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Table 3. Patient Characteristics (Prevaccination Analysis)

Characteristic Short-Term
Survivors,
n =20
Age, v
Median (range); 62 (50-81)

ECOG performance status, MNo. [%]

0 17 [85]

1 3 [15]
HLA typing, No. [%]

A24 13 [65]

A2 5 [25]

A24 and A2 210
PSA, ng/mbL

Median (range) 73.5 (2-296)
Gleason score, No. [%]

7 4[20]

8 8 [40]

9 8 {40}
Site of metastasis, No. [%]

None 2 [10)

Bone only i4 [70]

Bone and lymph nodes 3 [15]

Other organs 1 (5]
Number of vaccinations

Median {range) 8 (3-14)

Survival time, d

Median {95% Ci} 196 {135-273}

Long-Term P
Survivors,
n =20
71 (54-78) 058
20 [100] 231
00
12 [50] 1.000
5 (30}
2 [10)
34.5 (2-330) 239
5 [25] 710
10 (50]
5 [25]
3[15] 1.000
14 [70]
210}
115]
50 (10-124) ~.001
1482 {1120-1764} 001

Abbreviations: Cl, confidence interval; ECOG, Eastern Cooperative Oncology Group; HLA, human leukocyte antigen;

PSA, prostate-specific antigen.

between the 2 groups; | gene was down-regulated, whereas
the remaining 37 were up-regulated in the short-term survi-
vors (Table 2). Notably, 20 of the 37 up-regulated genes
are known to be preferentially expressed in granulocytes.
For example, many of them, including defensins (DEFA],
DEFA3, DEFA4), ELA2, CTSG, CAMP, and MPO, are
reportedly localized within the granules in granulocytes and
related to defense responses. In additon, other granulocyte-
related molecules, such as matrix metalloproteinase 9
(MMP9) and arginase-1 (ARG ), are known to play impor-
tant roles in tumor promoton and immune suppres-
sion.”™*" The differential gene expression detected by the
microarray analysis was further confirmed by qRT-PCR
for some of the identified genes, including DEFAL
DEFA4, CEACAMS, and MPO (Fig. 2).

Identification of Differentially Expressed
Genes in Prevaccination PBMCs

We next investigated the differentially expressed genes in
prevaccination PBMCs from the long-term and short-
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term survivors. There were no seatistically significant dif-
ferences in the clinical or pathological features except for
the number of vaccinations (2 < .001) and overall survival
(log-rank test, P < .001) between the long-term (n = 20)
and short-term (n = 20) survivors in whom prevaccina-
tion PBMCs were analyzed (Table 3). As shown in the
volcano plot, both fold-change and Limma P values in
prevaccination samples were substandally lower than
those in the postvaccination samples (Fig. 1B). Indeed,
when the data were assessed with the same criteria as those
for the postvaccination samples (log, fold-change <~ 1.0
or>1.0and P < .01), only 5 genes (5 probes) were identi-
fied as being differentially expressed (data not shown).
However, when a less stringent criterion (log, fold-change
<—0.6 or >0.6 and P < .05) was used, 19 genes (23
probes) were identified; among these, 4 genes were down-
regulated, whereas 15 were up-regulated in the short-term
sutvivors (Table 4). Notably, of the 15 up-regulated
genes, 13 genes, all of which were commonly identified in
both prevaccination and postvaccination PBMCs, were
associated with gene signatures of granulocytes.
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Table 4. Differentially Expressed Genes in Prevaccination Peripheral Blood Mononuclear Cells

Gene Symbol (Gene Name

PRKARTA Protein kinase, cAMP-dependent,
regulatory, type |, alpha

LRRN3 Leucine-rich repeat neuronal 3

PCDH17 Protocadherin 17

TN Titin

LAIR2 Leukocyte-associated immunoglobulin-like
receptor 2

RNASE3 Ribonuclease, RNase A family, 3

CEACAME Carcinoembryonic antigen-related cell

adhesion molecule 6
AZUT Azuracidin 1

HISTTHAC Histone cluster 1, Hdc

PGLYRP1 Peptidoglycan recognition protein 1

CEACAMS Carcinoembryonic antigen-related cell
adhesion molecule 8

LCN2 Lipocalin 2

MPO Myeloperoxidase

CAMP Cathelicidin antimicrobial peptide

DEFAT Defensin, alpha 1

DEFATC Defensin, alpha 1

DEFAT" Defensin, alpha 1

DEFA3 Defensin, alpha 3, neutrophil-specific

DEFAT® Defensin, alpha 1

DEFAT* Defensin, alpha 1

CTSG Cathepsin G

DEFA4 Defensin, alpha 4, corticostatin

ELA2 Elastase 2, neutrophil

Fold-Change” = Expression® Before
and After”

0.82 049

0.61 008

0.60 Qo2

0.60 008
0.50 032
0.63 020 G #
0.65 010 G i
0.66 006 G i
0.71 025
0.72 007 G #
0.78 015 G W
1.00 005 G i
1.04 001 G #
1.09 007 G W
117 031 G #
1.20 018 G #
1.26 018 G "
1.27 017 G #
1.27 00 G #
1.30 015 G 4
1.32 008 G #
1.33 002 G #
1.36 002 G #

#Log. (shor/long).
P Limma P value.
¢ Preferential expression in granulocyte (G).

“Commonly identified in both prevaccination and postvaccination peripheral blood mononuclear cells (#).

“Identified by multiple different probes on the gene chip.

Changes in the Gene Expression Profiles in
PEMCs After Personalized Peptide
Vaccination

To investigate how personalized peptide vaccination
affected the gene expression profiles in PBMCs, we fur-
ther compared them between before and after personal-
ized peptide vaccination in the long-term (n = 16) and
short-term survivors (n = 14). The changes were assessed
by fold-change ranking (log, fold-change <-1.0 or
>1.0) together with P values (£ < .01). In the long-term
survivors, only 1 gene, titin (77N), was down-regulated
(log, fold-change = —1.04, P < .001) after personalized
peptide vaccination, whereas no genes were upvregulatcd.
In contrast, as shown in Table 5, 41 genes (47 probes)
were up-regulated after personalized peptide vaccination,
whereas no genes were down-regulated in the short-term
survivors. Notably, many of the 41 up-regulated genes in
the short-term survivors were also identified as being dif-
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terentially expressed in pre- and/or postvaccination

PBMCs.

Selection of a Gene Classifier for Predicting

Patient Prognosis After Personalized Peptide
Vaccination

One of the most important applications of microarray-
based gene expression data is the ability to predict clinical
endpoints after tearments.'® " Thus, we examined
whether the gene expression profile obtained by DNA
microarray analysis of prevaccination PBMCs would be
useful for predicting patient prognosis after personalized
peptide vaccination. When a stepwise discriminant analy-
sis method was used o choose a gene set from the 23
probes differentially expressed in the prevaccinaton
PBMCs, a combination of 4 genes, LRRN3, PCDHI7,
HISTIHA4C, and PGLYRPI, gave the best prediction of
short-term survivors, with a sensitivity, specificity,
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Table 5. Upregulated Genes After Vaccination in Peripheral Blood Mononuclear Cells From the Short-Term Survivors

Gene
Symbol

RNASE2
SLC4AT
HEMGN
CEACAMT

S100F
ALS2
ARGT
SLPI

OLRi
RETN
HBQT
ALASZ*
MMPS
RNASE3
HMGXB4
SELENBP1
GYPE

BPI

TCN1
ORM1
CEACAMSE

SNCA*
MPO
SNCA*®
HP
CD24
IFITTL

EPB42
CTSG
ELAZ
PGLYRP1
DEFAT¢
CEACAMS8

HBM
DEFA4
ALAS2®
CAMP
LCNZ
OLFM4
DEFA3
DEFA1®
DEFAT®
DEFA1*®
ERAF
CAT
HBD
DEFAT*®

Gene Name

Ribonuclease, RNase A family, 2

Solute carrier family 4, anion exchanger, member 1

Hemogen (HEMGN), transcript variant 2

Carcinoernbryonic antigen-related ceil
adhesion molecule 1

5100 calcium-binding protein P

Amyotrophic lateral sclerosis 2

Arginase, liver

Secretory leukocyte peptidase inhibitor

Oxidized low-density lipoprotein (flectin-like) receptor 1

Resistin

Hemoglobin, theta 1

Delta-aminolevulinate, synthase 2

Matrix metallopeptidase 9

Ribonuclease, RNase A family, 3

HMG box domain containing 4

Selenium-binding protein 1

Glycophorin E

Bactericidal/permeability-increasing protein

Transcobalamin |

Orosomucoid 1

Carcinoembryonic antigen-related cell
adhesion molecule 6

Synuclein, alpha

Myeloperoxidase

Synuclein, alpha

Haptoglobin

CD24 molecule

Interferon-induced protein with tetratricopeptide

repeats 1-like
Erythrocyte membrane protein band 4.2
Cathepsin G
Elastase 2, neutrophil
Peptidoglycan recognition protein 1
Defensin, alpha 1
Carcinoembryonic antigen-related cell
adhesion molecule 8
Hemoglobin, mu
Defensin, alpha 4, corticostatin
Delta-aminolevulinate, synthase 2
Cathelicidin antimicrobial peptide
Lipocalin 2
Olfactomedin 4
Defensin, alpha 3, neutrophil-specific
Defensin, alpha 1
Defensin, alpha 1
Defensin, alpha 1
Erythroid associated facter
Carbonic anhydrase |
Hemoglobin, delta
Defensin, alpha 1

Fold-Change”

1.02
1.06
1.08
1.09

1.09
1.09
1.10
112
1.14
1.18
1.16
1.19
1.22
1.24
1.24
1.24
1.36
1.36
1.38
1.38
1.40

1.40
1.44
1.44
1.46
1.48
1.55

1.66
1.56
1.74
177
1.79
1.80

1.86
1.91
1.94
2.03
2.04
2.05
212
212
2.16
2.25
2.29
2.45
2.48
2.73

Ph

<001
.008
001
<.001

001
001
<001
<001
<001
005
007
004
<001
«.001
.003
.003
.001
«.001
<001
<.001
<.001

001
002
<001
<.001
<.001
.003

.002
.004
002
«.001
<001
<001

.005

«.001
.005

«.001
<.001
<.001
<.001
<.001
<001
=.001
002

<.001

<.001

Expression®

m

G

“

oo m o Gy mm

&

O omaem Lo oam & m

[oRuNoRuNVRORONO]

Before
and After?

After

After
After
After

After
After
After
Before, after
After
After
After
After

Before, after

After
Before, after
After
After
After
After

After

Before, after
Before, after
Before, after
Before, after
Before, after

After
Before, after
After
Before, after
Before, after
After
Before, after
Before, after
Before, after
Before, after
After
After
After
Before, after

“log, (postvaccination/prevaccination).

"Limma P value.
“Preferential expression in granulocytes (G) and erythroid cells (E).

41dentified as differentially expressed genes in prevaccination and/or postvaccination peripheral blood mononuclear cells.
“lIdentified by multiple different probes on the gene chip.

positive predictive value, negative predictive value, and ac-
curacy of 85%, 75%, 77%, 83%, and 80%, respectively
(Table 6). Importantly, when this 4-gene classifier was
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used in 13 new independent cancer patients as a validation

test, prognosis was correctly predicted in 12 of the 13

patients with a sensitivity, specificity, positive predictive

Cancer
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Table 6. Selection of a Gene Classifier for Predicting Short-Term Survival

Training/Test Sensitivity Specificity
(%) (%)

Training, n = 40 17/20 (85) 15/20 (75)

Test, n = 13 7/7 (100) 5/6 (83)

Megative Accuracy
Predictive (%)
Value (%)

15/18 (83)

Positive
Predictive
Value (%)

1722 (77) 32740 (80)

value, negative predictive value, and accuracy of 100%,
83%, 88%, 100%, and 92%, respectively, for the predic-
tion of short-term survival (Table 6).

Increase in the Prevaccination Plasma IL-6
Levels in the Patients With Poor Prognosis
Expression of cytokines, chemokines, and growth factors,
which may result from proinflammatory and/or anti-
inflammatory tumor microenvironments, gives a broad
picture of the immunological status of cancer patients.”
We therefore examined the levels of these soluble factors
using a bead-based multiplex assay with prevaccination
plasma samples from the long-term and shoct-term survi-
vors. As shown in Figure 3, the plasma levels of proinflam-
matory cytokine IL-6 were significanty higher in the
short-term survivors than in the long-term survivors (£ =
.009). However, the plasma levels of other cytokines, che-
mokines, or growth factors, including JL-1Rer, IL-1f, 11-2,
IL-2R, IL-4, IL-5, IL-7, IL-8, [L-10, IL-12, IL-13, 1L-15,
IL-17, IFN-o, TFN-y, TNF-a, G-CSF, GM-CSF, 1P-10,
RANTES, Eotaxin, MIP-lo, MIP-1f3, MCP-1, MIG,
VEGF, EGF, HGF, and basic FGF, were not significancly
different between the 2 groups (data not shown).

DISCUSSION

The identification of biomarkers to predict clinical
responses to treatment is a challenging but important issue
for the development of individualized therapies.” "
Although recent advances in high-throughput microarray
technology have allowed gene expression profiling for
subclassifications of patients in a variety of fields, includ-
ing organ transplantation and autoimmune diseases,’ ™ *"
little information is available regarding gene expression
profiles in peripheral blood of patients treated with
immunotherapies. In the current study, to identify prom-
ising biomarkers that are predictive of patient prognosis
after personalized peptide vaccination, we examined gene
expression profiles in PBMCs from 40 advanced castra-
tion-resistant prostate cancer patients who showed good
or poor prognosis after personalized peptide vaccination.

Cancer  June1s, 2012
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Figure 3. Increase in plasma interleukin (IL)-6 levels in the
short-term survivors is shown. The levels of IL-6 assessed by
bead-based multiplex assay in prevaccination plasma were
compared between the short-term (n = 18) and long-term
(n = 18) survivors. Box plots show median and interquartile
range (IQR). The whiskers (vertical bars) are the lowest value
within 1.5 » 1QR of the lower quartile and the highest value
within 1.5 « IQR of the upper quartile. Data not included
between the whiskers were plotted as outliers with dots.
Two-sided P value was calculated with Mann-Whitney test.

Our DNA microarray analysis in PBMCs identified dis-
tinctive genes that were differentially expressed between
the long-term and short-term survivors. Interestingly, a
statistical prediction model provided a 4-gene classifier
that was able to predict patient prognosis with an accuracy
0f 92% in a validation test, suggesting that the identifica-
tion of suitable patients for cancer vaccines may be possi-
ble with the profiling of a modest number of genes in
peripheral blood samples. Because there were no signifi-
cant differences in the other clinical and pathological
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features of the patients enrolled in the current study,
except for the number of vaccinations and overall survival,
our findings seem to be quite informative for the furdher
development of cancer vaccines.

In the current study, 4 genes, LRRN3, PCDH17,
HISTIH4C, and PGLYRPI, were selected as the best
combination for prediction of patient prognosis. LRRN3
gene encodes a highly conserved transmembrane protein
with multiple leucine-rich repeats, which is abundantly
expressed in the developing and adult central nervous sys-
tem. Polymorphisms in this gene were reported to be asso-
ciated with autism spectrum  disorder suscepribility.™
PCDHI17 is 1 of the cadherin superfamily genes and is
expressed predominantly in the nervous system. This mol-
ecule was reported to be a tumor suppressor gene candi-
date in squamous cell carcinomas.” HIST1H4C gene
encodes a member of the histone H4 family, which forms
the nucleosome structure of the chromosomal fiber, and
may play a central role in transcription regulation, DNA
repair and replication, and chromosomal stability.‘m
PGLYRPI gene encodes a pattern recognition receptor
related to innate immunity against bacteria, which is
expressed primarily in the granules of granulocytes.””
Alchough this information is available from the literacure,
litde is known about the roles of these molecules in
immune responses to cancer vaccines. Further studies
remain to be done to elucidate them.

One of the most striking features of the differentially
expressed genes is that many of the up-regulated genes in
both prevaccination and postvaccination PBMCs from
the short-term survivors were associated with gene signa-
tures of granulocytes. This may possibly be reflected by
the different frequencies of granulocytes in the PBMC
fraction purified from peripheral whole blood on density
gradient centrifugation using Ficoll-Paque. In healthy
donors, normal granulocytes are usually separated from
the PBMC fraction on Ficoll-Paque density gradient.
However, patients with various types of cancers have been
reported to show increased numbers of activated granulo-
cytes in their peripheral blood, which are purified in the
PBMC fraction."*
cytes have been defined as granulocytic myeloid-derived

Recently, these abnormal granulo-

suppressor cells, which express higher levels of inhibitory
molecules, such as ARG1 and inducible nitric oxide syn-
thase,”"** and impair the immunological functions of T
cells and other immune cells."” Tn addition, several
studies have recently shown the critical roles for neutro-
phils, a main subset of granulocytes, in tumorigenesis.

Neutrophils have a significant impact oun the wmor
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microenvironment by producing cytokines, chemokines,
and other products, such as reactive oxygen species and
proteinases, which regulate inflammatory cell activation/
recruitment, tumor cell proliferation, angiogenesis, and
metastasis.” " For example, recent clinical studies have
revealed that the presence of neuwrophils in tumors was

5051
OutCcomes.

significantdy  associated  with  poor
Unfortunately, because of the limited availabilicy of blood
samples, we have not fully charcterized the granulocytes
chat were purified in the PBMC fracdon, but it is highly
possible that abnormal granulocytes in peripheral blood
inhibit beneficial immune responses and lead to poor
prognosis after peptide vaccines. The current study might
provide a novel treatment approach capable of enhancing
the clinical efficacy of cancer vaccines. Recently, chemo-
therapeutic drugs, such as gemcitabine and 5-Huorouracil,
have been shown to selectively eliminate myeloid-derived
suppressor cells in mice.””™ In addition, targeting of
VEGF-mediated signaling using a tyrosine kinase inhibi-
tor, sunitinib, has been reported o block expansion of
CDI157CD14 " granulocytic myeloid-derived suppressor
cells in patients wich renal cell cancers.”” It would thus be
possible that accompanying treatments with such chemo-
therapeutic or molecularly targeted drugs before provid-
ing cancer vaccines suppress the gene signatures related to
poot prognosis and improve patient outcomes after per-
sonalized peptide vaccination.

In addition to the granulocyte-related genes, other
interesting  genes were  also  differentially  expressed
between the long-term and short-term survivors. For
example, leukocyte-associated immunoglobulin-like re-
ceptor 2 (LAIR2), a member of the immunoglobulin
superfamily, was down-regulated in the prevaccination
PBMC:s of short-term survivors. Although not well stud-
ied, this molecule has been suggested to function as a
proinflammatory mediator by suppressing the homolo-
gous immune inhibitor, leukocyte-associated immuno-
globulin-like recepror 1 (LAIR-1), which is present on
several types of mononuclear leukocytes.” In addition,
another noticeable finding is that several erychroid-spe-
cific genes, such as hemoglobin families (HBQI, HBM,
HBD), ALAS2, GYPE, EPB42, HP, and ERAF, were up-
regulated in the postvaccination PBMCs of short-term
survivors.  The precise roles of these differentially
expressed genes in immune responses to cancer vaccines
need to be determined.

Interestingly, when the gene expression profiles in
PBMCs were compared between before and after person-
alized peptide vaccination, many of the differentially
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expressed genes in prevaccination and/or postvaccination
PBMCs, including granulocyte-related and erythroid-
related genes, were up-regulated after personalized pep-
tide vaccination in the short-term survivors, but not in the
long-term survivoss. This finding may be explained by the
possibility that induction of granulocyte and erythroid
gene signatures may be prevented by personalized peptide
vaccination in the long-term survivors.

It should also be noted that the levels of the proin-
flammatory cytokine 11L-6 in prevaccination plasma were
significantly elevated in the short-term survivors. IL-6 is a
multifunctional cytokine that regulates various aspects of
immune responses, acute phase reactions, and hematopoi-
esis. In particular, 1L-6 has been reported to be deeply
involved in inflammadion associated with cancer develop-
ment and progression.” There have been many studies
describing the correlation between IL-6 levels and prog-
nosis in various types of cancers, including prostate can-
cer.” o Interestingly, IL-6 has been also shown to rapidly
generate myeloid-derived suppressor cells from precursors
that are present in murine and human bone marrow or
PBMCs, in the presence of other cytokines such as GM-
CSF,("“"GI although in the current study, the expression
levels of plasma IL-6 were not well correlated with expres-
sions of granulocyte-related genes in the microarray analy-
sis (data not shown). Although the role of 1L-6 in the
immune responses to cancer vaccines still remains to be
clarified, it is possible that the blockage of IL-6 signaling
would be beneficial for enhancing the therapeutic efficacy
of cancer vaccines.

To the best of our knowledge, this is the first study to
characterize gene expression profiles in peripheral blood and
thereby identify biomarkers for predicting clinical outcomes
after peptide vaccines. Our findings suggest that the widely
available gene expression profiling in peripheral blood may
permit future development of molecular-based personalized
immunotherapies through discrimination between patients
with good and poor prognoses. Although our experimental
approaches were not novel, the ability to predict patient
prognosis on the basis of refatively simple assays with easily
available peripheral blood samples would be of importance.
It may be possible that the current study would provide
important information for defining eligibility and/or exclu-
sion criteria for personalized peptide vaccination in castra-
tion-resistant prostate cancer patients. Nevertheless, because
this is a retrospective study with a limited number of
patients, all of whom received personalized peptide vaccina-
tion, clinical utility of the identified gene signatures and
gene classifier needs to be confirmed in future larger-scale,
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prospective trials conducted in defined patient populations
receiving or not receiving pcrs;omiizcd pc—ptidc vaccination.
In addition, the gene expression profiles identified in the
current study remain to be verified by using other, inde-

pendent methods for mRNA and/or protein quantification.
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Abstract. Considering that the prognosis of patients with
advanced biliary tract cancer (BTC) remains very poor, with a
median survival of less than 1 year, new therapeutic approaches
need to be developed. In the present study, a phase II clinical
trial of personalized peptide vaccination (PPV) was conducted
in advanced BTC patients to evaluate the feasibility of this
treatment and to identify potential biomarkers. A maximum
of 4 human leukocyte antigen-matched peptides, which were
selected based on the pre-existing host immunity prior to
vaccination, were subcutaneously administered (weekly for 6
consecutive weeks and bi-weekly thereafter) to 25 advanced
BTC patients without severe adverse events. Humoral
and/or T cell responses specific to the vaccine antigens were
substantially induced in a subset of the vaccinated patients.
As shown by multivariate Cox regression analysis, lower
interleukin-6 (IL.-6) and higher albumin levels prior to vacci-
nation and greater numbers of selected vaccine peptides were
significantly favorable factors for overall survival [hazard
ratio (HR)=1.123, 95% confidence interval (CI) 1.008-1.252,
P=0.035; HR=0.158,95% 1 0.029-0.860,P=0.033; HR=0.258,
95% CI 0.098-0.682, P=0.006; respectively|. Based on the
safety profile and substantial immune responses to vaccine
antigens, PPV could be a promising approach for refractory
BTC, although its clinical efficacy remains to be investigated
in larger-scale prospective studies. The identified biomarkers
are potentially useful for selecting BTC patients who would
benefit from PPV.
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Introduction

Biliary tract cancer (BTC) is one of the most aggressive types
of cancer and has a very poor prognosis (1,2). Only 10% of
newly diagnosed patients present with early-stage disease,
which may be treated by a potentially radical excision of the
tumor, and the remaining patients have unresectable disease
with locally advanced and/or metastatic tumors. Recently,
there have been substantial advances in treatment modalities,
including systemic chemotherapies, for advanced BTC (1-4).
For example, a randomized trial has suggested that cisplatin
plus gemcitabine could be considered as a standard treatment
option for patients with advanced BTC (3). In addition, a
number of different targeted therapies for BTC have also been
under investigation (1-4). Despite this progress, however, the
prognosis of BTC patients remains very poor, with a median
survival of less than 1 year. Therefore, further novel thera-
peutic approaches need to be developed.

We previously devised a new regime of peptide-based vacci-
nation, known as ‘personalized peptide vaccination (PPVY’, in
which vaccine antigens are selected and administered based
on the pre-existing host immunity prior to vaccination (5-7).
We reported favorable clinical and/or immune responses of
this novel vaccination in various types of advanced cancer,
including pancreatic, gastric, colorectal and prostate cancer,
and glioblastoma (8-12). For example, a recently conducted
randomized clinical trial of PPV for advanced prostate cancer
patients showed a promising clinical outcome in the vaccinated
group (11). In the present study, we addressed the feasibility of
using PPV in advanced BTC patients in a small-scale phase II
study. In addition, we identified potential biomarkers for
predicting overall survival (OS) and selecting suitable patients
for this treatment.

Patients and methods

Patients. Patients were eligible for inclusion in the present
study if they had a histological diagnosis of BTC and showed
positive humoral responses to at least two of the 31 different
vaccine candidate peptides (Table I). Other inclusion criteria



464 YOSHITOMI et al: PERSONALIZED PEPTIDE VACCINE FOR BILIARY TRACT CANCER

Table I. Peptide candidates for cancer vaccination.

Symbol for peptide Origin protein Position of peptide Amino acid sequence HLA type
CypB-129 Cyclophilin B 129-138 KLKHYGPGWV A2, A3sup®
Lck-246 p56 Ick 246-254 KLVERLGAA A2
Lck-422 p56 Ick 422-430 DVWSFGILL A2, A3sup
MAP-432 ppMAPKkkk 432-440 DLLSHAFFA A2,A26
WHSC2-103 WHSC2 103-111 ASLDSDPWV A2,A3sup*, A26
HNRPL-501 HNRPL 501-510 NVLHFENAPL 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 p36 Ick 208-216 HYTNASDGL A24
PAP-213 PAP 213-221 LYCESVHNF A24
P5A-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 p36 Ick 486-494 TFDYLRSVL A24
Lck-488 P56 Ick 488-497 DYLRSVLEDF A24
PSMA-624 PSMA 624-632 TYSVSFDSL A24
EZH2-735 EZH2 735-743 KYVGIEREM A24
PTHrP-102 PTH1P 102-111 RYLTQETNKYV A24
SART3-511 SART3 511-519 WLEYYNLER A3sup®
SART3-734 SART3 734-742 QIRPIFSNR A3sup®
Lck-90 p56 Ick 90-99 ILEQSGEWWK A3sup®
Lck-449 P56 lek 449-458 VIQNLERGYR A3sup®
PAP-248 PAP 248-257 GIHKQKEKSR A3sup®

*A3sup, HLA-A3 supertype (A3,Al11,A31 and A33). HLA, human leukocyte antigen.

were as follows: age between 20 and 80 years; an Eastern
Cooperative Oncology Group (ECOG) performance status of
0 or 1; positive status for human leukocyte antigen (HLA)-A2,
-A24, -A3 supertype (A3, All, A31 or A33), or -A26; life
expectancy of at least 12 weeks; negative status for hepatitis B
and C virus; and adequate hematological, hepatic and renal
function. Exclusion criteria included pulmonary, cardiac or
other systemic diseases; an acute infection; a history of severe
allergic reactions; pregnancy or nursing; and other inap-
propriate 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 2907). Following a full explanation of the
protocol, written informed consent was obtained from all
patients prior to enrollment.

Clinical protocol. This was an open-label phase II study, in
which the primary and secondary end-points were to identify

biomarkers for OS and to evaluate the safety of PPV in BTC
patients, respectively. In this study, 31 peptides, whose safety
and immunological effects had been confirmed in previously
conducted clinical studies (6-12), were employed for vaccina-
tion [12 peptides for HLA-A2, 14 peptides for HLA-A24,
9 peptides for the HLA-A3 supertype (A3, All, A31 or A33)
and 4 peptides for HLA-A26] (Table I). The peptides were
prepared under the conditions of Good Manufacturing Practice
(GMP) by the PolyPeptide Laboratories (San Diego, CA, USA)
and the American Peptide Company (Vista, CA, USA). The
right peptides for vaccination to individual patients were
selected, taking into consideration the pre-existing host immu-
nity prior to vaccination, assessed by titers of [gG specific to
each of the 31 different vaccine candidates, as reported previ-
ously (6-12). A maximum of 4 peptides (3 mg/each peptide),
which were selected based on the results of HLA typing and
peptide-specific IgG titers, were subcutaneously administered
with incomplete Freund's adjuvant (Montanide ISAS51; Seppic,
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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 at 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 Ver. 3.0). Complete
blood counts and serum biochemistry tests were performed
after every 6 vaccinations. The clinical responses were
evaluated by the Response Evaluation Criteria in Solid Tumors
(RECIST) in the vaccinated patients, whose radiological
findings by computed tomography (CT) scan or magnetic reso-
nance imaging (MRI) were available prior to and following
vaccinations.

Measurement of humoral and T cell responses specific to the
vaccine peptides.The humoral responses specilic to the vaccine
peptides were determined by peptide-specific IgG titers using
a bead-based multiplex assay with the Luminex 200 system
(Luminex, Austin, TX, USA), as reported previously (13).
If peptide-specific IgG titers to at least one of the vaccine
peptides in the post-vaccination plasma were more than 2-fold
higher than those in the pre-vaccination plasma, the changes
were considered to be significant.

T cell responses specific to the vaccine peptides were
evaluated by interferon (IFN)-y ELISPOT assay (MBL,
Nagoya, Japan) using peripheral blood mononuclear cells
(PBMCs). Briefly, PBMCs (2.5x10* cells/well) were incu-
bated in 384-well microculture plates (Iwaki, Tokyo, Japan)
with 25 ul of medium (OpTmizer™ T Cell Expansion
SFM; Invitrogen, Carlsbad, CA, USA) containing 10% FBS
(MP Biologicals, Solon, OH, USA), recombinant human
interleukin (IL)-2 (20 IU/ml; Serotec, Oxford, UK) and
10 uM of each peptide. Half of the medium was removed
and replaced with new medium containing a corresponding
peptide (20 uM) after 3 days of culture. After incubation
for the following 6 days, the cells were harvested and tested
for their ability to produce IFN-v in response to either the
corresponding peptides or a negative control peptide from
human immunodeficiency virus (HIV). Antigen-specific
IFN-v secretion after an 18-h incubation was determined by
ELISPOT assay with the Zeiss ELISPOT reader (Carl Zeiss
Microlmaging Japan, Tokyo, Japan). Antigen-specific T cell
responses were evaluated by the difference between the spot
numbers (mean of duplicate samples) in response to the
corresponding peptides and those in response to the control
peptide. The differences of at least 10 spot numbers per 10°
PBMCs were considered significant. If the spot numbers in
response to at least one of the vaccine peptides in the post-
vaccination PBMCs were more than 2-fold higher than those
in the pre-vaccination PBMCs, the changes were considered
significant.

Measurement of C-reactive protein (CRP), serum amyloid A
(SAA) and cytokines. The levels of CRP, SAA and IL-6 in
the plasma were examined by ELISA using kits from R&D
Systems (Minneapolis, MN, USA), Invitrogen and eBioscience
(San Diego, CA, USA), respectively. Bead-based multiplex
assays were used to measure Th1/Th2 cytokines, including
IL-2,1L-4,1L-5 and IFN-y (Invitrogen) with the Luminex 200

465

system. Frozen plasma samples were thawed, diluted and
assayed in duplicate in accordance with the manufacturer's
instructions. The mean of duplicate samples was used for
statistical analysis.

Flow cytometric analysis of suppressive immune subsets
in PBMCs. Suppressive immune subsets, myeloid-derived
suppressor cells (MDSCs) and regulatory T cells (Treg) in
PBMCs were examined by flow cytometry. For analysis of
MDSCs,PBMCs (0.5x10%cells) were stained with the following
monoclonal antibodies 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 (all from
Biolegend, San Diego, CA, USA). In the cell subpopulation
negative for the lineage markers (CD3, CDI19, CD56 and
CDl14) 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 calcu-
lated. For analysis of Treg, PBMCs (1x10° cells) were stained
with the cocktail of anti-CD4-FITC and anti-CD25-APC,
and subsequently with anti-Foxp3-PE following fixation and
permeabilization, according to the manufacturer's instruc-
tions (eBioscience). The frequency of CD4*CD25*Foxp3*
cells in CD4* cells was calculated. The samples were run on
a FACSCanto II (BD Biosciences, San Diego, CA, USA), and
data were analyzed using the Diva software (BD Biosciences).

Statistical methods. The two-sided Wilcoxon test was used
to compare differences between pre- and post-vaccination
measurements. OS time was calculated from the first day of
peptide vaccination until the date of mortality or the last date
when the patient was known to be alive. Predictive factors for
OS were evaluated by univariate and multivariate analyses
with the Cox proportional hazards regression model. P-values
<0.05 were considered to indicate a statistically significant
difference. All the statistical analyses were conducted using
the SAS version 9.1 software (SAS Institute Inc., Cary, NC,
USA).

Results

Patient characteristics. Between November 2008 and
December 2010, 25 BTC patients were enrolled in the
present study. Table II shows the clinicopathological char-
acteristics of the enrolled patients. There were 18 male and
7 female subjects, with a median age of 59 years, ranging
from 37 to 79 years. Primary sites of BTC were 7 gallbladder
carcinomas, 11 extrahepatic and 6 intrahepatic cholangiocar-
cinomas, and 1 periampullary carcinoma. All the patients had
advanced-stage cancer (stage I'Va, n=5; stage IVb, n=9; recur-
rent, n=11). Prior to enrollment, 22 patients failed to respond
to 1 (n=13) or 2 (n=9) regimen(s) of chemotherapy, whereas
the remaining 3 patients did not tolerate chemotherapy due to
adverse events. The median duration of chemotherapy prior
to the PPV was 4 months, ranging from 2 to 27 months. The
performance status at the time of enrollment was grade O
(n=20) or grade 1 (n=5). The numbers of peptides vaccinated
to the patients at the first cycle of vaccination were 4 peptides
in 19 patients, 3 in 5 patients and 2 in 1 patient. The median
number of vaccinations was 10, with a range of 2 to 24, During
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Table II. Characteristics of the enrolled patients.
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Patient  Gender Age PS Disease Stage Previous treatment No. of Clinical (0N
no. (years) type (months)* vaccinations  response  (days)
1 M 59 0 (6@ R GEM + S-1(2) 18 SD 463
2 F 71 1 GBC IVb - 2 NA 57
3 F 59 1 GBC Vb GEM~GEM + CDDP (8) 4 NA 35
4 M 57 0 ECC IVb GEM + S-1 (3) 7 NA 116
5 M 75 0 GBC IVb GEM-GEM + S-1 (2) 5 NA 122
6 M 55 0 PAC R S-1-GEM (12) 14 SD 234
7 M 65 0 ECC R GEM-GEM + S-1 (4) 6 NA 102
8 M 73 1 ECC R GEM-S-1 (27) 3 NA 51
9 F 37 1 ECC IVb GEM + UFT »S-1(7) 3 NA 48
10 F 69 0 ECC R GEM-S-1 (12) 240 SD 455¢
11 M 62 0 ECC IVa GEM-S-1 (6) 8 NA 177
12 M 49 0 GBC R GEM (6) 7 NA 111
13 F 56 0 ICC R - 16 SD 222
14 M 62 0 ECC R GEM + S-1(5) 12 PD 286
15 M 33 0 cc Vb GEM (3) 6 SD 84
16 M 75 0 GBC R S-1(2) 6 NA 292
17 M 79 0 ECC Vb S-1(2) 12 NA 355¢
18 M 59 0 ECC Vb GEM (2) 13 NA 207
19 F 56 0 GBC IVb GEM (2) 7 NA 92
20 M 71 0 ECC R GEM + S-1 (12) 11 NA 163¢
21 M 51 0 ICC R GEM + S-1 (2) 12 SD 179¢
22 M 66 0 ECC IVa GEM (3) 17° SD 179¢
23 M 52 1 ICC IVa  5FU + CDDP-GEM + S-1 (14) 10 NA 101
24 M 41 0 ICccC IVa GEM (4) 19° PD 428¢
25 F 48 0 GBC IVa - 140 SD 125¢

“Duration of previous chemotherapy; ®under treatment; °patients alive. M, male; F, female; PS, performance status; ICC, intrahepatic cholangio-
carcionma; ECC, extrahepatic cholangiocarcinoma; GBC, gallbladder carcinoma; PAC, periampullary carcinoma; R, recurrent; GEM,
gemcitabine; CDDP, cisplatin; UFT, tegafur-uracil; SD, stable disease; PD, progressive disease; OS, overall survival; NA, not assessed.

the PPV, 20 of 25 patients were treated in combination with
chemotherapy, but the remaining 5 patients did not tolerate
combined chemotherapy (patients 2, 9, 12, 13 and 25).

Of the 10 vaccinated patients whose radiological findings
were available prior to and following the first cycle of vaccina-
tion, none had a complete response (CR) or partial response
(PR). The best response was stable disease (SD) in 8 (80%)
patients. The remaining 2 patients (20%) had progressive
disease (PD) (Table I1).

Toxicities. The overall toxicities are shown in Table III. The
most frequent adverse events were dermatological reactions
at the injection sites (n=17), hematological toxicity (n=14) and
cholangitis (n=11). Severe adverse events (grade 3) were as
follows: injection site reaction (n=1), gastrointestinal hemor-
rhage (n=2), gastrointestinal stricture (n=1), cholangitis (n=11),
anemia (n=1), hyperbilirubinemia (n=1) and elevation of ALT
(n=1) and ALP (n=1). According to an assessment by the
independent safety evaluation committee in this trial, all of
these severe adverse events, except for 1 case with a grade 3
injection site reaction, were due to cancer progression or other
causes, rather than to the vaccinations themselves.

Immune responses to the vaccine peptides. Both humoral and
T cell responses specific to the vaccine peptides were analyzed
in blood samples prior to and following vaccination (data
not shown). Plasma samples were obtained from 25, 20 and
8 patients before and at the end of the first (6th vaccination)
and second (12th vaccination) cycles of vaccination, respec-
tively. The post-vaccination samples were not available in the
patients who failed to complete the first or second cycle of 6
vaccinations due to disease progression. The IgG responses
specific to at least one of the vaccine peptides were augmented
in 7 of 20 patients (35%) and in 7 of 8 patients (88%) at the end
of the first and second cycles of vaccination, respectively.

T cell responses to the vaccine peptides were measured by
IFN-y ELISPOT assay with PBMCs. PBMCs were available
for this assay in 22, 17 and 7 patients prior to and at the end
of the first and second cycle of vaccination, respectively. In
the pre-vaccination samples, antigen-specific T cell responses
were detectable in 5 patients (23%). Of the 17 patients who
completed the first cycle of vaccination, 8 patients (47%) showed
an induction of T cell responses to the vaccine peptides. At
the end of the second cycle of vaccination, the antigen-specific
T cell responses were induced in 4 of 7 patients (57%). It



EXPERIMENTAL AND THERAPEUTIC MEDICINE 3: 463-469, 2012

Table III. Toxicities.

Grade 1 Grade2 Grade3 Total

Injection site reaction 11 5 1 17
Gastrointestinal (GI)

GI hemorrhage 0 0 2 2

GI stricture 0 0 1 1

Abdominal distension 0 1 0 1

Constipation 0 1 0 1

Ascites 1 0 0 1
Hepatobiliary

Cholangitis 0 0 11 11
Pulmonary

Pleural effusion 1 0 0 1
Cardiac general

Hypertension 0 1 0 1
Blood/bone marrow

Anemia 9 1 1 11

Leukocytopenia 1 0 0 1

Lymphopenia 2 0 0 2
Laboratory

Hyperbilirubinemia 1 0 1 2

AST elevation 4 1 0 5

ALT elevation 1 1 1 3

ALP elevation 3 2 1 6

Hypoalbuminemia 4 3 0 7

Hyperglycemia 0 3 0 3

Hyponatremia 1 0 0 1

Hypokalemia 0 1 0 1

Hypercalcemia 1 1 0 2

Creatinine elevation 1 0 0 1

should be noted that 3 of the 4 patients with positive T cell
responses at the end of the second cycle of vaccination showed
reactivity to more than 2 peptides. Collectively, substantial
increases in peptide-specific IgG titers and/or T cell responses
following vaccination were observed in a subset of the vacci-
nated patients.

Cytokines and inflammation markers. We then measured
several cytokines, including IL-2, IL-4, IL-5, IL-6, IFN-y and
the inflammation markers, CRP and SSA, in the plasma prior
to and following the first cycle of vaccination. IL-6 was detect-
able in 17 of 25 patients (68%) prior to vaccination (median,
2 pg/ml; range, 0-21). Among the 20 plasma samples avail-
able at the end of the first cycle of vaccination, IL-6 levels
were increased, decreased or unchanged in 12, 5 or 3 patients,
respectively (median 3 pg/ml; range 0-43). There was no
significant difference in the levels of 1L-6 between pre- and
post-vaccination samples (P=0.118, Wilcoxon test). Other
cytokines, including IL-2, IL-4, IL-5 and IFN-v, were rarely
detectable in either pre- or post-vaccination plasma (data not
shown).

The inflammation marker, CRP, was detectable in pre-
vaccination plasma from all (100%) of the patients (median,

467

6.377 ug/ml; range, 0.043-8.891). Among the 20 plasma
samples tested at the end of the first cycle of vaccination, plasma
CRP levels were increased or decreased in 12 or 8 patients,
respectively (median, 6.232 ug/ml; range, 1.331-17.332).
Another inflammation marker, SAA, was also detected in
pre-vaccination plasma from 21 (84%) of 25 patients (median,
113486 pg/ml; range, 0-134.425). At the end of the first cycle
of vaccination, plasma SAA levels were increased, decreased
or unchanged in 12, 7 or 1 patients, respectively (median,
104.861 pg/ml; range, 0-138.917). There were no significant
differences in the levels of CRP and SAA between pre- and
post-vaccination samples (P=0.290 and P=0.252, respectively,
Wilcoxon test).

Relationship between pre-vaccination clinical findings or labo-
ratory data and OS. To identify potential biomarkers useful for
selecting suitable patients for PPV, a Cox proportional hazards
regression model was used with pre-vaccination clinical find-
ings or laboratory data (Table IV). In the univariate analysis,
IL-6, CRP, albumin, SAA and hemoglobin in pre-vaccination
samples (P=0.002, P=0.004, P=0.008, P=0.031 and P=0.039,
respectively), and the numbers of peptides selected for vaccina-
tion (P=0.039) were prognostic factors of OS. None of the other
factors examined, such as age, gender, duration of previous
chemotherapy, lymphocyte counts or frequencies of suppressive
immune cell subsets (Treg and MDSCs) prior to vaccination,
were statistically correlated with OS. Furthermore, multivariate
Cox regression analysis was performed to define the clinical
and laboratory features that were independently associated
with OS by adjusting for possible confounding factors. Only
the factors with a prognostic association in the univariate
analysis, including IL-6, CRP, albumin, hemoglobin and the
numbers of peptides selected for vaccination, were used for the
multivariate analysis. SAA was not included for this analysis,
since the levels of SAA were highly correlated with those of
CRP (Pearson's correlation co-efficient 0.707; P=0.0002). As
shown in Table IV, lower IL-6 and higher albumin levels in pre-
vaccination samples and greater numbers of antigen peptides
selected for vaccination were significantly favorable factors
for OS [hazard ratio (HR) = 1.123, 95% confidence interval
(CT) 1.008-1.232, P=0.035; HR=0.158, 95% (1 0.029-0.860,
P=0.033; HR=0.258, 95% CI 0.098-0.682, P=0.006; respec-
tively]. However, the other factors had no significant association.

Relationship between post-vaccination clinical findings
or laboratory data and OS. To further identify potential
post-vaccination markers for predicting patient prognosis, the
univariate and multivariate Cox analyses were also carried out
with post-vaccination clinical findings or laboratory data from
the patients who completed the first cycle of 6 vaccinations
(n=20). In the univariate analysis, levels of albumin, IL-6, CRP
and hemoglobin (P=0.003, P=0.005, P=0.027 and P=0.031,
respectively) and the number of vaccine peptides (P=0.033)
were prognostic of OS. In addition, although not statisti-
cally significant, positive humoral responses to the vaccine
peptides had a tendency to be associated with OS (P=0.089)
and were also used for the multivariate Cox analysis. The
multivariate analysis demonstrated that, among these factors
with a potentially prognostic association in the univariate
analysis, lower IL-6 levels and greater numbers of vaccine
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Table IV. Univariate and multivariate analyses with pre-vaccination clinical findings and laboratory data.

Univariate analysis Multivariate analysis

Factor Hazard ratio (95% CI) P-value® Hazard ratio (95% CI) P-value?
Age 0.986 (0.944-1.030) 0.523

Gender 1.673 (0.586-4.776) 0.336

Duration of previous chemotherapy (months) 1.056 (0.965-1.154) 0.235

Lymphocyte count (x10*/mm?) 0.639 (0.202-2.023) 0.446

Hemoglobin (g/dl) 0.618 (0.392-0.976) 0.039

Albumin (g/dl) 0.158 (0.041-0.616) 0.008 0.158 (0.029-0.860) 0.033
IL-6 (pg/ml) 1.159 (1.055-1.274) 0.002 1.123 (1.008-1.252) 0.035
CRP (32g/ml) 1.533 (1.143-2.056) 0.004

SAA (pg/ml) 1.014 (1.001-1.027) 0.031

MDSC (%) 1.140 (0.823-1.580) 0432

Treg (%) 0.823 (0.561-1.206) 0317

No. of selected peptides 0.395 (0.163-0.953) 0039 0.258 (0.098-0.682) 0.006

*P-values determined by the Cox proportional hazard regression model. CI. confidence interval; 1L-6, interleukin-6; CRP, C-reactive protein;

SAA, serum amyloid A; MDSC, myeloid-derived suppressor cells; Treg, CD4*CD25*Foxp3* regulatory T cells.

Table V. Univariate and multivariate analyses with post-vaccination clinical findings and laboratory data.

Univariate analysis

Multivariate analysis

Factor Hazard ratio (95% CI) P-value® Hazard ratio (95% CI) P-value®
Elevation of CTL responses 0.530 (0.166-1.691) 0.284

Elevation of humoral responses 0.364 (0.114-1.165) 0.089

Hemoglobin (g/dl) 0.668 (0463-0.965) 0.031

Albumin (g/dl) 0.173 (0.055-0.544) 0.003

IL-6 (pg/ml) 1.112 (1.033-1.198) 0.005 1.152(1.052-1.261) 0.002
CRP (pg/ml) 1.217 (1.023-1.448) 0.027

SAA (pg/ml) 1.008 (0.995-1.021) 0.234

No. of vaccinated peptides 0.271 (0.082-0.899) 0.033 0.120 (0.027-0.540) 0.006

P-values determined by the Cox proportional hazard regression model. CI, confidence interval: IL-0, interleukin-6; CRP, C-reactive protein;

SAA, serum amyloid A.

peptides were significantly favorable factors for OS (HR=1.152,
95% CI 1.052-1.261, P=0.002; HR=0.120, 95% CI 0.027-0.540,
P=0.006; respectively) (Table V). However, the other post-
vaccination factors were not significantly associated with OS.

Discussion

For patients with advanced or recurrent BTC that are ineligible
for surgery, various regimens of chemotherapeutic agents
have been investigated (1-4). For example, a combination of
chemotherapeutic agents, such as gemcitabine and cisplatin, has
recently demonstrated a promising result (3). However, further
treatment modalities for refractory patients who are unresponsive
to or relapse following such regimens remain to be established.
This is the first clinical report of refractory BTC patients who
received PPV. Immune responses to the vaccine antigens, which
have been reported to be significantly associated with clinical
responses in previously conducted clinical trials of PPV (6,14),

were substantially induced in a subset of the vaccinated patients.
Toxicity of PPV mainly involved skin reactions at the injection
sites, and no severe adverse events were observed. Based on the
positive immune responses to vaccine antigens and the safety
profile, PPV could be further investigated as one of the prom-
ising approaches for refractory BTC.

The most unique aspect of PPV is the ‘personalized’
selection of antigen peptides ideal for individual patients in
consideration of the pre-existing host immunity prior to vacci-
nation (5-7). In view of the heterogeneity and complexity of
host immune responses against tumors, this approach appears
to be more rational than vaccination with non-personalized
‘universal’ tumor antigens. Notably, in the present study, the
number of selected and vaccinated peptides was significantly
associated with OS in the multivariate analysis, suggesting
that greater numbers of peptides would be required for better
clinical responses, possibly due to the heterogeneity and
complexity of host immune responses against tumors.
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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 Jower IL-6 and higher
albumin values, which may reflect less inflammation and
better nutritional status, prior to vaccination were 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 Ii 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% ClI = 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
I 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 I;
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/pL 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.V 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# 2984).
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

8To whom correspondence should be addressed.
E-mail: tsasada@med.kurume-u.ac.jp
Clinical trial registration information: UMIN Clinical Trials Registry (UMIN# 2984).
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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
HILA typing and peptide-specific 1gG titers, were subcutane-
ously administered with incomplete Freund’s adjuvant (Monta-
nide ISAS1; 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 %/stem (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 uM). 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 Thl/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 bg 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 HLA-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-um 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, Novocasira) 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 p56ick 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 0 (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 o treatment (tumor size) No. Combined Treatment os
No. Type Gender  Age diagnosis PS pre'vsous period before vaccinations  therapy responset  (days)
regimens o
(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 Q 3 26 Pleural 2 - PD 17
disseminationf
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
atelectasist
5 A31/A33 M 67 LD 0 1 51 Lung (36 mm), 24 CDDP, SD 7468
brain¥ VP16,
WBRT
6 A2/A26 M 51 ED ] 2 5 Mediastinal LN%, 10 AMR Non-CR/ 285
bone (spine)t 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 3068
(16 mm) TPT,
SRT

tEvaluated by the Response Evaluation Criteria in Solid Tumors (RECIST 1.1). tNon-measurable lesion. §Patients alive (censored data). fjUnder
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-
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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 IgG 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 avajlable
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Table 2. Toxicities Table 3. Immunological responses to the vaccine peptides
Grade 1 Grade2 Grade3 Grade4 Total Pati 1gG responset T cell responset
atient Peptide
Injection site reaction 3 4 0 Y 7 No. Before  1st 2nd  Before 1st 2nd
Constitutional symptom

Fever 0 1 0 0 1 1 Lck-422 185 252 0 0 1000 2050
Fatigue 2 0 0 0 HNRPL-140 428 723 1155 0 119 447
Gastrointestinal SART3-109 224 657 2028 1309 294 186
Anorexia 2 0 0 0 2 WHSC2-103 554 1332 16987 0 264 543
Nausea 1 0 0 0 1 MAP-432§ 176 290 0 0 53 949
Pulmonary/Upper respiratory 2 SART2-93 6609 NA NA 0 NA NA
Dyspnea 0 0 1 0 1 PSA-248 8975 NA NA 0 NA NA
Blood/Bone marrow SART2-161 7979 NA NA 0 NA NA
Anemia 8 1 1 0 10 PSMA-624 7555 NA NA 0 NA NA
Leukocytopenia 3 0 1 0 4 3 SART2-93 80 0 NA 146 0 NA
Neutropenia 0 1 0 0 1 MRP3-503 410 3040 NA 0 2389 NA
Lymphopenia 3 0 1 0 4 SART2-161 166 0 NA 125 0 NA
Thrombocytopenia 1 0 0 0 1 Lck-486 76 413 NA 0 364 NA
Laboratory PAP-213§ 0 146 NA NA NA  NA
AST elevation 0 1 0 0 1 PSMA-624§ 38 42 NA NA NA NA
ALT elevation 1 1 0 0 2 4 PAP-213 552 NA NA 0 NA NA
y-GTP elevation 1 0 0 0 1 PSMA-624 266 NA NA 333 NA NA
Creatinine elevation 1 1 0 0 2 MAP-432 200 NA NA 1333 NA  NA
Hypoalbuminemia 8 0 0 0 8 WHSC2-103 591 NA NA 0 NA NA
Hyperkalemia 1 0 0 0 1 5 SART3-734 2142 11371 54795 1833 188 5390
Hyponatremia 1 0 0 0 1 Lck-449 45 31 21708 600 944 9500
Hyperglycemia 1 0 0 0 1 SART3-109§ 0 50 1854 NA NA 0
Hyperuricemia 1 0 0 0 1 SART3-511§ 0 28 1328 NA NA 107
: X N - N 6 MAP-432 43 0 NA 0 227 NA
é_ll._‘l‘;,’ ;lli:;rssy?glan&g:;gs:;e, AST, aspartate aminotransferase; HNRPL-501 104 446 NA 0 25 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
from 10, six and three patients before and at the end of the SART3-511 25 NA NA 42 NA NA
first and second cycles of vaccinations, respectively. Antigen- Lck-90 85 NA NA ] NA  NA
specific T cell responses to at least one of the vaccine peptides HNRPL-501 294 NA NA 41 NA  NA
were detectable in eight of 10 patients (80%) before vaccina- 8 SART2-93 20 22 9222 0 56 NAJ
tion, and augmented in five of six patients (83%) and in all of PAP-213 208 187 12293 86 0 NAY
three patients (100%) tested at the end of the first and second PSA-248 25 3856 18849 6 33 NAY
cycles of vaccinations, respectively. Lck-486 35 67 17704 15 16 NAT
Collectively, at the end of the first cycle of six vaccinations, 9 CypB-129 136 NA NA 121 NA  NA
peptide-specific immunological boosting assessed by IgG and/ Lck-422 34 NA NA 13 NA NA
or T cell responses was observed in all of the six patients who 10 Lck-246 74 63 3725 0 729 515
received at least six vaccinations, with their survival time of WHSC2-141 77 58 455 0 75 0
25, 24.5 (alive), 10 (alive), 9.5, 6.5, and 6 months. PAP-213 25 0 16345 0 89 166
Cytokines and inflammation markers. We then measured Lck-486 41 0 1378 0 102 0
cytokines (IL-2, IL-4, IL-5, IL-6, and IFN-y) and inflammation CypB-129§ 70 86 81 0 0 19
markers (CRP and SSA) in the plasma before and at the end HNRPL-140§ 43 48 24 0 34 64

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 0 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).

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 O 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.

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. PBMCs 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 0 to 0.9%, n = 6), respectively. The median
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Table 4, Laboratory data before and after vaccinationt

1L-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 1.17 NA 0.1 NA 21.0 NA
5 1 2 0 0.56 0.28 3.99 0.2 0.1 32.9 34.8
6 3 9 0.39 0.61 5.47 11.95 0.2 0.5 49.7 573
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 0.1 394 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 IHC
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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
1L-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 CDS. 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 develeped.“”3) However, there
have been a few reports available regarding immunotherapies
against SCLC.*® For example, a DC-based vaccine targeting
P53 was reported to show a feasible result in a subset of SCLC
patients, who had positive immune responses against p53.
However, the induction rate of anti-p53 immunity was
relatively low.!'®2? Vaccinations with cell surface glycolipid
antigens to induce antigen-specific Ab responses were also
attempted in several clinical studies.®?*? However, only a
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