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with no major adverse effects, and that PPV treatment re-
sulted in longer survival (MST of 10.1 or 15.2 months) [50,
71]. A clinical study in 10 advanced small cell lung cancer
(SCLC) also showed the safety and feasibility of PPV [72].

2.3.6. Urothelial Cancer

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

2.3.7. Other Cancers

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

2.4. Biomarkers for PPV (Table 3)

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

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

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

3. OTHER NEW TYPES OF PEPTIDE VACCINES

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

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

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

3.2. Multi-Peptide Cocktail Vaccine

If each of multiple peptides are formulated separately and
injected at a separate site, the number of peptides employed
for vaccination might be limited. One strategy for overcom-
ing this limitation is to generate multi-peptide cocktail vac-
cines, since one preparation could contain more than 10 dif-
ferent peptides. Although the issue of competition between
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individual peptides to bind to HLA molecules on the APCs
still remains [46], different types of multi-peptide cocktail
vaccines have been developed; vaccines consisting of CTL
epitope peptides alone [90, 91] or those of both CTL epitope
and helper epitope peptides [§6-89].

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

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

3.3. Hybrid Peptide Vaccine

Peptides used in most clinical trials for peptide-based
vaccines possess native amino. acid sequences with or with-
out slight modification in anchor amino acids to increase
their binding capability to HLA molecules. However, hybrid-
type peptide vaccines, which use a new artificial peptide
fusing two or more peptides, have been devised. For exam-
ple, the Ii-Key/HER-2/neu hybrid peptide vaccine, a fusion
peptide made up of the li-Key 4-mer peptide and HER-2/neu
(776-790) helper epitope peptide, has been reported [92, 93].
The Ii/Key 4-mer peptide is the shortest active sequence of
the Ii protein, which catalyzes direct charging of MHC class
1I epitopes to the peptide-binding groove, circumventing the
need for intracellular epitope processing [94]. Phase I studies
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of the 1i-Key/HER-2/neu hybrid peptide vaccine in patients
with prostate cancer showed that this vaccine is safe and can
induce HER-2/neu-specific cellular immune responses in
vaccinated patients [93]. In addition, significant decreases in
circulating regulatory T-cell frequencies, plasma HER2/neu,
and serum TGF-beta levels were observed.

Nishimura et al. reported an artificially synthesized
helper/killer-hybrid epitope long peptide (H/K-HELP) of
MAGE-A4 cancer antigen [95]. In the first case report, a
patient with pulmonary metastasis of colon cancer was vac-
cinated with MAGE-A4-H/K-HELP in combination with
OK432 and Montanide ISA51. There were no severe side
effects except for a skin reaction at the injection site. Vacci-
nation with MAGE-A4-H/K-HELP induced MAGE-A4-
specific Thl and Tcl immune responses and the production
of MAGE-A4-specific complement-fixing IgG antibodies.
Tumor growth and tumor markers were significantly de-
creased in this patient.

3.4. Long Peptide Vaccine

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

Several clinical studies using a pool of multiple synthetic
long peptides have been reported, since a mixture of multiple
synthetic long peptides is likely to contain multiple HLA
class I-restricted and class Il-restricted T-cell epitopes,
which could be applicable to any patients irrespective of
their HLA types [42-45, 97-100]. Melief and his colleagues
showed that a vaccine composed of a synthetic long peptide
pool derived from high-risk-type human papillomavirus
(HPV)-16 E6/E7 oncoproteins successfully induced HPV-
specific immune responses [42, 43]. They conducted a phase
I study of HPV16 E6 and E7 overlapping long peptides in
end-stage cervical cancer patients [42]. Cocktails of nine E6
peptides and/or four E7 peptides covering the entire se-
quences of E6 and E7 proteins showed a strong and broad T-
cell response dominated by immunity against E6 after four
subcutaneous administrations with Montanide ISAS1 at 3-
week intervals. Subsequently, they conducted a phase II
study of the same vaccine in patients with HPV-positive
grade 3 vulvar infraepithelial neoplasia, which is a chronic
disorder caused by HPV [43]. At 3 months after the last vac-
cination, 12 of 20 patients (60%) had clinical responses and
reported relief of symptoms. Five women had complete re-
gression of the lesions. At 12 months of follow-up, 15 of 19
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patients (79%) had clinical responses, with a complete re-
sponse in 9 of 19 patients (47%).

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

Kakimi et al. also conducted a phase I trial of an NY-
ESO-1 synthetic long peptide vaccine. A 20-mer peptide
spanning from amino acid 91 to 110 of NY-ESO-1, called
NY-ESO-1f, which includes multiple epitopes recognized by
antibodies and CD4 and CD8 T cells, was administered
along with OK-432 and Montanide ISAS1 to patients with
advanced cancers [100]. Both antigen-specific CD4 and CD8§
T-cell responses, as well as antibody responses, were in-
creased in 9 of 10 patients.

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

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

For example, nanotechnology-based antigen delivery has
been developing as a vaccine strategy due to its dose-sparing
and prolonged antigen presentation features [108, 109]. In
particular, polymeric nanoparticles (NP) have attracted in-
creasing attention as carriers of therapeutic immunogens
[110]. Antigen peptides encapsulated in polymeric NP are
shown to be directly and specifically delivered to profes-

Current Medicinal Chemistry, 2014, Vol. 21, No. 21 2341

sional APCs via phagocytosis without proteolytic degrada-
tion, and efficiently cross-presented to induce strong T-cell
immunity, whereas those in solution that are internalized by
APCs via macropinocytosis are reported to be poorly pre-
sented as peptides in complex with MHC class I molecules
on cell surfaces [111, 112]. Indeed, we have demonstrated
the feasibility of NP consisting of a biodegradable, biocom-
patible copolymer, poly(D,L-lactide-co-glycolide) (PLGA)
carrying antigenic peptides and a toll-like receptor 4 agonist,
monophosphoryl lipid A, to efficiently induce CTL re-
sponses against TAA in murine tumor models [113]. To in-
crease the efficacy of peptide-based vaccines, such a novel
antigen delivery system remains to be developed and clini-
cally examined.

CONCLUSIONS

In the field of cancer immunology and immunotherapy,
excitement and enthusiasm have risen around the latest ap-
provals of immunotherapy-based treatments in various can-
cer types. However, several issues remain to be addressed in
order to achieve further development of cancer vaccines. In
particular, in view of the complexity and diversity of tumor
cell characteristics and host immune cell repertoires, the se-
lection of vaccine peptides appropriate for individual patients
based on the pre-existing host immunity before vaccination
could be critical for the efficient induction of beneficial anti-
tumor responses in cancer patients. In a series of clinical
trials, we have demonstrated promising results of PPV as a
new treatment modality for patients with various types of
advanced cancer. Further randomized phase III clinical trials
are essential to validate the clinical benefits of PPV. Moreo-
ver, novel biomarkers for selecting patients who would bene-
fit most from PPV remain to be addressed.
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Abstract

Introduction: Since treatment modalities for metastatic recurrent triple-negative breast cancer (mrTNBC) are
limited, a novel treatment approach including immunotherapy is required. We have developed a novel regimen of
personalized peptide vaccination (PPV), in which vaccine antigens are individually selected from a pool of different
peptide candidates based on the pre-existing host immunity. Herein we conducted a phase Il study of PPV for
metastatic recurrent breast cancer patients to investigate the feasibility of PPV for mrTNBC.

Methods: Seventy-nine patients with metastatic recurrent breast cancer who had metastases and had failed
standard chemotherapy and/or hormonal therapy were enrolled. They were subgrouped as the mrTNBC group
(n=18), the luminal/human epidermal growth factor receptor 2 (HER2)-negative group (n=41) and the
HER2-positive group (n=18), while the remaining two patients had not been investigated. A maximum of
four human leukocyte antigen (HLA)-matched peptides showing higher peptide-specific immunoglobulin

G (IgG) responses in pre-vaccination plasma were selected from 31 pooled peptide candidates applicable for
the four HLA-IA phenotypes (HLA-A2, -A24, or -A26 types, or HLA-A3 supertypes), and were subcutaneously
administered weekly for 6 weeks and bi-weekly thereafter. Measurement of peptide-specific cytotoxic

T lymphocyte (CTL) and IgG responses along with other laboratory analyses were conducted before and
after vaccination.

Results: No severe adverse events associated with PPV were observed in any of the enrolled patients. Boosting of CTL
and/or IgG responses was observed in most of the patients after vaccination, irrespective of the breast cancer subtypes.
There were three complete response cases (1 mrTNBC and 2 luminal/HER2-negative types) and six partial response cases
(1 mrTNBC and 5 luminal/HER2-negative types). The median progression-free survival time and median overall survival
time of mrTNBC patients were 7.5 and 11.1 months, while those of luminal/HER2-negative patients were 12.2 and

26.5 months, and those of HER2-positive patients were 4.5 and 14.9 months, respectively.

Conclusions: PPV could be feasible for miTNBC patients because of the safety, immune responses, and possible clinical
benefits.
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Introduction

Recent advances in chemotherapies, hormonal therapies
and anti-human epidermal growth factor receptor 2
(HER2) therapies have significantly improved the prog-
nosis in metastatic recurrent breast cancer patients.
For example, new chemotherapies using agents such
as nanoparticle albumin-bound paclitaxel (nab-PTX)
[1,2], eribulin mesylate [3,4] and bevacizumab [5-7], new
hormonal therapies such as fluvestrant injection [8,9] or
new anti-HER?2 therapies such as those using pertuzumab
[10,11] and trastuzumab emtansine (T-DM1) [12] have
shown significant clinical benefits in metastatic recurrent
breast cancer patients. Despite these novel therapeutic
advances, the treatment modalities for chemotherapy-
resistant triple-negative breast cancer (TNBC) remain
limited, and thus a novel treatment approach including
immunotherapy is required. Nevertheless, no randomized
controlled trials of cancer vaccine have shown promise of
clinical benefit for metastatic recurrent breast cancer
patients, particularly in metastatic recurrent TNBC
(mrTNBC).

We have developed a novel regimen of personalized
peptide vaccination (PPV), in which vaccine antigens are
selected from a pool of 31 different peptide candidates
based on the pre-existing immunoglobulin G (IgG) respon-

-ses specific to each peptide before vaccination [13-17].
Most of the peptides employed for PPV, except for those
derived from prostate-related antigens, are known to be
commonly expressed in various types of advanced cancers.
Our previous clinical trials of PPV for patients with ad-
vanced cancers demonstrated the safety and feasibility of
this new approach [13-17]. Here we conducted a phase II
study of PPV for metastatic recurrent breast cancer
to investigate the feasibility of PPV for mrTNBC.

Methods

Patients and methods

Women with a histological diagnosis of metastatic recur-
rent breast cancer were eligible for inclusion in the
present study. All patients were required to have evaluable
recurrent and/or metastatic tumors at the time of entry.
Patients were divided into three different intrinsic sub-
types as follows: luminal (estrogen-receptor-positive)/
HER2-negative type, HER2-positive type (immunohisto-
chemical score 3+ or HER2 gene/chromosome 17 ratio
>2.2 in fluorescence in situ hybridization) and TNBC
(hormone-receptor-negative and HER2-negative). Most
patients had failed standard chemotherapy, but a few
patients who had failed hormonal therapy alone were also
eligible for this study. All patients were required to show
positive IgG responses to at least 2 of the 31 different
vaccine candidate peptides, as reported previously
[13-17]. Other inclusion criteria were as follows: age
between 20 and 80 years; an Eastern Cooperative Oncology
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Group (ECOG) performance status of 0 or 1; positive sta-
tus for human leukocyte antigen (HLA)-A2, -A24 or -A26
types, or HLA-A3 supertypes (A3, All, A31 or A33); life
expectancy of at least 12 weeks; and adequate hematologic,
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 inappropriate conditions for enroll-
ment as judged by clinicians. Patients with a lymphocyte
count of <1,000/pL were excluded from the study, since
we previously reported that pre-vaccination lymphocyto-
penia (<1,000 cells/pL) is an unfavorable factor for overall
survival (OS) in cancer patients receiving PPV [17]. The
protocol was approved by the Kurume University Ethical
Committee and registered in the UMIN Clinical Trials
Registry (Registration, number UMIN000001844; Regis-
tration date, 5 April 2009). All patients were given a full
explanation of the protocol and provided their informed
consent before enrollment.

Clinical protocol

This was a phase II study to evaluate the safety and
immunological responses in metastatic recurrent breast
cancer patients under PPV. Thirty-one peptides, whose
safety and immunological effects for other types of cancer
were confirmed in previously conducted clinical studies
[14-17], were employed for vaccination (12 peptides for
HLA-A2, 16 peptides for HLA-A24, 9 peptides for
HLA-A3 supertypes (-A3, -All, -A31, and -A33) and 4
peptides for HLA-A26) (Additional file 1: Table S1). These
peptides were prepared under the conditions of Good
Manufacturing Practice (GMP) by the PolyPeptide La-
boratories (San Diego, CA, USA) and American Peptide
Company (Vista, CA, USA). Peptides for vaccination of
individual patients were selected in consideration of the
pre-existing host immunity before vaccination, as assessed
by the titers of IgG specific to each of the 31 different
vaccine candidates.

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 subcutaneously ad-
ministered with incomplete Freund’s adjuvant (Montanide
ISA51; Seppic, Paris, France) once a week for six consecu-
tive 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 the sixth vaccination,
were administered every two weeks. After the second
cycle of six vaccinations, up to four antigen peptides,
which were also re-selected, were administered every four
to eight weeks according to the immune responses after
PPV. These protocols were continued until remarkable
disease progression or disease in remission was shown,
according to the will of the individual patient. During the
PPV, patients were allowed to receive combination therapies
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such as chemotherapy, hormonal therapy, anti-HER2
therapy and radiotherapy. 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 six vacci-
nations. The clinical responses were determined by the
Response Evaluation Criteria in Solid Tumors (RECIST)
in the vaccinated patients. The RECIST-based clinical
responses were evaluated after nearly 12 vaccinations by
radiological findings of computed tomography (CT) scan
and/or magnetic resonance imaging (MRI), and the best
overall responses during PPV treatment were shown. For
the patients who did not complete the second cycle
of 12 vaccinations, the newest radiological findings
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were evaluated, except in the case of patients who had
died before the RECIST-based radiological evaluation.

Measurement of humoral and cellular immune responses

Humoral immune responses specific to each of the 31 pep-
tide candidates were determined by peptide-specific IgG
levels using the Luminex system (Luminex, Austin, TX,
USA), as previously reported [18]. If the titers of peptide-
specific IgG to at least one of the vaccinated peptides in the
post-vaccination plasma were more than two-fold higher
than those in the pre-vaccination plasma, the changes were
considered to be significant, as previously reported [14-17].
Cellular immune responses specific to the vaccinated pep-
tides were evaluated by interferon (INF)-y ELISPOT using
peripheral blood mononuclear cells (PBMCs) as previously

Table 1 Comparison of patient characteristics for overall and breast cancer subtypes

Character Overall mrTNBC Luminal/HER2-negative HER2-positive P-value®
(number =79) (number=18) (number =41) (number = 18)
Median age (range) 57 (30 to 77) 55 (30 to 65) 55 (39 to 76) 62 (51 to 70) 0019
Performance status 0.046
0/1 58/21 14/4 32/9 17
Median time to the first PPV from recurrence, 35 (1.2 to 165) 8 (1.2 to 99) 40 (2 to 123) 55 (19 to 165) 0.101
months (range)
Histopathology 0079
Ductal carcinoma 71 16 37 17
Lobular carcinoma 4 1 2 1
Others 4 1 2
Positive status of HLA-A24 55 10 29 14 0.039
Positive status of HLA-A2 22 6 8 8 0.015
Visceral metastasis 0.009
Yes/No 60/19 8/6 29/1 16/2
Brain metastasis 0.002
Yes/No 11/68 3/11 2/38 6/12
Median duration of previous chemotherapies, 12 (2 t0 148) 9 (4 to 43) 12210 9) 37 (10 to 148) <0.0001
months (range)
Usage of previous standard chemotherapy
Anthracycline 50 16 22 12 0.003
Taxane 58 16 24 17 0.0006
Trastuzumab 18 3 15 <0.0001
Regimen number of previous chemotherapies 0.008
<4/24 36/36 8/9 22/14 6/12
Combined therapies
Oral chemotherapy 19 5 8 6 0.060
Infusion chemotherapy 32 10 15 7 0.038
Anti-HER2 therapy 1 " <0.0001
Hormonal therapy 23 2 17 4 0.006
Median times of peptide vaccination 14 (2 10 39) 12 (2 to 30) 15 (4 1o 39) 12 (610 22) 0.021

*The Mann-Whitney U test and Fisher-Freeman-Halton exact test were performed to examine P-values for continuous values and categorical values. HER2, human
epidermal growth factor 2; HLA, human leukocyte antigens; mrTNBC, metastatic recurrent triple-negative breast cancer; PPV, personalized peptide vaccination.
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Table 2 Adverse events during the PPV
Grade 1  Grade 2

Table 2 Adverse events during the PPV (Continued)

Adverse event Grade 3 Grade 4

Lymphocytopenia 29 7 12
Injection site reaction 42 37 Thrombocytopenia 6 1
Constitutional symptom Metabolism and nutrition
Fever 8 1 Anorexia 2
Malaise 7 3 Hyponatremia 1
Edema limbs 2 3 Hyperkalemia 3
Pain 5 Hypocalcemia 2
Tumor pain 4 9 Hyperglycemia 2
Gastrointestinal Laboratory
Nausea 4 AST increased 14 9 2
Mucositis oral [ ALT increased 19 4 2
Abdominal pain ! y-GTP increased 7 3 2
Constipation L ! ALP increased 6 1 1
Diarrhea 2 Hyperbilirubinemia 3 1 1
Respiratory Creatinine increased 10 3 1
Dyspnea 5 ! ! Cholesterol high 4
Cough 5 Hypoalburninernia 46 7
Hoarseness 2 INR increased 1 1 1
Pneurnonitis ! APTT increased 1
Pleural effusion 1 ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
Hypoxia ] 2 aminotransferase; APTT, activated partial thromboplastin time; y-GTP,
gamma-glutamyl transpeptidase; INR, international normalized ratio; PPV,
Neurological personalized peptide vaccination.
Headache 1 1
Dysgeusia 1
Dizziness 2 1 reported [14-17]. As a control, cellular immune responses
Peripheral sensory 8 2 specific to CEF peptides (MABTECH, Cincinnati, OH,
neuropathy USA), a mixture of virus-derived cytotoxic T lymphocyte
Peripheral motor 1 (CTL) epitopes, were also examined.
neuropathy
Endocrine disorder Statistical analyses
Hypothyroidism 1 The Mann-Whitney U test and Fisher-Freeman-Halton
Skin and SUbCULANEOUS exact test were used to examine statistical differences for
bruritis 1 3 continuous values and categorical values, respectively.
P-values less than 0.05 were considered to be statistically
Utticaria 4 ! significant. Progression-free survival (PFS) or OS was cal-
Reproductive system culated from the date of the first vaccination until the date
Vaginal hemorrhage 2 of disease progression or death, respectively, or the last
Vascular disorders date when the patient was known to be alive. The survival
Hot flashes 1 analysis was performed using the Kaplan-Meier method,
and a comparison of the survival curves was performed
Lymphedema 1 . .
with the log-rank test. Statistical tests were performed
Hypertension ! using JMP version 10 (SAS Institute Inc., Cary, NC, USA)
Blood/Bone marrow and StatXact version 8 (Cytel Inc., Cambridge, MA, USA).
Anemia 18 9 2 2
Hernoglobin increased 1 Results
Leukocytopenia 2 1 4 Patient characteristics ' .
Neutropenis 5 ¢ s . Between January 2009 and April 2013, 79 metastatic

recurrent breast cancer patients were enrolled in this
study. The patient characteristics are shown in Table 1
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for the overall patient group and each of the three
subtypes. Among the 79 patients, 77 patients had been
investigated to determine their intrinsic subtype before
vaccination, while the remaining 2 patients had not. The
HER2-positive group was associated with older median
age (P=0.019), restricted performance status (P =0.046),
higher positivity of HLA-A24 or -A2 (P=0.039 or
P =0.015), higher frequency of visceral or brain metasta-
sis (P=0.009 or P=0.002) and longer duration of pre-
vious chemotherapies (P <0.0001). Although the mrTNBC
group had a shorter duration of previous chemotherapies
(P <0.0001), most of the mrTNBC patients had received
previous standard chemotherapy (anthracycline, P = 0.003;
taxane, P = 0.0006).

Combined therapies and adverse events

The median number of peptide vaccinations was 14,
with a range from 2 to 39 vaccinations (Table 1). Table 2
shows all adverse events during the PPV. As the
vaccination-related adverse events, all patients showed
grade 1 or 2 dermatological reactions to PPV at the in-
jection sites, but no patients showed severe adverse
events (grade 3 or more). Forty-one patients (52.0%)
showed grade 3 or 4 adverse events strongly associated
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with combined chemotherapies and disease progression
(Table 2).

During the PPV, 51 patients (64.6%; 32 cases with
infusion chemotherapy and 19 cases with oral chemo-
therapy) received combined chemotherapies, while 23
patients (29.1%) and 11 patients (13.9%) received hor-
monal therapies and anti-HER2 therapies, respectively
(Table 1). The mrTNBC patients received combined
infusion chemotherapy more frequently than other
breast cancer subtypes (P =0.038). The most commonly
used chemotherapy drug was capecitabine (fifteen cases;
19.0%), followed by gemcitabine (eight cases; 10.1%), eri-
bulin mesylate (six cases; 7.6%), FEC (5-fluorouracil,
epirubicin and cyclophosphamide), nab-PTX or vinorel-
bine (four cases each; 5.1%), paclitaxel (three cases;
3.8%), bevacizumab, irinotecan or S-1 (two cases each;
2.5%), and docetaxel, oral cyclophosphamide or tegafur
(one case each; 1.3%). Eleven patients (13.9%) received
combined anti-HER2 therapies including trastuzumab
(six cases; 7.6%) and lapatinib (five cases; 6.3%); com-
bined anti-HER2 therapy was the most used treatment
for the HER2-positive group (P <0.0001). In addition, 23
patients (29.1%) received combined hormonal therapies
using agents, such as aromatase inhibitor (16 cases;
20.3%), high-dose toremifene (5 cases; 6.3%) and

(@)

Figure 1 Clinical responses to PPV. a, b) Computed tomography findings of a PR case with mrTNBC (case 2 in Table S2) before and after the
12th vaccination. A 63-year-old woman with a recurrent lung mass underwent 12 vaccinations in combination with gemcitabine (1,000 mg/m®/week
for three weeks followed by one week intermission). At four months after the first vaccination, the lung mass was remarkably reduced in size (arrow).
¢, d) Computed tomography findings of a SD case with mfTNBC (case 18 in Table S2) before and after the eighth vaccination. A 34-year-old woman
with a recurrent lung mass underwent eight vaccinations in combination with two cycles of eribulin mesylate (1.4 mg/m?/week for two weeks
followed by one week intermission). At three months after the first vaccination, the fung mass was slightly decreased in size (arrow). miTNBC,
metastatic recurrent triple negative breast cancer; PPV, personalized peptide vaccination; PR, partial response; SD, stable disease.

(b)
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fluvestrant (2 cases; 2.5%); combined hormonal therapy
was the most used treatment for the luminal/HER2-
negative group (P = 0.046).

Immune responses to the vaccinated peptides

Both humoral and cellular immune responses specific to
the vaccinated peptides were analyzed in blood samples
before and after vaccination. Plasma samples were collec-
ted from 79, 75, or 53 patients before vaccination, at the
6th vaccination, or at the 12th vaccination, respectively.
For the monitoring of humoral immune responses,
peptide-specific IgGs reactive to each of the 31 different
peptides, including both vaccinated and non-vaccinated
peptides, were measured by bead-based multiplex assay.
The numbers of peptides employed for the first cycle of
vaccinations were 2, 3, or 4 in 8, 6, or 63 patients, respect-
ively (Additional file 2: Table S2, Additional file 3: Table S3,
and Additional file 4: Table S4). Augmentation of IgG
responses specific to at least one of the vaccinated peptides
after 6 or 12 vaccinations was observed in 53/75 (70.7%)
patients or 50/53 (94.3%) patients, respectively. Peptide-
specific IgG responses after 6 or 12 vaccinations were aug-
mented in 7/15 (46.7%) patients or 9/10 (90%) patients
with mrTNBC (Additional file 2: Table S2). Such augmen-
tation was seen in 28/40 (70.0%) patients or 29/31 (93.5%)
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patients in the luminal/HER2-negative group (Additional
file 3: Table S3) and in 16/18 (88.9%) patients or 11/11
(100%) patients of the HER2-positive group (Additional
file 4: Table S4), respectively.

Cellular immune responses to vaccinated peptides were
assessed by IFN-y ELISPOT assay. Antigen-specific CTL
responses were detectable in 17/66 (25.8%) patients before
vaccination (Additional file 2: Table S2, Additional file 3:
Table S3 and Additional file 4: Table S4). In contrast,
augmentation of the CTL responses specific to at least
one of the vaccinated peptides after six vaccinations was
observed in 34/63 patients (54.0%). Peptide-specific CTL
responses after six vaccinations were augmented in 7/14
(50.0%) patients with mrTNBC (Additional file 2: Table S2),
while such augmentation was seen in 18/31 (58.1%)
patients and 7/16 (43.8%) patients in the luminal/HER2-
negative group (Additional file 3: Table S3) and HER2-
positive group (Additional file 4: Table S4), respectively.
We also tested CTL responses to CEF peptides, a mix-
ture of virus-derived CTL epitopes, as a control. CTL
responses to CEF peptides were observed in 27/62
(43.5%) patients before vaccination and 15/58 (25.9%)
patients after six vaccinations (Additional file 2: Table
S2, Additional file 3: Table S3 and Additional file 4:
Table S4).

-

(a)

Figure 2 Expressions of TAAs and pathological responses to PPV. After completion of eight vaccinations in combination with two cycles of
eribulin mesylate (1.4 mg/m?/week for two weeks followed by one week intermission), the lung metastasis of a SD case with miTNBC (case 18

in Table S2) was resected at three months after the first vaccination. The TAA expression and T cell infiltration in the resected lung tissue were
examined by immunohistochemistry. a, b) Among the four TAAs, that is, SART2, PSA, EGF-R and LCK, two TAAs were expressed in the lung tumor.
a) EGF-R (X200); b) SART2 (X200). ¢, d) Peritumoral infiltration of T lymphocytes was confirmed in the lung tumor. ¢) CD4* T lymphocytes (X200);
d) CD8+ T lymphocytes (X200). EGF-R, epidermal growth factor receptor; LCK, lymphocyte specific protein tyrosine kinase; mrTNBC, metastatic
recurrent triple negative breast cancer; PPV, personalized peptide vaccination; PSA, prostate specific antigen; SART2, squamous cell carcinoma
antigen recognized by T-cells 2; SO, stable disease; TAA, tumor associated antigens.

(b)

(d)
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Collectively, 30/63 (47.6%) patients showed both in-
creased CTL and IgG responses to the vaccinated pep-
tides, 23/63 (36.5%) patients showed either increased CTL
or IgG responses, and the remaining 10 (15.9%) patients
showed neither CTL nor IgG boosting. In patients treated
with PPV alone (n=27), IgG responses were more fre-
quently increased than those in patients treated with com-
bined chemotherapies (n=47) (P =0.002), although there
was no significant difference in the increase in CTL
responses (P = 1.000).

Clinical responses to PPV

The RECIST-based clinical responses were evaluated in 64
patients by radiological findings. There were 3 complete
response (CR), 6 partial response (PR), 27 stable disease
(SD) and 28 progressive disease (PD). The overall response
rate of PPV was 14%, including three CR and six PR cases.
Among the responsive patients, combined chemotherapy
was used in eight cases and hormonal therapy in one case.
The intrinsic subtypes showed one mrINBC and two
luminal/HER2-negative types in the CR cases and one
mrTNBC and five luminal/HER2-negative types in the
PR cases. Computed tomography findings of each of
the mrTNBC cases showing PR or SD are shown in
Figure 1. The PR case (case 2 in Additional file 2: Table S2)
was a 63-year-old woman with a recurrent lung mass
treated with a combination of gemcitabine and PPV. At
four months after the first vaccination, the lung mass was
remarkably reduced in size (Figure la and Figure 1b). She
survived 32 months after the first vaccination and died due
to disease progression. The SD case (case 18 in Additional
file 2: Table S2) was a 34-year-old woman with a recurrent
lung mass treated with a combination of eribulin mesylate
and PPV. At three months after the first vaccination, the
lung mass was slightly decreased in size (Figure lc and
Figure 1d). She was subsequently treated by radical resec-
tion of the lung mass and pathological evaluation. The lung
mass was metastatic TNBC with a high Ki-67 labeling
index (42.0%). It expressed epidermal growth factor recep-
tor (EGF-R) and squamous cell carcinoma antigen recog-
nized by T-cells 2 (SART?2) antigens which were vaccinated
antigens (Figure 2a and Figure 2b), and peritumoral infil-
tration of T lymphocytes was confirmed (Figure 2c and
Figure 2d). She is still alive at 13 months following the first
vaccination.

Survival analyses by intrinsic subtypes

Figure 3 shows survival curves for the three intrinsic sub-
types. The median progression-free survival time (MPFST)
and median overall survival time (MST) of mrTNBC pa-
tients were 7.5 and 11.1 months, while those of luminal/
HER2-negative patients were 12.2 and 26.5 months, and
those of HER2-positive patients were 4.5 and 14.9 months,
respectively. For each intrinsic subtype, the survival curves
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Figure 3 Survival curves among the three intrinsic subtypes.
a) The median progression-free survival time of mTNBC patients
was 7.5 months, while that of luminal/HER2-negative patients was
12.2 months, and that of HER2-positive patients was 4.5 months.

b) The median overall survival time of mITNBC patients was

11.1 months, while that of luminal/HER2-negative patients was

26,5 months, and that of HER2-positive patients was 14.9 months.
HER2, human epidermal growth factor receptor 2; miTNBC, metastatic
recurrent triple negative breast cancer.

were compared for patients treated with PPV plus concur-
rent chemotherapies and those treated with PPV alone
(Figure 4). There was no significant survival advantage of
concurrent chemotherapies in each intrinsic subtype, com-
pared with treatment with PPV alone (mrTNBC: PES and
OS, P=0.467 and P=0.347, respectively; luminal/HER2-
negative type: PFS and OS, P=0.220 and P =0.850, re-
spectively; and HER2-positive type: PFS and OS, P=0.296
and P = 0.957, respectively).

Survival analyses along with analyses of the immune re-
sponses to PPV were also conducted in the three subtypes.
Figure 5 shows the survival curves for patients with or
without increased IgG responses after PPV in each intrin-
sic subtype. IgG boosting was a significant prognostic
factor for OS and PFS in HER2-positive patients, whereas
there was no significant difference between increased IgG
responses and these prognoses in mrTNBC and luminal/
HER2-negative patients (mrTNBC: PES and OS, P=0.274
and P=0.152, respectively; luminal/HER2-negative type:
PFS and OS, P=0.732 and P =0.571, respectively; HER2-
positive type: PFS and OS, P=0.0001 and P=0.001, re-
spectively). Figure 6 shows the survival curves for patients



Takahashi et al. Breast Cancer Research 2014, 16:R70
http://breast-cancer-research.com/content/16/4/R70

Page 8 of 12

. (az

(c)

(e)

1.0 1.0
0.8+ 0.8+ 0.8
PPV alone ;
2 osy 1 (n=2) 2 os; P Z os; PPV alone
3 2 2 (n=5)
2 o4 l‘ with CC £ o0 £ oa
=16
0.21 (n=16) 0.24 PPV alone .21 1_\1 with GC
= n=13
0.0 T T T T 0.0 T (nr 23)[ T 0.0 T ,( T ), S
0 10 20 30 40 0 10 15 20 25 30 6 5 10 15 20 25 30
Progression-free survival {menths) Progression-free survival (i ) Progression-free survival (months}
mrTNBC Lum-HER2(-) HER2(+)
(b) (d) (f)
1.0 16 10
0.8+ 0.8+ PPV alone 0.8 .
PPV alone (n=23) wnﬁ cC
Z o6 (n=2) £ o061 Z o6 (n=13)
2 2 2
€ o4 g o L — 2 o4
= with CC .
0.2+ (n=186) 0.24 with CC 0.2 PPV alone
(n=18) (n=5)
0.0 T T T T o_n T T T T T T T T 0.0 T T T T T T T T
0 10 20 30 40 0 5 10 15 20 35 30 35 40 0 5 10 15 20 25 30 35 40 45
Overall survival (months) Overall survival {months) Overall survival (months)

Figure 4 Survival curves for patients treated with PPV with or without combination chemotherapies. a-f) There was no significant survival
advantage of combined chemotherapies (CC) in each intrinsic subtype, compared with the treatment by PPV alone. a) b} miTNBC: PFS and OS,
P=0.467 and P=0.347, respectively. ¢,d) luminal/HER2-negative type: PFS and OS, P=0.220 and P = 0.850, respectively. e,f) HER2-positive type:
PFS and OS, P=0.296 and P=0.957, respectively. HER2, human epidermal growth factor receptor 2; mrTNBC, metastatic recurrent triple negative

breast cancer; OS, overall survival; PFS, progression-free survival; PPV, personalized peptide vaccination.

with or without increased CTL responses after PPV in
each intrinsic subtype. CTL boosting was suggested to be
a potential prognostic factor for OS but not for PFS in
mrTNBC patients, whereas there was no significant
difference between CTL boosting and these prognoses
in luminal/HER2-negative and HER2-positive patients
(mrTNBC: PES and OS, P=0.345 and P=0.053, respect-
ively; luminal/HER2-negative type: PES and OS, P=0.272
and P =0.740, respectively; HER2-positive type: PFS and
OS, P=0.714 and P = 0.758, respectively).

Discussion

Since treatment outcomes in mrTNBC patients remain
poor [19-21], a novel treatment modality including im-
munotherapy is required. Several tumor associated anti-
gens (TAAs), such as cancer testis antigens, EGF-R,
aldehyde dehydrogenase 1 (ALDH1) and enhancer of zeste
homolog 2 (EZH2), are frequently expressed in TNBC,
particularly in basal-like subtypes [22-24]. Despite these
potential molecular targets for immunotherapy in TNBC,
no randomized controlled trials of cancer vaccine have
shown promise of clinical benefit to date. We have devel-
oped a novel regimen of PPV, in which vaccine antigens

are selected and administered from a pool of 31 different
peptide candidates based on the pre-existing IgG re-
sponses specific to peptides before vaccination [13-17]. In
previous studies, PPV was feasible for the vast majority of
cancer patients with different HLA-types [13-17]. Based
on these results in cancer patients, we conducted a phase
II study of PPV for metastatic recurrent breast cancer
patients to investigate the feasibility of PPV for mrTNBC.
There were no severe adverse events associated with PPV,
and most of the mrTNBC patients showed augmented
immune responses to PPV.

The current study suggested the feasibility of PPV for
mrTNBC patients who had failed standard chemother-
apy, since the MPFST and MST of mrTNBC patients
were 7.5 and 11.1 months from the first vaccination,
respectively. In previously reported studies, the MPFST
of mrTNBC patients treated by various chemotherapy
and/or targeted therapy regimens was between 2.5 and
6.5 months [7,25-28)]. Therefore, the MPFST of 7.5 months
in mrTNBC patients treated by PPV in the current study
seemed to be promising. Regarding OS in TNBC patients,
Dent et al. demonstrated that the MST from recur-
rence to death was nine months, although the details
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Figure 5 Survival curves for patients with or without increased 1gG responses after PPV. a-f) IgG boosting was a significant prognostic
factor for OS and PFS in HER2-positive patients, whereas there was no significant difference between increased IgG responses and these prognoses in
miTNBC and luminal/HER2-negative patients. a, b) mTNBC: PFS and OS, P=0274 and P=0.152, respectively. ¢, d) luminal/HER2-negative type: PFS
and OS, P=0.732 and P = 0571, respectively. e, f) HER2-positive type: PFS and OS, P=0.0001 and P = 0.001, respectively. HER2, human epidermal
growth factor receptor 2; IgG, immunoglobulin G; miTNBC, metastatic recurrent triple negative breast cancer; OS, overall survival; PFS, progression-free

of chemotherapy regimens were not described [19]. More
recently conducted studies showed that the MST of
mrTNBC patients treated by various chemotherapy and/
or targeted therapy regimens was between 7.7 and
17.9 months [26-28]. Although almost all patients in
these previous studies were enrolled as a first-line and/or
second-line treatment [26-28], most patients in the
current study were enrolled as a third or more line treat-
ment. In addition, considering that the median duration of
previous chemotherapies in the mrTNBC patients in the
current study was 9 months, the MST of 11.1 months in
mrTNBC patients treated by PPV seems to be encour-
aging. As a next step, to clarify the clinical benefit of PPV
in mrTNBC, we need to conduct a randomized controlled
study, in which patients are treated with standard of care
(SOC) alone or with PPV plus SOC.

Although the results of immune responses were not
significantly different by intrinsic subtypes, a high popu-
lation of HER2-positive patients showed IgG responses
at the sixth vaccination. Since all of the HER2-positive
patients had been treated with trastuzumab, antigen-
dependent cellular cytotoxicity might have affected their

humoral immunities [29]. Notably, IgG boosting was a
significant prognostic factor for OS and PFS in HER2-
positive patients, although the number of patients was too
small to confirm this. Combined chemotherapies also
might affect the status of IgG responses, but no survival
advantages of combined chemotherapies were shown in
our metastatic recurrent breast cancer patients.

The clinical response rate in the present series was
14.0%, including three CR and six PR cases. Among
these responsive patients, combined chemotherapy was
used in eight cases and hormonal therapy in one case.
The intrinsic subtype of these patients was luminal/
HER2-negative type in seven cases and mrTNBC in two
cases. Notably, the number of previous chemotherapy
regimens was one regimen in two patients and two regi-
mens in seven patients. In our study, more than four
regimens of previous chemotherapy were significantly
correlated with poor prognosis (data not shown). From
these results, we would recommend PPV within three
regimens of previous chemotherapy for metastatic recur-
rent breast cancer patients. A greater number of previous
chemotherapy regimens could not sufficiently enhance
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clinical responses to PPV, particularly in HER2-positive
patients. Because of the significant clinical benefit and
conventional usage of trastuzumab, the duration of previ-
ous chemotherapy was significantly prolonged in HER2-
positive patients. The status of tumor molecular biology
could change and be complicated by this long-term
chemotherapy, eventually leading to a poor prognosis. For
HER2-positive patients, the induction of PPV should be
earlier than that in our HER2-positive patients. Since
combined chemotherapies increase the number of severe
adverse events in metastatic breast cancer patients, treat-
ment with PPV alone should be performed to maintain
their quality of life.

We had an opportunity to confirm the peritumoral in-
filtration of lymphocytes in the lung metastasis of
mrTNBC. Two of the four vaccinated peptide antigens
(EGE-R and squamous cell carcinoma antigen recognized
by T-cells 2 (SART2)) were expressed in the lung tumor,
and CTL responses to the SART2-93 antigen were signifi-
cantly increased in this case (case 18 in Additional file 2:
Table S2). Although IgG responses to the two peptide
antigens were not significantly increased, PPV could en-
hance the anti-tumor immunity and efficacy of combined

chemotherapy in this case. We have investigated the ex-
pressions of 15 TAAs in primary and recurrent breast can-
cer tissues by immunohistochemistry (RT, unpublished
data). We found that 10 of 15 TAAs were expressed in
both primary and recurrent breast cancer tissues, except
for lymphocyte specific protein tyrosine kinase (LCK),
prostate specific antigen (PSA), prostate specific mem-
brane antigen (PSMA), prostatic acid phosphatase (PAP)
and multidrug resistance-associated protein 3 (MRP3).
However, four of these five TAAs, including LCK, PSA,
PAP and MRP3, were reported to be expressed in breast
cancer tissues, although the frequency of expression was
lower than that of other TAAs [30-34]. Therefore, 14 of
the 15 TAAs could be potential molecular targets for
immunotherapy in breast cancer patients.

Conclusions

In conclusion, PPV could be feasible for mrTNBC
patients because of the safety, immune responses and
possible clinical benefits. For mrTNBC patients, we are
planning a randomized controlled study, in which pa-
tients are treated with SOC alone or with PPV plus SOC
to further clarify the clinical benefit of PPV.
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Additional file 3: Table 53. Immune responses to vaccinated peptides
in luminal/HER2-negative patients.

Additional file 4: Table S4. Immune responses to vaccinated peptides

L in HER2-positive patients.
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Abstract Keywords

Context: To develop a personalized peptide vaccine (PPV) for recurrent ovarian cancer patients  Cytotoxic T-lymphocytes, epitopes, ovarian
and evaluate its efficacy from the point of view of overall survival (OS), Phase Il study of PPV cancer, peptide vaccine, personalized
was performed. medicine

Patients and methods: Forty-two patients, 17 with platinum-sensitive and 25 with platinum-
resistant recurrent ovarian cancer, were enrolled in this study and received a maximum of four
peptides based on HLA-A types and IgG responses to the peptides in pre-vaccination plasma.
Results: Expression of 13 of the 15 parental tumor-associated antigens encoding the vaccine
peptides, with the two prostate-related antigens being the exceptions, was confirmed in the
ovarian cancer tissues. No vaccine-related systemic severe adverse events were observed in any
patients. Boosting of cytotoxic T lymphocytes or IgG responses specific for the peptides used
for vaccination was observed in 18 or 13 of 42 cases at 6th vaccination, and 19 or 29 of 30 cases
at 12th vaccination, respectively. The median survival time (MST) values of the platinum-
sensitive- and platinum-resistant recurrent cases were 39.3 and 16.2 months, respectively.
The MST of PPV monotherapy or PPV in combination with any chemotherapy during the 1st to
12th vaccination of platinum-sensitive cases was 39.3 or 32.2 months, and that of platinum-
resistant cases was 16.8 or 16.1 months, respectively. Importantly, lymphocyte frequency and
epitope spreading were significantly prognostic of OS.

Discussion and conclusion: Because of the safety and possible prolongation of OS, a clinical trial
of PPV without chemotherapy during the 1st to 12th vaccination in recurrent ovarian cancer
patients is merited.
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Introduction clinical trials of immunotherapy in patients with ovarian
cancer indicated that ovarian cancers are responsive to
inununotherapylo“ls‘ We developed and clinically tested a
novel regimen of personalized peptide vaccine (PPV) in
which the vaccine antigens are selected and administered
based on the pre-existing host immunity before vaccin-
ation*®*°. The results suggested that PPV could prolong
overall survival (OS) but not progression-free survival in
advanced cancer patients who fail to respond to standard
chemotherapy. Moreover, a randomized clinical trial of PPV
in advanced prostate cancer patients showed a favorable
clinical outcome in the vaccinated groupzo. In this study, we
examined whether PPV would be feasible as a cancer vaccine
for the treatment of recurrent ovarian cancer from the
viewpoint of OS.

Ovarian cancer is the leading cause of mortality among
patients with gynecologic malignancies'. Although the
majority of patients respond to a first-line chemotherapy
with platinum and taxane agents, most patients experience
relapse and develop resistance to platinum and subsequent
chemotherapeutic agents>>. Thus, it is important to develop
new therapeutic approaches including cancer vaccines and
molecular targeting therapy.

We and other groups previously reported the existence of
tumor-reactive cytotoxic T lymphocytes (CTLs) among the
tumor-infiltrating lymphocytes (TILs) in ovarian cancers™ .
In addition, a correlation between TILs and clinical outcome
was reported in several studies’. These findings and several

Materials and methods
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