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Cutaneous immune-related adverse
events are associated with longer overall
survival in advanced cancer patients on

immune checkpoint inhibitors: A
multi-institutional cohort study
Shijia Zhang, MBI,a,b Kimberly Tang, BA,a Guihong Wan, PhD,a,b Nga Nguyen, MD, MPH,a
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Shadmehr Demehri, MD, PhD,a,e Nicole R. LeBoeuf, MD, MPH,f Kerry L. Reynolds, MD,c
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Background: Cutaneous immune-related adverse events (cirAEs) occur in up to 40% of immune
checkpoint inhibitor (ICI) recipients. However, the association of cirAEs with survival remains unclear.
Objective: To investigate the association of cirAEs with survival among ICI recipients.
Methods: ICI recipients were identified from the Mass General Brigham healthcare system and Dana-
Farber Cancer Institute. Patient charts were reviewed for cirAE development within 2 years after ICI
initiation. Multivariate time-varying Cox proportional hazards models, adjusted for age, sex, race/ethnicity,
Charlson Comorbidity Index, ICI type, cancer type, and year of ICI initiation were utilized to investigate the
impact of cirAE development on overall survival.
Results: Of the 3731 ICI recipients, 18.1% developed a cirAE. Six-month landmark analysis and time-varying
Cox proportional hazards models demonstrated that patients who developed cirAEs were associated with
decreased mortality (hazardratio [HR] = 0.87, P = .027), particularly in patients with melanoma (HR = 0.67,
P = .003). Among individual morphologies, lichenoid eruption (HR = 0.51, P\ .001), psoriasiform eruption
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(HR = 0.52, P = .005), vitiligo (HR = 0.29, P = .007), isolated pruritus without visible manifestation of rash
(HR = 0.71, P = .007), acneiform eruption (HR = 0.34, P = .025), and non-specific rash (HR = 0.68, P\ .001)
were significantly associated with better survival after multiple comparisons adjustment.
Limitations: Retrospective design; single geography.
Conclusion: CirAE development is associated with improved survival among ICI recipients, especially
patients with melanoma. ( J Am Acad Dermatol 2023;88:1024-32.)

Key words: cutaneous adverse reactions; immune checkpoint inhibitor; immune-related adverse events;
immunotherapy; melanoma; mortality; oncology; skin toxicity.
CAPSULE SUMMARY

d Patients on immune checkpoint
inhibitors who developed cutaneous
immune-related adverse events had
favorable outcomes. This was especially
notable for patients with melanoma who
had cutaneous immune-related adverse
events, both those with vitiligo and
other morphologies.

d Development of cutaneous immune-
related adverse events in immune
checkpoint inhibitor-treated patients can
be used to prognosticate survival and
guide treatment decisions.
INTRODUCTION
Immune checkpoint in-

hibitors (ICIs) have trans-
formed cancer care over the
past decade. Checkpoint
proteins are membrane-
bound markers that bind T-
cell partner proteins to
induce anergy.1 ICIs block
these interactions, strength-
ening endogenous immune
responses against tumors.
Currently-approved thera-
pies target programmed cell
death protein 1 (PD-1) and its
ligand programmed death
ligand 1 (PD-L1) or cytotoxic
T-lymphocyte protein 4.1 As
of 2022, 9 ICIs were

approved and with expansion to different targets
and cancers, the percentage of patients with cancer
eligible for ICIs has increased from 1.54% in 2011 to
43.6% in 2020.2,3

Immune activity alterations from ICI can manifest
as immune-related adverse events (irAEs), necessi-
tating informed management guidelines.4 Most com-
mon and least lethal irAEs affect the skin and
gastrointestinal tract, whereas rarer but more serious
irAEs affect the cardiovascular and central nervous
systems. Notably, cutaneous immune-related
adverse events (cirAEs), the most common toxicities,
occur in up to 40% of recipients and can be potential
low-grade biomarkers of therapeutic effect.5

Though early reports have associated irAE devel-
opment with improved ICI response, studies exam-
ining individual contributions of cirAEs to predicting
outcomes are limited to single-institutional observa-
tional studies with small sample size and absence of
appropriate control populations.6,7 A recent study
from our group utilized population-level claims-
based databases to investigate outcomes among pa-
tients with cirAEs, identifying significantly increased
survival.8 However, this was limited by diagnostic
Downloaded for Anonymous User (n/a) at Harvard University from ClinicalKey.com by Elsevie
For personal use only. No other uses without permission. Copyright ©2024. Elsevier Inc. All
uncertainty in cirAE defini-
tions. Therefore, in this study
we examine overall and
morphology-specific survival
implications of cirAE develop-
ment among ICI recipients
using a large-scale multi-
institutional clinical registry
with manual cirAE phenotyp-
ing.We seek to provide neces-
sary confirmatory data on the
clinical implications of these
toxicities, which will inform
treatment decisions and pa-
tient counseling.

METHODS
Cohort determination

Cancer patients receiving

ICI at Massachusetts General Hospital, Brigham and
Women’s Hospital, and Dana-Farber Cancer Institute
between December 1, 2011 and October 30, 2020
were included. Patients were excluded if records
were incomplete for variables of interest. A flowchart
is in Fig 1.

Data extraction
Research Patient Data Registry9 and Enterprise

DataWarehouse are institutional clinical databases in
the Mass General Brigham Healthcare System.
Research Patient Data Registry contains multimodal
clinical information: basic demographics,
International Classification of Diseases codes, and
lab results. Enterprise Data Warehouse provides
detailed documentation of all ICI administrations.
Patient age, sex, race/ethnicity, cancer type,
International Classification of Diseases codes, date
of death, or last follow-up were extracted. Due to
small sample sizes among some races/ethnicities,
this variable was categorized into White, Asian,
Black, (non-White) Hispanic, and other.
International Classification of Diseases codes from
all visits were used to calculate Charlson
r on July 28, 2024. 
 rights reserved.



Abbreviations used:

CCI: Charlson Comorbidity Index
cirAE: cutaneous immune-related adverse event
ICI: immune checkpoint inhibitor
IrAE: immune-related adverse event
PD-1: programmed cell death protein 1
PD-L1: programmed cell death ligand 1
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Comorbidity Index (CCI) score at ICI initiation.10

Enterprise Data Warehouse was used to ascertain
time and class of ICI received. ICIs were separated
into anti-PD-1 (pembrolizumab, nivolumab, cemi-
plimab), anti-PD-L1 (atezolizumab, avelumab, dur-
valumab), antiecytotoxic T-lymphocyte protein 4
(ipilimumab), and combination therapy (cytotoxic T-
lymphocyte protein 4 and either PD-1 or PD-L1
inhibition).

Chart review
Manual chart review was conducted by 2 inde-

pendent reviewers to ascertain cirAE presence,
timing, and morphology following ICI initiation.
Suspected events were categorized and graded using
Common Terminology Criteria for Adverse Events
version 5.0.11 For each patient who developed a
cutaneous eruption following ICI, a likelihood score
was assigned on a scale of 1 (highly unlikely) to 4
(highly likely). The likelihood of cirAE was deter-
mined by review of rash timing, morphology,
absence of competing risk factors, histologic confir-
mation when available, and response to treatment of
the eruption. Patients who achieved likelihood
scores of 3 and 4 were categorized as having a
cirAE. If concordance was not achieved, a third
reviewer arbitrated the cases. Further details are
provided in Supplementary Methods, available via
Mendeley at https://doi.org/10.17632/j7fzzdfbgf.1.

Statistical analyses
We used Pearson’s x2 or Fisher’s exact test for

categorical variables and t test or Kruskal-Wallis test
for continuous variables. Kaplan-Meier curves were
utilized to investigate differences in survival between
patients with and without cirAEs. For patients with
no known mortality information, their last system
encounters were their censoring dates. We per-
formed landmark survival analyses and time-
varying Cox proportional hazards regression
modeling, adjusting for age, sex, race/ethnicity,
CCI, ICI type, cancer type, and year of ICI initiation
to account for guarantee-time bias.12 Guarantee-time
bias occurs when exposure of interest competes with
risk of mortality (eg, patients must be alive long
Downloaded for Anonymous User (n/a) at Harvard University
For personal use only. No other uses without permission. C
enough to be able to develop a cirAE). Not control-
ling for this would bias the model in favor of longer
survival in the cirAE cohort. To account for this, we
performed a landmark analysis, assessing exposure
(eg, cirAE status) before the given landmark time
and excluding patients with the outcome of interest
(eg, mortality) prior to the landmark.13 A survival
model was then utilized on this restricted population
to evaluate the relationship between exposure and
outcome. Sensitivity analyses were performed
around landmark times: 3-, 6-, 9-, and 12-months
following ICI initiation. Another control for
guarantee-time bias is utilizing time-varying Cox
proportional hazards regression modeling, which
uses the exposure as a time-dependent covariate;
subjects are classified as unexposed until the start of
cirAE and exposed thereafter.14 This model has the
advantage of incorporating all study follow-up data
since the analysis begins at the time of cohort entry.
Therefore, this method has increased statistical
power over the landmark method.15 Lastly, because
all patients in this cohort had metastatic cancer, the
CCI was rescaled to exclude cancer diagnoses. The
analyses were repeated for individual cancer
types and cirAE morphologies. All statistical analyses
were conducted in R statistical software version
3.6.1.

RESULTS
A total of 3731 ICI recipients were identified.

Patient characteristics are shown in Table I. Between
cirAE and non-cirAE groups, there were no signifi-
cant differences in median age at ICI initiation (65.1
vs 65.4 years), mean CCI score (3.30 vs 3.64), and sex
(42.9% vs 46.0% female). Compared to the non-cirAE
group, the cirAE group had longer duration of
follow-up (913 vs 385 days), higher proportion of
white patients (93.8% vs 90.4%), higher proportion
of combination immunotherapy utilization (17.8 %
vs 8.5 %), and higher proportion of melanoma
patients (35.7% vs 17.1%), all which were statistically
significant. Table II demonstrates the distribution of
cirAE morphologies among all cancer, melanoma,
and non-melanoma patients.

Multivariate time-varying Cox proportional haz-
ards models (Table III) demonstrated that patients
with cirAEs were significantly associated with better
survival when analyzed across all cancer indications
(HR = 0.87, P = .027). No differences in mortality by
race/ethnicity or sex were noted. Independent of
cirAE development, patients with gastrointestinal
malignancies (HR = 1.32, P \ .001) had worse
outcomes than thoracic cancer patients, while pa-
tients with melanoma (HR = 0.44, P \ .001) and
 from ClinicalKey.com by Elsevier on July 28, 2024. 
opyright ©2024. Elsevier Inc. All rights reserved.
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Fig 1. Study design flowchart. Attached as separate jpeg file in accordance with the JAAD
submission checklist. CirAE, Cutaneous immune-related adverse event; ICI, immune check-
point inhibitor.
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genitourinary cancer (HR = 0.79, P = .002) had better
survival. To explore the contribution of ICI-induced
vitiligo, a further analysis categorized patients into
those who developed vitiligo and non-vitiligo cirAEs
(Supplementary Fig 1, A and B, available via
Mendeley at https://doi.org/10.17632/j7fzzdfbgf.1),
demonstrating that both groups were significantly
associated with decreased mortality compared to
patients without cirAEs among all ICI recipients and
patients with melanoma. On average, patients who
developed cirAEs survived 320 days (10.5 months)
longer than those who did not.

To explore the association of cirAEs with each
cancer type, we performed multivariate time-varying
Cox proportional hazards models restricting the pop-
ulation to patients with a specific malignancy
(Supplementary Table I, available via Mendeley at
https://doi.org/10.17632/j7fzzdfbgf.1). Here, associa-
tion of cirAEs with good prognosis was strongest
among patients with melanoma (HR = 0.67, P = .003)
(Supplementary Table II, available via Mendeley at
https://doi.org/10.17632/j7fzzdfbgf.1). CirAEs were
not significantly associated with mortality when re-
stricting to thoracic, gastrointestinal, genitourinary,
head and neck, and other cancers individually. When
grouping all non-melanoma cancers, therewas aweak
association that did not reach statistical significance
Downloaded for Anonymous User (n/a) at Harvard University
For personal use only. No other uses without permission. C
(Supplementary Table III, available via Mendeley at
https://doi.org/10.17632/j7fzzdfbgf.1).

These analyses were repeated using a landmark
approach. A 6-month landmark was utilized for the
primary model as most cirAEs occurred by this time
(Supplementary Table IV, available via Mendeley at
https://doi.org/10.17632/j7fzzdfbgf.1).15 Sensitivity
analyses were performed using 3-, 9-, and 12-
months as alternative landmark times
(Supplementary Tables V-VIII, available via
Mendeley at https://doi.org/10.17632/j7fzzdfbgf.1).
As before, patients who developed cirAEs demon-
strated significant survival advantage using landmark
times of 3 months (HR = 0.75, P\.001) and 6months
(HR = 0.83, P = .006), with better survival at 9 months
(HR = 0.89, P = .11) and 12 months (HR = 0.94, P = .5)
which did not reach statistical significance.
Additionally, we conducted the same landmark and
sensitivity analyses among patients with melanoma,
as this is where the association of cirAEs was
strongest in the time-varying Cox models
(Supplementary Tables IX-XII, available via
Mendeley at https://doi.org/10.17632/j7fzzdfbgf.1).
Among these patients, cirAE development was
associated with significantly lower risk of mortality
at 3 months (HR = 0.65, P = .002), 6 months
(HR = 0.65, P = .003), 9 months (HR = 0.64,
 from ClinicalKey.com by Elsevier on July 28, 2024. 
opyright ©2024. Elsevier Inc. All rights reserved.
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Table I. Baseline characteristics for cancer patients treated with immune checkpoint inhibitor

Characteristic CirAE (N = 676) No cirAE (N = 3055) P value

Sex
Female 290 (42.9%) 1405 (46.0%) .156
Male 386 (57.1%) 1650 (54.0%)

Charlson Comorbidity Index
Median [IQR] 3.00 [2.00] 3.00 [3.00] \.001
Mean [SD] 3.30 [2.33] 3.64 [2.42]

Age at ICI initiation
Median [IQR] 65.1 [16.5] 65.4 [16.4] .695

Year of ICI initiation
Median [IQR] 2017 [2.00] 2017 [2.00] .338

Days of follow-up
Median [IQR] 913 [952] 385 [906] \.001

Race/ethnicity
White 634 (93.8%) 2763 (90.4%) .008
Asian 25 (3.7%) 106 (3.5%)
Black or African American 8 (1.2%) 83 (2.7%)
Hispanic 2 (0.3%) 21 (0.7%)
Other/unknown 7 (1.0%) 82 (2.7%)

Cancer type
Melanoma 241 (35.7%) 522 (17.1%) \.001
Thoracic 125 (18.5%) 1000 (32.7%)
Gastrointestinal 66 (9.8%) 350 (11.5%)
Genitourinary 88 (13.0%) 303 (9.9%)
Brain/nervous system 13 (1.9%) 130 (4.3%)
Breast 28 (4.1%) 95 (3.1%)
Gynecologic 24 (3.6%) 183 (6.0%)
Head and neck 60 (8.9%) 270 (8.8%)
Hematologic 14 (2.1%) 147 (4.8%)
Non-melanoma skin 10 (1.5%) 25 (0.8%)
Sarcoma 7 (1.0%) 30 (1.0%)

ICI type
PD-1 470 (69.5%) 2350 (76.9%) \.001
Combination therapy 120 (17.8%) 261 (8.5%)
PD-L1 65 (9.6%) 381 (12.5%)
CTLA-4 21 (3.1%) 63 (2.1%)

Mortality status
Alive 337 (49.9%) 1182 (38.7%) \.001
Deceased 339 (50.1%) 1873 (61.3%)

CirAE, Cutaneous immune-related adverse event; CTLA-4, cytotoxic T-lymphocyte protein 4; ICI, immune checkpoint inhibitor; IQR,

interquartile Range; PD-1, programmed cell death protein 1.
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P = .004), and 1 year (HR = 0.68, P = .021) as
landmark times.

We next investigated the adjusted survival impact of
individual cirAE morphologies (Table IV). Compared
with the non-cirAE group, almost all morphologies
were associated with better survival. Specifically, rash
(HR = 0.68, P\ .001), lichenoid eruption (HR = 0.51,
P\.001), psoriasiform eruption (HR = 0.52, P = .005),
vitiligo (HR = 0.29, P = .007), isolated pruritus without
visiblemanifestations of rash (HR = 0.71,P = .007), and
acneiform eruption(HR = 0.34, P = .025) remained
significantly associated with better survival after
Benjamini-Hochberg correction (Supplementary
Downloaded for Anonymous User (n/a) at Harvard University
For personal use only. No other uses without permission. C
Tables XIII-XIX, available via Mendeley at https://
doi.org/10.17632/j7fzzdfbgf.1). Eczematous eruption
(HR = 0.71, P = .056) was borderline significantly
associated.

DISCUSSION
Though irAEs have been shown to be important

indicators of ICI efficacy, their association with
mortality is a growing field of interest.16-21 This
large-scale retrospective study investigates the asso-
ciation of cirAEs with mortality outcomes among ICI-
treated cancer patients using expert-phenotyped
cirAE status. We demonstrate that cirAE development
 from ClinicalKey.com by Elsevier on July 28, 2024. 
opyright ©2024. Elsevier Inc. All rights reserved.
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Table II. Distribution of cirAE morphologies in all cancer, melanoma, and other patients with cancer

Cutaneous diagnosis All cancer (N = 676) Melanoma (N = 241) Other cancer* (N = 435) P value

Acneiform eruption 13 (1.9%) 5 (2.1%) 8 (1.8%)
Bullous eruption 17 (2.5%) 6 (2.5%) 11 (2.5%)
Drug hypersensitivity NOS 32 (4.7%) 14 (5.8%) 18 (4.1%)
Eczematous eruption 41 (6.1%) 11 (4.6%) 30 (6.9%)
Erythema-multiforme-like eruption 4 (0.6%) 2 (0.8%) 2 (0.5%)
Isolated pruritus without visible
manifestation of rash

90 (13.3%) 35 (14.6%) 55 (12.6%)

Lichenoid eruption 52 (7.7%) 10 (4.1%) 42 (9.7%) \.001
Maculopapular eruption 121 (17.9%) 56 (23.2%) 65 (14.9%)
Mucositis 9 (1.3%) 1 (0.4%) 8 (1.8%)
Panniculitis 3 (0.4%) 1 (0.4%) 2 (0.5%)
Psoriasiform eruption 30 (4.4%) 8 (3.3%) 22 (5.1%)
Rash NOS 222 (32.8%) 74 (30.8%) 148 (34.0%)
SJS/TEN-like eruption 4 (0.6%) 1 (0.4%) 3 (0.7%)
Vitiligo 22 (3.3%) 17 (7.1%) 5 (1.1%)
Alopecia 1 (0.1%) 0 (0%) 1 (0.2%)
DRESS 1 (0.1%) 0 (0%) 1 (0.2%)
Follicular eruption 5 (0.7%) 0 (0%) 5 (1.1%)
Sweet’s syndrome 3 (0.4%) 0 (0%) 3 (0.7%)
Urticarial eruption 6 (0.9%) 0 (0%) 6 (1.4%)

DRESS, Drug Reaction with Eosinophilia and Systemic Symptoms; NOS, not otherwise specified; SJS/TEN, Stevens Johnson Syndrome/Toxic

Epidermal Necroysis.

*Other cancer includes: thoracic, gastrointestinal, genitourinary, brain/nervous system, breast, gynecologic, head and neck, hematologic,

non-melanoma skin cancer, and sarcoma.
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after ICI initiation is an important prognostic indica-
tor of response to ICI, particularly among patients
with melanoma.

CirAEs occurred in 18% of ICI recipients in
contrast to clinical trial reports of cirAEs occurring
in up to 40% of patients. This may be from cirAE
overdiagnosis in clinical trials, which typically lack
rigorous phenotyping. Additionally, cirAEs reported
in observational studies are usually symptomatic
enough to require clinical evaluation, whereas
cirAEs reported in clinical trials may be mild. The
latter group is unlikely detected in real-world obser-
vational data as patients may not present for evalu-
ation, thus, explaining this discrepancy.

Overall, our study suggests that cirAE develop-
ment is associated with a 13% reduction in mortality,
with patients developing cirAEs living on average
10.5 months longer than those who did not. The
association of cirAEs with increased survival identi-
fied here is consistent with our prior population-
level findings (using algorithmic rather than manual
cirAE curation done here), which demonstrated a
19% to 23% statistically significant risk reduction in
mortality among patients with cirAEs.8 The overall
similar conclusions reached by these different analyt-
ical approaches with completely independent co-
horts provide additional rigor to our study findings.
Additionally, almost all cirAE morphologies were
Downloaded for Anonymous User (n/a) at Harvard University
For personal use only. No other uses without permission. C
associated with better survival, with isolated pruritus
without visible manifestation of rash, rash, lichenoid
eruption, psoriasiform eruption, acneiform eruption,
and vitiligo demonstrating the most significant cor-
relation: 29%, 32%, 49%, 48%, 66%, and 71% reduc-
tion in mortality, respectively. These findings are
important as cirAEs are among the earliest events to
occur following ICI initiation and could therefore be
early predictive biomarkers of therapeutic response.

When stratifying by cancer type, the association of
cirAEs with improved survival was strongest in
patients with melanoma. Restricting the population
to patients with melanoma, those who developed
cirAEs had a 33% decreased risk of mortality
compared to those who did not. We speculate that
the survival improvement seen among patients with
melanoma may be explained by melanoma’s high
tumor mutational burden22,23 as previous studies
have demonstrated that high levels of immunogenic
neoantigens inmelanoma is correlatedwith increased
response to anti-PD-1 and better survival.22,23 This
may also trigger reactivity to similar skin antigens,
contributing to cirAE development and better out-
comes. But for most individual cancers, cirAEs were
not significantly correlated. Excluding melanoma and
examining all non-melanoma cancers as a group
demonstrated weak clinical protection of cirAEs that
ceased to remain statistically significant.
 from ClinicalKey.com by Elsevier on July 28, 2024. 
opyright ©2024. Elsevier Inc. All rights reserved.



Table IV. Association of cirAE morphology with overall survival

Cutaneous morphology* Hazard ratio 95% CI P valuey

Vitiligo 0.29 0.12, 0.71 .007*
Acneiform eruption 0.34 0.13, 0.87 .025*
Lichenoid eruption 0.51 0.36, 0.73 \.001*
Psoriasiform eruption 0.52 0.33, 0.82 .005*
Rash NOS 0.68 0.57, 0.81 \.001*
Isolated pruritus without visible
manifestation of rash

0.71 0.55, 0.91 .007*

Eczematous eruption 0.71 0.50, 1.01 .056
Drug hypersensitivity NOS 0.79 0.52, 1.21 .3
Maculopapular eruption 0.82 0.66, 1.03 .084
Bullous eruption 0.87 0.45, 1.68 .7
Other cirAE morphologies 0.98 0.64, 1.50 [.9

CirAE, Cutaneous immune-related adverse event; NOS, not otherwise specified.

*Each row corresponds to a separate multivariable time-varying Cox proportional hazards model for the association of cirAE morphology

with overall survival by comparison to patients without cirAEs, adjusting for age at ICI initiation, gender, race, CCI, cancer type, ICI type, and

year of ICI initiation.
yP values that remain significant after Benjamini-Hochberg multiple comparison adjustment are marked with an asterisk.

Table III. Association between cirAE with overall survival using a multivariate time-varying Cox proportional
hazards model

Characteristic Hazard ratio 95% CI P value

CirAE 0.87 0.79, 0.98 .027
Sex
Female Ref Ref
Male 1.04 0.95, 1.13 .4

Age at ICI initiation 1.00 0.99, 1.00 .4
Charlson Comorbidity Index 1.09 1.07, 1.11 \.001
Race/ethnicity
White Ref Ref
Asian 1.08 0.86, 1.36 .5
Black 0.90 0.69, 1.18 .4
Hispanic 1.02 0.60, 1.74 [.9
Other/unknown 0.84 0.62, 1.14 .3

Cancer type
Thoracic Ref Ref
Melanoma 0.44 0.38, 0.51 \.001
Gastrointestinal 1.32 1.15, 1.51 \.001
Genitourinary 0.79 0.68, 0.92 .002
Other* 0.94 0.84, 1.05 .3

ICI type
CTLA-4 Ref Ref
Combination therapy 1.22 0.88, 1.69 .2
PD-1 0.94 0.69, 1.27 .7
PD-L1 0.77 0.55, 1.09 .12

Year of ICI initiation 1.05 1.01, 1.09 .014

CTLA-4, Cytotoxic T-lymphocyte protein 4; ICI, immune checkpoint inhibitor; PD-1, programmed cell death protein 1; Ref, reference group.

*Other includes: brain/nervous system, breast, gynecologic, head and neck, hematologic, non-melanoma skin cancer, and sarcoma.
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Due to the melanoma cohort’s strong signal, we
performed subgroup analyses of individual cirAE
morphologies among patients with melanoma
showing that both vitiligo and non-vitiligo cirAEs
are associated with significantly longer survival.
Though previous studies identified vitiligo as
Downloaded for Anonymous User (n/a) at Harvard University
For personal use only. No other uses without permission. C
associated with decreased mortality among patients
withmelanoma, we show that other morphologies of
cirAEs are also associated with better outcomes in
comparison to patients without cirAEs.24-26 Even
after excluding vitiligo, cirAE development remains
associated with better survival among all ICI
 from ClinicalKey.com by Elsevier on July 28, 2024. 
opyright ©2024. Elsevier Inc. All rights reserved.
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recipients and patients with melanoma specifically.
Landmark analyses performed yielded similar con-
clusions, even after sensitivity analyses around
landmark time- 3-, 6-, 9-, and 12-months. Notably,
lichenoid eruption demonstrated significant associ-
ation with increased survival that surpassed that of
vitiligo in the setting of melanoma.

A possible explanation for the association of
vitiligo development with better survival in mela-
noma is epitope spreading. This develops when
immune responses against primary epitopes spread
to other distinct epitopes in the same tissue type.27-30

This results in clonal diversification of T-cell re-
sponses, proving to be beneficial in cancer treat-
ment. When expansion of reactivity occurs toward
tumor antigens, it enhances the ICI efficacy.29,30 We
hypothesize that this phenomenon is responsible for
development of vitiligo when T cells to melanoma
antigens respond inappropriately to new epitopes
on normal melanocytes.27-30 Because epitope
spreading contributes to robust antitumor activity,
this may explain the increased survival among ICI
recipients with melanoma who develop vitiligo
when compared to those who do not, particularly
due to expected shared melanocyte antigens.

However, the development of other cirAEs among
patients with melanoma that confer comparable
correlation with better survival than vitiligo, leads
us to believe that cirAE development in the setting of
melanoma may not be entirely driven by epitope
spreading. Studies have suggested that systemic
induction of the immune response by ICIs may
re-activate preexisting T cells, which originally
developed against melanocytes at the onset of
melanoma.30 Systemic memory T cells can express
receptors important in the return of these circulating
lymphocytes to the original tissue of activation,31-33

manifesting as cirAEs. This idea of tissue homing
suggests that tumor tissue source is an important
variable in generation of irAEs, and the interaction
between prognostically favorable cirAE morphol-
ogies and tumor tissue type may uncover mecha-
nistic insights into immunotherapy response.

This study is limited by retrospective design.
Patients may not be representative as they were
drawn from 2 tertiary care cancer centers.
Differences in clinical judgment may exist between
physicians who documented notes and medically
trained researchers who extracted information from
charts. To adjust for inter-rater biases, cirAE status
was ascertained by 2 independent reviewers. Cases
that did not meet concordance were evaluated by a
board-certified dermatologist with expertise in
immunotherapy toxicities (Y.R.S.). To account for
immortal time and selection bias, landmark analyses
Downloaded for Anonymous User (n/a) at Harvard University
For personal use only. No other uses without permission. C
and time-varying Cox proportional hazards models
were used to provide a more rigorous approach.

Although there are studies analyzing the associa-
tion of irAEs with mortality, we demonstrate signif-
icantly favorable outcomes in ICI-treated patients
who develop cirAEs, with enhanced protection in
patients with melanoma. We find cirAEs to be
associated with increased survival as a group and
additionally, significantly improved prognosis is
observed among other morphologies in addition to
vitiligo. Together, this suggests that cirAE develop-
ment after ICI is a key prognostic indicator of
survival. This is important in guiding oncologists
and dermatologists in managing cirAEs and coun-
seling patients about the prognostic implications of
these toxicities. Further studies should investigate
interactions between management of toxicities and
survival and underlying biologic mechanisms for
development of these favorable events and their
interaction with immunotherapy response.
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Computing for her help in extracting Research Patient
Data Registry patient data.
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