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Introduction

Gliomas are the most common primary central nervous system
malignancy, with approximately 200 000 new cases each year
in the US, and are associated with a poor clinical outcome.!
Recent developments have incorporated molecular diagnostic
features in the classification and grading of these tumors. This
has been reflected in the 2021 WHO Classification of CNS
Tumors in which gliomas are categorized into Astrocytoma,
IDH mutant (grades 2-4), and Glioblastoma (GBM), IDH
wild type (grade 4).2 Despite intensive efforts defining the
molecular underpinnings of GBM and their associated cellu-
lar heterogeneity,® current treatment options include surgical
resection, chemoradiation, and tumor-treating field. Despite
these incremental advances, GBM is characterized by excep-
tionally high rates of recurrence and resistance to therapy. As
a result, there is an urgent need to develop novel, effective
therapeutic strategies that leverage vulnerabilities of the tu-
mor and associated microenvironment.

Oncolytic Virotherapy for Malignant Glioma
and G47A Clinical Trial

Over 20 years of research in oncolytic viruses (OV) have re-
sulted in the development of a wide-array of viral strategies for
the treatment of solid tumors. With the need to develop novel
approaches for patients with GBM, preclinical and clinical re-
search has focused on various viral vectors including oncolyt-
ic herpes simplex virus (0HSV), adenovirus, and polivirus,**
making these agents emerging treatment options for patients
with GBM. Different from standard treatments, oncolytic vi-
rotherapy leverages the ability to preferentially replicate and
kill cancer cells without affecting normal cells. This occurs
through bioengineered mutations which ultimately result in
immunogenic cell death. The oncolytic herpes virus G47A
(Delytact or teserpaturev) has recently undergone a phase
II trial with encouraging interim results ultimately prompt-
ing early termination of the trial. These findings led to the
conditional approval for marketing authorization in Japan.
In this issue of The Oncologist, Maruyama et al. published
the Pharmaceuticals and Medical Devices Agency (PMDA)
review of G47A injection for malignant glioma, in which the

efficacy and safety results of G47A have been evaluated, along
with the clarified approval conditions.”

G47A is a genetically modified, replication-competent HSV
type 1, in which the y34.5 and a47 genes have been delet-
ed to attenuate neurotoxicity. In addition to, the infected cell
protein 6 (ICP6) gene has been inactivated by lacZ gene in-
sertion to ensure selective replication in tumor cells and en-
hanced immunogenicity. The agents were determined to be
safe in a first-in-human trial in which patients underwent
two intratumoral injections within 2 weeks.® In addition, pre-
clinical studies have demonstrated that the virus works through
two distinct mechanisms (1) direct tumor cell lysis secondary
to oncolytic viral replication and (2) generation of T cell-
mediated antitumor immunity.” Building upon this work, the
Japanese phase II trial GDO1 was a single-center study for
patients with residual or recurrent GBM who had undergone
previous radiation therapy and temozolomide.! Patients un-
derwent up to 6 stereotactic intratumoral injections of G47A
at 1 x 10° plaque forming units. Interim analysis in 13 patients
demonstrated a 1-year survival rate after G47A injection of
92.3% which exceeded the prespecified primary endpoint of
15% and triggered early termination of the trial. Regarding
secondary endpoints, the median overall survival was 20.2
months after G47A initiation and 28.8 (20.1-37.5) months
from the initial surgery. Disease progression was observed in
14 of 19 patients and was associated with a progression free
survival [95% CI] of 4.7 months.

PMDA Review of Phase Il Trial GD01

While the results of the GDO1 trial, which investigated multi-
ple intratumoral injections of G47A into residual or recurrent
glioma, provided encouraging signals regarding its clinical ef-
ficacy and broader clinical implementation, the PMDA iden-
tified several caveats to consider when interpreting the data.

1. This study was conducted at a single site with the ca-
pability of administering multiple intracranial injections
and managing these patients postoperatively. In addition,
the clinical consequences of fewer than 6 injections were
not independently evaluated.
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2. The historical survival data which were used to deter-
mine the study’s primary endpoint was not reflective of
most recent clinical practices or survival data in Japan.

3. Patients were not stratified by current molecular classi-
fication and prognostic factors (eg, IDH1 and MGMT
promoter methylation).

4. The study utilized immune-related Response Criteria
rather than Response Assessment in Neuro-Oncology cri-
teria (PDMA ref 10), highlighting the lack of consensus
regarding imaging studies for oncolytic viral therapies.

Based on these limitations, it was difficult to draw the con-
clusion that G47A was effective solely based on the 1-year
survival rate exceeding the pre-determined threshold for ef-
ficacy. Therefore, PMDA further evaluated MRI results from
patients enrolled in the GDO1 trial. Among 18 patients as-
sessed as stable disease (SD), 4 patients remained with SD
for an extended period during G47A treatment. Considering
the rapid progression of GBM, these MRI results suggest that
multiple intracranial injections of G47A in recurrent or resid-
ual GBM has some degree of clinical efficacy.

In addition to the clinical utility of G47A, PMDA also re-
viewed the safety assessment of G47A. A total of 19 patients
who received at least one dose of G47A were included in the
downstream safety analysis. Among 3 patient who developed
pyrexia, one patient was found to have a causal relationship
with G47A. One patient with postprocedural infection led to
treatment discontinuation, even though its causal relationship
with G47A was ruled out. A decrease in lymphocyte count was
observed in 5 patients, and a causal relationship with G47A
could not be excluded. Seizures occurred in 9 patients and was
causally linked to G47A in 6 patients. Brain edema occurred in
12 patients with a causal relationship in 9 patients; however, this
did not result in treatment discontinuation. Based on these data,
the PMDA concluded that G47A may be an effective and safe
treatment for recurrent or residual malignant glioma.

Despite this approval, the PMDA outlined the need to per-
form ongoing evaluation of efficacy and safety during post-
marketing studies. This work will continue for the next 7 years
among GBM patients who have received prior radiation or te-
mozolomide (TMZ) and are treated with G47A. Indications,
dosages, and method of administration were outlined based on
study GDO1. Due to the clinical and technical nuances of ste-
reotactic intratumoral viral administration, the PMDA review
highlights the importance of physician experience in clinical
decision-making regarding patient enrollment and viral adminis-
tration. In addition, to better assess post-marketing efficacy and
safety, a use-results comparison survey is necessary in which the
safety and efficacy of G47A is compared between patients under-
going viral treatment and a matched control cohort of patients
who would be eligible for G47A but do not pursue treatment.
Regarding efficacy endpoints, the PMDA concluded that overall
survival remains the appropriate primary endpoint for treatment
efficacy while also taking into account confounding factors such
as tissue type (grade), O6-methylguanine-DNA methyltransfer-
ase (MGMT) methylation status, and the presence of IDH1/2
mutation.

Perspective

With a median overall survival (OS) of 20.2 months in a
cohort of patients with recurrent or residual gliomablas-
toma, the results of the trial by Todo et al are a significant
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improvement compared to multiple prior trials and meta-
analyses!""*for GBM. Notably, with the recent approval of
tumor-treating fields in combination with TMZ for newly di-
agnosed GBM, the median OS was 20.9 months'’; however,
among patients with recurrent GBM, the median OS was 6.6
months.'® In contrast, in the phase II trial of G47A by Todo et
al, the median OS was 28.8 months from the initial surgery.
While prior studies have explored oncolytic viral approaches
in the context of recurrent GBM, Todo et al utilized a novel
dosing scheduled that included 6 stereotactic intratumoral in-
jections. This approach appears to significantly improve its
therapeutic efficacy by achieving both direct tumor oncolysis
and modulation of the tumor microenvironment toward a
proinflammatory, anti-tumor state.

Additional multicenter studies are needed to achieve great-
er understanding of the biological underpinnings of the ther-
apeutic response in the clinical context. Histologic studies
from GDO1 demonstrated CD4+ and CD8+ immune cell
infiltration following G47A injection, and this was associat-
ed with low levels of FoxP3+ T cells. While immune infiltra-
tion persisted for months after injection, prior studies have
demonstrated that injected virus is cleared within 4 weeks af-
ter inoculation.®? These findings highlight the importance of
both viral-mediated tumor clearance and immunomodulation
with oncolytic viral therapy. Longitudinal studies utilizing a
window of opportunity approach'” are needed to perform im-
munoprofiling, single cell cellular spatial analyses, and T-cell
clonotyping against tumor- and viral-specific antigens. Using
these approaches, it will be possible to interrogate the dy-
namic interplay between pre- and postinfection tumor cells
with the surrounding tumor microenvironment that includes
both immune and neuronal interactions. In addition, fur-
ther studies will be needed to explore the limitations of pre-
existing anti-viral antibodies and the ability to achieve
tolerance against these shared oncolytic viral antigens.

G47A has become the first OV to be granted a conditional
7-year marketing approval in Japan for GBM. This represents
an immunotherapeutic milestone within the field of oncolytic
viral therapy for the treatment of GBM. After its marketing
launching, continuous assessment will provide novel insight
into the ongoing safety and efficacy of G47A. With renewed
energy and excitement surrounding the approval of G47A in
Japan, this will provide additional motivation to build upon
previously studied oncolytic viral approaches for GBM as
novel dosing schedules and combinatorial strategies are ex-
plored.
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