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ABSTRACT
We had conducted phase 1/2 studies of cancer vaccination therapy using neo-tumor antigens in 
patients with refractory/persistent cervical cancer (CC) and ovarian cancer (OC) to assess the 
feasibility and efficacy. Enrollees must be refractory/persistent disease for usual treatments with 
Human Leukocyte Antigen-A*0201 or A*2402. The targets were epitope peptides obtained from 
driver genes in surviving pathways as follows: for CC A*0201, peptides from Up Regulating Lung 
Cancer 10 gene (URLC10) and Hypoxia-inducible gene 2 (HIG-2) and for OC A*0201, HIG2, VEGFR 
(vascular epithelial growth factor receptor) 1 and 2 were used. For CC A*2402, Forkhead Box M1 
(FOXM1), Maternal Embryonic Leucine zipper Kinase (MELK), and Holliday Junction Recognition 
Protein (HJURP) were used. For OC A*2402, cocktails of peptides from FOXM1, MELK, HJURP, 
VEGFR1, and VEGFR2 were used. Subcutaneous administration was performed with adjuvant weekly. 
The toxicity profiles and tumor-response were analyzed in eight-week interval. Sixty-six patients 
were accrued, and 64 were evaluable for adverse events (AEs), and 35 for response. AEs of G2/3 
dermatologic reaction (DR) of injection site had been identified in 15.6% and no other severe AEs 
were detected. Response rate in OC and CC were 22.9% and 20%, respectively. Median overall 
survival showed longer in performance status (PS) 0 (versus PS1/2), in CRP negative (versus positive) 
and in DR positive (versus negative) such as 8.7 m versus 1.2 m (p < .001), 8.8 m versus 3.0 m 
(p < .05) and 10.2 m versus 1.2 m (p < .001), respectively. In conclusion, our vaccination therapy was 
feasible and effective in this cohort of patients.
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Introduction

Immunotherapy has been gaining importance in the treatment of 
cancer, particularly advanced-stage cancer. Currently, immunother
apy is recognized as a promising fourth standard therapy for patients 
with refractory disease despite good performance status (PS). The 
main immunotherapy agents are immune checkpoint inhibitors 
(ICIs) targeting cytotoxic T-lymphocyte-associated protein 4 
(CTLA-4),1 programmed cell death protein-1 (PD-1),2 and pro
grammed death-ligand 1 (PD-L1).3 However, in patients with plati
num-refractory ovarian cancer, the response rates to ICIs are not 
satisfactory, and failed to 8% to 20%.4,5 Furthermore, in a phase 3 
study of nivolumab versus chemotherapy in patients with platinum- 
resistant recurrent OC, nivolumab did not improve overall survival 
(OS) compared with chemotherapy (gemcitabine or pegylated lipo
somal doxorubicin) (ESMO 2020).6

To overcome this limitation, multiple peptide cocktail vac
cines started being explored. Peptide vaccines contain human 
leukocyte antigen (HLA)-restricted tumor-specific antigens 

(epitope peptides) combined with an incomplete Freund’s 
adjuvant such as the Montanide ISA 51 VG. The epitope 
peptides were first identified in a genome-wide association 
study (GWAS).7 Since then, peptide vaccines working through 
the activation of the intrinsic pathway of CTL-mediated apop
tosis have been reported in gastric cancer,8–10 lung cancer,7 

pancreatic cancer,11,12 esophageal cancer,13 colorectal cancer,12 

and head and neck cancer.14

From the immunotherapy and precision medicine points of 
view, we selected new tumor-specific antigens that are key 
drivers of tumor escape mechanisms in refractory/chemoresis
tant tumors. We have previously conducted phase 1 and phase 
2 trials to study the safety and efficacy of peptide vaccines 
containing these new tumor-specific antigens in patients with 
refractory, treatment-resistant OC and cervical cancer (CC). 
We have previously reported the results of the phase 1 trial, 
including the doses with good safety and efficacy profiles.15 

Here, we report the results of the phase 2 trial.
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Patients and methods

Study design

This study was a prospective, exploratory, non-randomized, 
single-arm phase 2 trial. All patients received treatment with 
the test vaccines.

Ethical matters and trial registration

Protocols and informed consent forms were approved by the 
institutional review board (IRB; Iwate Medical University 
IRB#1 approved by the US Federal Wide Assurance for the 
Protection of Human Subjects). After being informed of the 
details of the clinical trial using approved documents, all 
patients provided written informed consent. Patients were 
assigned a number and their anonymity was preserved. Their 
personal data were kept confidential in a correspondence table 
that remained in possession of our department’s data protec
tion administrator.

The clinical trials have been registered with UMIN at https:// 
www.umin.ac.jp/ctr/(UMIN IDs: 000003860, 000003862, 
000003902, and 000003903).

Study setting

The study was conducted at the Department of Obstetrics and 
Gynecology of the outpatients’ clinic of Iwate Medical 
University School of Medicine, Morioka, Iwate, Japan.

Study period

The accrual period was scheduled to last 3 years, and the 
observation period was scheduled to last 5 years. Patient 
accrual was initiated in June 3, 2010 (as approved by the IRB) 
and ended in March 31, 2016 for patients with CC and in 
July 10, 2017 for patients with OC. The last treatment inter
vention was performed in July 10, 2017. Patients were followed 
until death. The last observation was made on April 30, 2018.

Sample size

The phase 1 trial included 6 patients per group, and dose 
increments followed the modified Fibonacci method. The 
phase 2 trial included 30 patients per group. According to the 
literature, the response rate of patients with platinum-resistant 
OC or CC to immunotherapy is 20%, at best. In this study, the 
threshold response rate was set at 20% and the expected 
response rate was set at 40%. Expected prolongation of time 
to progression and expected prolongation of OS were each set 
at 9 months. Expected progression-free time (PFS) was set at 
15 months, and OS was set at 24 months. Based on these 
parameters, an α-level of 0.05 in a one-tailed test, and 
a power of 80%, the sample size was calculated to be 22 
patients. However, we included a total of 30 patients per group.

Patient eligibility and classification criteria

Subjects were patients who had received all possible treatments 
and had thus been recommended best supportive care (BSC) 

alone. Patients had histologically confirmed advanced and/or 
recurrent CC or OC, for which they received more than three 
lines of chemotherapy after standard treatment. Their Eastern 
Cooperative Oncology Group-Performance Status (ECOG-PS) 
was 0–2. Patients were classified into four groups according to 
the combination of disease and HLA-A* subtype 
positivity: patients with CC and HLA-A*0201 positivity (CC02 
group); patients with CC and HLA-A*2402 positivity 
(CC24 group); patients with OC and HLA-A*0201 
positivity (OC02 group); and patients with OC and HLA-A*2402 
positivity (OC24 group).

Inclusion criteria
The inclusion criteria were as follows: age 20–80 years old; an 
absolute neutrophil count (ANC) of 2,000–10,000/mm3 to 
exclude complications of inflammatory disease (inflammatory 
disease is known to induce regulatory T cells); and a 28-day 
interval between any previous treatment and patient accrual.

Exclusion criteria
The exclusion criteria were as follows: HLA-A*0201 or 
HLA-A*2402 negativity; double cancer, with the exception 
of synchronous or anachronous nonmalignant melanoma 
skin cancer; life-threatening disease, including another 
active cancer or brain metastasis; use of systemic steroids 
or other immunogenic agents such as Chinese herbal med
icines or biological response modifiers such as some fungi, 
alternative therapies, and substitutional foods; and concur
rent combination treatment (surgery, chemotherapy, and 
radiotherapy), with the exception of treatment for ascites 
or pleural effusion.

Study endpoints

The primary endpoint was safety and the secondary endpoints 
were clinical response, immunological evaluation using the 
enzyme-linked immunospot (ELISpot) assay, and patient out
comes. OS was defined as the period between patient accrual 
and the last known day of survival. In patients who did not 
receive further chemotherapy or radiotherapy, we also deter
mined whether peptides vaccines could prolong OS and inves
tigated the predictive and prognostic factors for longer OS.

Adverse events were assessed using the National Cancer 
Institute Common Terminology Criteria for Adverse Events 
(NCI-CTCAE) version 3.0, and tumor response was assessed 
using the Immune-related Response Evaluation Criteria in 
Solid Tumors (ir-RECIST).16 Dose-limiting toxicities (DLTs) 
were considered grade 4 (G4) hematologic toxicities; non- 
hematologic toxicities, except nausea, vomiting, and dermato
logic reactions, were considered grade 3 (G3) or more. The 
immunological response was assessed using peripheral blood 
mononuclear cells (PBMCs) in the ELISpot assay.

Tumor response was assessed by spiral computed tomogra
phy (CT) sequences with enhancement according to Response 
Evaluation Criteria in Solid Tumors (RECIST) version 1.1 and 
ir-RECIST. Best response, as evaluated by RECIST or ir- 
RECIST, was illustrated on waterfall and spider plots. 
Response rate was defined as the sum of complete response 
(CR) and partial response (PR) among all treated patients. 
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Disease control rate was defined as the sum of CR, PR, and 
stable disease among all treated patients.

All evaluations were performed at every 9th administration.

Methods

Depending on the results of the HLA-A* locus, two, three, or 
five multiple tumor-associated HLA-A*0201- and HLA- 
A*2402-restricted epitope peptides were used as vaccines in 
combination with Montanide ISA 51 VG (SEPPIC Co. Ltd., 
Paris, France). Vaccines were administered subcutaneously. In 
the phase 1 trial, dose increments followed the modified 
Fibonacci method; therefore, in the phase 2 trial, the first six 
patients in each group were those of the phase 1 trial.

Peptide vaccines were as follows: for the CC02 group, we used 
two peptide vaccines containing epitope peptides from up- 
regulating factor of lung cancer 10 (epURLC10)-A*02-10-211 
(LLLASIAAGL)17–20 and hypoxia-inducible gene 2 (epHIG2)- 
A*0201-9-4 (VLNLYLLGV) ;21–24 for the CC24 group, we used 
three peptide vaccines containing epitope peptides from fork
head box M1 (epFOXM1)-A*24-9-262 (IYTWIEDHF),25–28 

maternal embryonic leucine zipper kinase (epMELK)-A*24 
-9-87-7 N (EYCPGGNLF),29–34 and Holliday junction recogni
tion protein (epHJURP)-A*2402-9-408 (KWLISPVKI) ;35–38 for 
the OC02 group, we used peptide vaccines containing epHIG2 
and epitope peptides from vascular endothelial growth factor 
receptor 1 (epVEGFR1)-A*0201-9-770 (TLFWLLLTL) and vas
cular endothelial growth factor receptor 2 (epVEGFR2)-A*0201 
-9-773 (VIAMFFWLL); for the OC24 group, we used peptide 
vaccines containing epFOXM1, epMELK, epHJURP, 
epVEGFR1-A*2402-9-1084, and epVEGFR2-A*2402-9-169 
(Table 1).15 All epitope peptides had good manufacturing pro
duct (GMP) quality; 1 mg of each epitope peptide was mixed 
aseptically with 1 ml of Montanide ISA 51 VG.

Patients negative for HLA-A*0201 or HLA-A*2402 received 
BSC at our institution or were referred to another institution or 
hospital. The OS of patients receiving BSC was used as 
a control (if possible).

Vaccination schedule

The vaccination schedule included 12 consecutive subcutaneous 
injections administered weekly followed by 8 injections admi
nistered bi-weekly (initiation phase or phase A). The schedule 
was continued with monthly injections beyond disease progres
sion (phase B). After 1 year, the frequency of vaccine 

administration was monthly or every 3 or 4 months as per 
patient’s choice (Figure 1).

ELISpot assay

To monitor antigen-specific immune responses, we performed 
the ELISpot assay using the human interferon (IFN)-γ 
ELISpotPLUS kit (Mabtec, Nacka Strand, Sweden).13 Briefly, 96- 
well plates with nitrocellulose membranes (Millipore, Molsheim, 
France) were pre-coated with primary anti-IFN-γ antibody 
(1-DIK) overnight at 4 ºC. The plates were then pre-reacted 
with RPMI medium containing 10% fetal bovine serum (FBS; 
Invitrogen). For HLA-A-positive groups, pulsed TISI cells (stimu
lators; 2 × 104) were incubated with each epitope peptide (10 μg/ 
ml), the human immunodeficiency virus (HIV)-specific peptide 
(ILKEPVHGC, 10 μg/ml), or the HIV-specific peptide 
(RYLRDQQLL, 10 μg/ml) and responder cells (from 2 × 104 to 
2.5 × 103/well) in a total of 200 μl/well at different stimulator/ 
responder cell ratios for 24 h in triplicate. Stimulation with phor
bol 12-myristate 13-acetate (PMA, 25 ng/ml; Sigma-Aldrich, 
St. Louis, MO) plus ionomycin (500 pM; Sigma Aldrich) was 
used as a positive control for T-cell activity. For HLA- 
A-negative groups, responder cells (2 × 104/well) were incubated 
with each epitope peptide (10 μg/ml) or HIV-specific peptide 
(10 μg/ml) in a total of 200 μl/well without antigen-presenting 
cells for 24 h in triplicate, using PMA+ ionomycin as a positive 
control. Cells were treated with biotinylated secondary anti-IFN-γ 
antibody (7-B6-1) for 2 h. Then, they were incubated with horse
radish peroxidase and stained with 3,3ʹ,5,5ʹ-tetramethylbenzidine 
(TMB; Mabtech). Immunospots were quantified with the 
ImmunoSpot S4 auto-analyzing system (Cellular Technology 
Limited). Antigen-specific T-cell response was quantified accord
ing to our original evaluation tree algorithm. In brief, peptide- 
specific spots were the average of triplicates calculated by 
subtracting the HIV peptide-pulsed well from the immunized 
peptide-pulsed well. Then, antigen-specific T-cell response was 
classified into four grades (-, +, ++, and +++) depending on the 
number of peptide-specific spots and invariability of peptide- 
specific spots at different stimulator/responder cell ratios. When 
the algorithm indicated +, ++, or +++ at either the 5th or 10th 

vaccine administration, we judged it as positive.

Data collection and statistical analysis

Predictive and prognostic factors were analyzed using the uni- 
and multi-non-parametric Cox hazard method, and Kaplan– 

Table 1. Epitope peptides and their expression profile in clinical samples.

Positivity IHC % Positivity IHC %
Epitope peptide derived from target gene Peptides Cervical Cancer Ovarian Cancer

URLC10 – A*0201-10-211 LLLASIAAGL 94 N/A
HIG2-A*0201-9-4 VLNLYLLGV 100 83
VEGFR1-A*0201-9-770 TLFWLLLTL N/A N/A
VEGFR2-A*0201-9-773 VIAMFFWLL N/A N/A
FOXM1-A*2402-9-262 IYTWIEDHF 84 67
MELK-A*2402-9-87-7 N EYCPGGNLF 93 33
HJURP-A*2402-9-408 KWLISPVKI 89 85
VEGFR1-A*2402-9-1084 SYGVLLWEI N/A N/A
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Meier curves were analyzed using the log-rank method. Stat 
View J 5.0 (SAS, NC, US) and R 3.3.1 software were used for 
Kaplan–Meier curve and OS univariate and multivariate ana
lyses by the Cox proportional hazard model.

Hazard risk for OS was analyzed by univariate and multivariate 
non-parametric proportional hazard tests in various subgroups: 
age (<50 years versus ≥50 years), ECOG-PS (0 versus 1 and 2), 
tumor size (<2.0 cm, 2.0–10.0 cm, and >10.0 cm), baseline ANC 
(<5000/mm3 versus ≥5000/mm3), baseline peripheral lymphocyte 
count (<2000/mm3 versus ≥2000/mm3), neutrocyte-to- 
lymphocyte ratio (NLR),39 platelet-to-lymphocyte ratio (PLR),40 

baseline C-reactive protein (CRP) value (0 versus]0–2.0[or ≥2.0), 
HLA*A subtype (A*0201 versus A*2402), disease (OC versus CC), 
histological subtype in CC (squamous cell carcinoma versus ade
nocarcinoma), histological subtype (high-grade serous carcinoma 
versus others), and dermatologic reactions (positive [1+, 2+, 3+] 
versus negative). Data were collected and accumulated by the data 
manager in a file with accessible anonymization. Data were mon
itored by a third-party academic research organization (ARO), 
Captivation Network (http://ccpvc.org/; Kou Obara, MD, PhD).

Results

Patient accrual

From October 1, 2010 to March 31, 2016, 230 patients had an 
appointment (149 OC, 76 CC, 1 primary peritoneal cancer, and 2 
other cancers). In the CC02 group, the accrual was five patients; 
these patients had no treatment-related adverse events and the 
phase 1 trial has been completed.15 In the CC24, OC02, and OC24 

groups, the accrual was 15, 16, and 30, respectively (Figure 2). 
Observation was continued up to April 30, 2018; four patients 
were still alive with disease.

Patient characteristics

Of the 66 patients included in the study, two received only one 
vaccine administration because they could not visit our hospital 
due to disease progression (deterioration of PS). Therefore, adverse 
events were analyzed in 64 patients. Finally, tumor response was 
analyzed by ir-RECIST in 35 patients with OC and 15 patients with 
CC using multidetector CT. OS was analyzed in all 66 patients.

Patient characteristics are shown in Table 2. Most had previously 
received multiple treatments, and the median number of previous 
chemotherapy regimens was 5 and 3 in patients with OC and CC, 
respectively. The frequency of PS 0 was 31/46 (67.4%) among 
patients with OC and 16/20 (80%) among patients with CC. In 
patients with OC, the most common tumor subtype was high- 
grade serous carcinoma (32/46 [69.6%]), followed by clear-cell carci
noma (7/46 [15.2%]). In patients with CC, the most common tumor 
subtype was squamous cell carcinoma (11/20 [55%]), followed by 
adenocarcinoma (including a special subtype of adenosquamous 
carcinoma and gastric-type adenocarcinoma; 9/20 [45%]).

Toxicity profile

No hematologic adverse events other than lymphocytopenia 
were observed (Table 3). Peripheral lymphocyte counts decreased 
in 43/64 (67.2%) patients, including 10 patients with hematologic 
toxicities over G3 (15.6%). No anemia was observed.

Figure 1. Schema of the process of protocol treatment: Vaccination intervals and number of administrations (adm.): After classification of patient groups, peptides 
vaccination was performed in three phases. First, twelve weekly administrations were initiation phase. Next eight administrations were biweekly adm up to 20 as 
maintenance A phase. Further 8 adm were monthly adm (maintenance B). After A and B maintenance, further adm was performed every 3–4 month as patients’ needs. 
Maximum number of administrations was 48 times.
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As for non-hematologic toxicities, some dermatologic reac
tions such as pain, itching, redness, swelling, induration, and 
ulceration, were detected. Five out of 64 (7.8%) patients had G3 
ulceration and needed treatment by a dermatologist. Fifty-one 
out of 64 (79.7%) patients had adverse events over G1.

Response to treatment

All patients with measurable disease were evaluated by CT at 
every 9th administration. Tumor response was assessed using 
the RECIST version 1.1 and ir-RECIST, and only a few patients 
with small lesions or peritoneal disease were evaluated by 
positron emission tomography–CT. Tumor response is illu
strated by spider plots (Figure 3(a–d)). There were fluctuations 
in tumor size (first an increase, followed by a gradual decrease 
in size), indicating an immune response to the tumor.

Figure 4(a–i,l) shows a representative case of the OC02 group 
(case OC0209). At baseline, four targets were detected without non- 

target lesion. However, TGT-2, which was initially thought to be 
a metastatic tumor of the mesenterium, was finally proven to be the 
small intestine. TGT-1 and TGT-4 had disappeared, and TGT-3 
alone decreased and remained small (response rate: 76.4%).

The best response is illustrated by waterfall plots (Figure 5 
(a–b)). Among the 35 patients with OC, 1 had CR, 7 had PR, 21 
had stable disease (SD), and 6 had progressive disease (PD). 
The response rate was 22.9% ([1 CR + 7 PR]/35), and disease 
control rate was 82.9% (29/35). Among the 15 patients with 
CC, 0 had CR, 3 had PR, 9 had SD, and 3 had PD. The response 
rate was 20% (3 PR/15) and disease control rate was 80.0% (12/ 
15) (Figure 5(a–b)). The red line indicates a 20% increase of the 
sum of target lesions and the green line indicates a 30% 
decrease. SD is shown in the area between the red and green 
lines. PD is shown above the red line, and PR is shown below 
the green line. Each patient was followed for 28 days or more.

Figure 2. Diagram of patients’ accrual: eligible patients and evaluable patient’s numbers. Most of the ineligible patients were prior lines were small and other lines could 
be received, higher ANC, worse PS, brain metastases, other double cancer. There were only 12 patients who had different HLA-A*loci. All patients must be outpatient not 
in hospital. CC0201 group had not accrual for 6 patients.

Table 2. Patients’ characteristics.

OC (46) CC (20)

AGE median(range) 57 (36–75) SCC ADC
51(41–62) 46(27–72)

PS 0 31 7 9
PS 1 11 4 0
PS 2 4 0 0
Prior CT median (Max- Min) 5 (1–14) 3 (2–5)
Prior RT 6 19
CCRT 1 9
Molecular agents 4 1
Immuno-therapy 2 2
Hormone therapy 1 0
HG-S 32 NA
EMC 5 NA
MCA 2 NA
CCC 7 NA
SCC NA 11
ADC (1ADSQ,1GAS) NA 9

Abbreviations:: OC: ovarian caner, CC: cervical cancer, CT: chemotherapy, RT: 
radiotherapy, CCRT: concurrent chemo-radiotherapy, HG-S: high grade serous 
carcinoma, EMC: endometrioid carcinoma, MCA: mucinous carcinoma, CCC: 
clear cell carcinoma, SCC: squamous cell carcinoma, ADC: endocervical type 
adenocarcinoma, ADSQ: adeno-squamous carcinoma, GAS: gastric type.

Table 3. Hematologic and non-hematologic toxicity profiles concerning peptide 
vaccine (NCI-CTCAE v.3.0).

NCI-CTC v3.0 G0 G1 G2 G3 G4 G5

Hematologic
HB 64 0 0 0 0 0
WBC 64 0 0 0 0 0
ANC 64 0 0 0 0 0
LYM 24 13 22 8 2 0
PLT 64 0 0 0 0 0

Non-Hematologic
GI 64 0 0 0 0 0
ABP 64 0 0 0 0 0
Dia 64 0 0 0 0 0
Nau 64 0 0 0 0 0
Pneumo 64 0 0 0 0 0
Hepatic 64 0 0 0 0 0
Renal 63 1 0 0 0 0
Ileus 64 0 0 0 0 0
HSR 63 1 0 0 0 0
DR 13 41 5 5 0 0
General Fatigue 59 3 1 0 0 0
HT 64 0 0 0 0 0
Prot U 54 8 2 0 0 0
Fluid retention 59 0 3 2 0 0

Abbreviations; HB: hemoglobin, GI: gastro-intestinal toxicity, ABP: abdominal 
pain, Dia; diarrhea, Nau: nausea, Pneumo: pneumonitis, Hepatic: hepatic dys
function, Renal: renal dysfunction, HSR: hypersensitive reactions, DR: dermato
logic reactions, HT: hypertension, Prot U: protein urea
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OS

There were no significant differences in OS by age, residual tumor 
burden, baseline ANC (an indicator of preserved bone marrow 
function), peripheral lymphocyte count (an indicator of the general 
cellular immune status), serum globulin status (an indicator of liquid 
immune function [data not shown]), and disease type or subtype. 
Baseline CRP, baseline ECOG-PS, and treatment-related dermatolo
gic reactions affected the OS (Figure 6(a–d)).

Sub-analyses

There were no significant associations among patient age, 
residual tumor burden, HLA-A* subtype, histological sub
type, and baseline ANC, peripheral lymphocyte count, NLR, 
and PLR. PS, negative baseline CRP, and treatment-related 
dermatologic reactions were strongly associated with pro
longed median OS (mOS) (Figure 7). mOS was longer in 
patients with PS0 than in those with PS1 or PS2 (8.79 months 
versus 1.32 months, respectively; log-rank test; p < .0001, 
hazard ratio [HR]: 0.03, p = 1.5 × 10−5, 95% confidence 
interval [CI]: 0.005–0.13). Patients with OC with lower CRP 
level had longer mOS than those with higher CRP level 
(19.0 months versus 3.0 months, respectively; log-rank; 
p = .0016, HR: 0.33, 95% CI: 0.16–0.68). Patients with CC 
without or with dermatologic reactions (over G1) had an 
mOS of 3.3 months versus 21.2 months, respectively (log- 
rank test; p = .0065, HR: 6.4, 95% CI: 1.39–29.24); in patients 
with OC, it was 1.4 months versus 17.7 months (log-rank test; 
p < .0001, HR: 14.5, 95% CI: 4.84–43.48).

PS, baseline CRP level, and dermatologic reactions were 
significantly associated with OS (HR: 0.03, 6.04, and 0.23, 
respectively).

Age at baseline, ANC, and absolute lymphocyte count, 
which might relate to the preservation of bone marrow func
tion, were not associated with longer mOS. Baseline NLR and 
PLR also showed no significant association with OS.

As for the histological subtype, among patients with CC, 
those with adenocarcinoma had an HR of 0.83, which was 
better than that of patients with squamous cell carcinoma, yet 
not significantly so. In patients with OC, high-grade serous 
carcinoma showed better response than other subtypes.

As for tumor burden in the initiation phase, patients with 
smaller tumors tended to have better OS, yet not significantly 
so (Figure 7).

Immunological evaluation

Twenty-two out of 23 patients were included in the immunologi
cal analysis (a sample was not taken from one patient). The 
ELISpot assay revealed that only 1/22 of patients showed no 
immunological response, despite dermatologic reactions (Table 4 
(a–c), Table 5, Table 6). Some patients were not tested, and some 
had peripheral blood mononuclear cell deterioration. At baseline, 
5/22 (23%) of patients were already positive for the antigens 
(epitope peptides). As for VEGFRs, 4/12 (33%) of patients were 
positive for epVEGFR1 but not for epVEGFR2. After vaccination, 
the positive rate for epitope peptides was 50% for epURLC10, 82% 
for epHIG2, 100% for epFOXM1, 100% for epMELK, 17% for 
epHJURP, 73% for epVEGFR1, and 64% for epVEGFR2. 

Figure 3. Individual fluctuations of response assessed by CT according to ir-RECIST (spider plots).: 3-a: CC with HLA-A*0201, 3-b: CC with HLA-A*2402, 3-c: OC with HLA- 
A*0201, 3-d: OC HLA-A*2402. Red line showed 20% increase and green line was 30% decrease. Some cases firstly increased but decreased in tumor size. Most of the 
cases gradually increased and died of the disease. Few cases showed CR and PR and maintain disease growth and lived longer than expected.
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Sequential analysis of activated CTL revealed two cases of 
decreased-activated CTL count for epHIG2. One patient received 
general anesthesia for surgery (lymph-venous anastomosis in 
lower limb). There were no other noteworthy events.

Discussion

In advanced gynecological cancer, only complete tumor resec
tion is curative. Even in chemo-sensitive tumors such as high- 
grade serous carcinoma of the ovary and squamous cell 

Figure 4. Figures 4-a, b, c, d, e, f, g, h, i, and l demonstrated representative case of OC0209. At baseline, 4 targets were detected without non-target lesion, but the TGT-2 
which was thought to be metastatic tumor of mesenterium at first was not the target and proved to be small intestine. The TGT-1 and TGT-4 had disappeared, and TGT-3 
alone decreased and remained small (response rate = 76.4%).

ONCOIMMUNOLOGY 7



carcinoma of the cervix, complete cure by chemotherapy, 
radiotherapy, or computer-controlled radiotherapy is impossi
ble in advanced stages. However, theoretically, the human 
cellular immune system should be able to eliminate tumors 

completely. We conducted cancer vaccination trials in patients 
with chemoresistant-advanced and persistent OC or CC using 
tumor-specific neo-antigens, such as epitope peptides obtained 
from essential genes of driver pathways of surviving tumor 

Figure 5. Best response rate of each patients (water fall plots). Red line showed 20% increase and green line was 30% decrease. 5-a: OC group: yellow bar was HLA- 
A*0201 and blue bar was HLA-A*2402. 5-b: CC group. Response was complete response (CR) and partial response (PS). Disease control rate (DCR) was CR+PR+SD (stable 
disease). Responding period was not considered. It seemed that CR+PR cases demonstrated HLA-A*0201.
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cells, which are usually expressed on the tumor cell membrane 
by HLA-A. These peptides are restricted by HLA-A*0201 or 
HLA-A*2402, and are disease-specific (i.e., they are not 
expressed in normal cells, except in the testes). The presence 
of HLA-A* subtypes such as A*2402 and A:0201 were 60% and 
20% in Japanese population. That is, 80% of Japanese people 
express HLA-A*0201 or HLA-A*2402. In men, the use of 
peptides restricted by HLA-A*0201 or HLA-A*2402 could 
compromise the testicular function. However, they were good 
candidates for gynecological cancer. It is very important to 
note that the genes selected are essential to proliferation, 
metastasis, mitosis, angiogenesis, and stemness, and are 
involved in salvage pathways after several treatments, as 
reported in our previous paper.15

Hematologic toxicities

Hasegawa et al. performed a study in a small number of 
patients with CC and reported a lack of efficacy and a high 
frequency of anemia.41 On the contrary, our previous phase 1 
trial and a phase 2 trial involving 20 patients with CC and 46 
patients with OC revealed no cases of anemia related to the 
peptide vaccines.

Lymphocytopenia, which was not detected in small phase 1 
studies, was detected in this phase 2 trial. The peripheral 
lymphocyte count decreased during treatment, and was 
decreased further with each successive vaccine administration 
in some patients. However, it did not affect OS (Figure 7). We 
speculate that during the initial immune response of vaccina
tion, peripheral T cells are mobilized to sensitized lymph nodes 

Figure 6. Overall Survival rate: Kaplan-Meier Curve (Logrank method). 6-a: Stratification by C-reactive protein level at baseline (BL). 6-b: Stratification by ECOG- 
Performance status (PS) at BL in OC. 6-c: Stratification by PS and HLA-A*subtypes in CC.6-d: Stratification by DR positivity and HLA-A*subtypes in OC.Figure 6-a 
demonstrated stratification of HLA subtypes and serum CRP levels (<2.0 and 2.0� at baseline) and from this results CRP at baseline was predictive biomarker of this 
PV.6-b and 6-c showed Kaplan-Meier Curves stratified ECOG PS (PS = 0 versus PS = 1 and PS = 2) status at baseline. Figure 6-b was in OC, and 6-c demonstrated the 
Kaplan-Meier Curve in CC.In both group, PS = 0 at baseline demonstrated good OS than that of PS = 1 and 2. Figure 6-d showed the OS stratified with dermatologic 
responses (DR) positive and negative during administrations of PV. DR positive showed good OS than that of DR negative in OC. In CC group, DR negative showed only 
one case (CC2402) and no statistical study made sense.
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or the thymus; then, they are educated to detect epitope pep
tides by dendritic cells and grow into activated CTLs. Next, 
they move into systemic circulation and travel to tumors by 
homing to targets (epitope peptides expressed on the tumor 

cell membrane by HLA-A*), where activated CTLs attack 
tumor cells selectively. Targets also support new angiogenic 
endothelium cells. In some patients, the peripheral lymphocyte 
count recovered. Neither baseline NLR not PLR predicted 

Figure 7. From the cox proportional multi variate HR analysis, ECOG performance status (PS) and CRP value at baseline (BL) were the predictive value of this therapy, and 
the dermatologic reactions (DR) expression was the prognostic factor. Performance Status (PS) and C-reactive protein level (CRP) at baseline, and positivity of 
dermatologic reactions (DR) during courses were significantly related overall survival time and HR was 0.03, 6.04, and 0.23, respectively. Age at baseline, ANC, and 
absolute lymphocytes count which might relate to preservation of bone marrow function showed no relation to longer mOS. As immunological affects, neutrophil-to- 
lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) at baseline were not significant relationship to overall survival time.Histological subtypes were assessed 
both CC and OC. In CC, adenocarcinoma (ADC) group showed hazard ratio 0.83 and looks like better than squamous cell carcinoma (SCC) but not significant (nearly 
equal to SCC) in statistics. In OC, HG-S showed better response in this therapy than others.As for tumor burden at initiation, the tendency that smaller in size, better OS, 
but not significant statistically

Figure 8. In 54 patients were assessed out of 65 patients. 27 patients had been already positive at baseline. After administrations of vaccination, one patient did not 
express during protocol treatment (CC0201). In these patients of cohorts, the positivity of ELISPOT assay for any peptides were 50% of accrual patients. After adm of 
vaccine therapy, one patient remained negative, but she had dermatologic reactions.
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Figure 9. Peripheral blood lymphocytes (PBLs) obtained from each case after each administration of vaccination were cultured in recombinant interleukin 2 (rIL-2) for 
14 days with 2 times of each peptide stimulation. The cultured lymphocytes were subjected to the ELISPOT assay after deletion of CD4-poitive cells by magnetic beads. 
TISI cell were incubated with responder cells in the presence of each peptide or HIV peptide as irrelevant control, and the spot counts were quantified. The cultured 
lymphocytes were analyzed with HLA-A*2402 or 0201 specific pentamer in the combination with CD8 and CD3 mAbs with flow cytometry. The value of pentamer 
(+)/CD8 (+) among CD3(+) cells was shown. R/S, responder/stimulator.
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response or OS. However, both NLR not PLR increased at 2 or 
4 weeks before deterioration of PS. The role of peripheral 
lymphocytes should be investigated in future studies.

Furthermore, heavily treated patients usually have bone 
marrow suppression, including loss of monocytic stem cells. 
In such patients, rapid mobilization of peripheral T cells was 
facilitated after vaccination. However, there was not enough 
supply or there was a delay in the supply from the bone 
marrow (damage of the monocytic pathway), so peripheral 
T cells might be depleted during the early vaccine administra
tions. From these findings, immuno-preservation ability might 
be assessed by counting peripheral lymphocytes. Patients with 
fewer peripheral lymphocytes showed shorter OS than those in 
the non-depleted group (4.93 months versus 14.5 months, 
respectively; HR: 0.77, 95% CI: 0.269–0.80, p = .0057, log- 
rank test; p = .007) (Supplemental Figure 1).

Non-hematologic toxicities

Dermatologic reactions comprised redness, pain, swelling, 
induration, and skin changes such as scaling and ulceration 

at injection sites. Dermatologic reactions were assessed by 
NCI-CTC version 3.0. Dermatologic reactions were 
a prognostic factor of prolongation of OS of peptide vaccine 
therapy (Figures 6(d), 7).

As for fluid retention (pleural effusion and ascites), they 
were difficult to discriminate from disease progression or 
adverse events. Because both factors (disease progression 
and adverse events) were confounding, it would be important 
to compare the speed of retention of fluid in patients with 
BSC and the progression of fluid retention in patients treated 
with peptide vaccines. We identified some patients in the OC 
group, but not in the CC group, in whom retention was 
possibly accelerated (three of G2, and two of G3, out of five 
patients in total). This might be caused by VEGFR1 and 
VEGFR2 blockade using our epVEGFR1 and epVEGEFR2 
peptides. VEGFs are expressed by tumor cells because their 
microenvironment is usually hypoxic. We speculate that the 
positive feedback of hypoxia might decrease the expression of 
VEGFRs, which might facilitate VEGF secretion from tumor 
cells. Unfortunately, this could not be confirmed, because we 
did not evaluate serum VEGF-A levels.

Table 4a. CC 0201 and 2402: ELISPOT positivity in all case (Baseline and total most strong intensity during protocol treatment).

BL Total(intensity) BL Ttal Int BL Total Int BL Total BL Total In BL Total Int BL

URLC10 URLC10 HIG2 HIG2 FOXM1 FOXM1 MELK MELK HJURP HJURP R1 R1 R2

CC0201 0 0 0 0
CC0202 0 1 0 3
CC0203 0 0 0 3
CC0204 0 1 0 2
CC0205 0 0 0 3
CC2401 0 3 3 3 1 0
CC2402 0 3 1 1 2 0
CC2403 NT NT 0 1 0 0
CC2404 0 3 0 3 0 0
CC2405 0 3 1 3 0 2
CC2406 0 3 0 3 0 0
CC2407 0 1 0 1 0 1
CC2408 NT
CC2409 1 3 0 3 1 1
CC2410 0 3 1 3 1 1
CC2411 NT
CC2412 0 3 0 3 1 1
CC2413 0 3 0 3 0 1
CC2414 1 1 0 1 0 0
CC2415 NT

Table 4b. OC 0201: ELISPOT positivity in all case (Baseline and total most strong intensity during protocol treatment).

BL Total(intensity) BL Ttal Int BL Total Int BL Total BL Total In BL Total Int BL Total Int

URLC10 URLC10 HIG2 HIG2 FOXM1 FOXM1 MELK MELK HJURP HJURP R1 R1 R2 R2

OC0201 3 3 1 3 0 0
OC0202 0 3 2 3 0 1
OC0203 0 2 1 3 0 1
OC0204 0 3 0 3 0 1
OC0205 0 3 3 0 2
OC0206 0 0 2 1 0 1
OC0207 0 3 3 3 0 3
OC0208 3 3 3 3 0 2
OC0209 0 3 2 3 0 3
OC0210 0 3 3 3 0 2
OC0211 0 3 3 2 0 0
OC0212 NT　 NT
OC0213 0 2 1 3 0 3
OC0214 1 3 3 3 1 3
OC0215 NA　 3 1 3 0 0
OC0216 1 0 0 0 1 0

12 S. TAKEUCHI ET AL.



Response to treatment

Generally, it is important to save cost and medical resources, for 
which it is necessary to identify the cohort of responders to treatment. 
In this study, predictive and prognostic factors were ECOG-PS (less 
than PS1) and CRP level (less than 0.02 ng/ml) before treatment and 
dermatologic reactions at the injection site, respectively. Other factors 
such as age, tumor burden, adenocarcinoma in patients with CC, and 
high-grade serous carcinoma in patients OC tended to prolong 
survival, yet not significantly so (Figure 7). High levels of ANC and 
absolute lymphocyte counts were also not significantly associated 
with OS. Adenocarcinoma had poorer prognosis than squamous 
cell carcinoma.42 However, in this study, adenocarcinoma showed 
etter response than expected. Longer survivors showed fluctuating 
results (Figure 3(a–d)), and at the end of the study period, three 
patients were still alive with disease. The response rate was 20.0% in 
patients with CC and 22.9% in patients with OC. The disease control 
rate was 80% in patients with CC and 82.9% in patients with OC 
(Figure 5(a–b)). The response rates were similar to those of ICIs.

Immunological examination

Immunological examination showed that nearly half of patients in 
this cohort already had activated CTLs (Figure 8, 9). It is well known 
that irradiated patients recruit many onco-antigens in circulation, so 
that the PDL-1 inhibitor, pembrolizumab, is effective after 
irradiation,43 especially hypofractionated radiation therapy. 
However, we selected genes that are not expressed in normal organs 
other than the testes.15 Therefore, there were nearly no severe adverse 
events. On the other hand, ICIs are not tumor-specific, and several 
immune-related adverse events might occur.

In this protocol, the administration intervals had been set in 
a logarithmic interval to avoid the immunologic tolerance in 
maintenance phase. As a result, the immune tolerance had not 
been identified in this vaccination schedule.

Secondly, unknown depletion of CTL for epHIG2 had been 
detected the other patient. This case had showed other acti
vated CTLs for epVEGFR1 and R2 had been detected. This 
suggests that the tumor cells (or microenvironment cells) 
expressing HIG2 (in other words, activated HIF-1 alpha path
way of epithelial mesenchymal transition [EMT]) would be 
eliminated by peptide vaccines with HIG2-sensitive CTLs and 
the VEGF pathway would be facilitated as a salvage pathway to 
survive hypoxia). Concerning the hypoxia, from the microen
vironment point of view, especially in OC, the tendency of 
ascitic fluid retention which is usually caused by VEGF had 
been accelerated during these peptide vaccines. Concomitant 
administration with VEGF inhibitor, bevacizumab, might be 
decrease such fluid retention stated above and dual attacks for 
VEGF pathway would be anticipated in this peptide vaccine 
therapy for OC. Further preliminary study of concomitant use 
of ICIs and VEGF inhibitor would be necessary.

Thirdly, the inflammation had suppressed activation of 
CTLs. From the results of the expression of serum CRP, 
which is the surrogated marker of inflammation, high CRP 
patients showed shorter OS than CRP-negative patients. 
Inflammation usually accompanies with Treg expression and 
the Treg supposed to be suppressed-activated CTLs. Therefore, 
concurrent administration of such ICIs might overcome this 
resistance by regulatory T cells.

Predictive biomarkers were good performance status (PS 0 
by ECOG) and low serum CRP (<0.2 mg/dl) before 

Table 4c. OC 2402: ELISPOT positivity in all case (Baseline and total most strong intensity during protocol treatment).

URLC10 URLC10 HIG2 HIG2 FOXM1 FOXM1 MELK MELK HJURP HJURP R1 R1 R2 R2

BL Total(intensity) BL Ttal Int BL Total Int BL Total BL Total In BL Total Int BL Total Int

OC2401 0 3 0 3 0 0 0 0 0 0
OC2402 0 3 0 3 0 1 0 1 0 1
OC2403 NT NT NT NT NT NT NT NT NT NT
OC2404 0 2 0 2 0 0 0 2 0 1
OC2405 1 3 1 3 1 0 0 0 0 0
OC2406 0 3 0 3 2 1 0 0 0 0
OC2407 2 3 0 3 0 0 0 0 0 2
OC2408 1 3 0 3 0 1 0 3 1 0
OC2409 0 1 0 1 0 0 1 1 0 0
OC2410 0 3 0 3 0 1 0 0 0 0
OC2411 1 0 0 0 0 0 0 1 1 0
OC2412 0 3 0 3 0 0 0 0 0 0
OC2413 0 3 0 1 0 0 0 0 0 0
OC2414 NT NT NT NT NT NT NT NT NT NT
OC2415 0 1 0 2 1 1 0 0 0 0
OC2416 1 3 0 3 1 1 0 1 1 0
OC2417 0 1 0 1 1 1 0 0 0 1
OC2418 0 3 0 3 0 1 0 2 1 0
OC2419 0 3 1 3 1 1 0 1 1 0
OC2420 0 3 0 3 0 1 0 0 0 1
OC2421 2 3 1 3 0 0 0 0 0 0
OC2422 0 2 1 3 1 0 1 0 0 1
OC2423 1 NA 1 NA 0 NA 0 NA 0 NA
OC2424 NA NA NA NA NA NA NA NA NA NA
OC2425 NA NA NA NA NA NA NA NA NA NA
OC2426 NA NA NA NA NA NA NA NA NA NA
OC2427 NA 0 1 1 0 0
OC2428 0 NA 0 NA NA NA 0 NA NA NA
OC2429 NA NA NA NA NA NA NA NA NA NA
OC2430 NA NA NA NA NA NA NA NA NA NA
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administration, and the prognostic biomarker was earlier 
expression of dermatologic reactions after peptide 
administration.

All peptides we used were derived from the actionable genes of 
treatment-resistant tumor cells and their micro-environmental 
endothelial cells, which were essential to survive the tumor under 
chemotherapy or radiotherapy. Thus, these peptides may be appro
priate and absolute markings to notice the targets to activated CTLs 
and the CTLs can be performed pin-point attack to the cancer cells or 
tumor-induced microenvironmental vascular endothelial cells. The 
expression of these epitope peptides had not identified except testis, 
thus, for women, normal cells (normal tissue) did not receive attacks 
and the adverse events related to these vaccination treatments 
depressed at minimal extent.

Limitation of this treatment was that peptide vaccines would not 
be suitable for first line treatment or maintenance treatment after first 
line. Because, in the first-line therapy, the driver genes pathways are 
thought to be still main streams like usual MAPK cascade pathway 
(EGFR–RAS–RAF–MEK–ERK) pathway, PIK3CA–mTOR–AKT– 
S6 pathway, HGF–cMET–STAT3, and other salvage pathways (Fas 
ligand–FAS, Wnt–beta-catenin–Frizzled, Wnt–calcium) would not 
have induced just after surgery. Only when, after down-regulation of 
major driver gene pathway by chemotherapy or computer-controlled 
radiotherapy and inhibition of repairing pathway like BRCAness by 
PARP inhibitors, our peptide vaccines would be effective to eliminate 
the residual tumor cells. The secondary limitations were suppression 
by Treg with acquired inflammation or increase of VEGF secretion 
from tumor cells after using VEGFR1 and VEGFR2 antibodies. The 
former limitation would be overcome by using an anti-regulatory 
T-cell treatment and the latter would be overcome by using an anti- 
VEGF-A antibody.

Summary

Our multiple epitope peptide vaccines targeted genes in resistant/ 
refractory OC and CC as precision medicine. Using the intrinsic 
immune system, the activated CTLs attack and destroy the tumor 
cells without severe adverse events. The limitations were attenuation 
by regulatory T cells with acquired inflammation or increased VEGF 
secretion from tumor cells. Further clinical study of peptide vaccines 
in combination with ICIs and/or an anti-VEGF antibody such as 
bevacizumab will be mandatory.

In conclusion, for patients with heavily treated, recurrent, 
and resistant OC and CC, peptide vaccines were safe and 
effective for disease control. Peptide vaccines might provide 
a promising therapeutic alternative to treat cancer.
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