
were increased, decreased, and unchanged in 13, 7, and 15
patients, respectively. There was no significant difference in the

level of IL-6 before and after vaccination (P=0.614, Wilcoxon
test). However, the 22 patients who showed a decrease or no
change in'IL-6 levels after vaccination had a tendency to have
a better prognosis than the remaining 13 patients who showed
an increase in IL-6 (P=0.068, log-rank test). Other cytokines,
including IL-2, IL-4, IL-5, and IFN-y, were rarely detectable
in either pre- or post-vaccination plasma (data not shown).

The inflammation marker, CRP, was detectable in pre-
vaccination plasma from the majority of patients (40 of the
41 patients), with a median level of 0.39 mg/dl (ranging from
0 to 1.11 mg/dl). Among the 35 plasma samples tested at the
end of the first cycle of vaccination, plasma CRP levels were
increased and decreased in 30 and 5 patients, respectively.
Another inflammation marker, SAA, was also detected in pre-
vaccination plasma from the majority of patients (40 of the 41
patients), with a median level of 6.21 mg/dl (ranging from 0 to
14.12 mg/dl). Among the 35 plasma samples available at the
end-:of the first eycle of vaccination, plasma SAA levels were
increased and decreased in 25 and 10 patients, respectively.
There were significant increases in the levels of CRP (P<0.001,
Wilcoxon test) as well as SAA (P=0.005, Wilcoxon test) after
vaceination, comipared with those before vaccination. However,
there were no significant assoeiations between .changes in CRP
or SAA levels and clinical outcomes in the vaccinated patients
(data not shown).

Flow cytometric analysis of immune subsets among PBMCs.
Immune cell subsets among both pre-vaccination and post-
vaccination PBMCs were examined by flow cytometry. The
median frequency of MDSCs among pre- and post-vaccination
PBMCs was 0.4% (range, 0.1-3.4%, n=33) and 0.3% (range,
0.1-2.0%, n=33), respectively. There was a significant decrease in
the frequencies of MDSCs after vaccination (P=0.002, Wilcoxon
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Table IV. Univariate:and multivariate analysis with pre-vaccination clinical findings or laboratory data.

Univariate analysis

- Multivariate analysis

Factor Hazard ratio (95% CI) P-value Hazard ratio (95% CI) P-value
Age 1.006 (0.963-1.051) 0.786
Gender 0.633 (0.281-1.428) 0271
Duration of previous; treatment (months) 0.985 (0.934-1.039) 0.589
Number of previous regimens 1.017 (0.807-1.282). 0.889
Frequency of lymphocytes (%) 0.945:(0.898-0.993) 0.026
Hemoglobin (g/dl) 0.826(0.629-1.083) 0.167
Albumin (g/dl)* - 0220 (0.086:0.563) 0.002
IL-6 (¢ g/ml) 1.021 (1.003-1.039) 0.020
CRP (mg/dl) 9.375 (2.350-37.403) 0.002 10.115 (2.447-41.806) 0.001
Frequency of MDSCs (%) 1.089 (0.512-2.318) 0.825
0.966 (0.914-1.021) . 0.219

Frequency of CD3*CD26" (%)

Cf, qoﬁﬁdégqe iptef;r}}él;y CRP, C-reactive ﬁfotg:in; MDSéé?:;nyelqidfdeﬂved suppressor cells.

Table V. Univariate and multivariate analysis v‘vith post—vac'cination clinical findings or laboratory data.

Umvanate analysis

Multivariate dnalysis

Eé,c;tor | Hazard ratlo (95% CI) P-value Hazard ratio (95% CI) P-value
Skin reactions at injectio, sites 0.861 (0.287-2.585) 0.789

Inerease in T cell responses: . : . 0,708 (0.227-2.203) 0.551

Increase in‘humoral responses © 1.042 (0.407-2.669) 0932

Frequency of lymphocytes. (%) 0.953 (0:909:0.999) 0.048

Hemoglobm (g/dly’ ) © 0.745(0.546-1.017) ~ 0.064

Albunin (gldl) ‘ 01169 (0.064-0.445) <0.001

IL—6 (pg/ml) o 1 055 (1.023- 1.087) <0.001 N

CRP (mg/dl) - 13 250 @ 095- 83 [794) 0006 23.127 (2.919-183.233) 0.003
Frequency oszDSCs (%) . 0.833.(0. 183 -3 785) 0.813 o

Frequency of CD3*CD26* (%) 0.956 (0.916- 0 .993) 0.042. 0.952 (0.917-0.989) 0.012

N $E 0 s -‘z

CI, confidence interval; CRP, C-reactive proteln, MDSCs myelold derived suppressor cells

T T e

test). The median:frequency of CD3*CD26* cells among pre- and
post-vaccination PBMCs was 18:8% (tange, 7.4-47.0%, n=35)
and 18.3% (range, 3.3-61.8%, n=35), respectively. There was no
significant difference in the frequencies of CD3*CD26* cells
(P=0.965, Wilcoxon test) before and after vaccination. There
were 1o fs:gmﬁtant assomatmhs between chahges in'the: frequen~
cies of MDSCs 61 ‘CD? outcomes in the

vaccmated patlents (data not shown)

Y e

Relatwnsth betWeen clinical findings 0":,_‘ aboratory data and
0S. The median OS for.the 41 ppatients was 304 days, with a one-
year sufvival rate of 42% (Fig. 1):The Cox proportional hazards
model] ,was used to identify faét TS, that were _significantly
associated with OS from clinical ﬁndmgs or laboratory data

before' vaccination. Univariate' analysis Usmg Ppre-vaccination
data showed that albumin, CRP, SAA, T1-6, and the frequency

of lymphocytes in whole blood (P=0.002; P=0.002, P=0.004,
P=0:020, and P=0.026, respectively) were significantly predic-
tive of OS (Table I'V). Howevet, ione of other factors examined,
including age, gender; performance status, duration of chemo-
therapy ortarget therapy before vaccination, number of préevious
regimeris, or other laboratory data (hemdglobin, creatinine,
frequencies of regulatory T cells, MDSCs, or CD3*CD26*
cells); were significantly-correlated with OS (data not shown). In
addition, multivariate Cox regression analysis was performed
to evaluate the influence of each of the factors that had been
shown to be significantly associated with OS in the univariate
analysis ' (P<0.05), after adjusting for possible confounding
factors. Albumin, CRP,1L-6, and the frequency of lymphocytes
in whole blood were included in the multivariate Cox regression
analysis. SAA was excluded in this analysis, since the level of
SAA was highly correlated with that of CRP (Spearman rank
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correlation coefficient, 0.819; P<0.001). As shown in Table IV,
higher CRP level in pre-vaccination plasma was significantly
predictive of unfavorable OS [hazard ratio (HR)=10.115, 95%
confidence interval (CI)=2.447-41.806, P=0.001]. However, the
other factors showed no significant association.

Similarly, the Cox proportional hazards model was used
to identify factors associated with OS from clinical findings
or laboratory data at the end of the first cycle of vaccination.
Univariate analysis showed that albumin, IL-6, SAA, CRP,
frequency of CD3*CD26* cells, and frequency of lymphocytes
in whole blood were predictive of OS at the end of the first cycle
of vaccination (P<0.001, P<0.001, P=0.004, P=0.006, P=0.042,
and P=0.048, respectively) (Table V). None of the other factors,
including other laboratory data, increase in IgG or T cell
responses to the vaccine peptides, and skin reactions at the
injection sites, were significantly correlated with OS. Albumin,
IL-6, CRP, frequency of CD3*CD26" cells, and frequency of
lymphocytes were included in the multivariate Cox regression
analysis. SAA was excluded in this analysis, since the level
of SAA was highly correlated with that of CRP (Spearman
rank correlation coefficient, 0.698; P<0.001). Multivariate
Cox regression analysis demonstrated that higher CRP level
and lower frequency of CD3*CD26" cells in post-vaccination
samples were predictive of unfavorable OS (HR=23.127, 95%
CI=2.919-183.233, P=0.003; HR=0.952, 95% CI=0.917-0.989,
P=0.012) (Table V).

Discussion

Since only a subset of patients obtain clinical benefits from
peptide-based cancer vaccines, it would be critical to identify
biomarkers for selection of suitable patients (15-17). With
regard to post-vaccination biomarkers, we have shown that
an increase in peptide-specific IgG responses after PPV is
well associated with improved OS in patients with certain
types of cancers (12,18). In addition, several factors, including
cytotoxic T lymphocytes (CTL) responses, Thl responses,
delayed type hypersensitivity (DTH), and autoimmunity, have
also been reported to be associated with clinical responses in
some clinical trials (16,17,19,20), although these results have
not always been reproducible. Notably, there are currently no
validated pre-vaccination biomarkers, predictive of clinical
responses, in widespread use. Therefore, in the present study,
we searched for clinically useful predictive markers for
PPV in patients with NSCLC. Multivariate analysis. of pre-
vaccination factors showed that higher level of plasma CRP
was predictive of unfavorable OS. Among post-vaccination
factors, higher level of plasma.CRP and lower frequency
of CD3*CD26" cells were predictive of unfavorable OS.
Although more data are still needed to validate our findings,
evaluation of the factors identified here could be useful for
selecting patients with NSCLC whe would potentially benefit
from cancer vaccines.

Elevated CRP level was shown to be also a predictor of
unfavorable OS in NSCLC patients receiving chemotherapy
or targeted therapy (21,22), suggesting that it might not
necessarily be unique to vaccinated patients. In contrast, the
frequency of CD3*CD26" cells among PBMCs has not been
reported previously as a biomarker in NSCLC patients. CD26
is a cell surface glycoprotein that functions as a proteolytic
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enzyme, dipeptidyl peptidase IV, and plays a critical role in
signal transduction (23). Since it is highly expressed on acti-
vated T cells (23), increased frequency of CD3*CD26* might
reflect the immune activation induced by vaccination. The role
of CD26* activated T cells induced by PPV in NSCLC thus
remains to be determined.

MDSCs are a heterogeneous population of immature
rnyelmd cells that inhibit the functions of other immune célls
and promote tumor progression (24,25). MDSCs can facilitate
tumor growth by inducing angiogenesis at tumor sites or by
suppressing anti-tumor immune cells, such-as antigen-specific
T cells (24,25). Notably, the frequencies of MDSCs were
significantly decreased after PPV, In addition, the patients, who
showed a decrease or no change in IL-6 after vaccination had
a tendency to have better outcome. IL-6 is a multlfunctlonal
cytokine that regulates various aspects of cancer development,
such as tumor cell growth and suppression of anti-tumior
immune cells, including CTL and NK cells (26). The roles of
these immune suppressive cells and/or cytokine, MDSCs and
IL-6, in immune responses to cancer vaccines remain to be
examined.

The prognosis of refractory NSCLC patients remains very
poor, with a median survival time of 6-8 months (1-5). In
contrast, the median OS of the 41 NSCLC patients who received
PPY was-304 days (>10 months), with a one-year survival rate
of 42%, in the current study. The main toxicity of PPV was skin
reactions atthe injeetion sites, but no SAEs were observed. Our
previous trials of PPV for various types of cancers have also
confirmed its safety (13). Considering the disease conditions
of the patients enrolled in the current study, all-of whom had
already been resistant to or ineligible for conventional chemo-
therapeutic and targeted agents before enrollment, our findings
suggest thie feasibility of PPV for refractory NSCLC, even
though OS was not the main objective of the current study.
Nevertheless, since this is a retrospective study with a limited
number of patients, clinical utility of PPV should be further
verified in larger-scale, prospective trials conducted in' defined
patient populations with or without receiving PPV,

Acknowledgements

This study was supported by the grants from the Regional
Innovation Cluster Program of the Ministry of Education,
Culture, Sports, Science and Technology of Japan (K. Itch);
Kurozumi Medical Foundation (T, Sasada), and Osaka Cancer
Research Foundation (T. Sasada).

References « N : ;

1 de Manms F and Gmsm F Cllmcal evidence for second--and
third-line treatment options in advanced non- smal] cell lung
cancer. Oncologist 13 (Suppl 1): 14-20, 2008.

2. Janku F, Stewart DJ and Kurzrock R: Targeted therapy:in non-
small-cell lung cancer - is it becoming a reality? Nat Rev Clin
Oncol 7: 401-414,2010.

3. Adjei AA, Mandrekar SJ, Dy GK, et al: Phase 11 trial of peme-
trexed plus bevacizumab for: second-line therapy of patients with
advanced non-small-cell lung cancer: NCCTG and SWOG study
N0426. J Clin Oncol 28: 614-619, 2010.

4. Krzakowski M, Ramlau R, Jassem J, et al: Phase III trial
comparing vinflunine ‘with docetaxel in second-line advanced
non-smali-cell lung cancer previously treated with platinum-
containing chemotherapy. J Clin Oncol 28: 2167-2173, 2010.



- 1560

5.

10.
11.
12.

13.

14.

15.

Okamoto I, Yoshioka H, Morita S, et al: Phase I1I trial comparing
oral S-1 plus carboplatin with paclitaxel plus carboplatin in
chemotherapy-naive patients with advanced non-small-cell lung
cancer: results of a west Japan oncology group study. J Clin
Oncol 28: 5240-5246, 2010.

. Terasaki M, Shibui S, Narita Y, et al: Phase I trial of a personalized

peptide vaccine for patients positive for human leukocyte antigen-
A24 with recurrent or progressive glioblastoma multiforme. J Clin
Oncol 29: 337-344, 2011.

. Yanagimoto H, Shiomi H, Satoi S, ef al: A phase II study of

personalized peptide vaccination combined with gemcitabine
for non-resectable pancreatic cancer patients. Oncol Rep 24:
795-801, 2010.

. Hattori T, Mine T, Komatsu N, et al: Immunological evaluation

of personalized peptide vaccination in combination with UFT
and UZEL for metastatic colorectal carcinoma patients. Cancer
Immunol Immunother 58: 1843-1852, 2009.

. Noguchi M, Kakuma T, Uemura H, ef al: A randomized phase 11

trial of personalized peptide vaccine plus low dose estramustine
phosphate (EMP) versus standard dose EMP in patients with
castration resistant prostate cancer. Cancer Immunol Immunother
59: 1001-1009, 2010.

Itoh K, Yamada A, Mine T and Noguchi M: Recent advances in
cancer vaccines: an overview. Jpn J Clin Oncol 39: 73-80, 2009.
Itoh K and Yamada A: Personalized peptide vaccines: a new
therapeutic modality for cancer. Cancer Sci 97: 970-976, 2006.
Noguchi M, Mine T, Komatsu N, et al: Assessment of immuno-
logical biomarkers in patients with advanced cancer treated by
personalized peptide vaccination. Cancer Biol Ther 10: 1266-1279,
2011.

Yoshida K, Noguchi M, Mine T, et al: Characteristics of severe
adverse events after peptide vaccination for advanced cancer
patients: Analysis of 500 cases. Oncol Rep 25: 57-62, 2011.
Komatsu N, Shichijo S, Nakagawa M and Itoh K: New multi-
plexed flow cytometric assay to measure anti-peptide antibody: a
novel tool for monitoring immune responses to peptides used for
immunization. Scand J Clin Lab Invest 64: 535-545, 2004.
Sasada T, Komatsu N, Suekane S, Yamada A, Noguchi M and
Itoh K: Overcoming the hurdles of randomised clinical trials of
therapeutic cancer vaccines. Eur J Cancer 46: 1514-1519, 2010.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

INTERNATIONAL JOURNAL OF ONCOLOGY 40: 1492-1500, 2012

Disis ML: Immunologic biomarkers as correlates of clinical
response to cancer immunotherapy. Cancer Immunol Immunother
60: 433-442,2011.

Hoos A, Eggermont AM, Janetzki S, et al: Improved endpoints for
cancer immunotherapy trials. J Natl Cancer Inst 102: 1388-1397,
2010.

Mine T, Sato Y, Noguchi M, et al: Humoral responses to peptides
correlate with overall survival in advanced cancer patients
vaccinated with peptides based on pre-existing, peptide-specific
cellular responses. Clin Cancer Res 10: 929-937, 2004.

Amos SM, Duong CP, Westwood JA, et al: Autoimmunity
associated with immunotherapy of cancer. Blood 118: 499-509,
2011.

Lépez MN, Pereda C, Segal G, et al: Prolonged survival of
dendritic cell-vaccinated melanoma patients correlates with
tumor-specific delayed type IV hypersensitivity response and
reduction of tumor growth factor beta-expressing T cells. J Clin
Oncol 27: 945-952,2009.

Koch A, Fohlin H and Sérenson S: Prognostic significance
of C-reactive protein and smoking in patients with advanced
non-small cell lung cancer treated with first-line palliative
chemotherapy. J Thorac Oncol 4: 326-332, 2009,

Masago K, Fujita S, Togashi Y, et al: Clinical significance
of pretreatment C-reactive protein in patients with advanced
nonsquamous, non-small cell lung cancer who received gefitinib.
Oncology 79: 355-362, 2010.

Ohnuma K, Dang NH and Morimoto C: Revisiting an old
acquaintance: CD26 and its molecular mechanisms in T cell
function. Trends Immunol 29: 295-301, 2008.

Gabrilovich DI and Nagaraj S: Myeloid-derived suppressor
cells as regulators of the immune system. Nat Rev Immunol 9:
162-174, 2009.

Peranzoni E, Zilio S, Marigo 1, et al: Myeloid-derived suppressor
cell heterogeneity and subset definition. Curr Opin Immunol 22:
238-244,2010.

Naugler WE and Karin M: The wolf in sheep’s clothing: the role
of interleukin-6 in immunity, inflammation and cancer. Trends
Mol Med 14: 109-119, 2008.



Human Vaccines & immunotherapeutics 8110, 1309-1313; October 2012; © 2012 Landes Bioscience

- GOMMENTARY

Personahzed peptlde vaccination i

A novel 1mmdnotherapeut1c approach for advanced mnam: :

Tetsuro Sasada V¥ Masanori Noguclnﬁ Akira Yamada? and Kyogo Treh! -

'Departient of Immunology and Immunothetapy; Kurume University School of Mediéifé; Kururties Japan; "Research Center for Tnnovative Cancer Therapys

Kauriitne University; Kurinie, Japan

Keywotds'u ; ptide vace

ized vaccine, cytotoxxc T lymphocytes,
advanced cancer, blomarker, mﬂamma-
tion

Abbreyiations: PPV} persona;ﬁzed pep-

mAtions "If'L,cytot(ch
Iy:ﬁphﬁcyws GRPE5!
pxmtaw wﬁf!er; FJBA, foédm:& -drug

Adeopred: 06106112

https /Idx.&ox.orgilo 4161/hv20988

*Comespondente to: Tetsuro Sasada,
Emall: tsasada@med Karumie-u.acjp

wwwilandesbideeience.com

erogeneous, immune responses against
tumor-associated antigens might be sub-
stantially: differént. among -individual
" patiéfits. Personalized seléction of tight-
peptides-for- individiials ‘could thuis be

an ‘appropriate. strategy for ‘cancef vac-
cinies. We hiave developed a novel immu-
noﬁh‘éfapeuhc“apptoaeh petsonahzed
peptide- vavcination  (PPV);: in*'which

sanatdhed peptides are selected and

adiministeréd; based on- the presexist:

mg hoat mmumty Befote mematmm

~ strdted a feasiblht}? ofathm Hiew thempeu—
ticappie adh m vm'ibﬁs typea of adnneed

yr it pre-vieccination pefipheral
bldﬁ&'migk%e puiteritial biomarkers for

" prognosis. Further randomized phase 11

tridls would be récémmendedto prove
clmlddl beneﬁﬁ of PPV

Intwdueﬂisn

The‘*ﬁeld of caﬁ&eﬁ inuﬁotherapy has
drastically moved forward diringithese
o decadey sincé Booti and his colléagues
stoir the fitst time'a tufiior-asso-

ciated " aﬂtngen, MAGE-AL, - recﬁgmied
by’ .cytotoxic T lymphocyte - (CTL) in
1991} In patticular, there have recently
beén ‘tioteworthy advatices in the clinical

Hurrah Vietines & Inmithuhotherapéutics

Dendreon Corpotat:on) an autologous
cellular immunotherapy product designed
to stimulate 'T -cell immune tesponses
against human prostatic -acid-phospha-
tase (PAP); was fisst approved: for patients
with . -castration-tesistant prostate can-
cer (CRPC) by:the US. Food ‘and Drug
Adniinistration (FDA)4 In. addition,
another: immunothetapeutic agens, ipili-
mtithaby: ani- anti-cytotoxic T dymphoeyte
antigen:(CTLA)-4:monoclonal antibody,
was also approved for melanoma:patients
by the FDA in 20117 Despite:these sig-
nificant advanees, however, - most of
other:randomized clinical trials in-eancer
immmnm‘hempy:hﬁve sofar failed to:show
beneficial therapeiitic effects compared
with ‘existing-treatments.®” The failure
of tecetit tlinical stials-has' raised several
issties to be addressed-for-development of
caticer vaccinessHere, we have ptopmsed a
novel immunotherapeutie apptoach, “per-
sonilized peptide vaccination (PPV)” for
advancad cdticer paﬁeﬁts. ,

Rationaie for Personallzed
Seleetlon of Viceine Antigens In
lndividual Gancer Patléhts

[ PR

’A Jatpe ﬁumber of tlam(ﬁif&assﬁblated

antigens have: beei identified by several
difféfent “approchies; including <DNA
exptession clonifig, serologie analysis. of
recombinant ¢ DNA  expression: libsar:
ies (SEREX), and reverse itimunological
approach? 'Although the number of can.
cer vaccine candidates is becoming almost
limitless, antigens currently employed
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for vagcination against individual cancer
patients might not always be appropriae,
In general, antistumor immunity is known
to be dependent on beth immunological
chazacters of tumor cells and imimyne cell
repertoires. Since immune eell repertoires
ate quite diverse and heterogeneous, anti-

tumer: immunity - might be substantially.

different amang individuals, Therefore,
it is likely that vaccine antigens that are
selected and administered without con-
sidering the immune cell repertoires of
the hosts could net cfficiontly -induce
beneficial anti-tumer immune tespenses,
To increase the clinical benefits from. ean-
cer vaccines, particular attentions-should
be paid te:immunelegical status .of cach
patient:by characterizing the. pne-existing
immune respomses. to vaceine. anmgens
before vaccimasion:

Nevertheless; in most Qf qurrent chm—

cal trials of therapeusic cancer vaceines,
common antigens are employed for vac-
cination -independéntly ofimmunologi-

std fipatignts. Patlents; whe Have
immunelogical memery to:vacsine anti-
gens, are expected to show quick and strong
immune.responses to them, In comtrast,
patients with.no immunglogical memery
against vaccing-antigens would take more
time for development of effective. anti-
tumer immuyne responses; because several
rounds of repeated vaccinations might be
required to prime antigen-specific naive T
eells to functional effecter cells (Big. 1).
In such situations; vaccinations could not
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casily. provide clinical benefits, especially
in.advanced. cances patienes, who' show
a relatively .quick disease progression.
Metgover, immune responses. induced by
inadequate- vaccings-thet are:non-specific
totumer-eells may not, only be- ineffec:
tive for tumar cantrol, hugalse erodgpres.
existing immunity? Based onthe current.
paradigm, that the size and composition
of ithe.adaptive immune system ate lim-
ited-and thagii
constantly competing each ather in: the
limited space, inadequéte vaccination may
have .negative consequences for; the bosts,
by suppressing. pre-existing  beneficial
memery: -cells. specific. 1o tumers:and/or
infectiois; 'which mighsesult-im acoelora-
tion of cincerprogression: of; garly-death:
invageinatedipatients!* Considering these
isstiesysiy :would.-be: quite reasonable that
vaccing antigens should. be\ selegted based.
on. the pre-exis
inrgach; patienti. ; .

In addition, it- shqwld be mged
cancer cells possess”or dcwslﬂp % vmmty
of mechanisms to maintain their malig-
nant behavior: Boy-axgmpls, it has been
well recognized that cancer cells escape
from host, immunological suryeillance.
Through the interactionbetween host
immune system and..tumer: gells at the
equilibrium. phase,, immuriological pres-
sute .often produces tumor gell variants
that decrease or. lose tumopassociated
antigens. Therefore, to better control
canget cells, it would be recommended to

s

Human Vaceines & Immunotherapeutics.

dividual irmmune cells.are

g mmmei@&ﬂal mmA

target multiple tumor-associated antigens
to reduce the risk of outgrowth of antigen-
loss variants,

PPV as a Novel
Immunotherapeutic Approach

"In view of camplexlty and diversity of

unmuxmlgglcal Cha;zgwthq of tumors and
immune cell repertoires, we have devel-
oped a new concept of PPV.!2 In this “per-
sonalized” cancer vaccine formulation,
appropriate peptide antigens for vaccina-
tion are screened and selected: from a list of
vaccine candidates in each patient, based
on pre-existing host immunity. Currently,
we employ 31 HLA class I-restricted pep-
tide candidates, which were identified
from a variety of tumor-associated anti-
gens mainly through ¢cDNA expression
cloning method with tumor-infiltrating
lymphocyte clones/lines; 12 peptides for
HLA-A2, 14 peptides for HLA-A24, 9
peptides for HLA-A3 supertype (A3, All,
A31 or A33), and 4 peptides for HLA-
A26. The safety and potential immuno-
logical effects of these vaccine candidates
have been shown in previously conducted
clinical studies."*** A maximum of 4 pep-
tides, which are selected based on the
results of HLA typing and the pre-existing
immune responses specific to each of the
31 different vaccine candidates, are subcu-
tancously administered in complex with
incomplete Freund’s adjuvant weekly or
bi-weekly.

Currently, we evaluate the pre-exist-
ing immune responses to vaccine can-
didates by B cell responses, but not by
Tcell resp

reprodﬁelblliiy, of clirrent T ceﬁ ﬁssays
are unsatisfactory3” In contrast to these:

drawbacks dnherent. to “T - cell.:assays, B.

ccll assays ha,ve more peﬂen:ialvfar serech-

Q‘.@ha’yé’

receutl)* pﬂbhshed soverdl: gsge;s descrihs
ing the clear correlations between:elini-
cal benefits and antigen-specific B . cell
responses measured by TgG antibody
production in patient plésma after-vac-
cination/® ‘Natably; the multiplex. bead-
based LUMINEX tcchnology that we
have developed for monitoring B cell
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Table 1. Clinical responses of advanced cancer patients treated with PPV

Best dlnlcal responses were evaluated by RECIST criteia (br PSA values in prostatic canéer); PR parﬂal responsés SD, stable disedse; PD; progressive

disease,

responses allows simple, quick asid highly
reproducible: highsthroughput * screening
of IgG responses specific to large numbers
of pgptlde anugens W1th a tmy amount of

‘Th the chmcal teials of PPV conducted
duting the past. several years, we have
shown promising:results in vatiotfs types

£ 12,1346, gLAL Table 1 .8 |
clinical. responses in500. advanaeﬂ aficer
patients who teceived PPV frofit Oktober
2001 to Gatober 208 .‘iihe besﬁ ol 3

e

Iy

R "0 39‘”(95%
d’ﬂ?&lﬁ] than those
recemng standard—dose EMP alone,”® In
addition, PPV was also conducted in an
early phase clinical trial of patients with

www.landésblosciénce.com

v

recuttenitor progressive glioblastoma:mul-
tifbrme, one of the inost aggtessive braiti
tumors, with' ihedian- overatlesupvivil
of 10.6 mo.”® Based-or ithess promising
results, randomized phase III trials are
currently underwd§ifi ®RPC and glio-
blugtoria, "To" prove clinical’ beniefits of
PV &n\acceletatmg cancer vaccine devel-
opritént, further randonized phuse TI tri-
als would also be recommended in other
different types of cancers.

Humiari Vacéings & immunotherapeutics

kymphmyte Géuntsg%rlnereased
«+Humotal Resporiges to the
<+ Naosine-Antigens; aid:
w «lhﬂﬁmmat‘orzwﬁaatom. asa
Blomarker fét- PPV

o .
e

@nly a suBSet of patietits  show clmical
benefits from catiter immunotherapy,
including peptide:bused  eariver “vac-
cines. It addition, even: worse, some large
clinical trials in the past several years
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