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Abstract
Talimogene laherparepvec (T-VEC) is an oncolytic virus (OV) therapy derived from the JS1 strain of herpes simplex 
virus one that was approved by the Food and Drug Administration in 2015 to be administered as direct injection 
therapy for patients with melanoma. The anti-tumor effects of T-VEC are due to viral-mediated tumor cell lysis at 
the site of administration and a local, and in some cases systemic, anti-tumor response via T cell-mediated host 
immune response pathways aided by GM-CSF. T-VEC has shown promising results for metastatic melanoma, 
particularly in patients with skin, lymph node, and soft tissue metastases (stages IIIB, IIIC, and IVa). Studies have 
explored the utility of T-VEC as monotherapy, neoadjuvant therapy, and in combination with other 
immunotherapies and targeted therapies. T-VEC has proven to improve durable response rates and overall survival 
with a very tolerable safety profile. More research is needed to better understand which patients are most likely to 
benefit from T-VEC therapy, which combination therapies are most effective, and how to sequence multimodality 
therapy. Additionally, new OVs are currently in development and/or being studied in clinical trials. In this review, 
we will discuss T-VEC as a monotherapy, neoadjuvant therapy, and combination therapy, in addition to future 
directions for melanoma therapy as it pertains to new OVs.
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INTRODUCTION
Although the incidence rates of melanoma have climbed in recent years, the mortality rate has declined, a 
change likely attributable to the development and approval of various novel therapies for patients with 
advanced-stage melanoma[1]. Since 2011, the United States Food and Drug Administration (FDA) has 
approved the use of 10 new treatments (oral, infusional, and injectable) for metastatic melanoma[2]. Before 
the development of these efficacious therapies, the management of advanced locoregional melanoma was 
limited to surgical resection, radiation, isolated limb infusion, or perfusion, and marginally beneficial 
systemic options for distant disease[1,3,4]. Prior to 2011, the overall survival (OS) of patients with unresectable 
melanoma was 22-24 months for patients with disease involving the skin and lymph nodes (stage IIIB/C-
IVM1a), or 5-11 months patients with disease involving distant organs (stage IVM1b/c)[5]. For patients with 
distant metastatic disease, the most recent 5-year survival data from the Surveillance, Epidemiology, and 
End Results database in 2013 was 29.3%, nearly double the 5-year survival rate of 15.1% in 2004[6,7].

New therapies approved by the FDA for use in the treatment of metastatic melanoma employ strategies to 
activate the immune system to target melanoma cells or use small molecules to target mutations activating 
signal transduction pathways. Briefly, novel immunotherapies include antibodies that prevent the activation 
of cell surface receptors that allow cancer cells to evade immune surveillance, including cytotoxic T 
lymphocyte-associated antigen 4 (CTLA-4) and programmed cell death protein-1/programmed cell death 
protein ligand-1 (PD-1/PD-L1). Targeted small molecules include B-RAF proto-oncogene (BRAF) 
inhibitors and mitogen-activated protein kinase (MEK) inhibitors used to diminish tyrosine kinase 
signaling pathways that affect cell division and differentiation[8]. The full description of these therapies is 
beyond the scope of this review.

In 2009, the pivotal phase III OPTiM [Oncovex (GM-CSF) Pivotal Trial in Melanoma] trial for an oncolytic 
virus, talimogene laherparepvec (T-VEC), directly injected into metastatic melanoma began[9]. Patients with 
biopsy-proven metastatic melanoma were eligible, including those with visceral metastases. It was an 
elegant trial design randomizing patients to intralesional injection of T-VEC (attenuated herpes simplex 
virus-1 encapsulating GM-CSF) vs. subcutaneous GM-CSF injection. The primary endpoint was a durable 
response rate, and the secondary endpoint was overall survival. In 2015, T-VEC was the first in class 
oncolytic virus (OV) approved by the FDA. Subsequently, T-VEC has shown promising results as both 
monotherapies and in combination with other immunotherapies[10,11]. In this review, we will discuss the 
development of T-VEC as a monotherapy, combination therapy, and neoadjuvant therapy, in addition to 
other OVs currently being studied for patients with melanoma and ongoing clinical trials.

T-VEC
T-VEC: mechanism of action
T-VEC is an oncolytic virus derived from the JS1 strain of herpes simplex virus-1 (HSV-1), which can infect 
skin, nerve, and immune cells and commonly causes herpes simplex labialis[12,13]. The oncologic specificity 
and oncolytic activity of the virus were developed through genetic modifications and serial passaging in cell 
lines to render it selective for infection and lysis of tumor cells and to help induce a T-cell mediated host 
anti-tumor immune response. At the injection site, selective viral replication within tumor cells leads to cell 
lysis, which also helps induce an active anti-tumor immune response with both local and systemic effects. 
Selective viral replication is achieved in part by deletion from the HSV-1 genome of the neurovirulence 
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factor infected cell protein (ICP) 34.5[14]. With the deletion of ICP34.5, viral replication is limited to tumor 
cells, as non-tumor cells have native defenses that block viral replication[14-16]. Further, the deletion of ICP47 
inhibits antigen presentation of infected cells and increases the expression of US11, further enhancing 
selective replication and, with accumulating viral replication, leads to cell lysis[17-20]. Third, the insertion of 
the gene GM-CSF results in local GM-CSF production, causing recruitment and activation of anti-tumor T 
cells and antigen-presenting cells, particularly dendritic cells, and results in both local and systemic changes 
favoring immunity against melanoma cells[14,21,22]. Overall, the three key genetic modifications, the deletion 
of ICP34.5, deletion of ICP47 with upregulation of US11, and insertion of GM-CSF, allow T-VEC to 
selectively replicate in tumor cells selectively, induce tumor cell lysis, and promote an enhanced T cell 
response.

T-VEC: safety, biodistribution, and viral shedding
Intralesional injection of T-VEC has been proven safe as the biodistribution, viral shedding, and risk of 
transmission associated with intralesional therapy have been evaluated in multiple studies[23-25]. The initial 
phase I trial included patients with cutaneous metastases from breast cancer, head and neck cancer, 
gastrointestinal cancer, or malignant melanoma to evaluate the safety profile of intralesional T-VEC[23]. 
Seronegative patients were shown to seroconvert within the first 4 weeks of receiving therapy. Viral DNA 
was only rarely identified in the blood and urine of patients shortly after injection, and no viral DNA was 
found to extend beyond the occlusive dressing over the injected tumor site. Overall, both viral replication 
and local inflammation diminished after 2-3 weeks, supporting a repeat dosing regimen on that schedule. 
Tumor site biopsies after receiving therapy showed that all areas of necrosis also stained positive for HSV, 
and there was no necrosis identified in normal tissue, supporting the selective replication of T-VEC in 
tumor cells[23]. This safety profile was confirmed in a phase I/II trial that evaluated the safety and utility of T-
VEC in patients with untreated stage III/IV head and neck squamous cell carcinoma. This study found no 
viral DNA external to the occlusive dressing, and all patients seroconverted following treatment[24]. A phase 
II trial for patients with unresectable stage IIIC/IV melanoma used intratumoral T-VEC with assessment for 
safety profile and clinical response[25]. Similar to the phase I trial, all HSV seronegative patients 
seroconverted following therapy initiation, and < 1% of swabs showed the presence of viral DNA within 24-
72 h of the first dose, supporting only rare viral shedding at the injection site and beyond the occlusive 
dressing[25].

Although prior studies have not shown any transmission of the T-VEC virus to patients, family members, 
or healthcare workers, a phase II, open-label study conducted after the OPTiM trial sought to better 
understand the biodistribution, viral shedding, and transmissibility of T-VEC[23,26]. Swabs were collected at 
the injection site, occlusive dressing, and any lesions suspicious for being herpetic in addition to urine and 
blood samples. In this study, T-VEC DNA was identified in patients’ blood and urine, on dressings and the 
surface of injected tumors, and rarely on the anogenital area and oral mucosa. Approximately 33% of blood 
samples contained viral DNA. Researchers also showed that all T-VEC DNA was cleared from blood and 
urine by the time patients completed T-VEC therapy. The surfaces of injected lesions demonstrated the 
highest incidence of detectable T-VEC DNA; however, no DNA was found on the surface of occlusive 
dressings, indicating that the dressing acts to protect against any viral transmission. Overall, this phase II 
study reinforces the safety of T-VEC therapy and the effectiveness of current practice methods to reduce the 
risk of transmission effectively[26].

ADMINISTRATION OF TVEC
VEC administration necessarily involves the development of programs and procedures to not only select 
and monitor patients appropriate for therapy with T-VEC, but also for the safe preparation and 
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administration of the OV. Our group has published our protocol and practical experience[27]. Implementing 
a T-VEC program requires multidisciplinary support from oncology physicians and advanced practice 
providers, radiologists, pharmacists, and nursing staff.

Pharmacists should be familiar with the storage, preparation, dosing, adverse effects, and drug interactions 
with T-VEC. The virus requires storage at -70 to -90 °C until immediately prior to injection. The 
medication must be thawed in a USP797-compliant clean room in a biosafety hood and syringes drawn up 
in a laminar flow biosafety cabinet. Separate syringes are used for each injection site, and all transport is 
done with double-bagging and gloves. All surfaces involved in preparation must be cleaned with agents with 
viricidal activity.

Patients should be confirmed not to have any medications that would interact with T-VEC administration 
or cause immunosuppression. Patients are typically premedicated with acetaminophen, which is continued 
on a schedule for 24 h and thereafter as necessary, and prochlorperazine. Topical or injectable lidocaine and 
cryotherapy are employed prior to injection. Metastatic sites are measured with calipers and carefully 
documented at each visit, including photographs to document location of lesions and progression through 
treatment.

The initial cycle of T-VEC uses the virus at a concentration of 106 plaque-forming units per mL, and 
subsequent cycles use 108 plaque-forming units per milliliter (pfu/mL). Four milliliters is the maximal dose 
for a single round of injection; this volume is typically divided proportionally among lesions to be injected. 
For lesions at the skin surface, injection is done with direct visualization and palpation. For deeper lesions, 
ultrasound guidance is employed[28]. All providers wear full personal protective equipment, including 
chemotherapy gowns, facemasks, eye protection, and sterile gloves. Injection sites are sterilely prepped and 
the OV injected. After injection, the skin is cleaned with alcohol to kill any live virus on the surface. An 
occlusive dressing is placed, and again the skin and dressing are cleaned with alcohol. Patients are observed 
for 15 min after injection to ensure no acute reactions. Patients are instructed to leave the dressing in place 
for seven days after the procedure.

The second cycle is typically given three weeks later, and subsequent cycles every two weeks. Treatment 
continues until there is evidence of complete response, intolerable side effects, or progression of the disease. 
Often, times biopsy is required to determine whether residual pigment at a site is viable melanoma. In cases 
of locally advanced disease, surgery may be performed after an adequate response to therapy has been 
achieved.

T-VEC AS MONOTHERAPY
T-VEC as monotherapy: the OPTiM trial
The OPTiM trial was a randomized phase III open-label trial evaluating the efficacy of T-VEC for patients 
with unresectable stage IIIB-IV melanoma[9,29]. The trial compared intralesional T-VEC with subcutaneous 
injection of GM-CSF. The study enrolled 436 participants across 64 sites in multiple countries. Participants 
were randomized 2:1 to receive either intralesional T-VEC or subcutaneous GM-CSF. For patients in the T-
VEC arm, the first dose received was 106 pfu/mL, followed by subsequent doses of 108 pfu/mL. The second 
dose was given 3 weeks after the initial dose, and subsequent doses were given at 2-week intervals. For 
patients in the GM-CSF arm, 125 μg/m2 was given each day subcutaneously over a 14-day time course in an 
overall 28-day cycle. At 24-weeks, patients could continue treatment until the disease was progressing; 
treatment was intolerable, the patient withdrew consent, and complete remission was achieved. There was a 
lack of response by 12 months, or, for the T-VEC arm only, and all injectable lesions had disappeared. 
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Median durations of treatment were 23.1 weeks and 10.0 weeks in the T-VEC and GM-CSF arms, 
respectively.

Analysis of the OPTiM trial occurred 3 years after randomization of the last patient enrolled. The primary 
outcome of the study was durable response rate (DRR), which investigators defined as either complete 
response (CR) or partial response (PR) that began within 12 months of receiving T-VEC and lasted for at 
least 6 months continuously. The DRR at the time of final analysis was significantly greater in those that 
received T-VEC (T-VEC arm 19.3% vs. GM-CSF arm 1.4%; P < 0.0001). Secondary outcomes of the study 
included OS, best overall response rate (ORR), time to onset of response, duration of response, tumor 
burden, and time to treatment failure. In addition to the improvement in DRR, patients in the T-VEC arm 
had a significantly greater ORR of 31.5% compared to 6.4% in the GM-CSF arm (P < 0.0001). CR was 
achieved in 16.9% of patients that received T-VEC (vs. 0.7% in the GM-CSF arm). The median time to CR 
in patients that received T-VEC was 8.6 months. In an analysis that was not prespecified by investigators, 
the tolerability of T-VEC was evaluated by comparing the incidence of adverse events (AEs). This additional 
analysis demonstrated that the most common AEs reported were constitutional symptoms, mainly fever 
and fatigue. Eleven point three percent of patients who received T-VEC experienced grade 3/4 AEs (vs. 4.7% 
of GM-CSF patients), most commonly cellulitis (2.1%)[29].

The systemic response generated by T-VEC may result in an abscopal effect. It is a similar mechanism that 
has been proposed in the systemic response mounted with the use of immunotherapies targeting PD-1/PD-
L1 or CTLA-4 pathways[30]. In the OPTiM trial, 64% of lesions injected with T-VEC demonstrated at least 
50% regression. About half of the injected lesions demonstrated complete resolution, and non-injected 
lesions demonstrated at least 50% regression in 34% of non-visceral and 15% of visceral lesions. From these 
findings and the clinical improvement observed in visceral and non-injected non-visceral lesions 
throughout the body and distant from the injection site, it can be assumed that the response seen in those 
areas is related to systemic effects of T-VEC. Similar to pseudoprogression that has been described in 
patients treated with other immunotherapies, greater than 50% of the patients’ lesions that were treated by 
T-VEC grew at least 25% prior to showing response to treatment[30]. It serves as an important example of the 
delayed response that patients experience as a result of the systemic activation of defenses that require more 
time compared to the direct lysis mechanism of T-VEC that occurs at the tumor injection site. It also serves 
as a reminder that therapy should be continued even if the disease initially progresses.

T-VEC: current approval and guidelines
The DRR demonstrated in the OPTiM trial led to FDA approval in 2015 for use in the local treatment of 
unresectable recurrent subcutaneous, cutaneous, and nodal metastatic melanoma, becoming the first in 
class OV for cancer[31]. As demonstrated in subsequent sections in this review, although the approval for T-
VEC was in this limited clinical setting, in clinical practice and clinical trials, T-VEC is used more broadly 
and in combination and sequence with other therapies.

T-VEC has subsequently been incorporated into guidelines in the management of locally advanced and 
metastatic melanoma. National Comprehensive Cancer Network Guidelines include T-VEC among the 
initial treatments for stage III (clinical satellite/in-transit) disease[8]. T-VEC is included as first-line 
monotherapy for both unresectable disease and limited resectable disease. This is likely the most common 
clinical setting for the use of T-VEC, although increasingly T-VEC is also used for unresectable primary 
lesions and in combination with other therapeutic modalities.
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T-VEC as monotherapy: further studies
As new therapies emerge, it becomes vital to gain an understanding of which patients are best candidates for 
which therapy and how the different treatment options compare to each other with regard to efficacy and 
utility. Louie et al.[3] performed a retrospective study to characterize results in clinical practice for patients 
with stage IIIB, IIIC, IIID, and distant metastatic disease at the time of treatment with T-VEC. Most patients 
included in this retrospective study had stage IIIB-IVM1a disease (67%) and received a median of five cycles 
of T-VEC (range 1-14 cycles) with either no side effects or only mild constitutional symptoms. Twenty-four 
percent of lesions were in the head and neck area, an area that is notoriously difficult to manage and treat. 
Overall, 39% of patients achieved a CR with T-VEC alone. An additional 11% had surgical resection of their 
residual disease, and thus, 50% of patients achieved a CR with T-VEC and surgery. Analysis showed that 
those with stage IIIB disease were significantly more likely to demonstrate complete local response (68%) 
compared to those with more progressive disease, which agrees with the OPTiM trial finding that patients 
with less advanced disease were more likely to achieve CR[3,29]. Of the stage IIIB patients who received T-
VEC, 59% still showed no evidence of disease at a median follow-up of 12 months. These findings further 
reinforce the safety and utility of T-VEC in general and, specifically, for lesions located at anatomic sites 
that are difficult to treat, like the head and neck, particularly if stage IIIB/C disease.

T-VEC as monotherapy: ongoing clinical trials
Given the clear success of the OPTiM trial and the increasing use of systemic immunotherapy, there are few 
trials still evaluating T-VEC as monotherapy. There are several ongoing studies to characterize the 
infectious risk and long-term safety profile of the treatment.

An ongoing prospective cohort study is seeking to identify the risk of infection with HSV in patients, close 
contacts, and healthcare providers related to patients treated with T-VEC, in addition to long-term safety 
for patients[32]. The study accrual goal is 920 patients, and the primary outcome measure is the incidence rate 
of the herpetic infection with detectable T-VEC DNA up to 5 years after the first dose of T-VEC was 
administered. Additional secondary outcome measures include the incidence of herpetic infection in 
healthcare workers, close contacts, and patients while receiving treatment and after treatment, the incidence 
of HSV-1 DNA in patients during and after treatment, demographics, use of other melanoma therapy, the 
incidence of AEs, and OS. The estimated completion date is August 28, 2026.

There is also an observational, prospective cohort study that plans to evaluate the OS, use of other therapies, 
and long-term safety profile of patients that have already received T-VEC in a prior clinical trial sponsored 
by either Amgen or BiOVEX for any type of malignancy[33]. This study aims to enroll 340 participants and 
will follow up with enrolled patients every 3 months. The primary outcome measures are the incidence of 
AEs related to T-VEC therapy, OS, and the use of other anti-cancer therapy. This study is actively enrolling 
patients by invitation and has an estimated completion date of January 12, 2023.

T-VEC AS COMBINATION THERAPY
T-VEC as combination therapy: overview
T-VEC monotherapy has proven to be an effective tool in the setting of advanced melanoma. Researchers 
have continued to explore the other applications of T-VEC as combination therapy in conjunction with 
other immunotherapies and treatments [Table 1][4]. We will now review completed and ongoing clinical 
trials exploring the role of T-VEC in combination with systemic therapies.

T-VEC as combination therapy: T-VEC plus ipilimumab
Immunotherapy has become the primary treatment for advanced melanoma in recent years. Agents used 
include the anti-PD-1 antibodies nivolumab and pembrolizumab and the CTLA-4 inhibitor ipilimumab. 
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Table 1. Current combination trials with T-VEC and systemic therapy

Title Status Intervention Phase Study 
design

Primary 
outcome Enrollment Start 

date
End 
date

Ipilimumab with or without 
talimogene laherparepvec in 
unresected melanoma[65]

Completed T-VEC, Ipilimumab 1b, 2 Single group DLT, ORR 217 February 
7, 2013 

March 9, 
2021

Pembrolizumab with or without 
talimogene laherparepvec or 
talimogene laherparepvec 
placebo in unresected melanoma 
(KEYNOTE-034)[39]

Terminated Pembrolizumab with T-
VEC vs. Pembrolizumab 
with placebo

3 Randomized DLT, PFS, 
OS

713 December 
8, 2014

March 
11, 2021

Combining talimogene 
laherparepvec with BRAF and 
MEK inhibitors in BRAF mutated 
advanced melanoma[49]

Active, not 
recruiting

T-VEC, 
Dabrafenib/Trametinib

1 Single group DLT 4 June 25, 
2017

June 30, 
2021

Neoadjuvant combination 
immunotherapy for stage III 
melanoma[64]

Recruiting T-VEC, Pembrolizumab 2 Single group pCR 28 July 3, 
2019

March 1, 
2022

Talimogene laherparepvec and 
pembrolizumab in treating 
patients with stage III-IV 
melanoma[41]

Active, not 
recruiting

T-VEC, Pembrolizumab 2 Single group ORR 47 October 2, 
2017

June 30, 
2023

Talimogene laherparepvec with 
pembrolizumab in melanoma 
following progression on prior 
Anti-PD-1 based therapy 
(MASTERKEY-115) (Mk-3475-
A07/KEYNOTE-A07)[42]

Active, not 
recruiting

T-VEC, Pembrolizumab 2 Single group OR 72 January 
22, 2020

February 
26, 2024

DLT: Dose-limiting toxicity; ORR: overall response rate; PFS: progression-free survival; OS: overall survival; pCR: pathologic complete response; 
OR: overall response.

These medications can be used as both monotherapy and combination therapy in patients with advanced 
melanoma.

In a phase Ib open-label, single-arm trial, researchers sought to explore the safety and efficacy of T-VEC in 
combination with ipilimumab for patients with unresectable, stage IIIB-IV melanoma[34]. Nineteen patients 
were recruited across five clinical sites within the United States. Each patient had injectable lesions and had 
not received any systemic adjuvant therapy within at least 6 months. Eighteen patients were included in the 
analysis, as the other patient withdrew from the study after one dose of T-VEC to enroll in hospice care. T-
VEC and ipilimumab were administered as the same dose given when each therapy is used as a 
monotherapy. Patients received T-VEC as monotherapy initially, and ipilimumab was started at week 6 for 
a total of four infusions. T-VEC was continued until patients achieved CR, all injectable lesions resolved, the 
disease progressed based on immune-related response criteria, or the patient could no longer tolerate the 
drug. Forty-two percent of the patients had stage IIIB-IVM1a melanoma, and the remaining 58% had stage 
IVM1b/c melanoma.

No dose-limiting toxicities (DLTs) were reported by patients, and no AEs resulted in therapy 
discontinuation. Grade 3/4 AEs occurred at an incidence of 26.3%, similar to that which occurs with 
ipilimumab as monotherapy. Twenty-two percent of patients demonstrated durable CRs. Of those patients, 
at the 1-year analysis, all of them had maintained CR. Researchers also showed that total and activated 
CD8+ T cells significantly increased following the initiation of T-VEC therapy. Activated CD8+ T cells 
increased by 1.51-fold, and the increase in these activated T cells corresponded with patient response to 
therapy[34].
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The phase II portion of this trial was a randomized, open-label study designed to compare ipilimumab alone 
vs. ipilimumab plus T-VEC in patients with unresectable stage IIIB-IV melanoma[35]. One hundred and 
ninety-eight patients were randomly assigned 1:1 into the two treatment arms. Ninety-eight patients were 
allocated to receive T-VEC plus ipilimumab. One hundred patients were allocated to receive ipilimumab 
only. Like the phase Ib trial, patients in the combination arm received T-VEC in week 1, followed by the 
second dose 3 weeks later, and each subsequent dose was given at 2-week intervals. Ipilimumab was started 
in week 6 in the combination arm vs. week 1 in the ipilimumab alone arm. The primary outcome measure 
was ORR. Secondary outcome measures included safety of ipilimumab plus T-VEC, OS, best overall 
response, rate of disease control, time to response, duration of response, and progression-free survival 
(PFS)[35].

The incidence of AEs and tolerability of ipilimumab plus T-VEC paralleled the observations and findings 
from the phase Ib study, showing no increase in the incidence of severe AEs in the combination arm. 
Combination therapy with T-VEC and ipilimumab resulted in a greater ORR compared to ipilimumab 
alone [odds ratio (OR) = 2.9; 95%CI: 1.5-5.5; P = 0.002]. Patients that received T-VEC plus ipilimumab 
demonstrated an ORR of 39% (vs. ipilimumab alone arm, ORR of 18%). Regarding the increase in activated 
and total CD8+ T cells that were identified in the phase Ib portion of the trial, a subset analysis in the phase 
II study supports an enhanced systemic immune response with T-VEC therapy based on greater rates of 
complete visceral tumor regression in the combination arm compared to patients treated with ipilimumab 
alone (combination arm 23%; ipilimumab alone 0%). The OS of patients that received combination therapy 
had not yet been reached at the time of this data analysis[35].

The 4-year interim analysis of the phase II data reported as an abstract at this time, shows even more 
encouraging findings in support of the continued benefit of combination therapy with T-VEC plus 
ipilimumab, including an improved DRR and PFS compared to patients that received ipilimumab alone[36]. 
In the combination arm, DRR was 33.7% compared to 13.0% in the ipilimumab only arm (OR = 3.4; 95%CI: 
1.7-7.0; P = 0.001), and median PFS was 13.5 months compared to 6.4 months in the ipilimumab only arm 
(HR = 0.81; 95%CI: 0.57-1.15; P = 0.23). Fewer patients who received combination therapy required 
treatment with subsequent therapy (48.0% vs. 64% in the ipilimumab only arm). At the time of the 4-year 
interim analysis, median OS for the combination arm was still yet to be reached. The median OS in the 
ipilimumab arm was 50.1 months. A subgroup analysis was done of patients based on BRAF V600 
mutation, with similar patient ratios in both the combination arm and ipilimumab arm. Of patients that 
lacked the BRAF V600 mutation (approximately 60% of patients in each treatment arm), DRR and median 
PFS were both enhanced in the combination arm compared to patients that received only ipilimumab 
(DRR: 33.9 vs. 5.0%, respectively; median PFS: 18.0 months vs. 4.5 months, respectively). Interestingly, 
patients with a BRAF V600 mutation demonstrated similar DRR and median PFS across treatment arms. 
This study was completed in March 2021, and the final report is pending[36].

The data reported from the phase II trial was further analyzed to evaluate the presence of 
pseudoprogression, a phenomenon that has been described in the context of immunotherapy[37]. 
Pseudoprogression can be understood as a delayed measurable response to therapy, in which measurable 
tumors enlarge secondary to immune-cell infiltration and inflammation for a period of time prior to 
receding. Delayed response to therapy and even development of new lesions may be seen prior to evidence 
of response. In this analysis, patients with a confirmed objective response in either treatment arm were 
included for this additional analysis. Of those in the combination therapy arm, 7 of 38 patients who had an 
OR demonstrated pseudoprogression. Pseudoprogression occurred more frequently in the combination 
arm than in the ipilimumab arm (1 of 18 patients with OR). Experiencing pseudoprogression after therapy 
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with T-VEC plus ipilimumab was found to be associated with higher ORR (ipilimumab plus T-VEC 39%; 
control arm, 18%). Most delayed responses developed before week 12 following the initiation of therapy. 
The 18% incidence of delayed response to ipilimumab plus T-VEC suggests that providers should monitor 
for a response for at least 3 months before deeming a patient’s disease resistant to therapy[37].

T-VEC as combination therapy: T-VEC plus pembrolizumab
Research suggests that patients with melanoma are more likely to respond to therapy that targets the PD-
1/PD-L1 pathway if the tumor microenvironment (TME) has a greater CD8+ T cell density[10]. An open-
label, single-arm phase Ib trial, the MASTERKEY-265 trial, was conducted to evaluate the safety of 
combination therapy with T-VEC plus pembrolizumab and assess the capacity of T-VEC to prime the TME 
to best respond to anti-PD-1 therapy in patients with stage IIIB-IVM1c melanoma[10]. As reported based on 
findings of various studies, including the OPTiM trial, initiation of T-VEC therapy has shown to be 
associated with an increase in CD8+ T cells, promoting a more inflammatory TME associated with an 
enhanced response to immunotherapies[34,38]. In this phase Ib trial, 21 patients were enrolled to receive T-
VEC in combination with pembrolizumab[10]. The TME was evaluated via biopsies throughout the trial, 
including at baseline, after initiation of T-VEC therapy but prior to the first dose of pembrolizumab, and, 
when practical, following the initiation of pembrolizumab. Patients received the first dose of T-VEC of up 
to 4 mL of 106 pfu/mL. Each subsequent dose was 108 pfu/mL. The second T-VEC dose was given three 
weeks later, after which each T-VEC dose was given every two weeks. Pembrolizumab was administered 
intravenously at a dose of 200 mg every 2 weeks, and the first dose was given 5 weeks following the 
initiation of T-VEC therapy.

The primary outcome measure of the phase Ib study was the incidence of DLTs associated with T-VEC and 
pembrolizumab combination therapy. At the 3-year analysis, no patients in the study experienced 
unexpected AEs or therapy-related toxicities outside of those reported in studies assessing the safety and 
side effect profile of T-VEC and pembrolizumab as monotherapies. Fatigue (62%), chills (48%), and pyrexia 
(43%) were the most common treatment-related side effects with T-VEC therapy. The ORR was 61.9% 
(95%CI: 38.4%-81.9%). Thirty-three point three percent of patients achieved CR (95%CI: 14.6%-57.0%). Of 
the 21 patients, 9 demonstrated a delayed response consistent with the pseudoprogression associated with 
T-VEC therapy prior to receiving the first dose of pembrolizumab. Of the injected lesions, 82% regressed 
greater than 50%. Of non-injected lesions, 43% of visceral lesions and 33% of non-visceral lesions regressed 
greater than 50%. At the time of the initial analysis, PFS and OS were yet to be reached[10].

Immunohistochemical analysis compared biopsies from before and after the initiation of T-VEC therapy, 
showing that 8 of 12 lesions analyzed demonstrated an increase in the presence of infiltrating CD8+ T cells. 
Important findings regarding the TME include the increased density of CD8+ T cells and an increase in 
cellular expression of PD-L1, which was identified in 80% of injected tumors and 50% of non-injected 
tumors. These two changes mechanistically allow for an enhanced response to anti-PD-1 therapy[10].

Long-term follow-up analysis of the phase Ib trial was reported in an abstract at the almost 5-year mark[39]. 
This analysis included the 15 patients that were still alive (study enrollment occurred from December 2014 
to March 2015; data cut-off for long-term analysis was in March 2020). Analysis at this approximately 5-
year follow-up showed no additional safety concerns. The maximum treatment period of patients in the 
study was 2 years, and the median follow-up time was 58.6 months. CR was achieved in 43% (9/21 patients). 
The overall ORR was 62%. The 4-year Kaplan-Meier (KM) estimated PFS and OS were 55.9% and 71.4%, 
respectively, and median PFS and OS had not yet been achieved. Of the patients that responded to 
combination therapy with T-VEC plus pembrolizumab, 92% remained in response at the time of the long-
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term follow-up. To highlight the difference in OS between patients that did and did not respond to T-VEC 
plus pembrolizumab, the median OS in those that did not respond was 24.4 months compared to those that 
responded, for which the median OS had not yet been achieved[39].

The randomized phase III portion of the MASTERKEY-265 clinical trial, assessing the overall efficacy of T-
VEC in combination with pembrolizumab vs. pembrolizumab alone, was closed in March 2021, with results 
yet to be reported[40]. It has enrolled a total of 713 participants who have been randomized to receive either 
T-VEC plus pembrolizumab or placebo injection plus pembrolizumab. The primary outcome measures of 
this phase III trial are the PFS and OS of patients that receive T-VEC plus pembrolizumab vs. placebo plus 
pembrolizumab.

Several additional studies are currently ongoing to further evaluate the role of T-VEC and pembrolizumab 
as combination therapy in patients with advanced melanoma [Table 2]. A single-arm, open-label phase II 
trial is currently ongoing and studying the efficacy and ORR of T-VEC plus pembrolizumab in patients with 
stage III-IV melanoma who have progressed on prior therapy that included an anti-PD-1 or anti-PD-L1 
agent, either as monotherapy or in combination with another agent other than T-VEC[41]. This study is 
active and not recruiting additional patients. The estimated completion date is in June 2023. An additional 
open-label, single-arm, multicenter phase 2 trial (MASTERKEY-115) is assessing the safety and efficacy of 
T-VEC plus pembrolizumab as combination therapy in patients with stage IIIB-IVM1d melanoma who 
have experienced disease progression while receiving anti-PD-1 therapy or with prior adjuvant anti-PD-1 
therapy[42]. This study is currently active and is no longer recruiting patients. The estimated completion date 
is in January 2022. Finally, a non-randomized, open-label, multicenter phase 1b/2 trial (MASTERKEY-318) 
is assessing the efficacy and safety of intratumoral T-VEC in liver tumors as either monotherapy or in 
combination with pembrolizumab[43]. The study involves two groups of patients, distinguished based on the 
underlying disease. Group A will involve patients with non-hepatocellular carcinoma (HCC) liver 
metastases, including melanoma. Group B will include patients with HCC. This study is currently recruiting 
patients and has an estimated completion date of October 25, 2022.

T-VEC as combination therapy: institutional series
In addition to the trials reported above, several institutions have published their experience in treating 
patients with a combination of T-VEC and immunotherapy, including pembrolizumab, nivolumab, or 
combination nivolumab/ipilimumab. A retrospective analysis reviewed the cases of 10 patients with stage 
III-IVM1b melanoma treated at the Cleveland Clinic with T-VEC plus either pembrolizumab, nivolumab, 
or nivolumab plus ipilimumab[44]. Eighty percent of these patients had unresectable stage III melanoma. The 
remaining 20% had stage IV disease with lung metastases. All doses of T-VEC, pembrolizumab, and 
nivolumab plus ipilimumab were administered three weeks apart. Nivolumab was given every two weeks. 
The timing at which patients started checkpoint inhibitors varied across the group, 4 of which initiated 
checkpoint inhibitor therapy prior to the first dose of T-VEC. Eighty percent of patients included in this 
analysis received T-VEC plus pembrolizumab. The overall ORR was 90%. CR was achieved in 60% of 
patients, while PR was achieved in 30%. A similar analysis at a single institution analyzed 30 patients with 
advanced melanoma treated with T-VEC plus an immune checkpoint inhibitor between 2016 and 2019[45]. 
Fifty-three percent of the patients had stage IV disease. Median follow-up was 17.5 months. The patients 
were treated with T-VEC plus either pembrolizumab (n = 18), nivolumab (n = 7), or ipilimumab plus 
nivolumab (n = 5). ORR was 80%. CR and PR were achieved in 50% and 30%, respectively. Both of these 
analyses demonstrate significant patient response rates in the practice setting when treated with T-VEC in 
combination with a selection of checkpoint inhibitors.
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Table 2. Current combination trials with T-VEC and local/regional therapy

Title Status Intervention Phase Study 
design

Primary 
outcome Enrollment Start date End 

date

Efficacy and safety of talimogene 
laherparepvec neoadjuvant 
treatment plus surgery versus 
surgery alone for melanoma[58]

Active, not 
recruiting

Surgery vs. 
neoadjuvant T-
VEC with surgery

2 Randomized RFS 150 February 3, 
2015

April 30, 
2022

A study of T-VEC (talimogene 
laherparepvec) with or without 
radiotherapy for melanoma, merkel 
cell carcinoma, or other solid 
tumors[54]

Active, not 
recruiting

T-VEC, 
radiotherapy

2 Single group RR 19 June 21, 
2016

June 
2022

Intratumoral injection of autologous 
CD1c (BDCA-1)+ myeloid dendritic 
cells plus talimogene laherparepvec 
(T-VEC)[50]

Active, not 
recruiting

T-VEC, CD1c 
(BDCA-1)+ myDC

1 Single group Safety and 
tolerability

18 September 
28, 2018

October 
1, 2023

Neoadjuvant T-VEC in high risk 
early melanoma[57]

Recruiting Neoadjuvant T-
VEC

2 Single group pCR 62 May 21, 
2020

May 21, 
2024

TITAN (tumoural injection of T-VEC 
and isolated limb perfusion)[53]

Active, not 
recruiting

T-VEC, isolated 
limb perfusion

1, 2 Single group Safety and 
tolerability, 
RR

15 June 26, 
2018

August 1, 
2024

RFS: Recurrence-free survival; RR: response rate; pCR: pathologic complete response.

T-VEC as combination therapy: braf/mek inhibitors
Activating mutations of BRAF may be present in up to half of melanoma cases. A prior phase III study 
showed improvement in both OS and relapse-free survival when utilizing BRAF/MEK inhibitors, 
dabrafenib plus trametinib, in patients with V600E or V600K BRAF mutations[46]. Unfortunately, treatment 
with such therapy is greatly limited by resistance, with a reported median duration of the response being 
anywhere from merely 5.6-9.5 months[47]. A preclinical study has shown promising anti-tumor activity in a 
murine breast cancer model when using OVs in combination with MEK inhibitors, emphasizing a potential 
therapy opportunity for patients with advanced melanoma[48].

Bommareddy et al.[11] studied anti-tumor activity of T-VEC in combination with trametinib in melanoma. 
Using a murine xenograft model, they demonstrated enhanced tumor regression and improved delay in 
tumor growth when using T-VEC plus trametinib, a highly selective MEK inhibitor, compared to either 
therapy alone. Thirty to forty percent of mice that were treated with T-VEC and trametinib demonstrated 
complete tumor eradication. Based on the increased expression of PD-1 and PD-L1 observed in the mice 
that received T-VEC, researchers evaluated if there was any increased clinical benefit in treating with triple 
combination therapy with T-VEC, trametinib, and pembrolizumab. The findings show an improved 
durable response when using triple therapy (6/7 mice) compared to T-VEC plus trametinib (2/7 mice). 
They also studied melanoma cell lines with BRAF V600E mutations to explore the impact of T-VEC in 
combination with either trametinib or vemurafenib, a BRAF inhibitor. Vemurafenib enhanced T-VEC-
induced cell lysis in only cells that contained the mutation. The application of trametinib enhanced T-VEC 
replication and oncolysis regardless of BRAF-mutation status. This important finding highlights the 
potential utility of MEK inhibition regardless of BRAF-mutation status. However, clinical studies will be 
needed to further understand how this translates to patient care. Overall, this preclinical study 
demonstrated synergistic tumor cell killing in vivo and in vitro when using T-VEC in combination with 
trametinib and proposes a role for triple combination therapy with T-VEC, MEK inhibitors, and anti-PD-
1/PD-L1 therapies.

The only current clinical trial evaluating T-VEC in combination with BRAF/MEK inhibitors in advanced 
melanoma is a single-arm open-label phase Ib trial[49]. This trial is designed to assess the safety and efficacy 
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of T-VEC plus dabrafenib and trametinib in patients with stage IIIB-IVM1c melanoma with a BRAF 
mutation for whom surgical management is not recommended. If the therapy is being given the first line, 
the patient must have either a BRAF V600E or BRAF V600K mutation. If the patient’s cancer had 
progressed on prior immunotherapy, the patient could have any type of BRAF mutation. The study is 
currently ongoing and has completed enrollment with a total of 4 patients. Each patient will receive T-VEC 
plus dabrafenib and trametinib. T-VEC will be administered according to the dose approved by 
manufacturers. Patients will also receive dabrafenib 150 mg orally twice daily and trametinib 2 mg orally 
once daily. Each therapy can be continued for up to two years. The primary outcome measure of this study 
is the rates of DLTs. Secondary outcome measures include PFS, ORR, changes in tumor burden, duration of 
response, and time to response. The estimated primary completion date was in November 2020, and the 
estimated study completion date is in June 2021[49].

T-VEC as combination therapy: other therapies
In addition to the medical therapies discussed, several other clinical trials are currently evaluating the use of 
T-VEC in combination with other local/regional therapies [Table 2]. A single-arm, open-label phase I trial 
is evaluating the safety and tolerability of T-VEC plus autologous CD1c (BDCA-1)+ myeloid dendritic cells 
(myDCs) in patients with unresectable advanced melanoma with non-visceral metastases that are accessible 
for injection[50]. myDCs have been shown to play a critical role in the regulation of cytotoxic T cells with 
regard to tumor-killing activity[51]. Animal studies have shown that myDCs travel to lymph nodes and act as 
antigen-presenting cells to T cells, catalyzing the tumor-specific T cell response[52]. This phase I trial seeks to 
evaluate the efficacy of T-VEC plus CD1c (BDCA-1)+ myDC, expecting that there may be a synergistic 
response due to the increase in the TME inflammation associated with T-VEC therapy. The primary 
outcome measure is treatment-related AEs, and the study has enrolled 18 patients. Each patient will receive 
intratumoral T-VEC plus CD1c (BDCA-1)+ myDC. The estimated primary completion date is in October 
2023. This trial is currently ongoing and is no longer recruiting patients[50].

Two treatments that have been applied as melanoma therapy more frequently in the past are being studied 
to assess if their utility is improved in combination with T-VEC. A non-randomized phase I/II trial is 
evaluating the safety of using T-VEC in combination with chemotherapy administered via isolated limb 
perfusion (ILP)[53]. Fifteen patients have been enrolled, each of which will receive 2 doses of T-VEC pre-
operatively, followed by a third dose given with the ILP, including melphalan and TNF-α. Primary outcome 
measures are the incidence of DLTs and AEs and the incidence of CR and PR. No results have been 
reported, and the estimated primary completion date is in August 2022. The trial is currently ongoing and 
no longer recruiting patients. Additionally, a randomized, single-arm phase II trial is currently ongoing to 
evaluate the effects of T-VEC when administered with or without hypofractionated radiotherapy in patients 
with either melanoma, Merkel cell carcinoma, or other solid tumors with skin metastases[54]. The study aims 
to enroll 34 patients who will then be randomized to receive T-VEC either with or without radiotherapy. 
Each patient will receive T-VEC at weeks 0, 3, 5, 7, 9, 11, 13, and 15. Patients in the T-VEC plus 
radiotherapy arm will also undergo radiotherapy treatments three times. These will occur during weeks 3 
and 4, occurring once every 3-5 days. The first will occur 4-8 h after the week 3 dose of T-VEC is 
administered. The primary outcome measure is the extent of the response to therapy, as measured by 
imaging. No results have been reported. The study is currently ongoing and recruiting patients.

T-VEC AS NEOADJUVANT THERAPY
T-VEC as neoadjuvant therapy: overview
Neoadjuvant therapy is used in advanced cancers to improve resectability of primary lesions, assess 
treatment response to specific therapies, provide time for completion of genetic studies and additional 
consults, and potentially treat systemic disease with greater tolerability and at an earlier time than if given 
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after surgery[55,56]. In addition, when immunotherapy is used, there may be a benefit to initiating therapy 
when there is still a maximal neoantigen presence from the tumor. There are currently multiple ongoing 
clinical trials exploring the efficacy of T-VEC alone and in combination with other therapies in the 
neoadjuvant setting.

T-VEC as neoadjuvant monotherapy
A single-arm, open-label phase II study is studying the efficacy of neoadjuvant T-VEC in patients with high-
risk, resectable melanoma prior to surgical excision[57]. The primary outcome measure is the degree of 
pathologic response, defined as either complete, major, partial, or no pathologic response. The estimated 
primary completion date is in May 2022, and the study is currently recruiting patients.

A randomized, open-label phase II study across multiple sites is evaluating the role of T-VEC as 
neoadjuvant therapy prior to surgery vs. surgery alone in patients with completely resectable stage IIIB-
IVM1a melanoma[58]. Interim results have thus far been reported as abstracts[59-61]. One hundred fifty patients 
were enrolled in the trial and randomized to receive either 6 doses of T-VEC over a period of 13-18-weeks 
followed by surgical resection or immediate surgical resection. Patients in the surgery alone arm may 
receive additional adjuvant therapy as needed based on the standard of care. At least 94% of patients 
enrolled in the study were naïve to any systemic or radiation therapy, and 91% had received a prior 
surgery[59]. The primary outcome measure of this study is RFS. Additional secondary outcome measures 
include RFS at 1- and 2-year follow-up, rate of tumor-free margins postoperatively (R0), pCR, local and 
regional RFS, distant metastases-free survival rate, OS, best overall tumor response, ORR for injected and 
non-injected lesions, and incidence of AEs[58].

Interim analysis of the trial data was conducted after the 75th patient in the neoadjuvant T-VEC arm 
completed a follow-up visit at least 30 days postoperatively[59]. Mainly due to disease progression, only 75% 
of patients in the neoadjuvant T-VEC plus surgery arm underwent surgery compared to 93% of patients in 
the surgery arm. For patients who underwent neoadjuvant T-VEC and surgery, 21% achieved pCR. The R0 
resection rate was 56.1%, compared to 40.6% in the surgery alone arm. Intent-to-treat 1-year RFS rates were 
33.5% vs. 21.9% in the neoadjuvant T-VEC plus surgery arm compared to the surgery alone arm, 
respectively (HR = 0.73, P = 0.048)[60]. In addition to R0 and 1-year RFS, OS rates were trending towards 
superiority in the neoadjuvant T-VEC plus surgery arm (95.9% T-VEC plus surgery, 85.8% surgery alone; 
HR = 0.47, P = 0.076).

In addition to demonstrating that neoadjuvant T-VEC resulted in improved RFS and OS at two years, the 2-
year analysis reported an increase in intratumoral CD8+ T cells and expression of PD-L1 in patients treated 
with neoadjuvant T-VEC[61]. In the neoadjuvant T-VEC arm plus surgery compared to the surgery alone 
arm, respectively, 2-year RFS rates were 50.5% vs. 30.2% (HR = 0.66, P = 0.038), and 2-year OS rates were 
88.9% vs. 77.4% (HR = 0.49, P = 0.050). The analysis identified a correlation between greater intratumoral 
CD8+ T cell density and longer RFS and OS. The 3-year interim analysis was most recently reported, 
including data as of April 2020[62]. The median follow-up was 41.3 months, and this analysis continued to 
support the improvement in RFS and OS with the application of neoadjuvant T-VEC compared to 
immediate surgical resection. Comparing the neoadjuvant T-VEC plus surgery arm to the surgery alone 
arm, 3-year RFS KM estimates were 46.5% vs. 31.0% (HR = 0.67, P = 0.043), respectively, and 3-year OS KM 
estimates were 83.2% vs. 71.6% (HR = 0.60, P = 0.022), respectively. Each phase II trial analysis has reported 
no new safety or toxicity concerns in either treatment arm. The results from this 3-year interim analysis are 
very encouraging for the role of neoadjuvant T-VEC in this patient population, and the final 5-year analysis 
results are greatly anticipated[58].
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Table 3. Novel oncolytic viruses in clinical trials for melanoma

Oncolytic virus Progenitor 
virus Mechanism of action Company Route of 

delivery
Combinations 
being tested

V937 (CAVATAK, 
CVA21)

Coxsackivirus 
A21

Targets ICAM-1, DAF[66-68] Merck Intratumoral 
Intravenous

Monotherapy 
Ipilimumab 
Pembrolizumab

BT-001 (TG6030) Vaccinia Expresses 4-E03 human recombinant anti-
hCTLA4 antibody and GM-CSF[69]

BioInvent, 
Transgene

Intratumoral Pembrolizumab

Pexa-Vec (JX-594, 
Pexastimogene 
Devacirepvec)

Vaccinia Expresses GM-CSF; Deletion of thymidine 
kinase[67,68]

SillaJen Intratumoral Monotherapy 
Ipilimumamb

TILT-123 Adenovirus Expresses TNF-alpha and IL-2, enhancing T-
cell presence in the tumor 
microenvironment[70]

TILT 
Biotherapeutics

Intratumoral TILs

ONCOS-102 Adenovirus Expresses GM-CSF and Ad5/3 chimeric 
capsid; induces anti-tumor immunity, CD8+ 
T cell migration to tumor cells, upregulates 
PD-L1[71,72]

Targovax Oy Intratumoral Cyclophosphamide 
pembrolizumab

OBP-301 
(Telomelysin)

Adenovirus Incorporates hTERT to drive viral replication 
genes E1A and E1B[73,74]

Oncolys 
BioPharma

Intratumoral Monotherapy 
pembrolizumab

HF10 (TBI-1401, 
canerpaturev, C-REV)

HSV1 Loss of expression of UL43, U149.5, UL55, 
UL56, and LAT; overexpression of UL53, 
UL54[68,75]

Takara Bio Intratumoral Monotherapy 
Ipilimumab 
Nivolumab

ONCR-177 HSV1 miRNA attenuation of ICP4, ICP27, UL8, 
ICP34.5; Expresses IL12, FLT3LG, and CCL4 
transgenes, and anti-PD-1 and anti-CLTA-4 
IgG[76]

Oncorus Intratumoral Pembrolizumab

RP1 HSV1 Deletion ICP34.5, ICP47; Expresses GALV-
GP R- and GM-CSF[77,78]

Replimune Intratumoral Monotherapy 
nivolumab

OH2 HSV2 Deletion ICP34.5, ICP47; expresses GM-
CSF[79,80]

Wuhan binhui 
biotechnology

Intratumoral HX008 (anti-PD-1)

ICAM-1: Intercellular adhesion molecule-1; hCTLA-4: human Cytotoxic T-lymphocyte-associated protein 4; GM-CSF: granulocyte-macrophage 
colony-stimulating factor; TNF-alpha: tumor necrosis factor alpha; IL: interleukin; PD-L1: programmed death-ligand 1; hTERT: human telomerase 
reverse transcriptase; LAT: latency-associated transcripts; HSV: herpes simplex virus; FLT3LG: fms related receptor tyrosine kinase 3 ligand; 
CCL4: C-C motif ligands 4; TIL: tumor-infiltrating lymphocyte.

T-VEC as neoadjuvant therapy:combination therapies
There are several ongoing studies that are currently evaluating T-VEC in combination with other 
immunotherapies in the neoadjuvant setting, including nivolumab and pembrolizumab. A single-arm, 
open-label phase II trial is evaluating the efficacy of T-VEC plus nivolumab as neoadjuvant therapy for 
patients with resectable stage IIIB-IVM1a melanoma with a primary outcome of pCR[63]. The study is 
currently ongoing and recruiting patients. A single-arm, open-label phase II trial is evaluating the safety and 
efficacy of neoadjuvant therapy with T-VEC plus pembrolizumab in patients with resectable stage III 
melanoma with clinically positive lymph node involvement prior to undergoing lymph node dissection[64]. 
T-VEC will be injected intratumorally into palpable lymph nodes every 3 weeks over a 6-month period or 
until the patient achieves CR. Pembrolizumab will be administered via IV every 3 months over a 6-month 
period. Following lymph node dissection, adjuvant pembrolizumab was administered every 3 weeks for one 
year. The primary outcome measure of this study is pCR, which will be assessed in the regional lymph 
nodes following surgical dissection. The study is currently ongoing and recruiting patients.

OTHER OVS FOR MELANOMA THERAPY
Other OVs for melanoma therapy: overview
There are a number of other OVs in development and under evaluation in clinical trials as monotherapy or 
in combination with systemic immunotherapies [Table 3]. As a general class, OVs follow the same 
principles as those outlined in the section “Mechanism of Action” above for T-VEC with variation in the 
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virus used, the genes altered to limit pathogenicity, and genomic additions used to enhance immune 
response. The OV therapies likely vary in side effect profiles and may vary in efficacy, although no trials 
comparing OVs have been performed to date. See table for a list of additional OVs recently studied in 
clinical trials for melanoma. We believe additional OVs may eventually present other options for metastatic 
melanoma patients, but this needs to be evaluated in a rigorous fashion, just as T-VEC has been evaluated. 
We support continued clinical trial work to further elucidate the mechanism of action, side effect profile, 
and overall survival efficacy.

CONCLUSIONS
The management of cutaneous melanoma has undergone recent radical changes with the application of 
immunotherapy, targeted therapies, and T-VEC. These therapies have supplanted less effective and more 
morbid therapies and are changing the indications for established therapies such as surgery. Striking 
improvements in outcomes for patients with advanced disease are being realized. Further study is ongoing 
in predicting which patients respond to these therapies and whether patients with a poor response may be 
converted into responders using additional therapies. Further, outcomes will continue to improve as we 
enter the next generation of study in combining and/or sequencing therapies for advanced melanoma.
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