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Abstract

Background: Emerging evidence suggests that cutaneous immune-related adverse events 

(cirAEs) are associated with a survival benefit in the setting of advanced melanoma treated 

with immune checkpoint inhibitor (ICI) therapy. Previous studies have not examined the role of 

melanoma subtypes on cirAE development and downstream therapeutic outcomes.

Objective: Examine the impact of melanoma subtypes on cirAE onset and survival among ICI 

recipients.

Methods: Retrospective multi-institutional cohort study. Multivariate time-series regressions 

were utilized to assess relationships between melanoma subtype, cirAE development, and survival.

Results: Among 747 ICI recipients, 236 (31.6%) patients developed a cirAE. Patients with 

acral melanoma were less likely to develop a cirAE (HR=0.41, p=0.016) compared to patients 

with non-acral cutaneous melanoma. Across all melanoma subtypes, cirAEs were associated 

with reduced mortality (HR=0.76, p=0.042). Patients with acral (HR=2.04, p=0.005), mucosal 

(HR=2.30 p<0.001), and uveal (HR=4.09, p<0.001) primaries exhibited the worst survival.

Limitations: Retrospective cohort study.

Conclusion: This is the first study to demonstrate differences in cirAE development among 

melanoma subtypes. The presence of cirAEs was associated with better survival. Further, the 

lower incidence of cirAEs may be a marker of immunotherapy response, which is reflected in the 

association between acral melanoma and mortality.

Capsule Summary:

• Differences in cirAE incidence (acral: 15.7%, mucosal: 41.2%, non-acral cutaneous: 

32.2%, overall: 31.6%) were observed in melanoma subtypes, and cirAEs were 

associated with reduced overall mortality (HR=0.76, p=0.042).

• An understanding of ICI treatment response and cirAEs across melanoma subtypes can 

guide therapeutic management in patients with melanoma.
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Introduction

Immune checkpoint inhibitor (ICI) therapy has significantly increased survival among 

patients with advanced melanoma1. Specifically, anti–cytotoxic T-lymphocyte–associated 

antigen 4 (CTLA-4) monoclonal antibodies (e.g., ipilimumab) and anti-programmed death 

1/programmed death ligand 1 (PD-1/PD-L1) antibodies (e.g., pembrolizumab) were initially 

FDA approved in the setting of advanced or unresectable disease and most recently as 
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adjuvant therapy for patients with earlier stage disease following complete resection2. 

However, ICIs have been associated with a wide range of immune-related adverse 

events (irAEs), of which cutaneous irAEs (cirAEs) are the most common3 with highly 

variable clinical presentations, including pruritus, vitiligo, lichen planus-like eruptions, 

bullous pemphigoid, psoriasiform eruptions, and many others4. Despite the frequency 

and morbidity associated with cirAEs, emerging evidence suggests that the occurrence 

of these events is associated with improved survival among ICI recipients, particularly 

those with melanoma5, 6. However, benefits of ICI therapy have not been consistent 

across all melanoma subtypes, with worse response in patients with acral, mucosal, and 

uveal disease7, 8. Furthermore, published data has yet to delineate differences in cirAE 

development or their effects on survival among melanoma subtypes. The goal of this study 

is to examine the independent impact of melanoma subtypes on cirAE onset and their 

downstream implications on survival. Our secondary aim is to examine the survival benefits 

of ICIs among patients with advanced melanoma.

Methods

Cohort Determination

Patients with metastatic melanoma receiving ICI therapy at the Massachusetts General 

Brigham healthcare system between December 2011 and October 2020 were included in 

this study. Melanomas were stratified into acral melanoma, mucosal melanoma (MM), 

uveal melanoma (UV), non-acral cutaneous melanoma (NACM), and melanoma of 

unknown primary (UPM). AM was defined as a primary melanoma on the palm, sole, 

or subungual regions. MM was defined as a primary melanoma affecting the mucosa of 

the respiratory tract, nasal cavity, paranasal sinuses, oral cavity, gastrointestinal tract, anal 

canal, genitourinary tract, vulva, and vagina. UV was defined as melanoma of the uvea 

or uveal tract, which includes the iris, ciliary body, and choroid. UPM was defined as 

melanoma metastasized to lymph nodes, subcutaneous sites, and visceral organs without 

any evidence of a primary lesion. NACM were considered as the control group. Melanomas 

were identified using ICD-10 codes and keyword searches of clinical notes for the above 

anatomic locations, followed by independent manual curation of medical records to validate 

the presence and subtype of melanoma.

Data Extraction

The Research Patient Data Registry (RPDR)9 and the Enterprise Data Warehouse 

(EDW) are institutional clinical databases. We extracted the following variables from 

RPDR: patient age, sex, race/ethnicity, ICD codes, and date of death, or last follow-

up. Detailed documentation of all ICI administrations (date and type received) was 

extracted from the EDW. ICD codes from all visits before ICI initiation were extracted 

to calculate the Charlson Comorbidity Index (CCI). Given that all patients had metastatic 

cancer, CCI was rescaled to exclude cancer diagnoses. ICI treatments were separated 

into four classes: anti-PD-1 (pembrolizumab, nivolumab, cemiplimab) monotherapy, anti-

PD-L1 (atezolizumab, avelumab, durvalumab) monotherapy, anti-CTLA-4 (ipilimumab) 

monotherapy, and combination therapy (co-administration of CTLA4 and either PD-1 or 

PD-L1).
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Chart Review

Manual chart review was conducted by two independent reviewers to ascertain the presence 

and timing of cirAEs following ICI therapy initiation. Suspected events were categorized 

and graded using Common Terminology Criteria for Adverse Events (CTCAE) version 

5.010. For each cutaneous eruption, a likelihood score of cirAE was assigned on a scale 

of 1 (highly unlikely) to 4 (highly likely). The likelihood was determined by review 

of rash timing, morphology, absence of competing risk factors, histologic confirmation 

when available, and response to therapy. Scores of 3 and 4 were categorized as having a 

confirmed cirAE. In cases where concordance was not achieved by the two reviewers, a 

third reviewer (study PI) arbitrated the cases. CirAE morphology was also recorded based on 

documentation in clinical notes, review of clinical photographs, and histologic examination 

when available.

Statistical Analysis

To compare groups, we used Pearson’s chi-squared test for categorical variables and 

Kruskal-Wallis test for continuous variables. Kaplan-Meier (KM) curves were utilized to 

examine differences in survival between melanoma subtypes. For patients who do not 

have known mortality information, their last encounters with the system were considered 

their censoring dates. A multivariable Weibull accelerated failure time regression model 

was utilized to assess the relationship between primary melanoma subtype and cirAE 

development, adjusting for age at ICI initiation, sex, race/ethnicity, CCI, ICI type, year 

of ICI initiation, melanoma stage at ICI initiation, and whether ICI was adjuvant therapy. To 

account for immortal time bias11, a time-varying, cause-specific Cox proportional hazards 

model was used to investigate the development of cirAEs impacted cancer-specific survival, 

after adjusting for primary melanoma subtype, age at ICI therapy initiation, sex, race/

ethnicity, CCI score, ICI type, and year of ICI therapy initiation. All cases with non-cancer-

related causes of death or competing risks to mortality were censored.

Multivariate analysis was repeated for individual cirAE morphologies to understand how the 

eruption morphology is associated with survival. Multivariate structural equation modeling 

(SEM) was utilized to investigate how immune response mediates the impact of primary 

melanoma subtype on survival with cirAE development serving as a proxy measure for the 

immune-mediated response. This is a hypothesis-generating study; therefore no strict alpha-

level was used to determine statistical significance. All p-values reported are exploratory in 

nature. All analyses were completed in STATA v. 17 (College Station, TX)12.

Results

A total of 747 patients were included in this study. Baseline characteristics are presented 

in Table 1. The median duration of follow-up was 2.8 years [IQR 1.2, 4.2]. There were 

236 (31.6%) patients who developed cirAEs and 419 (56.1%) patients alive at the end of 

study follow-up. There were differences in cirAE incidence by melanoma subtype, with the 

lowest incidence (15.7%) in patients with AM and the highest incidence (41.2%) in patients 

with MM (p=0.017). The mean time to cirAE onset after ICI initiation was prolonged for 

patients with AM compared to patients with NACM (11.1 vs. 4.0 months, p=0.004). The 
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majority (69.9%) of patients received anti-PD-1 immunotherapy. The proportion of mucosal 

(37.4%) and uveal (34.4%) melanoma patients on combination immunotherapy was higher 

than patients with NACM (17.2%, p=0.009). There were no acral, mucosal, or UV patients 

on anti-PD-L1 immunotherapy. KM survival curves for melanoma subtypes are presented in 

Figure 1.

Further, differences were observed between melanoma type and distribution of cirAE 

morphologies (Table 2). Among the specific morphologies, vitiligo (50.0%) was the 

primary presentation for patients with AM and occurred more frequently in this subtype 

as compared to patients with MM (5.4%), UV (0.0%), UPM (0.0%), and NACM (7.1%, 

p=0.001). Additionally, lichenoid dermatitis was more likely to be observed among patients 

with NACM (5.2%) and UPM (6.5%) than among patients with acral, mucosal, or uveal 

melanomas (0%, p=0.056). Overall, the diversity of cirAE morphologies was broader for 

MM than AM, and included non-specific rash, maculopapular eruption, isolated pruritus 

without rash, vitiligo, and others. The diversity and proportions of cirAE morphologies in 

patients with UPM were similar to patients with NACM.

In multivariate modeling (Table 3), patients with AM were less likely to develop a cirAE 

(HR=0.41 p=0.016) when compared to the control group (NAC melanoma). The risk 

of cirAE development among patients with mucosal, uveal, and UPM was not different 

from controls after covariate adjustment (HR=1.15, p=0.448; HR=0.65, p=0.310; HR=1.24, 

p=0.291).

Additionally, the presence of cirAEs was associated with lower cancer-specific mortality 

(HR=0.73, p=0.043) and overall mortality (HR=0.76, p=0.042) for all melanoma patients. 

However, melanoma patients with acral (HR=2.04, p=0.005), mucosal (HR=2.30, p<0.001), 

or uveal (HR=4.09, p<0.001) primaries exhibited the worst survival despite receiving ICI 

therapy compared to patients with NAC melanoma. SEM demonstrated that 52.0% of 

the poorer survival among patients with AM is mediated by the lower rate of cirAE 

development by comparison to controls (Figure S1). Among all melanoma subtypes, patients 

who initiated ICI therapy in the latter years of the study (HR=1.27, p<0.001) or higher CCI 

(HR=1.12, p<0.001) had worse overall survival (Table S1).

Multivariate modeling of the influence of cirAE morphology on survival (Table S2) 

identified that the presence of vitiligo provided protection from mortality (HR 0.42, 

p=0.094). Additionally, the following inflammatory eruptions were associated with a lower 

risk of mortality compared to patients without a cirAE: isolated pruritus without visible 

manifestation of rash (HR 0.56, p=0.052), maculopapular eruption (HR 0.60, p=0.018), and 

non-specific rash (HR 0.46, p=0.001).

Discussion

The steadily increasing utilization of ICI therapies to treat advanced malignancies requires 

clinicians to understand the implications of immune-related toxicities, including cirAEs. 

Acral, mucosal, and uveal melanomas represent rare and challenging subtypes of melanoma 

that portend particularly poor prognoses. Although these subtypes can display aggressive 
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behavior with rapid progression, their relative rarity has been one of the main challenges in 

investigating determinants of immunotherapy outcomes. To our knowledge, this is the first 

study investigating the impact of melanoma subtype on cirAE development and the benefits 

of immune checkpoint inhibitors among patients with advanced melanoma.

This study demonstrates differences in cirAE development and survival among melanoma 

subtypes and can inform clinicians when counseling melanoma patients. We found that 

patients with AM were less likely to develop cirAEs than their cutaneous melanoma 

counterparts. Though patients with MM were more likely to develop cirAEs, this difference 

was largely explained by the higher utilization of combination immunotherapy. After 

adjusting for ICI therapy type, patients with MM were not more likely to develop cirAEs 

than the control population.

Furthermore, we found that the average time to cirAE onset was longer for patients 

with AM. Previously reported average times for cirAE onset were within four months of 

immunotherapy initiation and only 15% occurred beyond the first year13–15. The longer time 

to cirAE onset among patients with AM in our study is novel. We suspect the delayed onset 

of cirAEs in patients with AM may be related to tumor characteristics. Specifically, patients 

with AM tend to present with thicker tumors and delayed detection due to the anatomic 

location on plantar surfaces. Prior studies have indicated that thicker tumors correlate with 

a lower grade and lower density of tumor infiltrating lymphocytes (TILs),16, 17 which may 

lead to decreased recognition of antigens to induce an inflammatory response in the presence 

of immunotherapy, resulting in reduced incidence of cirAEs and delayed cirAE onset18–21.

Despite differences in the timing of cirAEs, the presence of cirAEs was protective of 

mortality across all melanoma subtypes. CirAE presence has been previously shown to be 

an indicator of a robust immune response in cancer therapy8. We suspect that a low rate 

of cirAE development could be a biomarker for poorer tumor response. Prior studies show 

distinct melanoma properties within the tumor microenvironments that can be attributed 

to poor response to immunotherapy8, 22. Kaunitz and colleagues demonstrated that PD-L1 

expression in acral (31%) and mucosal (44%) melanomas is lower than chronically sun-

damaged melanomas (62%)22. Higher PD-L1 expression levels are correlated with improved 

T-cell response and progression-free survival among anti-PD-1/PD-L1 recipients23. In 

addition to lower PD-L1 expression, the tumor mutational burden (TMB) is also lower 

in acral, mucosal, and uveal melanomas when compared to NACMs 8, 24, 25. The lower 

TMB among these subtypes is attributed to the UV-independent nature of their mutational 

pathways and is associated with poor response rates to PD-1 therapy8, 24. These factors 

likely contribute to the poor tumor response to immunotherapy and subsequent increased 

risk of mortality found among our patients with metastatic melanoma patients with acral, 

mucosal, and uveal primaries.

This study also found that the presence of a cirAEs was inversely associated with mortality. 

Having observed a lower incidence of cirAEs among patients with AM by comparison 

to the control population, we performed a mediation analysis to identify the extent to 

which this lower incidence of cirAEs explained the greater mortality observed in this 

population. Our SEM analyses demonstrated that cirAE status accounted for 52.0% of the 
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relationship between AM and mortality, further demonstrating the prognostic value of cirAE 

development in this population.

Our study also provides insight into which cirAE morphologies provide a survival benefit to 

guide clinicians in their management of these toxicities. Vitiligo is the only morphologic 

presentation that has shown progression-free survival (PFS) and overall survival (OS) 

benefits in prior studies26. The overall decreased risk of death (HR=0.42) in our melanoma 

patients who developed vitiligo compared to those who did not have vitiligo is consistent 

with the result of a meta-analysis that analyzed 137 studies (HR=0.25)26. However, we also 

identified survival benefits with several other inflammatory cirAE morphologies, including 

isolated pruritus, maculopapular eruption, and non-specific rash. Vitiligo and maculopapular 

eruptions are T-cell mediated processes that can indicate a robust immune response to 

therapy. The protective effects of these morphologic presentations have not been reported 

in the literature or profiled based on the melanoma subtype. Notably, in our cohort, all 

individuals with lichenoid eruptions were alive at the end of study follow-up, therefore we 

were unable to assess the mortality benefit of this morphology. However, lichenoid eruption 

was observed exclusively among NACMs and UPMs. The similarities found between the 

diversity and distribution of cirAE morphologies between NACMs and UPMs supports prior 

findings of similarities between the genetic signatures of these melanomas and correlations 

with improved prognosis27.

Lastly, we found that PD-1 therapy was associated with improved melanoma-specific 

survival across all melanoma subtypes. However, in contrast to prior studies where 

participants have untreated advanced-stage melanoma at study entry, some patients in our 

cohort were exposed to chemotherapy or single-agent immunotherapy regimens prior to 

initiating combination immunotherapy therapy. As a result, receiving PD-1 therapy in our 

cohort may indicate less aggressive or progressive disease with failed prior therapies leading 

to improved survival on PD-1 therapy.

This study was limited by its retrospective nature and by the relative rarity of acral, 

mucosal, and uveal melanomas. Further, most of the population in our cohort was male and 

Caucasian. This may limit the generalizability of our findings as immunotherapy response 

and survival patterns vary between sex and race. However, our cohort is still representative 

of the broader population affected by melanoma, including the rare subtypes.

In conclusion, our study supports increasing evidence that cirAEs are associated with 

improved overall survival among melanoma patients, which underscores the need for 

effective and supportive patient care interventions that would permit the maintenance of 

quality of life and dose intensity of ICI therapy while managing these toxicities. Further, 

we demonstrate that cirAE incidence and morphologic distribution are highly dependent 

on melanoma subtype. We provide a critical analysis of immunotherapy outcomes among 

understudied melanoma subtypes and propose a possible role of low cirAE incidence as 

marker for immunotherapy response leading to poorer ICI outcomes among patients with 

AM. Understanding the impact of cancer type on this immune response either directly or 

indirectly via immunotherapy toxicity development is an important and underexplored area 

of research. In summary, this work demonstrates a survival association of cirAEs in ICI 
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recipients with melanoma and adds to the existing literature by assessing the relationship 

between rare melanoma subtypes, cirAEs, and survival. In doing so, we provide important 

prognostic information to dermatologists and oncologists caring for these patients with 

metastatic melanoma.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Kaplan-Meier Survival Curves by Primary Melanoma Subtype
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Table 1:

Characteristics of Study Cohort by Primary Melanoma Subtype

Characteristic

Non-Acral 
Cutaneous 
Melanoma

Acral
Melanoma

Mucosal 
Melanoma

Uveal
Melanoma

Melanoma 
Unknown 
Primary p-value

  N=478 N=51 N=91 N = 32 N = 95  

Age at ICI Initiation

 Median [IQR], year 64.8 [56.2, 73.9] 67.2 [56.1, 76.7] 65.4 [59.0, 74.4] 65.9 [58.5–69.8] 63.8 [54.0– 72.3] 0.47

Sex, n (%) <0.001

 Female 160 (33.5%) 24 (47.1%) 53 (55.9%) 19 (59.4%) 38 (40.0%)

 Male 318 (66.5%) 27 (52.9%) 38 (44.1%) 13 (40.6%) 57 (60.0%)

Race or Ethnicity, n (%) <0.001

 African American 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

 Asian 1 (0.5%) 1 (2.2%) 3 (2.9%) 1 (3.1%) 0 (0.0%)

 Hispanic or Latino 0 (0.0%) 3 (6.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

 Unknown 10 (1.5%) 0 (0.0%) 1 (1.5%) 0 (0.0%) 0 (0.0%)

 White 467 (98.0%) 47 (91.1%) 87 (95.6%) 31 (96.9%) 95 (100.0%)

Charleston Comorbidity 
Index

 Median [IQR] 4.0 [2.0, 6.0] 4.0 [2.0, 6.0] 4.0 [2.0, 5.0] 4.0 [3.0,5.0] 3.0 [2.0,5.0] 0.77

ICI Type, n (%) 0.009

 Combination 82 (17.2%) 9 (17.6%) 34 (37.4%) 11 (34.4%) 20 (21.1%)

 Anti-CTLA-4 41 (8.6%) 4 (7.8%) 3 (3.3%) 3 (9.4%) 9 (9.5%)

 Anti-PD1 347 (72.6%) 38 (74.5%) 54 (59.3%) 18 (56.3%) 65 (68.4%)

 Anti-PDL1 8 (1.7%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.1%)

Year of ICI Initiation, n (%) 0.057

 2011–2013 12 (2.5%) 1 (2.0%) 3 (2.9%) 2 (6.3%) 4 (4.2%)

 2014–2017 328 (67.0%) 29 (56.9%) 48 (50.0%) 16 (50.0%) 62 (65.3%)

 2018–2020 138 (29.9%) 21 (41.2%) 40 (47.1%) 14 (43.8% 29 (30.5%)

AJCC Stage at ICI 
Initiation, n (%) <0.001

 II 11 (2.3%) 2 (3.9%) 1 (1.1%) 0 (0.0%) 1 (1.1%)

 III 165 (35.2%) 24 (47.1%) 30 (33.0%) 1 (3.1%) 15 (16.1%)

 IV 293 (62.5%) 25 (49.0%) 60 (65.9%) 31 (96.9%) 77 (82.8%)

Adjuvant ICI Therapy, n 
(%) <0.001

 No 355 (75.2%) 30 (58.8%) 73 (80.2%) 31 (97.4%) 80 (86.0%)

 Yes 117 (24.8%) 21 (41.2%) 18 (19.8%) 1 (2.6%) 13 (14.0%)

Duration of Follow-up
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Characteristic

Non-Acral 
Cutaneous 
Melanoma

Acral
Melanoma

Mucosal 
Melanoma

Uveal
Melanoma

Melanoma 
Unknown 
Primary p-value

  N=478 N=51 N=91 N = 32 N = 95  

 Median [IQR], year 3.3 [1.9, 4.5] 1.8 [0.8, 3.2] 1.7 [1.0, 2.6] 0.8 [0.4, 1.6] 3.0 [1.1,4.1] <0.001

CirAE, n (%) 0.017

 No 324 (67.8%) 43 (84.3%) 54 (58.8%) 26 (81.3%) 64 (67.4%)

 Yes 154 (32.2%) 8 (15.7%) 37 (41.2%) 6 (18.8%) 31 (31.6%)

Time to CirAE Onset

 Median [IQR], year 0.2 [0.1, 0.5] 0.5 [0.2, 1.1] 0.2 [0.1, 0.5] 0.2 [0.1,0.6] 0.1 [0.0,0.2] <0.051

Mortality, n (%) 0.001

 Dead 178 (37.2%) 26 (51.0%) 57 (62.6%) 27 (84.4%) 40 (42.1%)

 Alive 300 (62.8%) 25 (49.0%) 34 (37.4%) 5 (15.6%) 55 (57.9%)

Abbreviations: CI, confidence interval; cirAE, cutaneous immune-related adverse events; HR, hazard ratio; ICI, immune checkpoint inhibitor; IQR, 
interquartile range.
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Table 2:

CirAE Morphology Characteristics by Primary Melanoma Subtype

Characteristic

Non-acral 
Cutaneous 
Melanoma Acral Melanoma

Mucosal 
Melanoma

Uveal Melanoma
Melanoma
Unknown 
Primary

p-
value

  N = 154 / 478 N = 8 / 51 N = 37 / 91 N = 6 / 32 N = 31 / 95  

Morphology, n (%)* 0.066

 Rash NOS 45 (29.2%) 2 (25.0%) 12 (32.4%) 2 (33.3%) 13 (41.9%)

 Drug Hypersensitivity 12 (7.8%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (3.2%)

 Eczematous Eruption 8 (5.2%) 0 (0.0%) 1 (2.7%) 0 (0.0%) 1 (3.2%)

 Lichenoid Eruption 8 (5.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (6.5%)

 Maculopapular 
Eruption 33 (21.4%) 1 (12.5%) 13 (35.1%) 3 (50.0%) 6 (19.4%)

 Isolated Pruritus 22 (14.3%) 0 (0.0%) 5 (13.5%) 1 (16.7%) 5 (16.1%)

 Vitiligo 11 (7.1%) 4 (50.0%) 2 (5.4%) 0 (0.0%) 0 (0.0%)

 Other** 15 (9.7%) 1 (12.5%) 4 (10.8%) 0 (0.0%) 3 (9.7%)

*
For the first cirAE only.

**
Includes individual morphologies with fewer than 10 observed cases in the study population - acneiform eruption, bullous eruption, erythema-

multiforme-like eruption, mucositis, panniculitis, psoriasiform eruption, and SJS/TEN-like eruption.

Abbreviations: NOS, not otherwise specified.
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Table 3.

Results of Multivariable Accelerated Failure Time Regression Model of CirAE Onset by Primary Melanoma 

Subtype

Characteristic HR 95% CI p-value

Primary Melanoma

 Non-acral Cutaneous Melanoma *ref *ref *ref *ref

 Acral Melanoma 0.41 0.20 0.85 0.016

 Mucosal Melanoma 1.16 0.79 1.72 0.448

 Uveal Melanoma 0.65 0.28 1.49 0.310

 Melanoma of Unknown Primary 1.24 0.83 1.84 0.291

Age at ICI Initiation 0.99 .98 1.01 0.426

Sex

 Male *ref *ref *ref *ref

 Female 1.02 0.78 1.34 0.874

Race or Ethnicity

 White *ref *ref *ref *ref

 Asian 1.46 0.45 4.70 0.525

 Hispanic or Latino <0.001 0.00 – 0.992

 Unknown 0.25 0.03 1.79 0.168

ICI Type

 Anti-CTLA-4 *ref *ref *ref *ref

 Combination 1.78 1.00 3.20 0.051

 Anti-PD-1 0.84 0.49 1.43 0.522

 Anti-PD-L1 0.90 0.26 3.15 0.865

Charleston Comorbidity Index 1.04 0.98 1.11 0.212

Year of ICI Initiation 1.23 1.12 1.36 <0.001

AJCC Stage at ICI Initiation

 II *ref *ref *ref *ref

 III 1.09 0.44 2.71 0.847

 IV 0.72 0.28 1.82 0.486

Adjuvant Therapy

 No *ref *ref *ref *ref

 Yes 0.76 0.52 1.12 0.167

*
Reference group.

Abbreviations: CI, confidence interval; cirAE, cutaneous immune-related adverse events; HR, hazard ratio; ICI, immune checkpoint inhibitor.
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Table 4.

Results of A Multivariate Time-Varying Cox Model for Cancer-Specific Mortality by Primary Melanoma 

Subtypes

Characteristic HR 95% CI p-value

CirAE 0.73 0.53 0.99 0.043

Primary Melanoma

 Non-Acral Cutaneous Melanoma *ref *ref *ref *ref

 Acral Melanoma 2.04 1.24 3.36 0.005

 Mucosal Melanoma 2.30 1.58 3.35 <0.001

 Uveal Melanoma 4.09 2.50 6.68 <0.001

 Melanoma of Unknown Primary 1.22 0.80 1.84 0.351

Age at ICI initiation 1.01 1.00 1.02 0.149

Sex

 Male *ref *ref *ref *ref

 Female 1.29 0.99 1.70 0.064

Race or Ethnicity

 White *ref *ref *ref *ref

 Asian 0.57 0.14 2.36 0.439

 Hispanic or Latino 2.31 0.30 17.78 0.421

 Unknown 0.47 0.06 3.39 0.452

ICI Type

 Anti-CTLA-4 *ref *ref *ref *ref

 Combination 0.91 0.53 1.57 0.745

 Anti-PD-1 0.45 0.28 0.74 0.002

 Anti-PD-L1 <0.001 0 – 1.000

Charleston Comorbidity Index 1.12 1.06 1.19 <0.001

Year of ICI Initiation 1.27 1.15 1.40 <0.001

AJCC Stage at ICI Initiation

 II *ref *ref *ref *ref

 III 2.35 0.32 17.13 0.399

 IV 4.18 0.57 30.49 0.158

Adjuvant Therapy

 No *ref *ref *ref *ref

 Yes 0.62 0.38 1.00 0.050

*
Reference group.

Abbreviations: CI, confidence interval; CirAE, cutaneous immune-related adverse events; HR, hazard ratio; ICI, immune checkpoint inhibitor.

J Am Acad Dermatol. Author manuscript; available in PMC 2023 June 12.


	Abstract
	Capsule Summary:
	Introduction
	Methods
	Cohort Determination
	Data Extraction
	Chart Review
	Statistical Analysis

	Results
	Discussion
	References
	Figure 1:
	Table 1:
	Table 2:
	Table 3.
	Table 4.

