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Abstract

Background: Previous studies have shown that combining immune checkpoint inhibitors (ICIs) 

with talimogene laherparepvec (TVEC) may improve antitumor responses. However, the risk of 

developing cutaneous immune-related adverse events (cirAEs) in patients treated with ICI and 

TVEC has not been studied.

Objective: To evaluate the differences in cirAE development between patients treated with ICI 

alone and both ICI and TVEC (ICI + TVEC).

Methods: Patients with cutaneous malignancy receiving ICI with or without TVEC therapy at the 

Massachusetts General Brigham healthcare system were included. CirAE development, time from 

ICI initiation to cirAE, cirAE grade, cirAE morphology, and survival were analyzed. Pearson’s x2 

test or Fisher’s exact test for categorical variables and t test or Kruskal-Wallis test for continuous 

variables were used. To account for immortal time bias, we performed adjusted time-varying Cox 

proportional hazards modeling.
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Results: The rate of cirAE development was 32.3% and 38.7% for ICI only and ICI + TVEC, 

respectively. After adjusting for covariates, ICI + TVEC was associated with a 2-fold increased 

risk of cirAE development (hazard ratio: 2.03, P = .006) compared to patients receiving ICI 

therapy alone.

Limitations: The retrospective nature and limited sample size from a tertiary-level academic 

center.

Conclusion: These findings underscore potential opportunities for dermatologists and 

oncologists in counseling and monitoring patients.

Keywords

cutaneous immune-related adverse events; cutaneous toxicities; immune checkpoint inhibitors; 
immunotherapy; melanoma; skin cancer; talimogene laherparepvec

INTRODUCTION

Immune checkpoint inhibitors (ICIs) have emerged at the forefront of cancer therapy, with 

increasing use and indications. Likewise, talimogene laherparepvec (TVEC), an intralesional 

oncolytic viral immunotherapy, has been approved for the management of locally advanced 

invasive melanoma by enhancing both local and systemic antitumor immune responses.1 

Its introduction has sparked interest in understanding its synergies as a complementary 

or alternative option to systemic immunotherapies. Prior studies suggest that combining 

TVEC and ICI therapy may be more effective than each drug alone.2 However, stimulation 

of the immune system can lead to immune-related adverse events, of which cutaneous 

immune-related adverse events (cirAEs) are the most frequent and earliest.3,4 The aim of 

this study is to investigate the influence of TVEC therapy on the development of cirAEs 

among ICI recipients.

METHODS

Patients with cutaneous malignancy receiving ICI with or without TVEC therapy at the 

Mass General Brigham healthcare system between September 12, 2014, and May 31, 2022, 

were included in this study (Fig 1). The Research Patient Data Registry5 and the Enterprise 

Data Warehouse6 are 2 institutional clinical databases within the Mass General Brigham 

healthcare system. We extracted the following variables from Research Patient Data 

Registry: patient age, sex, race, cancer type, International Classification of Diseases codes, 

date of death, or last follow-up. International Classification of Diseases codes from before 

ICI initiation were extracted to calculate Charlson Comorbidity Index.7 The Enterprise 

Data Warehouse was used to ascertain the date of ICI and/or TVEC administration. ICIs 

include anti-programmed cell death 1 (PD-1; pembrolizumab, nivolumab, cemiplimab), 

anti-programmed cell death ligand 1 (PD-L1; atezolizumab, avelumab, durvalumab), anti-

cytotoxic T-lymphocyte antigen 4 (CTLA4; ipilimumab), and combination therapy (anti-

CTLA4 and either anti-PD-1 or anti-PD-L1 therapy). For patients without mortality status, 

their last encounters were considered their censoring dates.
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Manual chart review was conducted by 2 independent trained research analysts to determine 

cirAE based on timing, morphology, competing risk factors, and histologic confirmation 

(Supplementary Methods, available via Mendeley at https://doi.org/10.17632/2sy8nfx9vp.1). 

Each cirAE was graded using Common Terminology Criteria for Adverse Events version 

5.0.8 In cases where concordance was not achieved, a third reviewer (Y.R.S.) arbitrated the 

cases. To compare groups, we used Pearson’s x2 test or Fisher’s exact test for categorical 

variables and t test or Kruskal-Wallis test for continuous variables. To account for immortal 

time bias,9 we performed time-varying Cox proportional hazard models, adjusting for sex, 

race/ethnicity, age at ICI initiation, ICI type, Charlson Comorbidity Index, and cancer type. 

All statistical analyses were conducted in R version 1.4.0.

RESULTS

A total of 892 patients treated with ICI were included in this study (Fig 1). Among them, 

93 patients were treated with ICI and TVEC (ICI + TVEC) (cases), and 799 patients were 

treated with ICI alone (controls). Additionally, 52 patients were treated with TVEC alone, 

but this cohort was not used in our primary analyses.

The characteristics of the case and control groups are presented in Table I. Between the 2 

groups, there were significant differences in median time from ICI initiation to cirAE (124 

vs 55 days, P = .014), median age at ICI initiation (68.2 vs 65.1, P = .002), and median 

duration of follow-up (817 vs 1103, P = .005). ICI + TVEC recipients were more likely to 

have a non-melanoma skin malignancy (P < .001) and to be treated with ICI combination 

therapy (P = .016). In unadjusted analyses, there were no significant differences in cirAE 

development, grade, morphology, sex, and race between the study groups. In the ICI + 

TVEC group, 27 patients developed grade 1 cirAEs after receiving ICI therapy and before 

TVEC administration, of which 7 (25.9%) patients had cirAEs recur or flare after starting 

TVEC. The median time from TVEC initiation to cirAE onset was 72.8 [IQR: 20.3–304.3] 

days. Furthermore, of the 93 patients who received both ICI and TVEC, 72 (77%) patients 

started ICI followed by TVEC, while 12 (13%) patients started ICI after TVEC termination, 

and 6 (6%) patients started ICI during TVEC therapy. Lastly, 3 (3%) patients started TVEC 

and ICI on the same day. Details on each subgroup by timing are shown in Table II. For the 

TVEC only group, the baseline rate of cutaneous eruptions was 5.8%.

Multivariate modeling of cirAE development and subsequent mortality risk are presented in 

Table III. After adjusting for covariates, the time-varying Cox proportional hazard model 

demonstrated that the ICI + TVEC group was 2-fold more likely to develop cirAEs 

(hazard ratio = 2.03, P = .006). In addition, time-varying Cox proportional hazard model 

suggested increased mortality in the ICI + TVEC group (hazard ratio = 2.20, P <.001). 

We also conducted sensitivity analyses including only patients treated with ICI followed 

by TVEC (Table IV), including only patients with melanoma (Supplementary Tables I 

and II, available via Mendeley at https://doi.org/10.17632/2sy8nfx9vp.1), only melanoma 

patients receiving ICI followed by TVEC (Supplementary Table III, available via Mendeley 

at https://doi.org/10.17632/2sy8nfx9vp.1), and conducting experiments without adjusting 

Charlson Comorbidity Index (Supplementary Table IV, available via Mendeley at https://

doi.org/10.17632/2sy8nfx9vp.1), which yielded similar results.
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DISCUSSION

While more than half of the patients in both groups did not develop cirAEs, our data 

demonstrate that ICI+TVEC increases the likelihood of cirAE development by 2-fold. While 

TVEC enhances the production of granulocyte-macrophage colony stimulating factor and 

cross-primes cluster of differentiation 8 positive (CD8+) T-cell responses, ICI induces the 

activation of T cells.2 The combination of these 2 mechanisms may mediate the increased 

incidence of cirAEs. It is reassuring that most cirAEs in both cohorts are mild (grade 1 and 

2).1 Of the 294 patients with cirAEs, 105 (36%) patients were evaluated by dermatology 

for cutaneous eruptions. One hundred fifty-six (53%) received topical treatment. Seventy-

nine (27%) received antihistamines, and 45 (15%) received systemic treatment (excluding 

antihistamines). ICI therapy interruption or dose reduction occurred for 11 (4%) patients, 

and therapy was permanently discontinued for 12 (4%) patients due to cirAEs.

While a prior study has suggested that combining ICI and TVEC may lead to improved 

response, its impact on progression free survival and overall survival remains unclear.2 

Moreover, prior studies have found that cirAE development is associated with ICI therapy 

response and improved survival.10 Our data suggest that the ICI + TVEC population may 

have less favorable survival. This was largely due to overall sicker patients selected for 

TVEC in our cohort as 55/93 (59.1%) patients in our ICI + TVEC group transitioned to 

TVEC due to disease progression on ICI alone. When including only patients who received 

ICI followed by TVEC for our case group, the impact of TVEC on cirAE development 

was even more pronounced. Furthermore, given that the majority of patients who received 

both ICI and TVEC experienced disease progression while on ICI alone, they likely had 

more advanced and aggressive disease, less robust immune systems to keep their malignancy 

in control, and more extensive comorbidities, which may contribute to longer time from 

ICI initiation to cirAE development. Additionally, patients who started ICI after TVEC 

termination had the longest median time from ICI initiation to cirAE of 231 days, compared 

with 112 days for those who started ICI followed by TVEC and 130 days for those who 

started ICI during TVEC treatment. Patients who only received ICI had a relatively shorter 

median time from ICI initiation to cirAE of 55 days.

Our study highlights the importance of closer monitoring strategies and appropriate 

counseling for those who are considering or receiving ICI and TVEC. More individualized 

education and management can improve decision-making and quality of life for patients 

and caregivers. Limitations of this study include its retrospective nature and limited sample 

size from a tertiary-level academic healthcare system. Future trials will need to investigate 

outcomes with a larger cohort to understand the best standard of care.
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Refer to Web version on PubMed Central for supplementary material.
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CAPSULE SUMMARY

• Immune checkpoint inhibitors and talimogene laherparepvec may be 

complementary treatments for locally advanced melanoma and cutaneous 

squamous cell carcinoma.

• Given that patients receiving both immune checkpoint inhibitors and 

talimogene laherparepvec are at higher risk of developing cutaneous 

toxicities, they should receive closer monitoring and counseling during their 

treatment.
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Fig 1. 
Study design flowchart. cirAE, Cutaneous immune-related adverse event; ICI, immune 

checkpoint inhibitor; MGB, Mass General Brigham; TVEC, talimogene laherparepvec.
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