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Abstract
Teserpaturev/G47Δ (Delytact®) is a third-generation (triple-mutated) recombinant oncolytic herpes simplex virus type 1 
being developed by Daiichi Sankyo Co., Ltd. for the treatment of certain solid cancers. Teserpaturev/G47Δ has been approved 
for the treatment of malignant glioma in Japan and is currently in clinical development for the treatment of prostate cancer 
(phase II), malignant pleural mesothelioma (phase I) and recurrent olfactory neuroblastoma (phase I). This article summarizes 
the milestones in the development of teserpaturev/G47Δ leading to this first approval for the treatment of malignant glioma.

Digital Features for this AdisInsight Report can be found at 
https://​doi.​org/​10.​6084/​m9.​figsh​are/​15506​352.

Teserpaturev/G47Δ (Delytact®): Key points 

A triple-mutated recombinant oncolytic herpes simplex 
virus type 1 being developed by Daiichi Sankyo Co. Ltd. 
for the treatment of certain solid cancers.

Received its first approval on 11 June 2021 in Japan.

Approved for use in malignant glioma.

1  Introduction

Oncolytic virus therapy (OVT) is a promising anticancer 
treatment strategy which utilizes naturally occurring or 
genetically engineered viruses that are designed to selec-
tively replicate in (and hence kill) tumor cells without 
harming normal cells, and initiate host anti-tumor immu-
nity [1–5]. Thus, in contrast to gene therapy, which uses 
viruses merely as transgene delivery systems, OVT uses 

the virus itself as an active drug reagent [1]. Commercially 
available oncolytic virotherapies include Rigvir (Riga virus), 
an unmodified enteric cytopathogenic human orphan type 7 
(ECHO-7) picornavirus, oncorine (H101), an E1B-deleted 
recombinant adenovirus, and talimogene laherparepvec 
(hereafter referred to as T-VEC), a double-mutated (second-
generation) recombinant oncolytic herpes simplex virus, 
type 1 (HSV1) [2, 6, 7].

HSV1 is a double-stranded DNA virus with a number of 
features that favour its use as an oncolytic virotherapy [2, 
8–10]. These include: a large genome suitable for insertion 
of foreign genes; tropism for neural cells (although it is capa-
ble of infecting a wide variety of cell types); a safety mecha-
nism in the form of the availability of anti-HSV1 agents (e.g. 
acyclovir and ganciclovir); high titre generation due to its 
high proliferating ability; and lack of host genome integra-
tion, making it non-oncogenic [2, 8].

Teserpaturev/G47Δ (Delytact®) is a triple-mutated (third-
generation) recombinant oncolytic HSV1 being developed 
by Daiichi Sankyo Co., Ltd. for the treatment of certain solid 
tumors. Based on the results of a single-arm, phase II study 
[11, 12], teserpaturev/G47Δ received its first approval on 
11 June 2021 in Japan for the treatment of malignant glioma 
[13, 14]. Teserpaturev/G47Δ is therefore the first oncovi-
ral therapy to be approved in any region of the world for 
the treatment of malignant glioma or any type of primary 
brain cancer. Because the clinical trial data are limited, the 
Japanese approval is conditional and time-limited [13, 15]; 
its continuation may be contingent upon verification and 
description of clinical benefit and safety in a post-marketing 
study [13]. Teserpaturev/G47Δ is given intratumorally to 
patients with malignant glioma; the recommended dosing 
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regimen comprises administering up to six doses of the drug 
[1 × 109 plaque-forming units (pfu)/dose], with intervals 
of 5–14 days between the first and second injections and 
4 weeks between all subsequent injections [14]. Adverse 
events occurring during teserpaturev/G47Δ therapy include 
cytopenia (e.g. lymphocyte count reduction, white blood cell 
count decrease); blood tests should be performed as appro-
priate [14].

Clinical development of teserpaturev/G47Δ is ongoing 
for the treatment of prostate cancer (phase II), olfactory neu-
roblastoma (phase I) and malignant pleural mesothelioma 
(phase I).

1.1 � Company Agreements

Daiichi Sankyo Co., Ltd, the marketing authorization holder 
of teserpaturev/G47Δ in Japan, has developed this oncoviral 
therapy in collaboration with its creators, Professor Tomoki 
Todo and colleagues, at the Institute of Medical Science, the 
University of Tokyo (IMSUT) hospital [13, 16, 17]. As of 
Feb 2017, Daiichi Sankyo Co., Ltd, has also partnered with 
ActiVec Inc. for the development of teserpaturev/G47Δ in 
the treatment of malignant glioma [18].

2 � Scientific Summary

2.1 � Pharmacological Properties

Teserpaturev/G47Δ, a triple-mutated (third-generation) 
recombinant oncolytic HSV1, was created by adding a third 
mutation (α47 deletion) to its predecessor virus, G207, a 
double-mutated (second-generation) recombinant oncolytic 
HSV1 that has deletion of both copies of the γ34.5 gene as 
well as an ICP6 gene that has been inactivated by inserting 
the Escherichia coli LacZ gene [9, 19]. The incorporation 
of the ICP6 gene inactivation distinguishes teserpaturev/
G47Δ from the commercially available second-generation 
recombinant oncolytic HSV1, T-VEC, which also has α47 
and γ34.5 deletions [2].

Regarding the mechanism of action of teserpaturev/
G47Δ, the γ34.5 deletion is mainly responsible for its can-
cer-selective replication and virulence attenuation. Deletion 
of the γ34.5 gene, which functions to negate the shut-off 
of protein synthesis upon viral infection by the host cell, 
results in a virus whose replication in normal cells is sig-
nificantly attenuated, although it can still replicate in cancer 
cells, as these have a defect in the shut-off response. In addi-
tion, deletion of the α47 gene, which functions to inhibit 
the host cell transporter associated with antigen presenta-
tion, results in the persistent expression of MHC class I; this 
should enhance the host anti-tumor immune response. The 
α47 deletion also places the late US11 gene under control 
of the immediate-early α47 promoter, resulting in enhanced 
viral replication in cancer cells. The ICP6 gene encodes the 
large subunit of ribonucleotide reductase (RR) required for 
viral DNA synthesis; viruses with ICP6 gene inactivation 
largely replicate in dividing cells (e.g. tumor cells), that 
express sufficient levels of mammalian RR to complement 
the viral mutation [2].

In preclinical studies, intratumoral administration of 
teserpaturev/G47Δ either alone, ‘armed’ with (i.e. express-
ing) immunomodulatory transgenes and/or in association 
with other treatment modalities, exhibited cytotoxic activ-
ity and demonstrated antitumor efficacy in almost all cancer 
types and experimental models tested [2, 20–42]. For exam-
ple, teserpaturev/G47Δ alone was effective in human glio-
blastoma (GBM) [23, 38] and higher-grade meningioma [28] 
models, and the efficacy of teserpaturev/G47Δ was enhanced 
when it was armed with angiostatin (human GBM models) 
[20], interleukin (IL)-12 (murine and human GBM models) 
[20, 24, 39, 43] or fms-like tyrosine kinase 3 ligand (murine 
glioma model) [21]. In addition, teserpaturev/G47Δ showed 
synergistic or combinatorial effects when combined with 
temozolomide chemotherapy [27], transforming growth 
factor beta [30] and the vascular endothelial growth factor 
receptor (VEGFR) tyrosine kinase inhibitor axitinib [29] in 
murine and/or human GBM models. Teserpaturev/G47Δ 
also enhanced the efficacy of low-dose etoposide chemo-
therapy in a human etoposide-insensitive GBM model [25], 
as well as that of the poly(ADP-ribose) polymerase (PARP) 

2014 2015 2016 2017 2018 2019 2020 2021

Phase II trial in residual or recurrent GBM (UMIN000015995)

Approved for malignant 
glioma in Japan (Jun)

Orphan Drug designation for malignant glioma 
in Japan (Jul)

NDA submitted for malignant 
glioma in Japan (Dec)

Phase I/IIa trial in recurrent 
GBM (UMIN000002661) 
initiated (Oct 2009) 

Preclinical studies initiated 
(c. 2000)

Sakigake designation granted in Japan (Feb)

Key milestones in the development of teserpaturev/G47Δ for the treatment of malignant glioma. GBM glioblastoma, NDA New Drug Application



669Teserpaturev/G47Δ: First Approval

inhibitor (PARPi) olaparib in human PARPi-sensitive and 
-resistant GBM models [26]. Of note, G47Δ replication in 
(and hence killing of) human GBM cells was increased fol-
lowing ‘transient fasting’ (i.e. growth in glucose and fetal 
calf serum restricted culture medium) [44].

Similarly, teserpaturev/G47Δ armed with IL-12 showed 
greater activity when combined with two checkpoint 
inhibitor (CPI) antibodies (anti-PD-1 and anti-CTLA-4), 
as opposed to only one CPI antibody, in a murine GBM 
model [39]. Notably, in murine GBM models, temozolmide 
showed synergistic activity with teserpaturev/G47Δ armed 
with IL-12 in vitro, although it did not extend survival and, 
moreover, abrogated the beneficial effect of the virotherapy 
on this outcome, when administered concurrently in vivo. 
This indicates that the relative timing of these two treatment 
modalities should be taken into account when designing 
clinical trials to evaluate combination therapy [45].

Teserpaturev/G47Δ showed superior efficacy to the con-
ditionally replicative adenovirus Ad5/35.GΔ·Ki in a human 
GBM model [22]. In addition, triple therapy consisting of 
teserpaturev/G47Δ combined with intratumoral expres-
sion of measles virus fusogenic membrane glycoproteins 
(FMGs) and temozolomide showed superior efficacy to the 
corresponding Ad5/35.GΔ·Ki-based triple therapy in human 
GBM models [22].

Teserpaturev/G47Δ shedding into blood, saliva and urine 
was evaluated over time using the quantitative polymerase 
chain reaction method (lower limit of detection: 10 copies/
μL) in 19 patients with recurrent or residual GBM who par-
ticipated in the pivotal phase II UMIN000015995 study [11, 
12, 14]. G47Δ DNA was detected from the blood of one 
patient on one occasion only (day 0, i.e. after the first dose 
of the virotherapy) [11, 14]. Teserpaturev/G47Δ distributed 
only to the central nervous system, trigeminal ganglion, and 
eyeball (including the optic nerve), centering on the admin-
istration site, following a single intracerebral dose of the 
virus in A/J mice [14]. It was not detected in the testes or 
ovaries [14].

2.2 � Therapeutic Trials

The efficacy of intratumorally-administered teserpaturev/
G47Δ in the treatment of malignant gliomas was demon-
strated in a pivotal, single-arm, open-label, historically-
controlled, investigator-initiated, phase II study in patients 
with residual or recurrent GBM (UMIN000015995) [11, 
12]. Previously, the feasibility of stereotactically injecting 
teserpaturev/G47Δ into the tumors of patients with recurrent 
or progressive GBM had been established in the first-in-
human (FIH), single-arm, open-label, uncontrolled, phase 
I/II UMIN000002661 study [46].

In the pivotal phase II study, the 1-year survival rate after 
teserpaturev/G47Δ initiation (primary endpoint) was 92.3% 

(95% CI 64.0–99.8%), based on an interim analysis of 13 
patients [11] (data cut-off date 14 June 2018 [14]). This was 
higher than the 1-year survival rate in historical controls 
(15%); following statistical confirmation that the primary 
endpoint of the study had been met, the trial was terminated 
early in accordance with the protocol [11]. In the full anal-
ysis set, which comprised 19 patients; the 1-year survival 
rate after teserpaturev/G47Δ initiation was 84.2% (95% CI 
60.4–96.6%; 16 of 19 patients) [11].

Regarding secondary endpoints, median progression-
free survival (PFS) and overall survival (OS) after teser-
paturev/G47Δ initiation were 4.7 (95% CI 3.3–6.1) and 
20.2 (95% CI 16.8–23.6) months, respectively, as assessed 
at the subsequent data cut-off date of 1 March 2022 [11]. 
Median OS from the time of the initial surgery/diagnosis 
(exploratory endpoint) was 28.8 (95% CI 20.1–37.5) months. 
According to a post hoc analysis, neither median OS after 
teserpaturev/G47Δ initiation [wild type, 20.9 (95% CI 
13.6–28.2) months; mutant type, 19.4 (95% CI 17.4–21.4) 
months] nor from the time of the initial surgery/diagnosis 
[wild type, 28.8 (95% CI 17.6–40.0) months; mutant type, 
23.6 (95% CI 16.1–31.1) months] were affected by isoci-
trate dehydrogenase 1 mutation status. Similarly, neither 
median OS after teserpaturev/G47Δ initiation [MGMT−, 
20.2 (95% CI 8.4–32.0) months; MGMT+, 16.2 (95% CI 
7.3–25.1) months] nor from the time of initial surgery/diag-
nosis [MGMT−, 23.6 (95% CI 0.4–46.8) months; MGMT+, 
28.8 (95% CI 25.3–32.3) months] were affected by MGMT 
expression. At the 1 March 2022 cut-off date, which is also 
the most recent observation date, three of the 19 patients 
were still alive and stable more than 3 years after their last 
teserpaturev/G47Δ injection [11].

The best overall response (BOR) during a 2-year observa-
tion period after the last teserpaturev/G47Δ administration 
was a partial response (PR) in one patient and stable disease 
(SD) in 18 patients, for an overall response rate of 5.3% 
(95% CI 0.1–26.0%) [11, 14].

This phase II trial enrolled 19 Japanese males and females 
aged ≥ 18 years with (i) pathologically-confirmed residual 
or recurrent GBM [as represented by magnetic resonance 
imaging (MRI)-enhanced lesions ≥ 10 mm] after initial 
therapy of surgery, radiation and temozolomide and (ii) a 
Karnofsky Performance Status (KPS) of ≥ 60% [11, 12]. 
Participants received up to six doses of teserpaturev/G47Δ 
(1 × 109 pfu/dose) at intervals of 5–14 days for the first and 
second doses and 4 (± 2) weeks for the third and subsequent 
doses [11, 12]. Teserpaturev/G47Δ was administered using 
MRI-guided stereotactic injections; it was delivered to a dif-
ferent coordinate for each injection and at two sites within 
the tumor for each dose [11, 12]. Most patients were given 
teserpaturev/G47Δ in addition to maintenance temozolo-
mide chemotherapy [47].
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2.3 � Adverse Events

Repeated stereotactic injections of teserpaturev/G47Δ 
were generally well tolerated in the pivotal phase II 
UMIN000015995 study in patients with recurrent or residual 
GBM [11].

All 19 trial participants experienced teserpaturev/G47Δ-
related adverse events (AEs), most commonly fever (89.5% 
of patients), vomiting (57.9%), nausea (52.6%), lymphocyte 
count decrease (47.4%) and white blood cell count decrease 
(31.6%). Seven (36.8%) trial participants reported a total of 
nine teserpaturev/G47Δ-related AEs of grade 3 or 4 severity. 
The most common of these was lymphocyte count decrease, 
which occurred in five patients (at grade 3 severity in three 
and grade 4 severity in two); however, all recovered with-
out treatment. In addition, grade 3 fever, vomiting, white 
blood cell count decrease and neutrophil count decrease each 
occurred in a single patient [11].

Among the 16 trial participants who had died by the time 
of the most recent observation date (1 March 2022), only one 
had not done so as a result of tumor progression. This death, 
which occurred 15 months after the patient had received their 
last teserpaturev/G47Δ injection, was not considered to be 
related to the drug [11].

Twelve of the 13 participants in the FIH phase I/II 
UMIN000002661 study in patients with recurrent or pro-
gressive GBM experienced a total of 69 AEs in the 90-day 
period following the last teserpaturev/G47Δ administration. 
Headache (in 61.5% of patients), fever (61.5%) and vomit-
ing (46.2%) were the most frequently occurring AEs; they 
were also the most common teserpaturev/G47Δ–related AEs 
[46]. Five grade 3 (headache, vomiting, white blood cell count 
decrease, IX–XI cranial nerve disorder and neurological dis-
order) and one grade 4 (lymphocyte count decrease) AE were 
reported [46].

Assessing the efficacy of teserpaturev/G47Δ in terms of 
PFS, OS and tumor shrinkage was a secondary objective in 
the FIH study [46]. Median PFS and OS after the last teser-
paturev/G47Δ administration were 8 (95% CI 7–34) days and 
7.3 (95% CI 6.2–15.2) months, respectively, and the 1- and 
2-year survival rates after the last teserpaturev/G47Δ adminis-
tration were 38.5% (95% CI 13.9–68.4%) and 23.1% (95% CI 
5.0–53.8%), respectively. Median OS from the time of the ini-
tial surgery/diagnosis was 30.5 (95% CI 19.2–52.7) months. 
At the end of a 2-year observation period following the last 
teserpaturev/G47Δ administration, 3 of the 13 trial partici-
pants were still alive. This included two of the 10 patients who 
received two injections of the drug at the approved dose of 
1 × 109 pfu; one of these two individuals continued to survive 
(for > 11 years after teserpaturev/G47Δ therapy) at the most 
recent observation date (1 March 2022). The BOR during the 
2-year observation period (exploratory analysis) was complete 
response in one patient, PR in one patient, SD in six patients 
and progressive disease in five patients [46].

This phase I/II trial enrolled 13 Japanese males and females 
aged ≥ 18 years who had undergone prior surgery at the time 
of initial or recurrent disease with (i) histologically-confirmed 
GBM (MRI-enhanced lesions ≥ 10 mm) despite having 
received radiation therapy, with or with temozolomide chemo-
therapy, and (ii) a KPS of > 60%. Participants received two 
doses of teserpaturev/G47Δ [3 × 108 pfu/dose (three patients 
in the first cohort of the phase I part) or 1 × 109 pfu/dose (three 
patients in the second cohort of the phase I part plus seven 
patients in the phase II part)], into the same coordinates, with 
an interval of 5–14 days between the first and second dose. 
Each dose was administered using MRI-guided stereotactic 
injections to two sites within the tumor [46].

Features and properties of teserpaturev/G47Δ

Alternative names Delytact, DS1647, G47 delta oncolytic virus therapy—Daiichi Sankyo/University of Tokyo
Class Antineoplastics; gene therapies; immunotherapies; oncolytic viruses
Mechanism of action Triple-mutated (third-generation), recombinant oncolytic herpes simplex virus type 1; targets, and selectively 

replicates in (hence killing) tumor cells, while leaving normal cells unharmed
Route of administration Intratumoral
Pharmacodynamics Either alone, ‘armed’ with (i.e. expressing) immunomodulatory transgenes and/or in association with other 

treatment modalities, exhibited cytotoxic activity and demonstrated antitumor efficacy in almost all preclini-
cal studies, including models of murine and human glioblastoma

Pharmacokinetics Viral shedding (beyond site of intracerebral administration) only detected in blood following first dose on first 
day of therapy

Most frequent adverse events Most frequent: fever, vomiting, nausea, lymphocyte count decrease and white blood cell count decrease
ATC codes
 WHO ATC code L (Antineoplastic and Immunomodulating Agents)
 EphMRA ATC code L (Antineoplastic and Immunomodulating Agents)
CAS registry number 1802360-34-4
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Key clinical trials of teserpaturev/G47Δ in Japan

Drug(s) Indication Phase Status Sponsor(s) Identifier
Teserpaturev/G47Δ Residual or recurrent 

glioblastoma
II Completed IMSUT hospital, University of Tokyo UMIN000015995

Teserpaturev/G47Δ Recurrent glioblastoma I-IIa Completed IMSUT hospital, University of Tokyo;
University of Tokyo Hospital

UMIN000002661

Teserpaturev/G47Δ Prostate cancer II Ongoing Kyorin University and IMSUT hospital, University 
of Tokyo

jRCTs033210603

Teserpaturev/G47Δ Castration-resistant 
prostate cancer

I Completed University of Tokyo Hospital UMIN000010463

Teserpaturev/G47Δ Malignant pleural  
mesothelioma

I Ongoing IMSUT hospital, University of Tokyo UMIN000034063

Teserpaturev/G47Δ Recurrent olfactory 
neuroblastoma

I Ongoing IMSUT hospital, University of Tokyo UMIN000011636

2.4 � Ongoing Clinical Trials

Currently, three single-arm, open-label, phase I or II studies 
of teserpaturev/G47Δ are underway.

jRCTs033210603 is a historically controlled phase II trial 
assessing the efficacy and safety of administering up to six 
doses of teserpaturev/G47Δ (1 × 109 pfu/dose) at 4-week 
intervals into the tumors of male patients aged ≥ 20 years 
with prostate cancer. The primary outcome is the 1-year fail-
ure-free survival rate; secondary outcomes include failure-
free survival, overall survival, adverse event rate and serious 
adverse event rate. This study has a target enrolment of 30 
patients.

UMIN000034063 is an uncontrolled phase I trial assess-
ing the safety and efficacy of administering up to six fixed 
doses of teserpaturev/G47Δ at 4-week intervals into the 
pleural cavity of patients aged ≥ 20 years with malignant 
pleural mesothelioma that is inoperable, recurrent or pro-
gressive. Primary outcomes are types and frequencies of 
AEs; key secondary outcomes are change in tumor size on 
computed tomography scan, PFS, and OS. This study has 
completed the enrolment of six patients as planned.

UMIN000011636 is an uncontrolled phase I trial evalu-
ating the safety and efficacy of administering teserpaturev/
G47Δ at the same dose every 4 weeks into the tumors of 
patients aged ≥ 18 years with recurrent olfactory neuroblas-
toma that is progressive despite previous or ongoing radia-
tion therapy. Primary outcomes are types and frequencies 
of AEs; key secondary outcomes are change in tumor size 
on MRI, PFS and OS. This study has a target enrolment of 
10 patients.

3 � Current Status

Teserpaturev/G47Δ received its first approval on 11 Jun 
2021 for the treatment of malignant glioma in Japan.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s40259-​022-​00553-7.
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