Received: 4 July 2019 | Revised: 18 September 2019

Accepted: 27 September 2019

DOI: 10.1111/cas.14206

ORIGINAL ARTICLE

Cancer Science Ri4in=a%

Efficacy of the NCCV Cocktail-1 vaccine for refractory
pediatric solid tumors: A phase | clinical trial

Yu Akazawa'?

| Ako Hosono® | Toshiaki Yoshikawa' | Hide Kaneda* |

Chika Nitani® | JunichiHara®> | Yoshiaki Kinoshita® | Kenichi Kohashi’ |
Atsushi Manabe® | Miki Fukutani’ | Masashi Wakabayashi’ | Akihiro Sato’ |

Kayoko Shoda® | Manami Shimomura®' | Shoichi Mizuno! | Yasunari Nakamoto? |

Tetsuya Nakatsura!

!Division of Cancer

Immunotherapy, Exploratory Oncology
Research and Clinical Trial Center, National
Cancer Center, Kashiwa, Japan

2Second Department of Internal
Medicine, Faculty of Medical

Sciences, University of Fukui, Eiheiji-cho,
Japan

3Division of Pediatric Oncology, National
Cancer Center Hospital East, Kashiwa, Japan

“Division of Pediatric Oncology, National
Cancer Center Hospital, Tokyo, Japan

5Department of Pediatric Hematology and
Oncology, Osaka City General Hospital,
Osaka, Japan

%Department of Pediatric Surgery, Kyushu
University Hospital, Fukuoka, Japan

’Department of Anatomic
Pathology, Graduate School of Medical
Sciences, Kyushu University, Fukuoka, Japan

8Department of Pediatrics, Hokkaido
University, Sapporo, Japan

?Clinical Research Support Office, National
Cancer Center Hospital East, Kashiwa, Japan

Correspondence

Tetsuya Nakatsura, Division of Cancer
Immunotherapy, Exploratory Oncology
Research and Clinical Trial Center, National
Cancer Center, Kashiwa, Japan.

Email: tnakatsu@east.ncc.go.jp

Abstract

Pediatric refractory solid tumors are aggressive malignant diseases, resulting in an
extremely poor prognosis. KOC1, FOXM1, and KIF20A are cancer antigens that could
be ideal targets for anticancer immunotherapy against pediatric refractory solid tu-
mors with positive expression for these antigens. This nonrandomized, open-label,
phase | clinical trial evaluated the safety and efficacy of the NCCV Cocktail-1 vac-
cine, which is a cocktail of cancer peptides derived from KOC1, FOXM1, and KIF20A,
in patients with pediatric refractory solid tumors. Twelve patients with refractory
pediatric solid tumors underwent NCCV Cocktail-1 vaccination weekly by intrader-
mal injections. The primary endpoint was the safety of the NCCV Cocktail-1 vac-
cination, and the secondary endpoints were the immune response, as measured by
interferon-r enzyme-linked immunospot assay, and the clinical outcomes including
tumor response and progression-free survival. The NCCV Cocktail-1 vaccine was well
tolerated. The clinical response of this trial showed that 4 patients had stable disease
after 8 weeks and 2 patients maintained remission for >11 months. In 4, 8, and 5
patients, the NCCV Cocktail-1 vaccine induced the sufficient number of peptide-spe-
cific CTLs for KOC1, FOXM1, and KIF20A, respectively. Patients with high peptide-
specific CTL frequencies for KOC1, FOXM1, and KIF20A had better progression-free
survival than those with low frequencies. The findings of this clinical trial showed that
the NCCV Cocktail-1 vaccine could be a novel therapeutic strategy, with adequate ef-
fects against pediatric refractory solid tumors. Future large-scale trials should evalu-
ate the efficacy of the NCCV Cocktail-1 vaccination.

Abbreviations: CR, complete response; CT, computed tomography; DLT, dose-limiting toxicity; ELISPOT, enzyme-linked immunospot; GPC3, glypican-3; HLA, human leukocyte antigen;
IFN, interferon; IL, interleukin; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; PS, performance status; SD, stable disease.

Akazawa and Hosono contributed equally to this work.

Clinical Trial Registration Number: Unique ID issued by UMIN: UMIN0O00010149. Scientific Title: Phase 1 study of peptide cocktail vaccine for patients with refractory pediatric

sarcoma. The name of the trial register: Ako Hosono.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2019 The Authors. Cancer Science published by John Wiley & Sons Australia, Ltd on behalf of Japanese Cancer Association.

3650 | wileyonlinelibrary.com/journal/cas

Cancer Science. 2019;110:3650-3662.


www.wileyonlinelibrary.com/journal/cas
https://orcid.org/0000-0002-8030-7373
mailto:﻿
https://orcid.org/0000-0003-3918-2385
http://creativecommons.org/licenses/by-nc/4.0/
mailto:tnakatsu@east.ncc.go.jp

AKAZAWA ET AL.

Funding information

The National Cancer Center Research,
Grant/Award Number: Development Fund
under Grant (25-A-7 and 28-A-8); Health
and Labor Science Research Grants

KEYWORDS

phase |

1 | INTRODUCTION

Pediatric solid tumors are relatively rare, affecting approximately
100 people per million in the United States. In Japan, pediatric solid
tumors, excluding those of the central nervous system, account for
30%-40% of total pediatric cancer cases, with an estimated onset of
750-1000 cases per year.? For these tumors, multidisciplinary therapy
with chemotherapy, radiation therapy, and surgery have become stan-
dard treatment and improved prognoses.3 However, for patients with
pediatric refractory solid tumors, there are no standard treatments
following the second therapy, and the prognosis remains extremely
poor.*® Long-term exposure to chemotherapy and radiotherapy could
cause serious late complications in pediatric patients.”'° Therefore,
novel and effective therapies are urgently required to improve their
life prognoses while maintaining good quality of life.

Immunotherapy could be an effective therapeutic strategy for
pediatric solid tumors. Specific tumor antigens, such as disialogan-
glioside, glycoprotein B7 homolog 3 protein, glycoprotein nonmeta-
static B, and Wilms tumor antigen have been identified as effective
targets for peptide vaccine therapy in pediatric solid tumors.!**?
Some previous studies reported that immunotherapeutic methods
using tumor antigen-derived peptide vaccines had an antitumor
effect on refractory pediatric solid tumors.***” We previously re-
ported relatively positive clinical effects of GPC3-derived peptide
vaccine therapy in patients with refractory pediatric solid tumors,
especially hepatoblastoma.*® However, to obtain more robust immu-
nological effects and improve the prognosis of refractory pediatric
solid tumors, more effective novel cancer antigens are needed.

Cancer antigens KOC1, FOXM1, and KIF20A are all associated
with cancer cell proliferation, development, and response to various
growth factors.}”2¢ KOC1 has been shown to be highly expressed in
esophageal cancer,’ FOXM1 in breast,?° Iung,21 and colon?? cancers,
and KIF20A in pancreatic,23 gastric,24 Iung,25 and bladder?® cancers.
In addition, previous reports have shown that each peptide-spe-
cific CTL clones for KOC1, FOXM1, and KIF20A specifically attacks
HLA-A24-positive cancer cell lines that endogenously express their
antigens.27'29 However, there are no reports on the expression of
KOC1, FOXM1, or KIF20A in pediatric solid tumors. We found that
all 3 of these cancer antigens are highly expressed, with a frequency
of 80% or higher, in patients with pediatric solid tumor, including
neuroblastoma, Ewing sarcoma, rhabdomyosarcoma, and osteosar-
coma. Therefore, KOC1, FOXM1, and KIF20A might be good targets
for anticancer immunotherapy against pediatric solid tumors. We
identified HLA-A*24:02-restricted KOC1 (s-448403), HLA-A*24:02-
restricted FOXM1 (OSTGC-A24-Fo), and HLA-A*24:02-restricted
KIF20A (OCV-105) as peptides with binding ability to HLA-A24,
which is the most common HLA class type in Japan.
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cytotoxic T lymphocyte, NCCV Cocktail-1, pediatric refractory solid tumor, peptide vaccine,

We undertook this phase | clinical trial of the NCCV Cocktail-1
vaccine, a cocktail of the above cancer peptides derived from
KOC1, FOXM1, and KIF20A, against refractory pediatric solid
tumors. This study aimed to evaluate the vaccine’s safety, toler-
ability, recommended phase Il dose, and immunologic and clinical
responses.

2 | MATERIALS AND METHODS

2.1 | Patient eligibility

This phase | clinical trial, carried out from March 2013 to December
2014, was approved by the Ethics Committee of the National Cancer
Center, Japan (Tokyo, Japan), the Ethics Committee of Osaka City
General Hospital (Osaka, Japan), and the Ethics Committee of
Kyushu University Hospital (Fukuoka, Japan). This study conformed
to the ethical guidelines of the 1975 Declaration of Helsinki. The trial
was registered with the University Hospital Medical Information
Network Clinical Trials Registry (UMIN-CTR no. 000010149).
Patients with refractory pediatric solid tumors who provided
informed written consent were enrolled. The following eligibility
criteria were applied: (i) diagnosis of neuroblastoma, Ewing sar-
coma, rhabdomyosarcoma, or osteosarcoma on the basis of his-
tological examinations; (ii) no expectation of response to other
therapies; (iii) age between 1 and 40 years; (iv) an ECOG-PS of
0-1 (2-3 was possible if caused only by motion restriction, ie, neu-
rological disorder or extremity loss); (v) no prior therapy within a
specific period (chemotherapy within 3 weeks, radiation therapy
within 2 weeks, or surgery within 1 week); (vi) life expectancy of
3 months or more; (vii) HLA-A*24:02-positive status as determined
using commercially available genomic DNA typing tests (Mitsubishi
Chemical Medicine); and (viii) establishment of the following labo-
ratory results within 14 days: neutrophil count 21000/pL; platelets
>50 000/pL; serum creatinine adjusted according to age, <0.8 mg/
dL (<5 years), <1.2 mg/dL (5-10 years), <1.5 mg/dL (10-40 years);
total bilirubin <1.5 mg/dL; aspartate aminotransferase <200 IU/L
(or <400 IU/L with liver metastasis); and alanine aminotransferase
<200 IU/L, (or <400 IU/L with liver metastasis). Patients aged less
than 15 years required written informed consent from the legal
guardian, those aged 16-19 years required written informed con-
sent from both the patient and the legal guardian, and those aged
20 years or more required written informed consent only from the
patient. The following exclusion criteria were applied: (i) massive
pleural effusion, massive ascites, or severe pericardial effusion; (ii)
active double cancer or secondary cancer within 5 disease-free
years of primary cancer; (iii) clinically serious infection requir-

ing systemic treatment; (iv) active gastrointestinal bleeding that
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requires blood transfusion; (v) severe complications, including car-
diac failure, renal failure, live failure, interstitial pneumonia, para-
lytic ileus, or uncontrolled diabetes mellitus; (vi) severe psychiatric
disorder; (vii) history of severe medical allergy; (viii) pregnancy
or lactation; (ix) judged inappropriate for the trial by a responsi-
ble researcher; and (x) unsuitability for the trial based on clinical

judgment.

2.2 | Study design and endpoints

This nonrandomized, open-label, phase | clinical trial evaluated
the safety and efficacy of the NCCV Cocktail-1 vaccine in pediat-
ric patients with refractory solid tumors. HLA-A*24:02-restricted
KOC1 peptide (5-488403), HLA-A*24:02-restricted FOXM1 pep-
tide (OTSGC-A24-Fo), and HLA-A*24:02-restricted KIF20A pep-
tide (OCV-105) (all supplied by PolyPeptide Laboratories) were
used in all enrolled patients with HLA-A*24:02. These peptides
were given in liquid form, emulsified with incomplete Freund's ad-
juvant (Montanide ISA-51VG; SEPPIC), by intradermal injection
weekly until disease progression or recurrence. The peptides and
incomplete Freund’s adjuvant were synthesized according to Good
Manufacturing Practice guidelines. Administration of the two in-
cremental doses of the peptide per patients’ body weight (less than
20 kg, total 6.0 mg for every 2.0 mg of the 3 peptides; more than
20 kg, total 3.0 mg for every 1.0 mg of the 3 peptides) was planned.
The primary endpoint was the safety of the NCCV Cocktail-1 vac-
cination. The secondary endpoints were immunologic response and

clinical outcome, including PFS.

2.3 | Evaluation of toxicity and clinical response

Enrolled patients were evaluated for signs of toxicity during and
after vaccination. Adverse events were graded according to the
Common Terminology Criteria for Adverse Events version 4.0. The
hematological examinations were undertaken prior to each vaccina-
tion. The tumor size was evaluated by CT or MRI before vaccination,
and then every 8 weeks after the first vaccination. Clinical tumor re-
sponse was evaluated according to RECIST guidelines (version 1.1).

2.4 | Exvivo IFN-y ELISPOT assay

An ex vivo IFN-y ELISPOT assay was carried out to measure the
antigen-specific CTL response, as described previously.*° Briefly,
a peripheral blood sample (10 mL) was obtained from each pa-
tient before the first vaccination and every month after the first
vaccination, and centrifuged with a Ficoll-Paque gradient. The
PBMCs obtained from enrolled patients were frozen before im-
munologic analysis. All PBMCs were incubated in the same plate
and simultaneously analyzed by ex vivo IFN-y ELISPOT assay.
Noncultured PBMCs (5 x 10° per well) were added to each plate
containing 1 type of the peptide antigen (10 ug/mL) and incubated
for 20 hours at 37°C in 5% CO,. The peptide antigens used in this
assay were HLA-A*24:02-restricted KOC1 peptide (5-488403),

HLA-A*24:02-restricted FOXM1 peptide (OTSGC-A24-Fo), and
HLA-A*24:02-restricted KIF20A peptide (OCV-105); each of these
was included in each plate. The PBMCs plus HLA-A*24:02-re-
stricted HIV peptide (RYLKDQQLL; Prolmmune) were used as the
negative control. The number of spots was automatically calcu-
lated by the Eliphoto system (Minerva Tech) using the BD ELISPOT
kit (BD Biosciences). These assays were carried out in duplicate.
Each peptide-specific spot number showed the number of each
peptide-specific spot counted by subtracting the spot numberin a

well of HIV peptide.

2.5 | Invitro IFN-y ELISPOT assay

We undertook an in vitro IFN-y ELISPOT assay to further evalu-
ate the induction of peptide-specific CTLs. The PBMCs obtained
from enrolled patients were cultured (1 x 10% cells per well) with
all 3 peptides (10 pg/mL each peptide): HLA-A*24:02-restricted
KOC1 peptide (5-488403), HLA-A*24:02-restricted FOXM1 pep-
tide (OTSGC-A24-Fo), and HLA-A*24:02-restricted KIF20A peptide
(OCV-105) in RPMI-1640 medium added to 10% FBS, recombinant
human IL-2 (50 IU/mL) and IL-15 (10 ng/mL) for 14 days. Thereafter,
CD8" T cells were isolated using human CD8 microbeads (Miltenyi
Biotec) from the above PBMCs that were stimulated with all 3 pep-
tides for 14 days. The T2-A24 cells, pulsed with each of the same 3
peptides, were prepared as target cells. The T2-A24 cells pulsed with
HLA-A*24:02-restricted HIV peptide (RYLKDQQLL; Prolmmune)
were used as negative control. The isolated CD8" T cells were co-
cultured with each target cell for 20 hours at 37°C in 5% CO,, in
which the ratio of effector and target cells was 0.2. The number of
spots was automatically calculated by the Eliphoto system (Minerva
Tech) using the BD ELISPOT kit (BD Biosciences). These assays were
carried out in duplicate. Then each peptide-specific spot number
showed the number of each peptide-specific spot counted by sub-
tracting the spot number in a well of HIV peptide. In some patient
PBMC:s, an in vitro IFN-y ELISPOT assay was also undertaken based
on another protocol, in which the PBMCs were stimulated with only
1 of each peptide per well for 14 days.

2.6 | Dextramer staining and flow
cytometry analysis

The PBMCs stimulated with these 3 peptides were stained with
HLA-A*24:02 Dextramer-RPE (KOC1 [S-488403], FOXM1 [OTSGC-
A24-Fo], KIF20A [OCV-105], or HIV [RYLKDQQLL]; Immudex)
for 10 minutes at room temperature, and with anti-CD8-FITC
(Prolmmune) for 20 minutes at 4°C. For PBMC staining, flow cytom-
etry was carried out using a FACSAria cell sorter (BD Biosciences).

2.7 | Immunohistochemical analysis

In 9 patients from whom tumor specimens were obtained by sur-
gery or biopsy, the immunohistochemical staining analysis was car-
ried out before vaccination. The specimens were stained with H&E,
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mAbs against KOC1 (clone 69.1, dilution 1:100; Dako Cytomation),
mAbs against FOXM1 (clone rabbit polyclonal, dilution 1:300; Santa
Cruz Biotechnology), mAbs against KIF20A (clone rabbit polyclonal,
dilution 1:1000; Bethyl Laboratories), or HLA class | (clone EMR8/5,
dilution 1:2500; Hokudo) according to manufacturer protocol.

2.8 | Statistical analysis

Relationships between the histological expression of cancer anti-
gens, induction of peptide-specific CTLs, and clinical response were
analyzed using Fisher's exact test. The PFS rates were analyzed
using the Kaplan-Meier method. Factors related to PFS were evalu-
ated using Cox proportional hazard models. All statistical analyses
were undertaken using R software version 3.1.2 (R Foundation for
Statistical Computing, http://www.R-project.org). Statistical signifi-
cance was defined by a P value less than .05.

3 | RESULTS

3.1 | Patients’ characteristics

Twelve patients were enrolled in this study (Table 1). No patient
dropped out due to adverse events caused by peptide vaccina-
tion, and all patients received adequate observation to monitor
toxicity. The median follow-up period was 14.9 months (range,
0.3-20.9 months). The average patient age was 18.0 years (range,
7-32 years), 7 patients were male, and 11 had an ECOG-PS of 0; only
1 (case 2) had an ECOG-PS of 1. Of 12 patients, 3, 2, 5, and 2 pa-
tients were diagnosed with neuroblastoma, Ewing sarcoma, rhabdo-
myosarcoma, and osteosarcoma, respectively. Additionally, prior to
vaccination, 4, 6, and 2 patients were judged as having progression,
SD, and remission, respectively. All 12 patients underwent conven-
tional chemotherapy, radiation therapy, or surgery before receiving
the NCCV Cocktail-1 vaccine therapy. All had experienced progres-
sion or relapse of the disease (1-3 times) prior to enrollment. Two pa-
tients were judged as having remission in their clinical status before
vaccination. One (case 10) received long-term exposure to conven-
tional chemotherapy and radiotherapy for the first recurrent lesion
of rhabdomyosarcoma (several lymph node metastases and retrop-
eritoneal tumors); biopsy and PET-CT confirmed that the patient’s
clinical status was remission. In another case (case 12), surgery and
conventional chemotherapy were undertaken for the first recurrent
lung metastasis of osteosarcoma, and the loss of the lesion was con-
firmed by CT.

3.2 | Histological expression of KOC1, FOXM1,
KIF20A, and HLA class | in pediatric solid tumors

In 9 patients with tissue specimen samples obtained by biopsy or sur-
gery, we histologically evaluated the expression of KOC1, FOXM1,
KIF20A, and HLA class | in pediatric solid tumors before vaccination
by immunohistochemical staining analysis (Table 2). Of these 9 pa-
tients, 6 (66.7%), 6 (66.7%), and 7 (77.8%) showed positive expression
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for KOC1, FOXM1, and KIF20A, respectively. Additionally, in 4
(44.4%) patients, positive expression for all cancer antigens (KOC1,
FOXM1, and KIF20A) was observed. As a representative sample, the
staining patterns of cases 10 and 12 are shown in Figure 1A,B, re-
spectively. As shown, the 3 antigens of KOC1, FOXM1, and KIF20A
were present in the cytoplasm and cell membrane of tumor cells in
both cases 10 and 12. However, there were some cases in which the
expression of these cancer antigens was almost negative. The posi-

tive expression of HLA class | was observed in only 2 (22.2%) cases.

3.3 | NCCV Cocktail-1 vaccine was well tolerated

Adverse events observed in this trial are listed in Table S1. Dose-
limiting toxicity was evaluated in 10 of 12 patients, and neither DLT
nor dose-specific adverse events were observed. Of the 12 pa-
tients, adverse events related to the receipt of the NCCV Cocktail-1
vaccine therapy during the follow-up period were observed in 10
(83.3%) patients; 10 (83.3%) and 3 (25.0%) patients showed grade 1
and 2 adverse events, respectively. Specifically, the 3 patients who
showed grade 2 adverse events were case 7 (fatigue), case 10 (injec-
tion site reaction), and case 12 (neutropenia). Additionally, 1 patient
(case 1) showed an increase in alanine aminotransferase (grade 3),
which could have been caused by fatty liver disease, a comorbidity in
this patient. The patient was conservatively managed and improved
following treatment with ursodeoxycholic and glycyrrhizic acid.
No grade 4 adverse events were observed. Although other grade
3 adverse events (case 4, back pain; case 7, thrombocytopenia and
anemia) were observed, they were judged to be unrelated to the vac-
cination. Most patients experienced immune-related events (grade
1 or 2), such as injection site reaction, drug fever, rash or flushing,

pruritus, and fatigue.

3.4 | NCCV Cocktail-1 peptide vaccine could induce
peptide-specific CTLs

To determine whether the NCCV Cocktail-1 vaccine could induce
a cancer antigen-specific CTLs response, PBMCs obtained from 11
patients (excluding case 2) before and after vaccination were exam-
ined by ex vivo and in vitro IFN-y ELISPOT assay. To eliminate reac-
tions due to impurities contained in the peptide, the difference from
the number of spots against HIV peptide was counted as the number
of peptide-specific spots for KOC1, FOXM1, and KIF20A.

In case 10, in the ex vivo IFN-y ELISPOT assay, the number of each
peptide-specific CTLs in 5 x 10° PBMCs did not increase in KOC1,
FOXM1, or KIF20A (Figure S1A). However, as shown in Figure S1B,
in the in vitro IFN-y ELISPOT assay in case 10, the number of each
peptide-specific CTLs in 5 x 10° PBMCs increased in all 3 cancer an-
tigens; the maximum was from 0 to 42 for KOC1, 0 to 37 for FOXM1,
and O to 39 for KIF20A. We also undertook in vitro Dextramer
analysis on case 10, and confirmed that, for FOXM1 and KIF20A,
Dextramer-positive cells of CD8* lymphocytes were present in the
PBMCs, in which the number of peptide-specific CTLs increased in
in vitro IFN-y ELISPOT assay (Figure S1C). For KOC1, as the results
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TABLE 2 Histological expression in pediatric solid tumors and induction of peptide-specific CTLs

Expression in pediatric solid tumor®

Peptide-specific CTL induction”

Number of antigens with

No. KOC1 FOXM1 KIF20A HLAclass | KOC1
1 + + + - +

2 NA NA NA NA NA
3 + + - + +

4 = = + = =

5 + - - - -

6 + + + - -

7 NA NA NA NA -

8 NA NA NA NA =

9 - - + - -
10 + + + - +
11 - + + - -
12 + + + + +

tumor expression that in-

FOXM1 KIF20A duced peptide-specific CTLs
+ + 3
NA NA NA
+ +

= = 0

+ -

+ +

- - NA
+ = NA
- - (0]

+ + 3

+ - 1

+ + 3

+, CTL frequencies 210 after vaccination; -, CTL frequencies <10 after vaccination.
2Expression of KOC1, FOXM1, KIF20A, and human leukocyte antigen (HLA) class | was determined by immunohistochemistry. Degree of staining of
tumor cells for them: -, no reactive; +, diffuse or focal reactive; NA, not analyzed.

PEvaluated by ex vivo and in vitro IFN-y enzyme-linked immunospot assays.

of the Dextramer analysis did not match those of the ELISPOT anal-
ysis, we judged that a nonspecific reaction was observed.

In case 12, in the ex vivo IFN-y ELISPOT assay, the number of
each peptide-specific CTL in 5 x 10° PBMCs increased in FOXM1
and KIF20A; the maximum was from O to 11 for FOXM1 and O to
21 for KIF20A (Figure 2A). In the in vitro IFN-y ELISPOT assay in
case 12, the number of each peptide-specific CTL in 5 x 10° PBMCs
increased in all 3 cancer antigens; the maximum was from 5 to 15 for
KOC1, 0 to 236 for FOXM1, and 0 to 12 for KIF20A (Figure 2B). In
the in vitro Dextramer analysis of case 12, similar results with case
10 were obtained (Figure 2C).

In cases 10 and 12, in which the induction of these peptide-spe-
cific CTLs were obtained, the histological expression before vaccina-
tion was positive in KOC1, FOXM1, and KIF20A, and the remission
status was maintained over a long period of time.

We suspected that when the number of these CTLs increased
to 10 or more after vaccination by either ex vivo or in vitro ELISPOT
assay, the peptide-specific CTLs could be adequately induced by
vaccination. As shown in Tables 2 and S2, we clarified that 4 (36.4%),
8 (72.7%), and 5 (45.5%) patients obtained adequate induction of
the peptide-specific CTLs from KOC1, FOXM1, and KIF20A, respec-
tively. Four (36.4%) patients obtained adequate induction of the

peptide-specific CTLs from all 3 cancer antigens.

3.5 | Clinical response

Patient clinical responses are shown in Table 3. Tumor response
was evaluated 8 weeks after the first vaccination according to the
RECIST guidelines (version 1.1). In 6 and 4 patients with SD and pro-

gression in clinical status before vaccination, respectively, 3 and 1

patients were judged to have SD, respectively, after 8 weeks. No
patient had CR or PR. Of 2 patients with remission in clinical status
before vaccination, both remained in remission (maintaining remis-
sion). The total rate of disease control (CR + PR + SD) and maintain-
ing remission after 8 weeks was 50.0%, with a median time to tumor
progression of 2.22 months. Also, some small lesions, especially the
small multiple bone metastatic lesions in case 7, diminished or disap-
peared 8 weeks after the first vaccination. Two patients (cases 3 and
4) died during the follow-up period, and the cause of their death was
judged to be not related to vaccination therapy by the effect and

safety evaluation committee.

3.6 | Histological expression of KOC1, FOXM1, and
KIF20A in pediatric solid tumor correlated with
induction of each peptide-specific CTL

We examined the histological expression of KOC1, FOXM1, and
KIF20A before vaccination in 9 patients, and evaluated the associa-
tion between the histological expression and induction of peptide-
specific CTLs by these 3 antigens (Table S3). For KOC1, among 6
patients with histologically positive expression of KOC1, 4 patients
showed the induction of KOC1-specific CTLs, whereas all 3 patients
with histologically negative expression of KOC1 failed to show the
induction of KOC1-specific CTLs. For FOXM1, all 6 patients with
histologically positive expression of FOXM1 showed the induc-
tion of FOXM1-specific CTLs. Among 3 patients with histologically
negative expression of FOXM1, 2 patients did not show the induc-
tion of FOXM1-specific CTLs. For KIF20A, among 7 patients with
histologically positive expression of KIF20A, 4 patients showed
the induction of KIF20A-specific CTLs. Finally, among 2 patients
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(A) Case 10 : Rhabdomyosarcoma

H&E

H&E

KOCT1: Positive FOXM1: Positive

Case 12 : Osteosarcoma

with histologically negative expression of KIF20A, 1 patient did not
show the induction of KIF20A-specific CTLs. These results suggest
that if the expression of these 3 cancer antigens was histologically
positive before vaccination, each peptide-specific CTL could be
sufficiently easy to induce, and if the expression was histologically
negative before vaccination, each peptide-specific CTL might be
barely induced (P = .033, Fisher's exact test).

3.7 | Induction of each peptide-specific CTL
resulted in better tumor response

Next, of 9 patients in whom the histological expression of KOC1,
FOXM1, and KIF20A were assessed before vaccination, the associa-
tion between the induction of peptide-specific CTLs in these 3 can-

cer antigens and tumor response at 8 weeks after first vaccination

HLA class I: Negative

KIF20A: Positive

HLA class I: Positive

KIF20A: Positive

SRR

FIGURE 1 Hematoxylin-eosin staining,
and immunohistochemical staining of
human leukocyte antigen (HLA) class |,
KOC1, FOXM1, and KIF20A on tumor cells
before vaccination in cases 10 and 12 of
refractory pediatric solid tumor. A, In case
10, diagnosed with rhabdomyosarcoma,
the positive expression of KOC1,

FOXM1, and KIF20A (brown) are shown

in the cytoplasm and the cell membrane
of tumor cells as confirmed by H&E
staining. The expression of HLA class |
was negative in those cells. B, In case 12,
diagnosed with osteosarcoma, the positive
cells of HLA class |, KOC1, FOXM1, and
KIF20A (brown) are shown in most of the
tumor cells as confirmed by H&E staining.
Magnification, x100 or x200

e TS
SN

was evaluated (Table S4). In KOC1, 4 patients who showed induc-
tion of KOC1-specific CTLs were judged to have SD or maintain-
ing remission as tumor response after 8 weeks. In contrast, among
5 patients who failed to show induction of KOC1-specific CTLs, 4
patients had PD after 8 weeks. In KIF20A, 5 patients who showed
induction of KOC1-specific CTLs were judged to have SD or main-
taining remission as clinical response after 8 weeks. In contrast,
4 patients who failed to show induction of KOC1-specific CTLs
had PD after 8 weeks. On evaluation of the relationship between
these 3 cancer antigens, 4 patients who showed the induction of
peptide-specific CTLs for all cancer antigens (KOC1, FOXM1, and
KIF20A) were judged to have SD or maintaining remission after
8 weeks. Among the remaining 5 patients, 4 had PD after 8 weeks.
Therefore, our results suggest that adequate induction of pep-
tide-specific CTLs in KOC1 alone, KIF20A alone, and all 3 cancer
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TABLE 3 Clinical response of patients with pediatric solid tumor
Sum of target lesion diameters® (mm),

No. Tumor response® before/after vaccination No. of vaccinations® PFS (mo) OS (mo)
1 SD 54.2/56.2 33 3.71 >20.86
2 PD 51.0/NA 1 0.26 >0.26
3 SD 36.6/41.0 16 3.71 6.97
4 PD 137.7/223.1 9 0.95 7.52
5 PD 22.1/38.4 10 2.10 >17.35
6 SD 23.2/24.6 13 2.33 >17.15
7 SD 29.0/25.0 16 5.16 >16.99
8 PD 20.5/47.0 5 0.95 >16.30
9 PD 30.6/56.2 2 0.43 >15.93
10 Maintaining remission 0.0/0.0 33 >12.91 >13.83
11 PD 39.1/68.3 8 0.92 >11.86
12 Maintaining remission 0.0/0.0 31 11.07 >11.40

Abbreviations: NA, not available; OS, overall survival; PD, progressive disease; PFS, progression-free survival; SD, stable disease.
2Evaluated 8 wk after the first vaccination according to the RECIST guideline assessment. In cases where remission status was sustained after vacci-

nation, tumor response was defined as maintaining remission.
PEvaluated before and 8 wk after the first vaccination.
“Total number of injections of NCCV Cocktail-1.

antigens correlated significantly with tumor response after 8 weeks
(P =.048, P=.008, and P = .048, respectively, Fisher’s exact test).

3.8 | Progression-free survival correlated with 3
peptide-specific CTL frequencies

In 9 patients (except cases 2, 7, and 8) in whom the histological ex-
pression of KOC1, FOXM1, and KIF20A were assessed before vac-
cination, we evaluated the relationship between induction of these
peptide-specific CTLs and PFS (Figure 3). As shown in Figure 3B-D,
in each KOC1, FOXM1, and KIF20A, we compared PFS among the
3 groups; remission group in clinical status, SD/PD group with CTL
induction (peptide-specific CTL frequencies 10 or more), and SD/
PD group with no CTL induction (peptide-specific CTL frequencies
less than 10). In all 3 antigens of KOC1, FOXM1, and KIF20A, we
suggested that the remission group had better PFS compared to the
other groups, which was a reasonable result due to background dif-
ferences. In addition, in KOC1 and KIF20A, a Kaplan-Meier analysis
showed that the SD/PD group with CTL induction had significantly
better PFS compared with the SD/PD group with no CTL induction
(P =.040 and P = .017, respectively, log-rank test).

We also compared PFS among the 3 groups; remission group in
clinical status (n = 2), SD/PD group with 2 or more antigens with
tumor expression that induced peptide-specific CTLs (n = 3), and
SD/PD group with 1 or fewer antigen with tumor expression that
induced peptide-specific CTLs (n = 4) (Figure 3A). We found that,
in SD/PD groups with clinical status (n = 7), patients with 2 or more
antigens with tumor expression that induced peptide-specific CTLs
(n = 3) had sufficiently better PFS than patients with less than 1
antigen with tumor expression that induced peptide-specific CTLs
(n=4) (P =.017, log-rank test). In addition, in the SD/PD group with

2 or more antigens with tumor expression that induced peptide-spe-
cific CTLs (n = 3), all had SD in tumor response. Therefore, these
results suggested that patients with more antigens that induced
peptide-specific CTLs could have better clinical responses, including
tumor response and PFS.

We also evaluated the clinical factors in relation to PFS for en-
rolled patients (n = 12) before vaccination using Cox proportional
hazard models (Table S5). We have shown that in prevaccination,
clinical status was the factor closely associated with PFS (P = .04).
We considered that having better PFS in the remission group was
a reasonable result due to background differences. Next, we eval-
uated the factors in relation to PFS after vaccination (Table 4). We
showed that, in all patients, the number of antigens with tumor ex-
pression that induced peptide-specific CTLs was significantly asso-
ciated with PFS (P < .01). In addition, we found that in all patients,
excluding 2 remission cases (cases 10 and 12), the number of anti-
gens with tumor expression that induced peptide-specific CTLs was

the most important factor in relation to PFS (P < .05).

4 | DISCUSSION

This study showed the safety and efficacy of the NCCV Cocktail-1
vaccine, a cocktail of cancer peptides derived from KOC1, FOXM1,
and KIF20A, in 12 patients with refractory pediatric solid tumors.
All enrolled patients (weight, 20 kg or more) received 6.0 mg (2.0 mg
of each peptide) of the NCCV Cocktail-1 vaccination. Dose-limit-
ing toxicity was not observed in any patient, and all therapy-related
adverse events were grade 1 or 2, except in 1 case. Recent phase
| clinical trials of other therapeutic strategies for pediatric solid

tumors reported DLT and adverse events of grades 3 or 43132 |
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FIGURE 3 Kaplan-Meier curves for progression-free survival (PFS) among patients with refractory pediatric solid tumors vaccinated with
NCCV Cocktail-1. A, In the number of cancer antigens, the PFS by Kaplan-Meier analysis was compared among 3 groups: remission group

(n = 2) (green line), stable disease (SD)/progression (PD) group with 22 antigens that induced peptide-specific CTLs (n = 3) (red line), and SD/
PD group with <1 antigen that induced peptide-specific CTLs (n = 4) (black line). B-D, In KOC1 (B), FOXM1 (C), and KIF20A (D), the PFS by
Kaplan-Meier analysis was compared among 3 groups: remission group (green line), SD/PD group with CTL frequencies 210 (red line), and

SD/PD group with CTL frequencies <10 (black line)

comparison, the NCCV Cocktail-1 vaccination was well tolerated.
Therefore, the peptide doses used in this study are recommended
for a future clinical trial.

Previous studies reported that KOC1, FOXM1, and KIF20A
showed positive expression in various malignant diseases, including
esophageal, breast, lung, colon, pancreatic, stomach, and bladder
cancers.’?® However, to the best of our knowledge, no study has
evaluated the expression of these cancer antigens in pediatric solid
tumors. Therefore, prior to this trial, we evaluated histological ex-
pressions of KOC1, FOXM1, and KIF20A in pediatric solid tumors
using immunohistochemical staining analysis. Specifically, the ex-
pression of KOC1, FOXM1, and KIF20A was examined in 5 patients
with neuroblastoma, 5 with Ewing sarcoma, 6 with rhabdomyosar-
coma, and 5 with osteosarcoma. Thus, positive expression of KOC1
and FOXM1 was confirmed in all 21 patients with these cancers.
Moreover, KIF20A expression was positive in 20 of these patients,
except in 1 case of neuroblastoma (unpublished data). In the present
study, in 9 patients in whom tissue specimens were available by sur-
gery or biopsy before vaccination, histological evaluation of KOC1,
FOXM1, and KIF20A expression showed positive expression in 6
(66.7%), 6 (66.7%), and 7 (77.8%) patients, respectively. Additionally,
4 (44.4%) patients had positive expression of all 3 of these cancer

antigens. Furthermore, histologically positive expression of KOC1,
FOXM1, and KIF20A in pediatric solid tumors was correlated with
induction of each peptide-specific CTL (Table S3). In 4 patients with
positive expression for all 3 cancer antigens, the clinical responses
after 8 weeks showed SD or maintaining remission. Therefore, the
positive expression of these cancer antigens could play an important
role in inducing peptide-specific CTLs and obtaining better clinical
response through the NCCV Cocktail-1 vaccination. That is, KOC1,
FOXM1, and KIF20A could be effective targets for immunotherapy
in other malignant diseases in which the positive expression of these
cancer antigens have been reported, including esophageal, breast,
lung, colon, pancreatic, gastric, and bladder cancers.

We also evaluated the expression of HLA class | in this study.
HLA class | expression was histologically positive in just 2 (22.2%)
patients. We previously reported that, in a phase | trial of GPC3 pep-
tide vaccine in pediatric solid tumors, only 3 (27.3%) of 11 patients
with pediatric solid tumors, excluding hepatoblastoma, showed posi-
tive expression of HLA class | in primary tumors before vaccination.?®
Thus, some pediatric solid tumors might show poor expression of
HLA class I, which could result in the suppression of the effect of
immunotherapy, including peptide vaccine therapy.?’g'35 However,

in this study, even if the HLA class | expression was histologically
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TABLE 4 Factors relating to progression-free survival (PFS) in patients with pediatric refractory solid tumors after vaccination with

NCCV Cocktail-1

All patients (n = 11 for (1); n = 9 for (2), (3), and (3)’)

Excluding 2 remission cases (cases 10 and 12)

No. of patients Median PFS (mo) HR P value
(1) No. of antigens that induced peptide-specific CTLs
0 8 0.95 1.00 -
1 3 0.95 3.10 .281
2 1 2.33 1.19 .894
3 4 7.39 0.23 114
(2) No. of antigens with tumor expression
1 3 0.95 1.00 —
2 2 2.31 0.24 .250
3 4 7.39 0.07 <.05

(3) No. of antigens with tumor expression that induced peptide-specific
CTLs

0 3 0.95 1.00
1 1 0.92 2.45
2 2 3.02 0.00
3 3 11.07 0.00

(3)' No. of antigens with tumor expression that induced peptide-specific
CTLs (0,1) vs (2,3)

PFS
<2.33 >2.33

01 4 0

23 o0 5

P<.01*

Bold indicate statistically significant values.
Abbreviations: —, reference group for P value; HR, hazard ratio.
*Analyzed by Fisher’s exact test.

negative, some cases had adequate induction of peptide-specific
CTLs and good clinical response following vaccination. Future evalu-
ation of HLA class | in pediatric solid tumors is necessary.

The primary endpoint of this study was safety of the vaccina-
tion. However, our results also indicated that cancer antigen-specific
CTLs had a crucial role in immunotherapy against KOC1, FOXM1,
and KIF20A. A correlation between immune response and OS was
not mentioned in a previous report of WT1 peptide vaccine in pedi-
atric solid tumors.”3¢ Recently, Tsuchiya et al reported that GPC3-
specific CTL frequency was significantly correlated with PFS and OS
in a phase | trial of GPC3 peptide vaccine therapy for pediatric solid
tumors.*® Similarly, clinical trials of a GPC3-derived peptide vaccine
undertaken in adult patients with hepatocellular and ovarian clear-
cell carcinomas have confirmed its safety and indicated correlations
between frequency of GPC3-specific CTLs and 05.57-4% In this study,
we found that patients with a higher number of cancer antigens
(KOC1, FOXM1, and KIF20A) that induced peptide-specific CTLs
by vaccination had better PFS. However, the results of this study
suggested that sufficient clinical response could not be obtained in

patients with refractory pediatric solid tumors who had progression

No. of patients Median PFS (mo) HR P value
(1) No. of antigens that induced peptide-specific CTLs
0 8 0.95 1.00 —
1 3 0.95 3.70 .235
2 1 2.33 1.44 .784
3 2 3.71 0.72 741
(2) No. of antigens with tumor expression
1 3 0.95 1.00 -
2 2 2.31 0.20 .213
3 2 3.02 0.16 .140

(3) No. of antigens with tumor expression that induced peptide-specific
CTLs

0 3 0.95 1.00
1 1 0.92 2.45
2 2 3.02 0.00
3 1 3.71 0.00

(3)’ No. of antigens with tumor expression that induced peptide-spe-
cific CTLs (0,1) vs (2,3)

PFS

<2.33 >2.33
01 4 0
23 0 3

P<.05

before vaccination. Therefore, significantly effective therapy in re-
fractory pediatric solid tumors with the NCCV Cocktail-1 vaccine
alone could be challenging. In the future, novel immunotherapies,
including those using immunomodulatory Abs and chimeric antigen
receptor T cells, could show better clinical response and improved
survival rates.*142

The presence of peptide-specific CTLs of KOC1, FOXM1, and
KIF20A was clearly evident in peripheral blood, providing proof-
of-concept for immunotherapy using cancer antigen-specific CTLs.
However, we did not confirm whether the peptide-specific CTLs in-
filtrated tumor cells after vaccination. A future study should deter-
mine the infiltration of peptide-specific CTLs following vaccination
by collecting tumor tissue specimens before and after vaccination
and comparing tumor-infiltrating lymphocytes. Additionally, by es-
tablishing peptide-specific T-cell clones with high affinity from the
infiltrated tumor tissues after vaccination, more effective immuno-
therapy might be developed, including T-cell receptor engineered T
cell therapy using T-cell receptors obtained from these CTL clones.

It is well known that patients with metastasis or refractory

pediatric solid tumors, including neuroblastoma, Ewing sarcoma,
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rhabdomyosarcoma, and osteosarcoma, have very poor progno-
sis.*® No standard therapy following the second therapy for these
refractory pediatric solid tumors has been established. Molecular
targeted drugs, including human anaplastic lymphoma kinase inhib-

itors such as crizotinib,**°

insulin-like growth factor-1 receptor in-
hibitor,** and Hedgehog inhibitors such as forskolin,*” have recently
attracted attention for their potential use in patients with refrac-
tory pediatric solid tumors. The Children’s Oncology Group (United
States) reported that the anti-GD2 Ab, in combination with gran-
ulocyte macrophage colony-stimulating factor and IL-2, resulted in
better clinical effects compared with standard treatment in patients
with high-risk neuroblastoma.*® Moreover, the Group reported that
mifamurtide combined with chemotherapy improved OS and PFS in
patients with osteosarcoma.*’ None of these novel therapies provide
a dramatic antitumor effect sufficient for establishing a standard
therapy. Furthermore, to our knowledge, no clinical trial of peptide
vaccine alone in patients with pediatric solid tumors has shown ad-
equate antitumor efficacy. It is possible that, in refractory pediatric
solid tumors, only 1 cancer antigen alone might be insufficient to
induce an antitumor response and incapable of evading the immune
escape mechanisms of cancer. We produced the NCCV Cocktail-1
vaccine, combining KOC1, FOXM1, and KIF20A, to obtain a more
robust antitumor effect. Other recent reports have also shown that
specific cocktail peptide vaccine therapies or peptide therapies
combined with chemotherapy could result in adequate antitumor
effects.’%>2 Although our results did not reveal the desired clinical
efficacy against refractory pediatric solid tumors, they indicate that
the NCCV Cocktail-1 vaccine might be an effective adjuvant therapy
in these patients.

In conclusion, the results of this phase | trial of the NCCV
Cocktail-1 vaccine suggest that the vaccine is safe and can induce
adequate immunological responses in patients with refractory
pediatric solid tumors. Additionally, we found that the induction
of peptide-specific CTLs by this vaccination could produce better
PFS. Thus, the NCCV Cocktail-1 vaccine could result in good clin-
ical benefits for patients with refractory pediatric solid tumors.
Currently, a phase I/lla clinical trial of the NCCV Cocktail-1 vac-
cine in patients with pediatric central nervous system tumors is

also ongoing.
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