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/ABSTRACT

Intratumoral immunotherapies aim to trigger local and sys-
temic immunologic responses via direct injection of immuno-
stimulatory agents with the goal of tumor cell lysis, followed
by release of tumor-derived antigens and subsequent activa-
tion of tumor-specific effector T cells. In 2019, a multitude
of intratumoral immunotherapies with varied mechanisms of
action, including nononcolytic viral therapies such as PV-10
and toll-like receptor 9 agonists and oncolytic viral therapies
such as CAVATAK, Pexa-Vec, and HF10, have been extensively
evaluated in clinical trials and demonstrated promising anti-
tumor activity with tolerable toxicities in melanoma and other
solid tumor types. Talimogene laherparepvec (T-VEC), a geneti-
cally modified herpes simplex virus type 1-based oncolytic
immunotherapy, is the first oncolytic virus approved by the
U.S. Food and Drug Administration for the treatment of
unresectable melanoma recurrent after initial surgery. In

patients with unresectable metastatic melanoma, T-VEC
demonstrated a superior durable response rate (continuous
complete response or partial response lasting 26 months)
over subcutaneous GM-CSF (16.3% vs. 2.1%; p < .001).
Responses were seen in both injected and uninjected
lesions including visceral lesions, suggesting a systemic anti-
tumor response. When combined with immune checkpoint
inhibitors, T-VEC significantly improved response rates com-
pared with single agent; similar results were seen with com-
binations of checkpoint inhibitors and other intratumoral
therapies such as CAVATAK, HF10, and TLR9 agonists. In this
review, we highlight recent results from clinical trials of key
intratumoral immunotherapies that are being evaluated in
the clinic, with a focus on T-VEC in the treatment of
advanced melanoma as a model for future solid tumor indi-
cations. The Oncologist 2020;25:e423-e438

Implications for Practice: This review provides oncologists with the latest information on the development of key
intratumoral immunotherapies, particularly oncolytic viruses. Currently, T-VEC is the only U.S. Food and Drug Administration
(FDA)-approved oncolytic immunotherapy. This article highlights the efficacy and safety data from clinical trials of T-VEC
both as monotherapy and in combination with immune checkpoint inhibitors. This review summarizes current knowledge
on intratumoral therapies, a novel modality with increased utility in cancer treatment, and T-VEC, the only U.S. FDA-
approved oncolytic viral therapy, for medical oncologists. This review evaluates approaches to incorporate T-VEC into daily
practice to offer the possibility of response in selected melanoma patients with manageable adverse events as compared
with other available immunotherapies.

INTRATUMORAL IMMUNOTHERAPIES

Cancer immunotherapy relies on the recognition of
tumor-associated antigens by immune cells in patients [1].
Other cancer immune elimination mechanisms involve innate
immunity components such as natural killer (NK) cells and NK
cell-mediated antibody-dependent cellular cytotoxicity, as well
as release of proinflammatory cytokines such as tumor

necrosis factor o and interferon-y [2—4]. The first clinical success
with cancer immunotherapy was reported over a century ago
in patients with malignant tumors treated with intratumoral
inoculation of live bacteria (Fig. 1) [5]. Intratumoral immuno-
therapy offers enhanced locoregional efficacy and reduced sys-
temic toxicity by enabling high bioavailability of the agent at
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Figure 1. History of intratumoral therapies.
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with engineered
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enrolled (T-VEC, melanoma)[80]

Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor; HNC, head and neck cancer; T-VEC, talimogene

laherparepvec.

the injected tumor sites while limiting systemic exposure [6].
Using tumor as a source of antigens expressed across multiple
tumor clones, intratumoral immunotherapies aim to initiate
local recruitment of immune cells into the tumor microenviron-
ment and subsequently prime T cells for a systemic polyclonal
antitumor response, potentially addressing intra- and inter-
tumoral heterogeneity [7-9]. Several intratumoral therapies
with differing mechanisms of action have successfully entered
clinical trials and shown promising results (Table 1).

Using tumor as a source of antigens expressed across
multiple tumor clones, intratumoral immunotherapies
aim to initiate local recruitment of immune cells into
the tumor microenvironment and subsequently prime
T cells for a systemic polyclonal antitumor response,
potentially addressing intra- and intertumoral hetero-
geneity.

PV-10

PV-10 (Provectus Biopharmaceuticals, Inc., Knoxville, TN) is
an injectable formulation of rose bengal disodium, a water-
soluble xanthene dye, designed to be injected into solid
tumors. PV-10 has received orphan drug designation from the
U.S. Food & Drug Administration (FDA) for its metastatic mela-
noma and hepatocellular carcinoma (HCC) indications [10-12].
After intratumoral injection, PV-10 accumulates in lysosomes
and causes rapid tumor cell lysis, which can potentially induce
secondary T cell-mediated systemic antitumor immunity
[13, 14]. In vitro and in vivo experiments demonstrated
that PV-10 selectively accumulates in lysosomes of trans-
formed cells but not normal cells [13, 15]. In a preclinical
study that used the mouse B16 melanoma model, a single
injection of intratumoral PV-10 led to regression of both
injected lesions and distant lesions in the lung. Splenocytes
isolated from mice treated with PV-10 showed enhanced
tumor-specific interferon (IFN)-y production compared with
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splenocytes obtained from control-treated mice. A significant
increase in B16 cell lysis was observed after PV-10 treatment
[14]. In addition, combining PV-10 with anti—-programmed
death receptor-1(PD-1) and programmed death-ligand 1
(PD-L1) agents resulted in an enhanced antitumor effect in
melanoma-bearing mice [16].

In a phase | study, 11 patients with locoregionally recur-
rent melanoma received one intratumoral injection of PV-10.
The treatment was well tolerated with no serious adverse
events (AEs) observed in the study cohort. The most common
AEs were transient mild-to-moderate pain, local inflammation,
and pruritus at injection sites. The overall response rate (ORR;
complete response [CR] or partial response [PR]) was 55%
at 12 weeks [17]. In a phase Il study of intratumoral PV-10
in refractory metastatic melanoma, 41 of 80 patients (51%)
had a response, and 21 patients (26%) achieved CR. The
median duration of response was 4 months, with 8% of
patients being disease-free after 52 weeks. AEs were pre-
dominantly restricted to the injection sites without any
treatment-related grade 4 or 5 toxicities [11].

A phase 3 study of PV-10 is ongoing to assess PV-10 mon-
otherapy versus systemic chemotherapy with dacarbazine or
temozolomide or T-VEC for the treatment of locally advanced
cutaneous melanoma in patients who are BRAF V600 wild
type and have failed or are not candidates for at least one
immune checkpoint inhibitor (ClinicalTrials.gov identifier:
NCT02288897). A phase Ib—Il study of intratumoral PV-10
in combination with pembrolizumab, a PD-1-blocking anti-
body, for the treatment of metastatic melanoma is cur-
rently enrolling participants (ClinicalTrials.gov identifier:
NCT02557321). Safety and efficacy of PV-10 in liver tumors
from either primary HCC or liver metastases from distant
tumors are currently being investigated in a phase | study
(ClinicalTrials.gov identifier: NCT00986661).

Toll-Like Receptor Agonists

Toll-like receptors (TLRs) are a family of pattern recognition
receptors that are essential components of the innate immu-
nity. Recognition of pathogens derived from bacteria, viruses,
and fungi, or specific agonists by TLRs initiates a cascade of
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Table 1. Summary of key intratumoral therapies

Intratumoral

therapy Active agent; proposed MOA

Study phase, cancer type [reference],
key outcomes

Key ongoing studies [ClinicalTrials.
gov identifier]

Nonviral oncolytics

PV-10 Rose bengal disodium;
selective accumulation in
lysosomes of tumor cells

SD-101 Toll-like receptor agonist;
TLR9 activation

Tilsotolimod Toll-like receptor agonist;

(IMO-2125) TLR9 activation

CMP-001 Toll-like receptor agonist;
TLR9 activation

NKTR-262 Toll-like receptor agonist;

TLR7/8 activation

Oncolytic viruses

T-VEC Genetically engineered HSV-1
(approved by with GM-CSF transgene;
U.S. FDA) selected viral replication in

tumor cells leading to tumor
cell lysis

Phase Il, melanoma [11]
Efficacy
ORR, 51%
CR, 26%
Safety
Most AEs restricted to injection
sites
No treatment-related grade 4 or 5
toxicities
Phase Ib (+ pembrolizumab), melanoma
[23]
Efficacy
ORR, 78%, naive to prior anti—-PD-1/
PD-L1
ORR, 15%, received prior anti—-PD-1/
PD-L1
Safety
Most AEs were grade 1-2
Mostly injection-site reactions and
flu-like symptoms
Phase I/l (+ ipilimumab), melanoma
(refractory to anti—PD-1) [25]
Efficacy
ORR, 38%
Safety
Mostly grade 1-2 injection-related
toxicities and flu-like symptoms

Phase Ib (+ pembrolizumab), melanoma
(refractory to anti—PD-1) [26]

Phase Ill, melanoma [NCT02288897]
Phase |, liver tumor [NCT00986661]

Phase Il (+ pembrolizumab),
prostate carcinoma
[NCT03007732]

Phase | (+ anti-OX40 antibody +
radiation), B-cell non-Hodgkin
lymphoma [NCT03410901]

Phase Il (+ ipilimumab), melanoma
refractory to anti—PD-1
[NCT03445533]

Phase Il (+ nivolumab), melanoma
[NCT03618641]

Efficacy Phase Ib (+ pembrolizumab),
ORR, 22.5% (weekly dosing) melanoma [NCT02680184]
Safety

Manageable acute toxicity profile

Phase Ib (+ NKTR-214,
bempegaldesleukin), metastatic solid
tumors [31]

Efficacy
ORR, 18.2% (2/11)

Safety
Well tolerated; no
treatment-related DLTs or SAEs

Phase I/Il (+ NKTR-214, with or
without nivolumab), metastatic
solid tumors [NCT03435640]

Phase Ill (OPTiM), melanoma [46]
Efficacy
Durable response rate, 16.3%
ORR, 26.4%
CR, 10.8%
Safety
Well tolerated, with most common
AEs being fatigue, chills, and pyrexia
Phase Il (+ ipilimumab), melanoma [95]
Efficacy
ORR, 39%
CR, 13%
Safety
Well tolerated, with most common
AEs being fatigue, chills, and pyrexia
Phase Ib (+ pembrolizumab), melanoma
[96]
Efficacy
Durable response rate, 16.3%
ORR, 62%
CR, 33%
Safety
Well tolerated, with most common
AEs being fatigue, chills, and pyrexia

Phase Il (+ pembrolizumab),
melanoma [NCT02263508]

Phase Il, melanoma [NCT02211131]

Phase Ib/Il (+ pembrolizumab), liver
tumors [NCT02509507]

Phase Il (+ pembrolizumab),
melanoma refractory to
anti—PD-1/PD-L1 [NCT02965716]
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Table 1. (continued)

Intratumoral Study phase, cancer type [reference], Key ongoing studies [ClinicalTrials.
therapy Active agent; proposed MOA key outcomes gov identifier]

CAVATAK Genetically unaltered Phase Il, melanoma [52] Phase | (+ pembrolizumab), NSCLC
coxsackievirus A21; Efficacy [NCT02824965] and melanoma
preferential infection of ORR, 28.1% [NCT02565992]
ICAM-1-expressing cells Durable response rate, 19.3% Phase Ib (+ ipilimumab), melanoma

Safety [NCT02307149]
No grade 3 or 4 AEs

Phase | (+ ipilimumab), melanoma [50]

Efficacy
ORR, 50%

Safety
Minimal toxicity, with only 1
grade > 3 treatment-related fatigue
attributable to ipilimumab

Pexa-Vec Genetically engineered Phase I, hepatocellular carcinoma [63] Phase Il (+ sorafenib),
vaccinia virus; GM-CSF Efficacy hepatocellular carcinoma
transgene expression and Intrahepatic response rate, 62% [NCT02562755]
thymidine kinase inactivation Safety Phase I/lla (+ nivolumab),

Generally favorable safety profile hepatocellular carcinoma
Most common AEs were flu-like [NCT03071094]
symptoms

HF10 Spontaneously mutated Phase Il (+ ipilimumab), melanoma [73]  Phase | (+ nivolumab), melanoma
HSV-1; no transgenes Efficacy [NCT03259425]

ORR, 41%
CR, 16%
Safety
Grade > 3 AEs, 37%

Phase | (+ erlotinib, + gemcitabine),
pancreatic cancer (unresectable) [72]
Efficacy

PFS, 6.3 mo
0S, 15.5 mo
Safety
No AEs related to treatment

PVS-RIPO Genetically engineered polio  Phase |, glioma grade IV [77] Phase Il (+ lomustine), glioma
virus; selectively targeting Efficacy [NCT02986178]
GBM cells expressing Necl-5; 0S, 21% at 24 mo, sustained to
genetically modified to 36 mo
minimize neurovirulence Safety

No neuropathogenicity
No viral shedding

DNX-2401 Genetically engineered Phase |, recurrent malignant glioma Phase Il (+ pembrolizumab),
adenovirus; selective [112] recurrent glioblastoma or
replication in Rb Efficacy gliosarcoma [NCT02798406]

pathway-deficient cells

5 of 25 patients survived <3 y from
treatment

3 patients had >3 y of PFS

Safety

No dose-limiting toxicities
2 patients had treatment-related

AEs

Abbreviations: AE, adverse event; CR, complete response; DLT, dose-limiting toxicities; FDA, Food & Drug Administration; GBM, glioblastoma
multiforme; GM-CSF, granulocyte-macrophage colony-stimulating factor; HSV-1, herpes simplex virus type 1; ICAM-1, intercellular adhesion mol-
ecule 1; MOA, mechanisms of action; NSCLC, non-small cell lung cancer; ORR, overall response rate; OS, overall survival; PD-1, programmed
death receptor-1; PD-L1, programmed death-ligand 1; Pexa-Vec, pexastimogene devacirepvec; PFS, progression-free survival; SAE, serious

adverse events; T-VEC, talimogene laherparepvec.

downstream proinflammatory events, resulting in both innate
and adaptive immune responses [18]. TLRs also play an impor-
tant role in the development of cancer, and agonists of TLRs
have demonstrated potential for cancer treatment [19]. Results
from preclinical studies and early-phase clinical trials support
the use of TLR9 agonists for the treatment of solid tumors and
hematologic malignancies [20-22]. Using a mouse model of
cervical carcinoma, Baines and Celis reported that repeated
administration of synthetic oligodeoxynucleotides bearing CpG
motifs, an adjuvant to trigger T-cell response via TLR9, caused
significant antitumor effects and that the tumor regression

© 2019 The Authors.
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correlated with increased infiltration of CD8+ effector T cells
into the tumor [21].

A phase | trial was conducted to evaluate the safety pro-
file of CpG-28, a TLR agonist administered intratumorally, in
24 patients with recurrent glioblastoma. Overall, CpG-28 was
well tolerated, with major treatment-related AEs being tran-
sient worsening of neurological condition, fever, and reversible
lymphopenia. Response was observed in two patients, and the
median overall survival was 7.2 months [20]. In another phase
Ib multicenter study, patients with unresectable or metastatic
malignant melanoma were treated with the combination of
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intratumoral SD-101 (Dynavax Technologies, Berkeley, CA), a
synthetic TLR9 agonist, and intravenous pembrolizumab [23].
The combination resulted in an ORR of 78% among nine
patients who were naive to prior anti—PD-1 and PD-L1 therapy
and an ORR of 15% among 13 patients who received prior anti—
PD-1 and PD-L1 therapy. In patients naive to prior anti—PD-1/
PD-L1 therapy, the estimated 12-month progression-free sur-
vival (PFS) rate was 88%, and the overall survival rate was 89%.
The most common AEs were injection-site reactions and tran-
sient flu-like symptoms. In a phase I/Il dose escalation study of
intratumoral SD-101 in combination with low-dose radiation
(ClinicalTrials.gov identifier: NCT02266147), 29 patients with
low-grade, treatment-naive B-cell lymphoma received 4 Gy of
radiation followed by five weekly injections of SD-101. No
treatment-related grade 4 or 5 serious AEs occurred. Five
patients had PR, and one had CR. Tumor reduction at
untreated sites was seen in 24 patients, and nearly all
patients had tumor reduction at their treated sites. The
treatment led to an increase in CD4+/CD8+ effector T cells
and a decrease in T follicular helper cells and regulatory
T cells in the tumor microenvironment [24].

Combinations of other TLR9 agonists and checkpoint
inhibitors, such as tilsotolimod (IMO-2125; Idera Pharma-
ceuticals, Cambridge, MA) plus ipilimumab (a cytotoxic
T-lymphocyte antigen-4 [CTLA-4]-blocking antibody), as well
as CMP-001 (Checkmate Pharmaceuticals, Cambridge, MA)
plus pembrolizumab, have been shown to trigger response
in patients with melanoma refractory to PD-1 inhibition. In
the phase I/Il ILLUMINATE-204 study, the combination of
tilsotolimod plus ipilimumab led to an ORR of 38% (8/21) in
patients with metastatic melanoma refractory to anti—PD-1
therapy [25]. In a phase Ib trial evaluating CMP-001 in combi-
nation with pembrolizumab in a similar patient population,
the ORR was 22.5% (9/40 patients) [26].

Intratumoral injection of another TLR9 agonist, PF-3512676,
resulted in complete regression of tumors established by the
A20 B-cell lymphoma cell line in the preclinical xenograft model.
When mice were inoculated with two tumors followed by
intratumoral injection of PF-3512676 in just one tumor, both
tumors regressed, indicating that the immune response trig-
gered by PF-3512676 was systemic [27]. In a phase | study
(ClinicalTrials.gov identifier: NCT00185965), 15 patients with
low-grade B-cell lymphoma received PF-3512676 in combina-
tion with low-dose radiotherapy at the same single tumor site.
The regimen was well tolerated, with only grade 1 or 2 systemic
AEs and no treatment-limiting AEs. One patient had CR, three
had PR, and two had stable disease (SD). Memory CD8+ T cells
were induced by treatment in blood and pleural fluid of
responding patients, as evidenced by increased cell surface
expression of both CD45R0, memory marker, and CD137, acti-
vation marker, measured by flow cytometry; however, it is not
known if these induced memory CD8+ T cells were tumor spe-
cific. One patient who responded to the first treatment course
relapsed and subsequently received a second course of vaccina-
tion, which led to a second and more rapid clinical response
[28]. Currently, TLR9 agonists are being evaluated in combina-
tion with checkpoint inhibitors or radiotherapy in a variety of
tumor types, including prostate carcinoma (ClinicalTrials.gov
identifier: NCT03007732), lymphoma (ClinicalTrials.gov identi-
fier: NCT03410901), metastatic colorectal cancer (ClinicalTrials.

www.TheOncologist.com

gov identifier: NCT03507699), and melanoma (ClinicalTrials.gov
identifiers: NCT02644967, NCT03445533, NCT02680184, and
NCT03618641).

Clinical evaluation of TLR7/8 agonists is also underway.
NKTR-262 (NEKTAR, San Francisco, CA) is a small molecule
agonist of TLR7/8 [29]. The phase I/Il trial named REVEAL
assesses safety and antitumor activity of the combination of
intratumoral NKTR-262 and NKTR-214, a CD122-biased ago-
nist administered via IV infusion, with or without nivolumab.
Eligible patients had advanced melanoma, Merkel cell carci-
noma, colorectal cancer, urothelial carcinoma, or sarcoma.
The phase | dose escalation part will identify the rec-
ommended phase Il dose for the NKTR-262 + NKTR-214 dou-
blet and for NKTR-262 + NKTR-214 + nivolumab triplet.
Additional patients will be enrolled into the phase Il part to
further evaluate the antitumor activity of these combinations
(ClinicalTrials.gov identifier: NCT03435640) [30]. Preliminary
data with the doublet has been presented. Of 11 evaluable
patients from the dose escalation cohort, 2 had PR, and 3 had
SD, and 6 had progressive disease, resulting in a disease con-
trol rate of 45.5%. The combination of NKTR-262 and NTKR-
214 has been well tolerated with no treatment-related serious
adverse events or dose-limiting toxicities [31].

Intratumoral Oncolytic Viruses

Several intratumoral therapies that are either approved or
under development are oncolytic viruses (OVs), defined as
genetically modified or naturally occurring viruses that can
preferentially infect tumor cells and, as a result, cause tumor
cell lysis without affecting normal cells. OVs are recognized as
a novel class of antitumor agents that offer promising thera-
peutic potential [7]. The first evidence of viral infection—
induced tumor regression was reported over a century ago,
followed by an increasing number of case reports describing
remission of malignancies after naturally acquired, systemic
viral infection or vaccination (Fig. 1) [32—43]. Advances made
in the techniques of genetic engineering and characterization
of the viral genome have led to the current generation of
genetically engineered OVs, some of which express foreign
genes encoding immune modulators, such as cytokines and
chemokines [32]. These immune modulators can synergize
with the immunostimulatory nature of OVs and potentiate
an enhanced antitumor immune response [44]. In 2005, an
engineered H101 variant of adenovirus (Oncorine; Shanghai
Sunway Biotech Co., Ltd, Shanghai, China) was approved in
China for the treatment of nasopharyngeal carcinoma in com-
bination with chemotherapy, making it the first approved OV
worldwide [45]. In 2015, talimogene laherparepvec (T-VEC;
IMLYGIC; Amgen Inc., Thousand Oaks, CA), a genetically modi-
fied oncolytic viral therapy, was approved by the U.S. FDA for
the local treatment of unresectable cutaneous, subcutaneous,
and nodal lesions in patients with melanoma recurrent after
initial surgery [46]. T-VEC is the only approved OV in the
U.S.to date.

In this section, we highlight the mechanisms of action and
key clinical trial results for several intratumoral OVs that are
still under clinical development but likely to become treat-
ment options in the future (Table 1; DNX-2401 [DNAtrix Thera-
peutics, Houston, TX], an engineered adenovirus not described
in the article, is included in Table 1).

© 2019 The Authors.

The Oncologist published by Wiley Periodicals, Inc. on behalf of AlphaMed Press.


http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov
http://clinicaltrials.gov

e428

Intratumoral Immunotherapies and T-VEC

CAVATAK

Coxsackievirus A21 (CAVATAK, Merck & Co., Inc. Kenilworth,
NJ) is a naturally occurring, genetically unaltered OV (without
foreign gene expression), which preferentially infects tumor
cells that express increased level of intercellular adhesion mol-
ecule 1 on the cell surface, leading to tumor cell lysis [47].
CAVATAK has demonstrated activity against in vitro and in vivo
melanoma cell lines and xenografts [48, 49].

A phase Ib study entitled Melanoma Intra-Tumoral
CAVATAK and Ipilimumab (MITCI) was conducted to evaluate
the safety and efficacy of the combination of CAVATAK and
ipilimumab, in up to 50 patients with treated or untreated
unresectable stage IlIC-IVM1c melanoma. Interim results
showed that there were no dose-limiting toxicities reported in
the 23 enrolled patients. The combination had minimal toxicity,
with only one grade >3 treatment-related fatigue that was
attributable to ipilimumab. Of the 18 patients evaluable for
response assessment, the confirmed ORR was 50% (9/18
patients). ORR was 60% (6/10) in patients who were naive to
checkpoint inhibitors and 38% (3/8) in those who had experi-
enced checkpoint inhibitors. Notably, in patients with stage
IVM1c disease, ORR was 57.1% (4/7 patients). Responses
were seen in both injected and uninjected lesions, as well as
in patients with progressive disease following checkpoint inhibi-
tor therapy [50]. The phase I/Il CANON study evaluated tolera-
bility of intravesical administration of CAVATAK in patients with
nonmuscle invasive bladder cancer. Interim analysis showed
clinical activity of CAVATAK, evidenced by complete tumor
response, viral replication within tumor, and viral-induced
apoptosis [51]. In a phase Il, multicenter, open-label study enti-
tled CAVATAK in Late-stage Melanoma (CALM), intratumoral
injection of CAVATAK was administered in 57 patients with
unresectable stage llIC-IVM1c melanoma [52]. At 6 months,
21 of 57 (36.8%) evaluable patients achieved immune-related
PFS, which met the study’s primary endpoint. ORR and durable
response rate (defined as rate of continuous CR or PR lasting
26 months) per immune-related Response Evaluation Criteria In
Solid Tumors (RECIST) were 28.1% and 19.3%, respectively. No
grade 3 or 4 AEs were reported.

Combination of CAVATAK with another checkpoint inhibi-
tor, pembrolizumab, is being evaluated in a phase 1 clinical trial
in patients with advanced melanoma (CAPRA trial, ClinicalTrials.
gov identifier: NCT02565992).

Pexastimogene Devacirepvec

Pexastimogene devacirepvec (Pexa-Vec; Sillalen, Inc., Busan,
Republic of Korea) is a vaccinia virus—based oncolytic immuno-
therapy that has been genetically modified to inactivate the
viral gene encoding thymidine kinase and express human
granulocyte-macrophage colony-stimulating factor (GM-CSF)
and p-galactosidase. Under normal conditions, physiological
level of GM-CSF in the serum ranges from undetectable to
20-100 pg/mL in humans [53]; it can rise to high levels in
serum and local tissues upon stimulation by proinflammatory
signals such as cytokines, antigens, and microbial products [54].
There are no data on the intratumoral or systemic level of
GM-CSF after treatment with Pexa-Vec or T-VEC. The replica-
tion and spread of Pexa-Vec is dependent on the activation
of epidermal growth factor receptor signaling pathway and
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high intercellular level of thymidine kinase, both of which are
hallmarks of proliferating cancer cells [55]. Deactivation of
the viral gene for thymidine kinase interferes with its ability
to efficiently replicate in normal cells. The insertion of genes
encoding GM-CSF allows for activation of antigen-presenting
cells [56]. Both intravenous and intratumoral administration
of Pexa-Vec have been clinically proven to be well tolerated
in adult patients with various types of solid tumors and in
pediatric cancer patients [57-61]. Pexa-Vec has been tested
in over 300 patients; the most commonly reported AEs were
transient flu-like symptoms, including fever and chills [62].

Currently, intratumoral administration of Pexa-Vec, alone
or in combination with sorafenib or immune checkpoint inhibi-
tors, is mainly being assessed for the treatment of HCC in later
phase trials. In a randomized phase Il study of intratumoral
Pexa-Vec in 30 patients with unresectable primary HCC, Pexa-
Vec was given at doses of 108 and 10° plaque-forming units per
mL. Both doses had a favorable safety profile, with the most
common AEs being flu-like symptoms. A high dose of Pexa-Vec
resulted in an intrahepatic response rate of 62% and was associ-
ated with improved overall survival when compared with the
low-dose group (median, 14.1 months vs. 6.7 months; hazard
ratio [HR] 0.39; p = .020) [63]. However, the TRAVERSE trial,
a randomized phase llb study of Pexa-Vec plus best supportive
care versus best supportive care alone in patients with
advanced HCC refractory to sorafenib, did not meet its pri-
mary endpoint of prolonging survival [59].

A randomized, open-label, phase Ill study of intrahepatic
injection of Pexa-Vec followed by sorafenib versus sorafenib
alone in patients with advanced HCC is currently enrolling
participants (PHOCUS trial; ClinicalTrials.gov identifier:
NCT02562755) [64]. In addition, the combination of Pexa-
Vec and nivolumab is being evaluated as first-line treatment
for advanced HCC in a phase I/lla trial (ClinicalTrials.gov iden-
tifier: NCT03071094).

HF10

HF10 (Takara Bio Inc., Kusatsu, Shiga, Japan) is a spontane-
ously mutated OV derived from herpes simplex virus type
1 (HSV-1) without insertion of any foreign genes [65]. HF10
was proved effective in treating disseminated peritoneal
colon cancer and breast cancer in preclinical mouse models
[66, 67] and was subsequently studied in phase | trials
involving patients with recurrent breast cancer [68], head
and neck cancer [69], unresectable pancreatic cancer [70],
and melanoma [71]. In a single-arm, open-label, phase |
trial, 12 patients with unresectable, locally advanced pan-
creatic cancer received up to four intratumoral injections of
HF10 (under the guidance of endoscopic ultrasound once
every 2 weeks) in combination with erlotinib and gemcitabine.
Of the nine patients who completed treatment, three had PR,
four had SD, and two had progressive disease. AEs recorded
for this study were deemed unrelated to HF10 treatment [72].
Similarly, tolerable toxicities and preliminary antitumor activity
were seen in other early phase trials, warranting subsequent
clinical investigation of HF10.

In a phase Il trial in patients with unresectable meta-
static melanoma, the combination of intratumoral HF10
and systemic ipilimumab was shown to be well tolerated
and demonstrated an ORR of 41% (18/44 patients) and a
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Figure 2. Proposed mechanisms of action for T-VEC and effect of T-VEC on immune cell populations.
Abbreviations: GM-CSF, granulocyte-macrophage colony-stimulating factor; T-VEC, talimogene laherparepvec.

Image courtesy of Amgen Inc.

CR rate of 16% (7/44 patients) at 24 weeks. The duration of
response ranged from 12 weeks to longer than 48 weeks,
approximately, with 42.9% of responders having response
ongoing after 24 weeks [73]. Currently, HF10 is being tested
in combination with nivolumab as a neoadjuvant therapy in
resectable stage IlIB, IlIC, or IVM1a melanoma (ClinicalTrials.
gov identifier: NCT03259425).

PVS-RIPO

Poliovirus is a single-strand, positive-sense RNA enterovirus
that causes poliomyelitis in humans. The poliovirus recep-
tor, nectin-like molecule 5 (Necl-5; also known as CD155), is
widely upregulated in high-grade glioblastoma multiforme
(GBM) and several other solid tumors. Poliovirus shows nat-
ural target tropism for GBM cells expressing Necl-5, all-
owing for selective infection and subsequent tumor cell
lysis [74]. However, Necl-5 is also expressed in the central
nervous system, and tropism for Necl-5 is a major cause of
the neuropathogenicity of poliovirus. PVS-RIPO (Istari Oncol-
ogy Inc., Research Triangle Park, NC) is a recombinant non-
pathogenic poliovirus derived from the live attenuated Sabin
poliovirus vaccine. To minimize the neurovirulence of wild-
type poliovirus, PVS-RIPO is genetically modified with a heter-
ologous human rhinovirus type 2 internal ribosomal entry site,
which preferentially blocks viral translation in neurons while
maintaining affinity for tumor cells [75].

PVS-RIPO was shown to cause oncolysis of malignant gli-
oma in vivo without adapting to a pathogenic phenotype,
supporting its further evaluation in clinical trials [76]. In a
phase | study, 61 adult patients with recurrent malignant gli-
oma received intratumoral infusion of PVS-RIPO. No evi-
dence of neuropathogenicity or viral shedding was observed.
The dose level of 5.0 x 10’ median tissue culture infectious
dose was identified as the safety dose for phase Il. The over-
all survival rate reached a plateau of 21% (13/61 patients;
95% confidence interval [Cl], 11%-33%) at 24 months and
sustained at 36 months, which was higher than that in histor-
ical controls [77]. In May 2016, PVS-RIPO received break-
through therapy and orphan drug designations from the
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U.S. FDA for glioblastoma. A phase Il, randomized study of
PVS-RIPO alone or in combination with single-cycle lomustine
in patients with recurrent World Health Organization grade IV
malignant glioblastoma is currently ongoing (ClinicalTrials.gov
identifier: NCT02986178).

INTRODUCTION OF T-VEC AND DATA FROM CLINICAL TRIALS
ofF T-VEC MONOTHERAPY

T-VEC is an HSV-1-derived OV designed to selectively repli-
cate in tumor cells and produce GM-CSF to trigger release
of tumor-derived antigens via lysis of tumor cells, followed
by antigen presentation and systemic antitumor immune
responses [78]. Several genetic modifications have been
made to T-VEC to enhance tumor cell selectivity, restore
antigen presentation, and enhance immune recognition of
HSV-infected tumor cells while minimizing toxicity. Two copies
of human transgene encoding GM-CSF, an immune modulator
playing a critical role in the maturation of monocytes and den-
dritic cells, are inserted into the viral genome, priming for anti-
gen presentation to T cells and subsequent antitumor immune
responses (Fig. 2) [78].

T-VEC is classified as a biosafety level 1 agentin the U.S., a
level that is not known to consistently cause disease in healthy
adults [79]. T-VEC is administered via intratumoral injection
into cutaneous, subcutaneous, and/or nodal lesions that are
visible, palpable, or detectable by ultrasound guidance (Fig. 3)
[80]. The injection volume depends on lesion size and ranges
from up to 0.1 mL for lesions <0.5 cm to up to 4 mL for lesions
>5 cm. For the initial treatment with T-VEC, the largest
lesions should be injected first. For subsequent injections,
new lesions that have developed since the initial injection
should be prioritized for injection. The recommended maxi-
mum injection volume per treatment is 4 mL. In a phase Il study
evaluating the biodistribution and shedding of T-VEC in patients
with advanced melanoma, transient and low levels of T-VEC
were detected in blood and urine during treatment (no blood
or urine samples were tested positive 30 days after the final
dose), and occlusive dressings provided an effective barrier to
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Figure 3. Talimogene laherparepvec (T-VEC) injection procedures and recommended dosing schedule. Illustration of T-VEC adminis-
tration for (A) cutaneous lesions, (B) subcutaneous lesions, and (C) nodal lesions. A new needle is used for each injected lesion.
(D): After injection, the injection site and surrounding area should be swabbed with alcohol and an absorbent pad and dry occlusive
dressing should be applied. (E): The exterior of the occlusive dressing should also be swabbed with alcohol.

Table 2. Efficacy of T-VEC alone or in combination with checkpoint inhibitors in advanced melanoma

OPTiM, phase Il

T-VEC + ipilimumab, phase Il

T-VEC + pembrolizumab
(MASTERKEY-265), phase Ib

T-VEC GM-CSF T-VEC + ipilimumab Ipilimumab T-VEC + pembrolizumab

Endpoints (n = 295) (n = 141) (n =98) (n = 100) (n=21)
Allow prior systemic Yes Yes No
therapy
Median follow-up 44.4 15.6 13.3 36.8
time, months
Durable response 16.3(12.1-20.5) 2.1(0.0-4.5) N/A N/A N/A
rate, % (95% Cl)

p value <.001
ORR, % 26.4 5.7 39 18 67

p value <.001 .002 N/A
CR, % 10.8 <1 13 7 43
PR, % 15.6 5.0 26 11 24
SD, % 45.4 50.4 19 24 10
DCR, % 76.3 56.7 58 42 76
Median PFS, mo N/A N/A 8.2 6.4 NE
HR (95% Cl), p value 0.83 (0.56-1.23), .35 N/A
Median OS, mo 233 18.9 NE NE NE
OS rates, %

At 12 mo 74 69 N/A N/A 95.2

At 24 mo 50 40 N/A N/A 76.2

At 36 mo 39 30 N/A N/A 71.4

Abbreviations: Cl, confidence interval; CR, complete response; DCR, disease control rate; GM-CSF, granulocyte-macrophage colony-stimulating

factor; HR, hazard ratio; N/A, not applicable; NE, not estimable; ORR, overall response rate; OS, overall survival; PFS, progression-free survival;

PR, partial response; SD, stable disease; T-VEC, talimogene laherparepvec.

viral transmission as the live virus was never detected on the
exterior surface. The transmission of T-VEC from patients to
close contacts was not detected with proper administration
and handling process [81].

The antitumor activity of T-VEC has been demonstrated
in a variety of in vitro human cancer cell lines and in vivo
mouse models. In xenograft mouse models receiving injection
of T-VEC, shrinkage or clearance was observed in both injected
tumors and tumors that were not directly injected; treated
mice were protected against further tumor cell rechallenge
[78]. In mouse tumor models treated with T-VEC in combina-
tion with ipilimumab, the combination resulted in a significant
increase in median survival and complete regressions
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compared with either agent alone. All injected tumors were
cured, and 80% of uninjected contralateral tumors showed
regression (with 6/10 cures) [82].

T-VEC was initially tested in a phase | study in patients
with refractory cutaneous, subcutaneous, or nodal metasta-
ses from a variety of tumor types, including breast, head
and neck, and gastrointestinal cancers, as well as malignant
melanoma [83]. After demonstration of tolerability and bio-
logical activity, T-VEC was further evaluated in a phase Il
study in 50 patients with unresectable, stage 1IC-IV malig-
nant melanoma. ORR was 26% per RECIST, with responses
seen in both injected and uninjected lesions. AEs were lim-
ited to transient flu-like symptoms [84].
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Figure 4. (Continued on next page).

Results from phase | and Il studies supported the initia-
tion of an open-label, randomized, phase Ill pivotal trial
that investigated T-VEC in patients with unresectable stage
lIB/C or IV melanoma (OPTiM; ClinicalTrials.gov identifier:
NCT00769704, EudraCT number: 2008-006140-20) [46, 83, 84].
A total of 436 patients were randomized 2:1 to receive intra-
tumoral T-VEC (295 patients) or subcutaneous recombinant
GM-CSF (141 patients). Overall, 57% had stage llIB, IlIC, or
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IVM1a disease, and 47% had not received prior systemic ther-
apy in a metastatic setting.

At the time of primary analysis, median treatment duration
was 23.0 weeks (0.1-78.9) for the T-VEC arm and 10.0 weeks
(0.6-72.0) for the GM-CSF arm; median follow-up time was
44.4 months (32.4-58.7). Both treatments were well tolerated,
with no treatment-related deaths and few cases of treatment
discontinuation caused by AEs (4% for T-VEC and 2% for
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Figure 4. Duration of response in responders from OPTiM and T-VEC combination trials. Duration of response for responders in the
OPTiM trial (A) and combination trials of T-VEC and pembrolizumab (B) (MASTERKEY-265 phase 1b) or ipilimumab (C). Duration of
response was defined as the longest period of response from entering response to first documented evidence of patient no longer
meeting criteria for response. Response was evaluated by central Endpoint Assessment Committee in OPTiM and by investigators
in MASTERKEY-265 phase 1b and the study of T-VEC plus ipilimumab.

Abbreviations: CR, complete response; GM-CSF, granulocyte-macrophage colony-stimulating factor; PR, partial response;

T-VEC, talimogene laherparepvec.

Sources: Figure 4A was published in Kaufman et al., 2017 [88], which is open access and distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/) that permits unrestricted use, distri-
bution, and reproduction in any medium. Figure 4B and 4C courtesy of Amgen Inc. (data on file).

GM-CSF). Flu-like symptoms such as fatigue, chills, and pyrexia
were the most common AEs with T-VEC treatment, as seen in
previous studies [83, 84]. Incidence of treatment-related grade
3 or 4 AEs was 11% with T-VEC and 5% with GM-CSF.

The primary endpoint was durable response rate, defined as
the rate of CR or PR lasting 26 months continuously and begin-
ning within the first 12 months. Treatment with T-VEC resulted
in a significantly improved durable response rate compared with
GM-CSF treatment (16.3% vs. 2.1%; unadjusted odds ratio, 8.9;
95% Cl, 2.7-29.2; p < .001). ORR with T-VEC was 26.4% (95%
Cl, 21.4%-31.5%), higher than that with GM-CSF (5.7%; 95%
Cl, 1.9%-9.5%; p < .001). Thirty-two patients treated with
T-VEC achieved CR, resulting in a CR rate of 10.8%, which was
higher than that reported historically for other single-agent
immunotherapies [85, 86]. The median time to response
among T-VEC responders was 4.1 months (1.2-16.7). The
median duration of treatment was 23.0 weeks (0.1-78.9) in
the T-VEC arm and 10.0 weeks (0.6—72.0) in the GM-CSF arm
(Table 2). Patients responding to T-VEC had a prolonged
duration of response; in a follow-up analysis of OPTiM, 40 of
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48 patients (83%) who had a durable response to T-VEC had
responses ongoing after a median follow-up duration of
18.4 months (10.8—-19.2; Fig. 4A) [87].

To date, single-agent use of T-VEC in OPTiM has not demon-
strated significant superiority over GM-CSF on overall survival.
Median overall survival was 23.3 months (95% Cl, 19.5-29.6)
with T-VEC and 18.9 months (95% Cl, 16.0-23.7) with GM-CSF
(HR, 0.79; 95% Cl, 0.62—-1.00; p = .051) at the time of primary
analysis (Fig. 5A; Table 2). In a subgroup analysis, patients with
earlier stage IlIB-IVM1a disease derived more OS benefit from
T-VEC than patients with late-stage IVM1b—c disease (median
0S, 41.1 months [30.6-not estimable] with stage 11IB-IVM1a
vs. 13.4 months [11.4-16.2] with stage IVM1b—c). In a land-
mark analysis of OPTiM assessing association between durable
response and overall survival, achieving durable response was
found to be significantly associated with improvement in OS at
the landmarks of 9 months (HR, 0.07; p = .0003), 12 months
(HR, 0.05; p < .0001), and 18 months (HR, 0.11; p = .0002;
Fig. 5B-D) [88]. In the final survival analysis at 3 years after the
last randomization with a median follow-up of 49 months,
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Figure 5. Overall survival and association between durable response and overall survival in OPTiM. Kaplan-Meier plots of overall
survival in the OPTiM ITT population (A), and in patients who achieved a durable response vs. patients who did not achieve durable
response prior to landmark times of 9 months (B), 12 months (C), and 18 months (D) from randomization.

Abbreviations: Cl, confidence interval; DR, durable responder; GM-CSF, granulocyte-macrophage colony-stimulating factor; HR, haz-
ard ratio; ITT, intention to treat; NE, not estimable; OS, overall survival; T-VEC, talimogene laherparepvec.

Sources: Figure 5A has been adapted from: Kaufman HL, Andtbacka RHI, Collichio FA et al. Primary overall survival (OS) from
OPTiM, a randomized phase 3 trial of talimogene laherparepvec (T-VEC) versus subcutaneous (SC) granulocyte-macrophage colony-
stimulating factor (GM-CSF) for the treatment of unresected stage 111B/C and IV melanoma. Oral presentation from the 2014 Annual
Meeting of the American Society of Clinical Oncology; May 30-June 4, 2014; Chicago, IL.

Figure 5B-D were published in Kaufman et al., 2017 [88], which is open access and distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/) that permits unrestricted use, distri-

bution, and reproduction in any medium.

T-VEC continued to yield a persistent effect on overall survival,
with only one additional event occurring since the primary
analysis [89].

After its approval by the U.S. FDA, T-VEC has subsequently
been approved by the European Medicines Agency, Australia’s
Therapeutic Goods Administration, the Swiss Agency for Ther-
apeutic Products, and Israel’s Ministry of Health.

CLiNIcAL STUDIES OF CoMBINATION OF T-VEC AnD

CHECKPOINT INHIBITORS IN ADVANCED MELANOMA

Combining immunotherapies with complementary mecha-
nisms of action may enhance the efficacy of either therapy
alone. Because of the favorable safety profile and oncolytic
properties, T-VEC is an ideal candidate for combination regimen
with immunotherapies such as checkpoint-blocking antibodies,
ipilimumab, pembrolizumab, and nivolumab. These immuno-
therapies have resulted in improvements in response and
survival and are approved for the treatment of melanoma
and other tumor types [90-92]. The efficacy of T-VEC in
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combination with immune checkpoint inhibitors or as
monotherapy is summarized in Table 2.

Combining immunotherapies with complementary me-
chanisms of action may enhance the efficacy of either
therapy alone. Due to the favorable safety profile and
oncolytic properties, T-VEC is an ideal candidate for
combination regimen with immunotherapies such as
checkpoint-blocking antibodies, ipilimumab, pembroli-
zumab, and nivolumab. These immunotherapies have
resulted in improvements in response and survival and
are approved for the treatment of melanoma and other
tumor types.

T-VEC, in combination with pembrolizumab, is currently

being evaluated in a phase Ib/Ill clinical trial of advanced mel-
anoma (MASTERKEY-265, ClinicalTrials.gov identifier: NCT02
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263508). The phase Ib part of the trial was a multicenter, open-
label, single-arm study of intratumoral T-VEC combined with
intravenous pembrolizumab in patients with previously un-
treated, unresectable stage IlIB-IV metastatic melanoma.
The T-VEC dosing schedule was consistent with that in OPTiM.
Pembrolizumab 200 mg was given intravenously every 2 weeks
after the initial dose of T-VEC. At the time of primary analysis,
patients had been followed up for a median of 18.6 months
(17.7-20.8). No dose-limiting toxicities were observed among
21 patients enrolled in the study. The most common treatment-
related AEs were fatigue, chills, and fever, which have been pre-
viously reported in T-VEC and pembrolizumab monotherapy
studies [46, 93]. Additional pembrolizumab-related AEs that fre-
quently occurred were rash and arthralgia. Overall, the com-
bination regimen was generally well tolerated and did not
increase the toxicities from single-agent therapies. The combi-
nation of T-VEC plus pembrolizumab resulted in an impressively
high confirmed ORR of 62% with a CR rate of 33%, evaluated
per immune-related response criteria by investigators.

In a follow-up efficacy analysis of phase Ib MASTERKEY-265
after a median follow-up time of 36.8 months, two patients’
tumor response converted from previous partial response and
stable disease to CR, resulting in an improved confirmed ORR
of 67%, with the CR rate increased to 43% [94]. The median
duration of response was not reached; 85.7% of responders
remained in response at the time of follow-up analysis
(Fig. 4B). The median overall survival was not estimable.
The 12-month, 24-month, and 36-month overall survival
rates were 95.2%, 76.2%, and 71.4%, respectively. No addi-
tional safety signals were detected.

A randomized, open-label, phase Il study was conducted
to evaluate the efficacy and safety of T-VEC in combination
with ipilimumab versus ipilimumab alone in patients with
advanced unresectable melanoma [95]. Patients with histolog-
ically confirmed stage 1lIB-IVM1c melanoma were enrolled.
Ninety-eight patients received the combination of T-VEC plus
ipilimumab and 100 patients received ipilimumab alone. At
the time of primary analysis, the median follow-up time was
68 weeks (0-156) for the combination arm and 58 weeks
(0-152) for the ipilimumab arm.

This study met its primary endpoint: the investigator-
assessed ORR per immune-related response criteria was
significantly higher with the combination of T-VEC plus
ipilimumab than with ipilimumab alone (39% vs. 18%; odds
ratio, 2.9; 95% Cl, 1.5-5.5; p = .002). The response rate
favored the combination arm regardless of disease stage,
baseline tumor burden, and prior line of therapy. CR rate
was 13% (13/98) in the combination arm and 7% (7/100) in
the ipilimumab arm. PR rate was 26% (25/98) in the combi-
nation arm and 11% (11/100) in the ipilimumab arm.

At the time of primary analysis, duration of response
was not reached in either arm; 89% of responders in the
combination arm and 83% in the ipilimumab arm were still
in response. The median time to response was 5.8 months
(5.4-10.9) in the combination arm and not estimable in the
ipilimumab arm. The median PFS was 8.2 months (4.2-21.5)
in the combination arm and 6.4 months (3.2-16.5) in the
ipilimumab arm (HR, 0.83; 95% Cl, 0.56-1.23; p = .35). The
analysis of overall survival was immature, and patients are
still being followed up for overall survival. In a follow-up
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analysis that occurred 2 years after the last patient was ran-
domized, CR rate with the combination increased to 19%
(19/98), and 72% of responders (26/36) remained in response
(Amgen data on file, Fig. 4C).

The combination of T-VEC and ipilimumab was tolerable
for melanoma patients, with no unexpected AEs and no
meaningful increase in grade >3 AEs with either single
agent. The incidence of grade = 3 ipilimumab-related AEs
was 19% in the combination arm and 18% in the ipilimumab
arm, and the incidence of grade > 3 T-VEC-related AEs was
15%. In addition to ipilimumab-related AEs, additional AEs
observed with the combination therapy were mostly grade
1 or 2 flu-like events that were attributable to T-VEC treat-
ment. Overall, ORR and CR with the combination of T-VEC
and ipilimumab were approximately twice as high as those
with single-agent ipilimumab across all stages of melanoma
(HIB=IVM1c). Importantly, there were no additional safety
concerns raised by the combination.

In summary, according to findings from previous studies
described above, the combination of T-VEC and checkpoint
inhibitors synergistically improves the depth and durability
of response compared with single-agent checkpoint inhibi-
tors, without additional safety signals (Fig. 4).

SysteEmMIc ANTITUMOR IMMUNITY INDUCED BY T-VEC

The proposed dual mechanisms of action of T-VEC involve a
direct lysis of tumor cells stimulating a local response in the
tumor microenvironment, followed by a systemic immune
response via release of GM-CSF and a plethora of tumor-
derived antigens and subsequent activation of effector
T cells in distant metastases (Fig. 2) [78].

Responses were seen in both injected and uninjected
lesions, including visceral lesions, across previous studies of
T-VEC as monotherapy or in combination with checkpoint
inhibitors [46, 95]. In a lesion-level analysis of OPTiM, T-VEC
monotherapy resulted in a > 50% decrease in size in 64% of
injected lesions, 34% of uninjected nonvisceral lesions, and
15% of uninjected visceral lesions; complete resolution of
lesions occurred in 47% of injected lesions, 22% of unin-
jected lesions, and 9% of visceral lesions [87]. In the combi-
nation arm of the phase Il study of T-VEC plus ipilimumab,
57% of patients had a decrease in uninjected nonvisceral
lesions, and 52% had a decrease in uninjected visceral
lesions [95]. Visceral lesions were not injected in either study.
Similar results were seen in the phase Ib study of T-VEC plus
pembrolizumab in advanced melanoma [96]. Although the
treatment effect of T-VEC was seen in uninjected lesions in
OPTiM, the possibility that similar effects seen in the combina-
tion trials could be attributable to checkpoint inhibitors cannot
be excluded; the ongoing randomized, double-blind, phase I
study of T-VEC plus pembrolizumab will provide information to
elucidate this additive effect of T-VEC to checkpoint inhibitors.

At the cellular level, it was shown that treatment with T-
VEC was associated with increases in both local and systemic
melanoma-associated antigen recognized by T cells—specific T
cells and decreases in immune suppressor cell populations
such as CD4+ and forkhead box P3 (FOXP3) + regulatory T cells,
CD8+ and FOXP3+ suppressor T cells, and myeloid-derived sup-
pressive cells in the tumor microenvironment [96, 97].
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In a phase ll, single-arm, biomarker study of T-VEC mon-
otherapy (EudraCT number: 2013-005552-15), analysis using
biopsy samples from uninjected lesions showed that T-VEC
treatment resulted in increases in CD8+ tumor-infiltrating lym-
phocytes, granzyme B+ effector CD8+ T cells, memory CD8+ T
cells, and CD8+ T cells expressing checkpoint markers PD-1
and CTLA-4 but not macrophages [98]. Additionally, in patients
with melanoma treated with T-VEC and pembrolizumab com-
bination, CD8+ T cell increases after T-VEC treatment corre-
lated with clinical response, and the level of PD-L1 expression
was also shown to be increased after T-VEC treatment. The
response to the combination did not appear to be associated
with baseline PD-L1 status or CD8+ T-cell infiltration [96]. These
immunological changes observed in uninjected lesions from
patients treated with T-VEC support a systemic effect induced
by T-VEC. However, this topic remains an active area of investi-
gation, and relevant available data are currently limited.

It is worth noting that progression before response was
commonly observed in patients treated with T-VEC alone or
in combination with checkpoint inhibitors, consistent with
that seen with other immunotherapies. This pattern of
pseudoprogression reinforces the importance of continuing
treatment with T-VEC in the event of appearance of new
lesions or increase in existing lesions [87, 95, 99-101].

REAL-WORLD EXPERIENCES WITH T-VEC IN THE TREATMENT
oF MELANOMA

Franke et al. from The Netherlands reported a single-institution
experience with T-VEC monotherapy [102]. In this study, 26
patients with stage IlIB-IVM1a melanoma treated with T-VEC
were included, with a follow-up time = 6 months. The T-VEC
treatment schedule was consistent with the OPTIM study
protocol. Three patients (11.5%) underwent prior systemic
treatment, including BRAF and/or MEK inhibitors (3.8%),
ipilimumab plus nivolumab (3.8%), and treatment in a phase |
trial (3.8%). The median follow-up time was 12.5 months. Of
the 26 patients, 16 (61.5%) had CR and 7 (26.9%) had PR,
resulting in an ORR of 88.5%. The disease control rate was
92.3%. No new AEs were observed compared with those
reported in OPTiM.

Another single-institution experience with T-VEC by
Perez et al. included 27 patients with stage IlIB-IVM1c mel-
anoma, 14 (52%) of whom had no prior treatment and
5 (19%) had prior treatment with immunotherapies. Five
patients (19%) had stage IV disease. The median follow-up
time was 8.6 months. Of 23 patients who met the criteria for
response analysis, 10 patients (43.5%) achieved CR and
3 (13.1%) had PR, leading to an ORR of 56.5%. Disease was
controlled in 78.3% of patients. AEs were consistent with
previous reports [103].

In a multi-institutional experience with T-VEC monotherapy
published by Louie et al., 80 patients who had stage IlIB-1V mel-
anoma and had been followed up for at least 3 months were
evaluated [104]. The median follow-up time was 9 months
(3-28). When evaluating locoregional response, thirty-one
(39%) patients had CR and 14 (18%) had PR, resulting in an
ORR of 57%. AEs were generally mild, with the most common
flu-like symptoms seen in 22 (28%) patients.
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These real-world data showed a significantly higher ORR
than that observed in OPTiM, possibly due to a greater
number of patients (70%) with stage IV disease enrolled in
OPTiM [46]. As demonstrated in OPTiM subgroup analyses,
patients with earlier-stage melanoma are more likely to
have a response to T-VEC compared with those having late-
stage disease [105]. In addition, tumor assessments were
different in real-world studies as compared with OPTiM.
Therefore, these data should be interpreted with caution
because of the small number of patients and limited follow-
up time, as well as the retrospective nature. There was
also evidence supporting that T-VEC is a viable option for
use with a checkpoint inhibitor or as a monotherapy in
patients who had previously received a checkpoint inhibitor
[104, 106, 107].

OnGoING CLINIcAL TriaLs oF T-VEC

Currently, T-VEC is being evaluated as a neoadjuvant ther-
apy in patients with resectable melanoma (ClinicalTrials.gov
identifier: NCT02211131). Results from an interim analysis
of this trial have been previously presented [108].

The clinical evaluation of the combination of T-VEC plus
checkpoint inhibitors is currently ongoing in a variety of inject-
able tumor types, including those with cutaneous, subcutane-
ous, and nodal lesions, as well as noncutaneous lesions. The
phase Il MASTERKEY-265 study is a randomized, multicenter
trial of T-VEC in combination with pembrolizumab for the treat-
ment of patients with unresectable stage IlIB-IVM1c melanoma
(ClinicalTrials.gov identifier: NCT02263508). Results from the
phase Ib part of MASTERKEY-265 have been previously pres-
ented and are described above [96]. Phase Ill has completed
enrollment and is currently ongoing. A phase Ib/Il, multicenter,
open-label trial is currently underway to evaluate the safety of
T-VEC injected into liver tumors alone and in combination with
systemic pembrolizumab in patients with primary HCC or liver
metastases from non-HCC tumors, including breast cancer, colo-
rectal cancer, gastroesophageal cancer, melanoma, non-small
cell lung cancer, and clear cell renal cell carcinoma (MAS-
TERKEY-318, ClinicalTrials.gov identifier: NCT02509507). Early
safety data of MASTERKEY-318 have been previously presented
[109]. Intrahepatic injection of T-VEC in combination with intra-
venous atezolizumab is also being evaluated in a phase Ib study
involving patients with metastatic triple-negative breast cancer
or colorectal cancer with liver metastases (ClinicalTrials.gov
identifier: NCT03256344).

A significant number of patients with melanoma do not
respond to anti—PD-1 and PD-L1 agents because of lack of pre-
existing tumor antigen—specific T cells in the tumor [110]. With
the hypothesis that intratumoral T-VEC can address this lack of
immune activation through its unique mechanisms of action, a
phase Il clinical trial of intratumoral T-VEC in combination with
intravenous pembrolizumab is currently recruiting patients with
advanced melanoma who have disease progression on prior
treatment with anti-PD-1 and PD-L1 agents (SWOG-51607,
ClinicalTrials.gov identifier: NCT02965716) [111].

ConcLusioNs AND FUTURE DIRECTIONS
According to evidence from preclinical and clinical studies,
intratumoral immunotherapies have the capability to trigger a
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systemic antitumor immune response by increasing tumor-
specific T-cell populations and potentially turning “cold” tumors
into “hot” ones. Most of the intratumoral therapies described
in this review have demonstrated promising efficacy in mela-
noma, with a few of them actively being evaluated in other solid
tumor types. Combination with immune checkpoint inhibitors
is the predominant focus in the clinical development of these
therapies. Intratumoral immunotherapy is an optimal option
for patients with advanced melanoma who have injectable dis-
ease. Being the first and only U.S. FDA-approved oncolytic
immunotherapy, T-VEC provides durable clinical benefits with
tolerable toxicities in advanced melanoma. When combined
with systemic checkpoint inhibitors, T-VEC significantly im-
proves the depth and durability of the systemic antitumor
response without additional safety signals, supporting the
rationale that combining immunotherapies that leverage two
separate areas of the cancer immunity cycle may further
enhance the response. As the data of combination trials are
emerging, which may better define the safety and efficacy sig-
nals, the combination of intratumoral T-VEC and checkpoint
inhibitors may become the a more widely applied treatment
option for selected melanoma patients with injectable tumors
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