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New kinds of anti-cancer drugs, such as molecular targeting drugs and antibody preparations, have
been developed in recent years and have come into clinical use. These new drugs have also contributed to
improve the clinical outcomes of patients with relatively early stages of cancers. However, sufficient
outcomes are not yet obtained in patients with advanced or recurrent cancers. Under these circumstances,
cancer demand for immunotherapies, particularly for vaccine therapies is increasing. Our cancer vaccine
division has been established in 1997, same as our institute, and we always lead cancer vaccine study in

Japan as well as in the world as a pioneer.

1. Progress in the current 20 years

The 1st term (1996-2000): Many antigenic peptides were identified and the first clinical trial of cancer
vaccine in Japan had been started.

The 2nd term (2001-2005): Personalized peptide vaccine therapy has been established.

The 3rd term (2006-2010): Personalized peptide vaccine for patients possessing pan-human leukocyte
antigen (HLA) types named “Pan-HLA type vaccine” has been established to overcome the HLA hurdle.
Clinical efficacy of cancer vaccines was demonstrated for the first time in the world by randomized control
trials. Personalized peptide vaccine for patients with castration-resistant prostate cancer was approved by a
new assessment system for innovative medical care (Sensin-iryo B) by the Ministry of Health, Labour and
welfare of Japan in 2008.

The 4th term (2011-2015): Two phase III clinical studies, the last stage of new drug application, of the
personalized peptide vaccination for patients with prostate cancer and malignant brain tumor
(glioblastoma) have been started. Investigator-initiated phase I and phase Ila clinical studies of peptide
cocktail vaccine, a next-generation of cancer vaccine, have also been conducted. “Cancer Vaccine Center”

for specialized clinical trials of cancer vaccines has been established in 2013.

2. Publication
We published xx papers (xx original articles and xx reviews) in international peer review journals for

the 4th term. Selected publications are shown in the list.
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3. Development of combination therapy

Clinical studies of combination therapies of the personalized peptide vaccine and other therapies are in
progress. Some of the traditional Chines herbal medicines, also called Kampo medicines, improve
immunity as well as general condition, which is often suppressed in cancer patients, and clinical trials of
combination therapy of peptide vaccine with Kampo medicines were conducted as randomized studies.
Clinical studies of other combination therapies, such as chemical (cyclophosphamide) depletion of

regulatory T cells and antibody therapy with anti-IL-6 are also underway.

4. From translational research to IND clinical research

Since the first clinical trial of peptide-based cancer vaccines in Japan was approved by the Ethics
Committee of Kurume University in 1999, many clinical trials of cancer vaccines has been conducted as
translational research. Two types of clinical studies involving peptide vaccines are currently ongoing; i.e.,
translational research, and investigational new drug application (IND) clinical research. As already
mentioned, two phase III IND studies, the last stage of new drug application, of the personalized peptide
vaccination for patients with prostate cancer and malignant brain tumor (glioblastoma) are conducted.
Investigator-initiated phase I and phase IIa IND studies of peptide cocktail vaccine, a next-generation of

cancer vaccine, have also been conducted.

5. Next 5-year term

We will continue our efforts to develop more effective cancer vaccines. Anti-tumor immunity is
regulated by several immune check point molecules such as PD-1 and PDL-1. We recently found that
PD-1 expression on circulating T cell subsets correlated prognosis of patients receiving cancer vaccine.
This fact suggests that PD-1may have several functions other than immune check point. We will
investigate the new functions of immune check point molecules and also develop combination therapies of
cancer vaccines and immune check point inhibitors. We will also investigate regulatory T cells (Treg) and
myeloid-derived suppressor cells (MDSCs) and develop new strategy to control the such regulatory cells.
Development of next generation of peptide vaccines including new formulation, new adjuvants, and new

dosing methods such as transdermal vaccination will be promoted.

6. Cancer vaccine center
Previously there were several outpatient clinics for cancer vaccines in Kurume University. These
outpatient clinics were integrated to one and “Cancer vaccine center” has been established in 2013. The

center promotes high quality of clinical trials of cancer vaccines with high level of safety.
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PD-1 expression on peripheral blood T-cell subsets correlates
with prognosis in non-small cell lung cancer

PD-1 expression in peripheral blood T-cells has been reported in several kinds of cancers, including lung
cancer. However, the relationship between PD-1 expression in peripheral blood T-cells and prognosis after
treatment with a cancer vaccine has not been reported. To elucidate this relationship, we analyzed PD-1
expression in the peripheral blood T-cells of patients with non-small cell lung cancer. The blood samples
used in this study were obtained from patients enrolled in phase II clinical trials of a personalized peptide
vaccine. Seventy-eight samples obtained before and after a single vaccination cycle (consisting of six or
eight doses) were subjected to the analysis. PD-1 was expressed on lymphocytes in the majority of samples.
The relative contents of PD-1*CD4* T-cells against total lymphocytes before and after the vaccination cycle
correlated with overall survival (OS) with a high degree of statistical significance (p<0.0001 and p=0.0014).
A decrease in PD-1*CD8* T-cells after one cycle of vaccination also correlated with longer OS (p=0.032).
The IgG response to the non-vaccinated peptides suggested that the epitope spreading seemed to occur more
frequently in high-PD-1*CD4* T-cell groups. Enrichment of CD45RACCR7- effector-memory phenotype
cells in PD-1* T-cells in PBMCs was also shown. These results suggest that PD-1 expression on the periph-
eral blood T-cell subsets can become a new prognostic marker in non-small cell lung cancer patients treated
with personalized peptide vaccination. (Waki K, et al., Cancer Sci., 105: 1229-1235, 2014)
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Personalized peptide vaccination for cervical cancer patients
who have received prior platinum-based chemotherapy

A feasibility study was performed to evaluate the immunological efficacy and safety of a personalized
peptide vaccine (PPV) for cervical cancer patients who have received platinum-based chemotherapy. Twen-
ty-four patients with standard chemotherapy-resistant cervical cancer, including 18 recurrent cases, were
enrolled in this study and received a maximum of 4 peptides based on HLA-A types and IgG levels to the
vaccine candidate peptides in pre-vaccination plasma. The parental protein expression of most of the vac-
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cine peptides was confirmed in the cervical cancer tissues. No vaccine-related systemic grade 3 or 4 adverse
events were observed in any patients. Due to disease progression, 2 patients failed to complete the first cycle
of vaccinations (6™ vaccination). Cytotoxic T-lymphocyte (CTL) or IgG responses specific for the peptides
used for vaccination were augmented in half of cases after the 1st cycle. The median overall survival was 8.3
months. Best clinical responses of the evaluable 18 cases consisted of 1 case with a partial response and 17
cases with progress disease; the remaining 6 cases were not evaluable. Performance status, injection site skin
reaction, and circulating PD-1*CD4+ T-cells were significantly prognostic of overall survival (OS), and
multivariate analysis also indicated that the performance status and circulating PD-17CD4* T-cells were
prognostic. Because of the safety, immunological efficacy, and possible prolongation of OS, further clinical
trials of PPV with more large-scale in advanced or recurrent cervical cancer patients who have received

prior platinum-based chemotherapy are recommended. (Kawano K, et al., Cancer Sci., 2015, in press)
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Phase I trial of a cancer vaccine consisting of 20 mixed pep-
tides in patients with castration-resistant prostate cancer:
dose-related immune boosting and suppression.

The heterogeneity expression of tumor-associated antigens (TAA) and variability of human T cell reper-
toire suggest that effective cancer vaccine requires induction of a wide breadth of cytotoxic T lymphocyte
(CTL) specificities. This can be achieved with vaccines targeting multiple TAA. We evaluated the safety and
immune dynamics of a cancer vaccine consisting of 20 mixed peptides (KRM-20) designed to induce CTLs
against 12 different TAA in patients with castration-resistant prostate cancer (CRPC). Patients received each
of three different randomly assigned doses of KRM-20 (6, 20, or 60 mg) once a week for 6 weeks. KRM-20
was applicable for patients with positive human leukocyte antigen (HLA) A2, A3, All, A24, A26, A31 or
A33 alleles, which cover the majority of the global population. To evaluate the minimum immunological
effective dose (MIED), peptide-specific CTL and immunoglobulin G (IgG) responses, and immune suppres-
sive subsets were evaluated during the vaccination. Total of 17 patients was enrolled. No serious adverse
drug reactions were encountered. The MIED of KRM-20 in CTL or IgG response calculated by logistic re-
gression model was set as 16 or 1.6 mg, respectively. The frequency of immune suppressive subsets was



fewer in the 20 mg cohort than that in 6 or 60 mg cohort. Clinical responses determined by prostate-specific
antigen levels were two partial responses (from the 20 mg cohort), five no changes and ten progressive dis-
eases. Twenty milligrams of KRM-20 could be recommended for further studies because of the safety and
ability to augment CTL activity. (Noguchi M, et al., Cancer Immunol Immunother, 64: 493-505, 2015)
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Phase II study of personalized peptide vaccination for previ-
ously treated advanced colorectal cancer.

The prognosis of advanced colorectal cancer (aCRC) remains poor, and development of new therapeutic
approaches, including immunotherapy, is needed urgently. Herein we report on our phase Il study of person-
alized peptide vaccination (PPV) in 60 previously treated patients with aCRC, who had failed at least one
regimen of standard chemotherapy and/or targeted therapy. For PPV, a maximum of four HLA-matched
peptides were individually selected from a pool of 31 different peptide candidates based on preexisting host
immunity, and administered subcutaneously without severe adverse events. Boosting of IgG and cytotoxic
T lymphocyte (CTL) responses specific to the administered peptides was observed in 49% and 63%, respec-
tively, of the patients, who completed the first cycles of six vaccinations. Median overall survival (OS) time
was 498 days, with 1- and 2-year survival rates of 53% and 22%, respectively. Multivariate Cox regression
analysis of prevaccination factors showed that plasma IL6, IP-10, and BAFF levels were significantly prog-
nostic for OS [hazard ratio (HR), 1.508, P = 0.043; HR, 1.579, P = 0.024; HR, 0.509, P = 0.002, respec-
tively]. In addition, increased peptide-specific CTL responses after vaccination were significantly predictive
of favorable OS (HR, 0.231; P = 0.021), suggesting a causal relationship between biologic and clinical ef-
ficacy of PPV. On the basis of the safety profile and potential clinical efficacy, we believe that clinical trials
of PPV would be warranted for previously treated patients with aCRC. (Kibe S, et al., Cancer Immunol Res,
2: 1154-1162, 2014)



HEROERBEITEGE & /2 IR A B F KT 3
T—=I—= A1 RXTF R 7 F 2 ¥k DR

27120 L 3 LY AL L OFRIER BRI 2R U 2 T IR/ NG 25 A BB 3% O F RIS T
FARTHD, £I T, EROEESRICEFEET I NS A BESTHICH L7 — 5 — A
1 RRTF RO F EEDOH UMK RBR & EME L /2. 57 FF 23 Flid b &0, 16
FlE PRIV O Z, £72 1867 7 F > Bk 211> /=, /L O b Riidz
NETNG692H. 468H, BLU226HTH o7z, VIF 1 U127 (6[H) BEHZDHEENR
7F RICHT % CTLI TNT 1gG IRE O HRIZKEROEFICB W TED 5Nk, Zhb DS
M5, T2 MBI K 2 X S 5 MEERROKEESHER S N,

Feasibility study of personalized peptide vaccination for ad-
vanced non-small cell lung cancer patients who failed two or
more treatment regimens.

The prognosis of non-small cell lung cancer (NSCLC) patients who failed two or more treatment regi-
mens remains very poor. We conducted a phase II study to explore the feasibility of personalized peptide
vaccination (PPV), in which peptides are selected and administered based on the pre-existing host immu-
nity before vaccination, as a third or more line treatment in advanced NSCLC patients who failed two or
more regimens. Among 57 patients enrolled, 23 or 16 patients received PPV with chemotherapy or targeted
therapy, respectively, whereas 18 patients received PPV alone. A maximum of four HLA-matched peptides
showing higher peptide-specific IgG responses in pre-vaccination plasma were selected from 31 pooled
peptide candidates applicable for patients with HLA-A2, -A24, -A3 supertypes, and/or -A26, followed by
subcutaneous administration. No severe adverse events related to PPV were observed. Median survival time
was 692, 468, or 226 days in the group of PPV/chemotherapy, PPV/targeted therapy, or PPV alone, respec-
tively. CTL responses to the vaccinated peptides became detectable after vaccination in 58, 50, or 42% of
patients in each of these three groups, respectively. In contrast, peptide-specific IgG responses after vaccina-
tion augmented in 55, 75, or 62% of patients in each of these groups, respectively. These results suggest the
feasibility of PPV for heavily treated advanced NSCLC patients from the view of both immunological re-
sponses and safety. Therefore, further evaluation of PPV by prospective randomized trial is warranted for a
third or fourth line treatment of advanced NSCLC. (Yamada T, et al., Int J Oncol, 46: 55-62, 2014)
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A phase II trial of personalized peptide vaccination in castra-
tion-resistant prostate cancer patients: prolongation of pros-
tate-specific antigen doubling time

Cancer vaccine is one of the attractive treatment modalities for patients with castration-resistant prostate
cancer (CRPC). However, because of delayed immune responses, its clinical benefits, besides for overall
survival (OS), are not well captured by the World Health Organization (WHO) and Response Evaluation
Criteria in Solid Tumors (RECIST) criteria. Several surrogate markers for evaluation of cancer vaccine, in-
cluding prostate-specific antigen doubling time (PSADT), are currently sought. The purpose of this study
was to assess prospectively the PSA kinetics and immune responses, as well as the efficacy, safety, and bio-
markers of personalized peptide vaccination (PPV) in progressive CRPC. One hundred patients with pro-
gressive CRPC were treated with PPV using 2-4 positive peptides from 31 candidate peptides determined by
both human leukocyte antigen (HLA) class A types and the levels of immunoglobulin G (IgG) against each
peptide. The association between immune responses and PSADT as well as overall survival (OS) was stud-
ied. Results: PPV was safe and well tolerated in all patients with a median survival time of 18.8 months.
Peptide-specific IgG and T-cell responses strongly correlated with PSADT (p<0.0001 and p=0.0007, re-
spectively), which in turn showed correlation with OS (p=0.018). Positive IgG responses and prolongation
of PSADT during PPV were also significantly associated with OS (p=0.001 and p=0.004) by multivariate
analysis. Conclusion: PSADT could be an appropriate surrogate marker for evaluation of the clinical benefit
of cancer vaccine. Further randomized trials are needed to confirm these results. (Noguchi M, et al, BMC
Cancer, 13: 613, 2013)
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Clinical Research Division
Overview of research activities
Masanori Noguchi, Division Chief

Since the Clinical Research Division was established at the Kurume University Research Center for
Innovative Cancer Therapy in April 2009, this division has been conducting translational research (TR)
and clinical trials of cancer vaccine using tumor antigen peptides optimized for individual patients, in or-
der to reliably and effectively promote basic research, development and clinical research for cancer.

Kurume Cutting-edge Medical Cluster was recognized by the Japanese Ministry of Education, Sci-
ence, Sports, and Culture in 2009 as a project of the Area Innovation Cluster Program. Based on the con-
cept of the Fukuoka BioValley Project - the core project to make the Kurume region a global center for re-
search, we are promoting the Kurume Cutting-edge Medical Research Cluster by implementing three
major strategies: research and development of peptide vaccines for cancer treatment, the biggest achieve-
ment from our past research; development of biotech talent at Kurume Bio College; and exchanges and
collaboration with cutting-edge research clusters overseas. We study cutting-edge medical care mainly for
cancer, the most common cause of death and a serious national problem in Japan. Between 2009 and
2014, three phase II randomized clinical trials of personalized peptide vaccine for patients with lung, liver
and bladder cancer were conducted at the Clinical Research Division and Cancer Vaccine Development
Division under collaboration with 19 institutions in Japan.

Personalized peptide vaccination at the Kurume University Hospital for HLA-A24 positive patients
with advanced prostatic cancer who are unable to use docetaxel was approved by the Advanced Medical
Evaluation System of the Health and Welfare Labor Ministry in 2010. Insurance healthcare facilities quali-
fies the terms to ensure the effectiveness and safety of medical technology of certain facility standards and
is enforced by notification. Now personalized peptide vaccine can be used in conjunction with medical in-
surance. In addition, we finished a phase I clinical trial and continuing studies of personalized peptide
vaccine for patients with advanced prostate cancer with safe results and long survival. Greepeptide com-
pany which is Kurume university-led venture company and innovative drug development of the peptide
vaccine for the prostate cancer go ahead through becoming it and finish a first aspect clinical trial and a
continuation examination and start a large-scale phase III clinical trial in 62 whole country facilities with
Fuji Film Co., Ltd. in A-STEP of science promotion mechanism adopted based on the result that safety
and the effectiveness can expect from August, 2013. Development project of a new peptide vaccination,
mixed 20 peptides vaccination, for castration-resistant prostate cancer (CRPC) was recognized by the
Health and Welfare Labor Ministry in 2011. The phase I clinical trial is completed and currently the phase
IT study is underway in CRPC patients. In addition, randomized phase II trials of combination with che-
motherapy or herbal medicine are underway in CRPC and other cancers.

As a social activity, we held a civic open lecture by the charge of each section once a year in the Re-
search Center for Innovative Cancer Therapy, and in 2014, held an open lecture about heavy particle line
treatment and cancer vaccine therapy titled “new treatment to win a cancer’” by the charge of the clinical

study section in Nagasaki.
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Improved survival with personalized peptide vaccination in patients with
metastatic bladder cancer that progressed after platinum-based chemother-
apy: a randomized phase II trial

Masanori Noguchi, Kazumasa Matsumoto, Hirotsugu Uemura, Gaku Arai, Masatoshi Eto,
Seiji Naito, Chikara Ohyama, Yasutomo Nasu, Masatoshi Tanaka, Fukuko Moriya, Shige-
taka Suekane, Satoko Matsueda, Nobukazu Komatsu, Tetsuro Sasada, Akira Yamada,
Tatsuyuki Kakuma, Kyogo Itoh

ASCO 2014

PURPOSE: Personalized selection of the right peptides for each patient could be a novel approach for a
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cancer vaccine to boost anti-cancer immunity. We conducted a multicenter, randomized phase II study of
personalized peptide vaccination (PPV) plus best supportive care (BSC) versus BSC alone in patients with
metastatic bladder cancer who progressed after first-line platinum-based regimens.

METHODS: PPV treatment used a maximum of four peptides chosen from 31 candidate peptides accord-
ing to human leukocyte antigen types and peptide-reactive immunoglobulin (IgG) titers, for 12 subcutane-
ous injections (8 injections, weekly; 4 injections, bi-weekly). The primary endpoint was progression-free
survival (PES). Secondary endpoints were overall survival (OS), immune response and toxicity.
RESULTS: A total of 80 patients were randomly assigned; 39 patients were assigned to PPV plus BSC,
and 41 patients were assigned to BSC alone. After a median follow-up of 4.9 months, the median OS was
8.2 months on PPV plus BSC versus 4.2 months on BSC alone (hazard ratio [HR], 0.53; log-rank P =
0.042). PFS was not significantly longer on PPV plus BSC (HR, 0.62; log-rank 2 = 0.081). Both treat-
ments were well tolerated, without serious adverse drug reactions. Peptide-specific IgG or cytotoxic T-
lymphocyte responses were observed in 26 of 32 patients (81%) or 11 of 32 patients (34%) on PPV plus
BSC, respectively.

CONCLUSIONS: PPV as second-line treatment in patients with metastatic bladder cancer is active and
well tolerated, improving survival with immune responses. Further large-scale, randomized trials are

needed to confirm these results.
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Assessment of cell proliferation in renal cell carcinoma using dual-phase
Bp FDG PET/CT

Rei Onishi, Masanori Noguchi, Hayato Kaida, Fukuko Moriya, Katsuaki Chikui, Seiji Ku-
rata, Akihiko Kawahara, Masayoshi Kage, Masatoshi Ishibashi, Kei Matsuoka

SIU 2013

This study examined the relationship between 18F-fluorodeoxyglucose ("®*F-FDG) uptake and cell prolifer-
ation markers and assessed the correlation between "*F-FDG uptake and biological characteristic in pa-
tients with renal cell carcinoma (RCC) using dual phase '®F-FDG-positron emission computed tomogra-
phy-computed tomography (PET/CT). Dual phase '*F-FDG PET/CT was performed on 31 RCC patients,
and the maximum standardized uptake values SUV1 (1hr), SUV2 (2hr) and retention index (RI) (%) in the
primary tumors were calculated. Monoclonal antibodies for Ki-67, minichromosome maintenance 2
(MCM2), and topoisomerase lla (topo II alpha) were used to assess those expressions in the excised tumor
tissue by immunohistochemistry. RI and SUV2 in patients with other stages / grades were significantly
higher than in patients with Stage I/Il + grade 1(G1) (p = 0.0065 for RI, p = 0.043 for SUV?2), as well as
there was significantly higher uptake and RI showed a significantly greater percent change in patients with
metastases than in patients without metastases (p = 0.029 for SUVI, p = 0.0003 for SUV2, p < 0.001 for
RI). All proliferation markers significantly correlated with RI (r = 0.501, p = 0.004 for Ki-67; r = 0.359, p
= 0.047 for MCM2; r = 0.402, p = 0.024 for topo 1I alpha), while SUV1 and SUV2 correlated with Ki-67
only. Dual phase "*F-FDG-PET/CT is more useful to predict cell proliferation in RCC than single phase
imaging alone. Further follow-up will be necessary to determine whether Dual phase "*F-FDG-PET/CT

provides independent prognostic information.
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"F-FDG PET/CT and IHC staining results on a 79-year-old patient with renal cell carcinoma
(pT3aNOML). The SUVI or SUV2 was 11.97 (A) or 14.97 (B), respectively. The RI index was

25.06%. Renal cell carcinoma had strong expression of Ki-67 (C), MCM2 (D) and topo II alpha (E).
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MMETF L2 BETIREROEENBRIBNEWEAZEDZ (p=0.157)., ZN5OHREK



D EphB6 13, D75 < & HEIMIRA A DOFIH OBEBE TREBEIIHBICHENL Tha I RSN
7zo 5%, EphB6 L2 7 —MFHFHT—NE L THEHTH 20 DBRFANBLEL BN/,

Low expression of erythropoietin-producing hepatocyte B6 receptor ty-
rosine kinase in prostate cancer

Elnisr Rashed Mohamed, Masanori Noguchi, Ahmed Roshdi Hamed, Mohamed Zaki EI-
dahshoury, Ahmed Rashed Hammady, Esam Elden Salem, Kyogo Itoh

Loss of erythropoietin-producing hepatocyte (Eph) B6 gene expression has been correlated with poor prog-
nosis in neuroblastoma, melanoma and other tumors. This study evaluated the expression of EphB6 recep-
tor tyrosine kinase (RTK) in normal and prostate cancer tissue using immunohistochemistry. The associa-
tion among EphB6 expression, clinico-pathological findings, another prognostic marker of proliferating-
cell nuclear antigen (PCNA) and progression of prostate cancer was analyzed. Tissue microarray samples
from normal prostatic tissue and prostate cancer tissue of 46 patients treated with radical prostatectomy for
prostate cancer were included in this study. Polyclonal anti-EphB6 and monoclonal anti-PCNA antibodies
were used to assess EphB6 and PCNA expression by immunohistochemistry. EphB6 expression was dem-
onstrated in both normal and prostate cancer tissue. There was a significant reduction of EphB6 expression
in prostate cancer tissue compared with normal prostatic tissue (p<0.0001), in high volume (= 4 cc) of can-
cer compared with low volume (< 4 cc) (p = 0.015) and in pT3 stage compared with pT2 stage of the dis-
ease (p = 0.0007). EphB6 expression had no correlation with the expression of the PCNA proliferation
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marker. There was a trend of short biochemical progression-free survival in patients with low expression
status of EphB6 protein (p = 0.157). This study revealed that EphB6 could have a tumor suppressor effect
in prostate cancer, at least during early stages of this disease. This could provide new insight to use EphB6

receptor as a potential diagnostic/prognostic marker for prostate cancer.
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