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IS-1 [ Next-generationlvaccinialvirallplatformIfor]
0 oncolyticlvirotherapy

o Takahumi Nakamura
Division of genomic Medicine
Department of Genomic Medicine and Regenerative Therapeutics
School of Medicine, Tottori University Faculty of Medicine

Vaccinia virus, once widely used for smallpox vaccine, has been genetically engineered and used as an
oncolytic virus for cancer virotherapy. The therapeutic index is successfully enhanced by stricter tumor-
specifc viral replication, stronger oncolytic potency, and optimized induction of antitumor immunity. Two
viral proteins VGF and O1 contribute to viral replication and spread by activation of EGFR-dependent
MAPK/ERK pathway. VGF- and O1l-deleted vaccinia virus (MDRVYV) inhibited pathogenic viral replication
in normal cells without impairing therapeutic replication in tumor cells. Recently, fusogenic vaccinia virus
(FUVAC) was discovered during plaque purifcation of the MDRVV. Whole-genome sequencing identifed
that FUVAC has a nonsense mutation in the viral gene K2L, in addition to double deletions of VGF and
O1L. FUVAC exerted more potent antitumor immune responses by modulating the tumor microenvironment
than non-fusogenic vaccinia virus MDRVV. Furthermore, simultaneous expression of immune-modulating
genes in FUVAC augmented the antitumor activity via inducing potent and durable antitumor immune
responses following viral oncolysis. Single-cell analysis of tumor microenvironment revealed new insight
to therapeutic response of the armed FUVAC. Taken together, the combined properties of next-generation
oncolytic vaccinia virus have the potential to overcome oncolytic virus-resistant tumors which limit the

clinical benefts due to tumor heterogeneity and the complexity of tumor microenvironment.
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IS-2 [ Potentiatingloncolyticladenovirusiusingl
0 nanomaterial-basedldeliverylsystems

o Chae-OK Yun

Department of Bioengineering, College of Engineering, Hanyang University

Clinical development of oncolytic adenovirus (0Ad) has surged recently, and considerable progress has
been achieved. Still, there is margin for further innovations to maximize the therapeutic benefts of oAd. To
this end, nanomaterial-based delivery systems has the potential to improve the efectiveness and safety
profles of oncolytic virotherapy, since nanohybrid system can exert complex and diverse functionalities
that are difcult to achieve using either biological or synthetic system alone. Nanomaterials enable either
locally or systemically administered oAd to evade host immune recognition, prolong blood retention,
enhance antitumor activity, and restrict nonspecific shedding to normal tissues. For local delivery,
magnetic nanoparticle-based oAd system show high level of accumulation and prolonged biological
activity in tumor tissues. Similarly, systemic delivery of oAd using nanomaterials has been shown to exhibit
promising pharmacokinetics and biodistribution profiles. Collectively, nanomaterial-based oAd delivery
systems have shown promising safety and efficacy profiles over conventional oncolytic virotherapy,

making them promising candidates for future clinical trials.
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IS-3 [ Anloncolyticlrecombinantimeaslesivirus,I[rMV-
0 SLAMbIind,lislalpromisinglcandidatelforicancerlitherapyl

o Chieko Kai'” O Tomoko Fujiyuki'® [0 Kanako Moritoh'” 0 Shunji Takahashi?® [
0 Kenji Nakano?” 0 Fumitaka Nagamura®” [0 Hiroki Sato!” [0 Misako Yoneda'" [ [
10Institute of Industrial Science, The University of Tokyo
2[00 Cancer Institute Hospital of Japanese Foundation for Cancer Research
30 The Institute of Medical Science, The University of Tokyo

An oncolytic recombinant measles virus for cancer therapy (rMV-SLAMblind), that we previously
generated from a wild-type measles virus by introducing genetical modifcation, is unable to use SLAM as
its principal receptor and thus lost the MV pathogenicity. It infects cancer cells via Nectin-4 and kills them,
and therefore target the Nectin-4 expressing tumors. Nectin-4 is known as a tumor marker that is highly
expressed in various types of cancers, particularly malignant tumors. We have demonstrated its in vitro
oncolytic activities and signifcant anti-tumor efects against various types of tumors in xenograft mouse
models (Gene Therapy 2012, Oncotarget 2015, Scientifc Reports 2016, Cancer Science 2016, Mol Ther
Oncolytics, 2020). Its anti-tumor efect was the most pronounced in breast and lung cancers. In safety-
tox studies using experimental healthy beagles and monkeys, rMV-SLAMbIlind neither caused measles-
like symptoms nor proliferated in any organ, demonstrating its safety. It was also clarifed that the therapy
with rMV-SLAMbIlind has an ability to induce anti-tumor cell-mediated immunityby using immunocompetent
mouse models. Therefore, it is expected that rMV-SLAMblind is a novel viral platform for cancer therapy.
Based on those studies, we are conducting phase | clinical study of the rMV-SLAMbIind in patients with
Nectin-4-positive solid tumors for future practical application. | would like to introduce the overview of the

translational research and the current status of clinical study.
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IS-5 [ OncolyticlvirusitherapylusinglG47Alforipatientsl]
[ withlprostatelcancer

o Hiroshi Fukuhara!® 0 Tomoki Todo?"
100 Department of Urology, Kyorin University School of Medicine, Tokyo, Japan
20 Division of Innovative Cancer Therapy, The Institute of Medical Science,
0 The University of Tokyo, Tokyo, Japan.

G47A (teserpaturev; Delytact®), an oncolytic herpes simplex virus type 1 (HSV-1), was approved as a hew
drug for malignant glioma in 2021. G47A is a third-generation oncolytic HSV-1 that has triple mutations
in the gamma34.5, alpha47 and ICP6 genes. The preclinical studies have shown G47A to be efective
in several malignancies including prostate cancer. The phase | clinical study for patients with castration
resistant prostate cancer (CRPC) was performed from 2013 to 2018. In this single-arm study, patients
with prostate cancer that had not received prostatectomy and recurred after hormonal therapy, with or
without prior record of chemotherapy and with or without remote metastases, are included. Nine patients
were enrolled, and this clinical trial was successfully completed. Intra-prostate administration of G47 A
was well-tolerated with minimal toxicity.

Based on this safety POC, a phase Il trial in patients with metastatic prostate cancer started in 2022. In
this study, patients with metastatic prostate cancer that was newly diagnosed are included. Intra-tumoral
inoculations of G47A (1 x 10° pfu) in the prostate are performed on day 1, day 8 and every 4 weeks
thereafter, up to 6 times. Patients are concurrently treated with androgen depletion therapy, the standard
therapy for prostate cancer at the same time. The primary endpoint is the one-year failure-free survival
rate. The treatment has been well tolerated by the patients, and no severe adverse events attributable to
G47A have been observed so far.

Disclosure of COl:

There is no COI to disclose.
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IS-6 [] RetrovirallReplicatinglVectorsiforiGenelTherapy!
andlimmunotherapylofiCancer:

FromIBenchltolBedsidelandlBackIAgain

o Noriyuki Kasahara
Departments of Neurological Surgery and Radiation Oncology University of California,
San Francisco (UCSF)

Retroviral Replicating Vectors (RRV) replicate tumor-selectively and stably integrate into actively-dividing
cancer cells, enabling efcient transgene delivery throughout tumors in a wide variety of cancer models.
Toca 511 (vocimagene amiretrorepvec) is a clinical-stage RRV expressing yeast cytosine deaminase,
which intratumorally converts the prodrug 5-fuorocytosine (5-FC) into the active drug 5-fuorouracil (5-
FU). Tumor-localized in situ production of 5-FU Kills infected cancer cells and adjacent myeloid-derived
suppressor cells, thus activating anti-tumor immunity while avoiding systemic myelotoxicity. In multiple
Phase | dose-escalation trials for recurrent high-grade glioma, Toca 511 + 5-FC resulted in objective
radiographic responses, mOS 14.4 months, 21.7% durable response rate, with all responders in CR and
still alive at median follow-up >47.8+ months. While a Phase 3 trial failed to meet endpoints overall, highly
signifcant survival beneft was seen in pre-specifed patient subgroups compared to matched randomized
controls. Further eforts are on-going to pursue biomarker-targeted patient selection, and new combination

therapies to enhance potency.

Biography

Dr. Kasahara is Professor and Alvera L. Kan Endowed Chair of Neurological Surgery and Radiation Oncology at the University of
California, San Francisco (UCSF). He is an internationally recognized pioneer in gene therapy, the lead inventor on core gene transfer
and genetic engineering technologies currently under clinical development, and scientific co-founder of Tocagen Inc., a San Diego-based
biotech venture. After obtaining his medical degree in 1986 from Tokyo Medical & Dental University, Dr. Kasahara completed his
clinical residency in Laboratory Medicine at UCSF, where he also received his Ph.D. in 1994 for thesis research with Professor Y. W.
Kan, a pioneer in genetic diagnostics and recipient of the Lasker Award. Dr. Kasahara was previously on the faculty at the University
of Southern California (USC) and the University of California, Los Angeles (UCLA), where he was a tenured Professor and Director of the
UCLA Vector Core & Shared Resource facility, and at the University of Miami, where he was Co-Leader of the Viral Oncology Program.
As a Board-certified clinical pathologist, Dr. Kasahara was also Associate Medical Director of the HLA Laboratory for Eurofins VRL
in Los Angeles, a clinical reference lab for OnelLegacy, the regional organ procurement organization (OPO), and served as a member of
OneLegacy’s Board of Advisors and Chair of the OneLegacy Histocompatibility Committee. He was previously a Visiting Professor at
the University of Oxford UK and Waseda University in Japan, and is now a Designated Professor at Tokyo Medical & Dental University.
Dr. Kasahara's current research program focuses on: 1) translational development of tumor-selective retroviral replicating vectors (RRV)
for gene therapy of cancer, currently being evaluated in a registrational Phase III clinical trial for patients with recurrent high-grade
glioma; 2) genetic engineering of mesenchymal stem cells for cancer gene therapy and immunotherapy; and 3) genetic engineering of

allogeneic cells to reduce immunological rejection and enable selective in vivo expansion.
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Recent researches have demonstrated that oncolytic virus (OV) therapy remodels the microenvironment of
immunologically cold tumors, making it a promising strategy to evoke anti-tumor immune responses. Since
OV infections activate the STING pathway, which serves as the principal cellular host defense system
against viruses, it was expected that the use of STING agonists would potentially enhance anti-viral immune
responses. Consequently, the combination of OV therapies with STING agonists has not been extensively
pursued despite the reported potential of low-dose STING agonists to boost anti-tumor immune responses by
enhancing Dendritic Cell (DC) maturation. In this study, we have demonstrated that the combination therapy
of an HSV1-based OV, C-REV, with a natural non-cell permeable STING agonist, 2'3'-cGAMP, significantly
reduced tumor burden in both treated and non-treated distal tumors. Even with the addition of a cell-permeable
STING agonist, DMXAA, the largely defective STING pathway of tumor cells rendered tumor cells incapable of
inducing IFNs thus permitting efcient C-REV replication. While 2'3'-cGAMP alone had a marginal impact on the
recruitment of immune cells to tumors, combination therapy with C-REV efectively stimulated the expansion
of both the proliferative KLRG1-high PD1-low CD8+ T cells and the activated dendritic cells populations.
Additionally, combination therapy induced higher numbers of tumor-antigen-specific CD44+ CD8+ T cells
in the tumor-draining lymph nodes. Finally, combination therapy-treated mice that successfully eradicated
primary tumors displayed resistance to secondary tumor rechallenge experiments. Collectively, these fndings
provide strong evidence that the combination of C-REV with 2'3'-cGAMP synergistically enhances systemic
anti-tumor immune responses.
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Pancreatic ductal adenocarcinoma (PDAC) is resistant to traditional anticancer treatment modalities;
therefore, developing new therapeutic strategies with a robust antitumor efect is required. Chimeric
antigen receptor (CAR) T cell therapy is one of the targeted immunotherapies approved by the food
and drug administration (FDA) for treating patients with B-cell malignancies. However, CAR T cell
therapy showed limitations in solid tumors due to heterogeneous surface antigen expression patterns
with partial or complete loss of the target antigen. Furthermore, solid tumors, especially PDACSs,
have an immunosuppressive tumor microenvironment with a low penetration rate of T cells due
to dense stroma. To overcome these limitations, we planned to use oncolytic viruses (OVs), which
deliver target antigens to tumor cells' surfaces and simultaneously stimulate the antitumor immune
responses. Here we engineered an attenuated oncolytic herpes simplex virus-1 (HSV-1) by deletion
of the neurovirulence viral gene ICP 34.5 and replacing it by insertion of human mesothelin (hMSLN)
gene (HSV-hMSLN). The HSV-hMSLN virus has a cytotoxic efect on pancreatic tumor cells in vitro in
a dose- and time-dependent manner. In addition, the virus can efectively induce hMSLN expression
on the surface of tumor cells in a dose-dependent manner. The hMSLN-targeted CAR T (hMSLN-CAR
T) cells are activated with high IFNy production when co-cultured with HSV-hMSLN infected tumor
cells in an MOI-dependent manner. Moreover, the virus showed an antitumor efect with safety in vivo.
Lastly, the combination of HSV-hMSLN and hMSLN-CAR T cells enhances the antitumor activity in the
subcutaneous pancreatic tumor model. Our fndings may reveal a potential therapy that allows the
combination of OVs and CAR-T to improve CAR-T cell antitumor responses in solid tumors.
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Pancreatic ductal adenocarcinoma (PDAC) is the most common form of pancreatic cancer, and it represents
the fourth leading cause of cancer death in Japan. However, limited treatment options, advanced tumor
stages due to late diagnosis, and the aggressive behavior of PDAC contribute to the disease's high mortality.
Recently, immunotherapy has been considered a promising approach to cancer treatment. One immune
therapeutic targeted agent with the potential against cold tumors is Oncolytic viruses (OVs). Canerpaturev
(C-REV) is a promising OV, which was originally isolated from herpes simplex virus-1 (HSV-1) strain HF as
clone 10 (Previously known as HF10). C-REV showed potent antitumor effects against various preclinical
models, including pancreatic cancer. Metformin is an FDA-approved, commonly prescribed systemic
antidiabetic medication for type Il diabetes patients. Recently, metformin demonstrated its cancer antitumor
efectiveness. We hypothesized that the combination of C-REV as an oncolytic virus plus metformin might be a
good option for pancreatic cancer treatment. In vitro, low doses of metformin, comparable to the physiological
concentration in vivo, did not afect C-REV replication nor the cytotoxicity of C-REV. However, in the in vivo
model, intratumoral administration of C-REV with the systemic administration of metformin led to synergistic
antitumor efect on both tumor sides and prolonged survival. Combination therapy enhanced the infltration
of IFN-y + CD8+ CD3+ cells. Moreover, the combination therapy increased the efector CD44+ CD8+ PD1-
and CD69+ CD8+ PD1- subsets as well as decreased the proportion of terminally-differentiated CD103+
KLRG-1+ T-regulatory cells on both sides of the tumor. Besides, combination treatment signifcantly increased
tumor-infitrating DCs (CD11c+ MHC-II+) on both sides. Especially, combination therapy signifcantly enhanced
XCR-1 expression on cDC1 on both sides. Moreover, combination treatment increased the cDC1 population
in the TDLNs. These results suggest that combination therapy may modulate conventional dendritic cells
type-1 (cDC1) on tumors and tumor-drained lymph nodes. Our fndings provide new insights into the role of
combination treatment in modulating immune-suppressive tumors.
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