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Abstract

Background: A variety of dermatoses have been reported in the growing number of patients
treated with immune-checkpoint inhibitors (ICIs), but the current understanding of cutaneous
immune-related adverse events (irAEs) is limited.

Objective: To determine the cumulative incidence, distribution, and risk factors of cutaneous
irAEs after ICI initiation.

Methods: This was a retrospective cohort study of patients in a national insurance claims
database including cancer patients treated with 1ClIs and matched controls.

Results: The study included 8637 ICI patients and 8637 matched controls. The overall incidence
of cutaneous irAEs was 25.1%, with a median onset time of 113 days. The ICI group had
a significantly higher incidence of pruritus, mucositis, erythroderma, maculopapular eruption,
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vitiligo, lichen planus, bullous pemphigoid, Grover disease, rash, other nonspecific eruptions, and
drug eruption or other nonspecific drug reaction. Patients with melanoma and renal cell carcinoma
and those receiving combination therapy were at a higher risk of cutaneous irAEs.

Limitations: Retrospective design without access to patient chart data.

Conclusions: This study identifies cutaneous irAEs in a real-world clinical setting and
highlights patient groups that are particularly at risk. The results can aid dermatologists at the
bedside in the diagnosis of cutaneous irAEs and in formulating management recommendations to
referring oncologists regarding the continuation of ICI therapy.

Keywords

Cutaneous; dermatologic; drug reactions; immune-checkpoint inhibitors; immune-related adverse
events; immunotherapy

INTRODUCTION

The treatment of cancer has changed with the development of novel therapies, including
anticytotoxic T-lymphocyte antigen-4 (anti-CTLA-4), anti-programmed cell death protein-1,
and anti-programmed cell death ligand-1 antibodies. These therapies have demonstrated
improved overall survival and durable response rates for multiple advanced malignancies.1*
Immune checkpoint inhibitors (1Cls) are becoming standard therapy for an increasing
number of advanced malignancies, with 36.1% of patients with these cancers eligible for
ICI therapy in 2019.°

Immune-related adverse events (irAEs) affect more than half of treated patients.3:8 These
toxicities can affect any organ through the increased activation of the immune system
elicited by ICIs.36.7 Additionally, irAEs can result in therapy discontinuation or require
treatment with systemic immunosuppression, which poses a risk of reduced ICI efficacy.”-10
As the use of ICIs increases, so will the incidence of irAEs, underscoring the importance of
research into their incidence, type, and severity.

Among irAEs, cutaneous toxicities are reported most frequently.34.6:11-18 However, the
majority of available literature on irAEs is derived from clinical trial experience with limited
dermatologic pheno-typing, small observational studies, and case reports. Real-world irAE
studies are limited by the relatively recent introduction of ICI therapy and small sample sizes
at single treatment sites.3:13-16.18-23 \\je aimed to characterize the epidemiology, timing, and
risk factors for the development of cutaneous diagnoses following ICI initiation in the first
population-level analysis in the United States.

METHODS

Study cohort

Using deidentified claims data from Aetna, a national health insurance plan, we identified
cancer patients by cancer type, cutaneous diagnoses (defined by International Classification
of Diseases-9 and -10 codes), and ICI and systemic immunosuppressant use as defined

by the Healthcare Commaon Procedure Coding System and the National Drug Code
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(Supplemental Tables 1-8 available via Mendeley at https://data.mendeley.com/datasets/
8f3tfghdjx/1). Cutaneous diagnoses included in this study were derived from published
literature and expert opinion. Combination therapy was defined as claims for both anti-
CTLA-4 and either anti-programmed cell death protein-1 or anti-programmed cell death
ligand-1 therapies.

The data set for our analysis included deidentified medical claims, pharmacy claims,
enrollment, and demographic data (including the region of residence, median income, and
unemployment rate, as determined by zip code information from enrollment data combined
with the 2010 United States census) for members between January 3, 2011, and December
31, 2019.24 Age-, sex-, primary cancer type-, index year-, and Charlson comorbidity index
grade-matched controls were selected using 1:1 exact matching.2 To ensure similar follow-
up times in the ICI and control groups, the index year was defined as the year of therapy
initiation for ICI patients and the year of primary malignancy diagnosis for non-1CI cancer
control patients. Charlson comorbidity index scores were graded by severity as mild (1-2),
moderate (3-4), and severe (=5).26

Patients with immunotherapy treatment within the first 2 months of database enrollment
were excluded from the study, as they could have started treatment on their previous
insurance plan. Patients receiving conventional chemotherapy or targeted therapies within
6 months of IClI initiation (for the study group) and cancer diagnosis (for the control group)
were also excluded from the analysis. These patients were excluded to isolate the risk to
ICI therapy. The flow diagram for this study is presented in Fig 1. Patients were censored
on the date of insurance expiration. To avoid identification of systemic immunosuppression
unrelated to the cutaneous diagnosis, the window for use was limited to 7 days following

a the new cutaneous diagnosis. The Harvard Medical School Institutional Review Board
granted approval for the use of the deidentified claims database.

Outcomes of the study

The primary outcomes included the cumulative incidence and distribution of cutaneous
diagnoses after ICI initiation. We also aimed to identify risk factors for the development

of cutaneous diagnoses of interest, defined as cutaneous diagnoses with an incidence rate
ratio (IRR) > 1 for the ICI cohort compared with the control group and adjusted Pvalue <
.05 after multiple comparison correction. The secondary outcome was the rate of systemic
immunosuppression use (as a proxy for high-grade cutaneous irAEs) following a cutaneous
diagnosis in the ICI group.

Statistical analysis

To compare groups, we used Pearson’s chi-squared test or Fisher exact test for categorical
variables and t-test or Kruskal-Wallis test for continuous variables. The time to development
of any of the cutaneous events was calculated from the date of administration of the first

ICI treatment for the ICI group and cancer diagnosis for the control group. Only new
dermatologic diagnoses following treatment initiation for the ICI group or cancer diagnosis
for the control group were considered in the analyses.
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IRRs along with the 95% confidence intervals (Cls) and P values were reported. Because
of low counts, the Haldane-Anscombe correction was used in the calculation of IRRs. P
values were adjusted using the Benjamini-Hochberg correction for multiple comparisons,
with significant differences defined as an adjusted Pvalue < .05. Multivariable logistic
regression was performed to analyze predictors of cutaneous diagnoses of interest in ICI
recipients. Variables included in the regression were ICI target, cancer type, age, sex,
Charlson comorbidity index, and measures of socioeconomic status as determined by zip
code data. All analyses were conducted in R version 3.6.3 (R Statistical Software).

Study population

Incidence

We identified 8637 patients who received ICI therapy and 8637 matched controls.
Demographic and baseline characteristics for the study and control populations are presented
in Table I. There was no difference in the median follow-up time between the 2 groups

(1.9 years vs 1.9 years, P=.07). Melanoma (26.6%), lung cancer (40.0%), and renal cell
carcinoma (12.3%) were the most represented malignancies. In the ICI group, 6595 (76.4%)
received PD-1 inhibitors, 532 (6.2%) received PD-L1 inhibitors, 766 (8.9%) received anti-
CTLA-4 therapy (ipilimumab), and 744 (8.6%) received combination therapy.

Patients in the 2 groups were at a similar risk of developing any cutaneous diagnosis (IRR
1.07; 95% ClI, 1.01-1.13; £=.07; Fig 2 and Supplemental Table 9). Only 10 (23.3%)

of these diagnoses occurred more frequently in ICI recipients (referred to as cutaneous
diagnoses of interest), and 8 diagnoses were less frequent in the 1CI cohort. The incidence
of any cutaneous diagnosis among patients in the ICI group was 25.1% (Table 11). Among
the cutaneous diagnoses of interest, rash and other nonspecific eruption as well as drug
eruption or other nonspecific drug reaction had incidences of 9.0% and 4.2%, respectively.
A maculopapular eruption was observed in 0.9% of the patients in the ICI group. Pruritus
(4.8%) was the second most frequent diagnosis. Vitiligo was diagnosed in 0.7% of ICI
recipients, with 89.5% of these diagnoses in patients with melanoma. Lichen planus (0.5%),
mucositis (1.5%), erythroderma (1.1%), pemphigoid (0.3%), and Grover disease (0.2%)
were also identified as cutaneous diagnoses of interest.

Timing and distribution

Risk factors

The median time to onset for any cutaneous diagnosis was 113 (interquartile range [IQR]
42.0-254.0) days into treatment with ICls (Table II). The distribution of all cutaneous
diagnoses and cutaneous diagnoses of interest, respectively, are depicted in Supplemental
Fig 1, A and B. For the cutaneous diagnoses of interest in the ICI group, 17.6% occurred in
the first month, 63.1% by 6 months, and 84.6% by 1 year after therapy initiation.

Patients treated with ipilimumab monotherapy were less likely to experience a cutaneous
diagnosis of interest when compared to treatment with pembrolizumab monotherapy (odds
ratio [OR] 0.78; 95% CI, 0.62-0.98; P < .05), after adjusting for demographics, medical
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comorbidities, and primary tumor type (Table 111). Combination therapy increased this risk
(OR 1.53; 95% CI, 1.25-1.88; P<.001). Compared to lung cancer, melanoma and renal

cell carcinoma were also identified as independent risk factors for developing cutaneous
diagnosis of interest (OR 2.47, 95% Cl 2.11-2.89, A< .001; and OR 1.65, 95% CI 1.36-2.00,
P <.001, respectively).

Use of systemic immunosuppression

Overall, 5.0% of patients in the ICI group received systemic immunosuppression within

7 days of cutaneous diagnosis (Table I1). Some of the most common conditions in which
systemic immunosuppression was used included drug eruption and other nonspecific drug
reactions (5.6%), rash and other nonspecific eruptions (5.6%), maculopapular eruption
(5.3%), and pemphigoid (7.7%).

DISCUSSION

ICI therapy has revolutionized the treatment of advanced cancer. Given the novelty of this
therapeutic class, current real-world epidemiology, clinical understanding, and treatment
patterns of their adverse events remain limited. The present study provides the first
population-level and largest analysis of cutaneous eruptions in patients treated with I1Cls
in the United States.

The findings of this study are of particular clinical relevance to dermatologists evaluating
ICI recipients with new cutaneous eruptions in the setting of ICI therapy. Dermatologists
should have a high degree of suspicion for cutaneous irAEs in patients presenting with

1 of the diagnoses identified to have a higher frequency in this patient population. This
knowledge can have a profound impact on diagnosis and management recommendations a
dermatologist makes to oncology regarding ICI continuation. Furthermore, we found that
in the real-world setting, cutaneous diagnoses are made later and a higher percentage of
affected patients are treated with systemic immunosuppression than reported in clinical
trials.38.27 These results suggest that dermatologists can work with oncologists to facilitate
early evaluation of these vulnerable patients, which may prevent their progression to a
higher grade toxicity, subsequent systemic immunosuppressive treatment, and other organ
involvement.3.9.28

Maculopapular eruption, pruritus, and lichen planus are among the most commonly

reported cutaneous irAEs, and were all identified as cutaneous diagnoses of interest in

our study.3:6.7.11,13,14,22,29,30 However, maculopapular eruption and lichen planus were more
rare in our ICI cohort than in prior studies, likely because many of these eruptions were
coded under the 2 broad rash and drug-eruption diagnoses. Difficulties in recognizing and
characterizing cutaneous irAEs by nondermatology providers have been reported and can
further explain the lower incidence of specific diagnoses.3! Vitiligo, another commonly
reported irAE, was identified primarily in patients with melanoma, as has been reported

in prior literature.8 Among the more rarely reported irAEs, mucositis, erythroderma,

pemphigoid, and Grover disease were also identified as cutaneous diagnoses of interest
in our study,36.10,11,17,18,22,27,29,30,32-34
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The lower incidence of 8 previously reported cutaneous diagnoses raises the possibility
that reports of these diagnoses in ICI recipients may be due to causes unrelated to ICI
therapy, including incidental diagnoses, paraneoplastic syndromes, and drug eruptions from
coadministrated medications for the treatment of unrelated comorbidities.3>-37 Specifically,
the lower or similar incidence of cutaneous neoplasms (actinic keratosis, squamous cell
carcinoma, and keratoacanthoma) observed in our ICI study population helps correct
potential observational bias in previous reports.5-38:39 Because ICls reconstitute the host’s
overall immune response, they are likely to treat any cutaneous neoplasms that may arise

in these patients. Moreover, due to this mechanism, PD-1 inhibition is now an approved
treatment for advanced squamous cell carcinoma of the skin.40

Dermatologists also should be aware that the overall incidence of any cutaneous diagnosis
among patients treated with IClIs is likely lower than previous estimates, which suggested
that over a third of patients develop cutaneous irAEs.® The prior estimate was derived
primarily from studies of patients with melanoma, identified as an independent risk factor
in our study. The incidence of rash and pruritus was lower (both 10%) in a meta-analysis
of patients with lung cancer treated with ICls, which was the most common cancer type
in our study.*! It is also important to note that our analysis was limited to new cutaneous
diagnoses. Thus, we could not determine the incidence of flares of preexisting conditions,
like psoriasis. Furthermore, most cutaneous irAEs are low grade and might go unreported
outside of clinical trials, as patients might not seek medical care, or when they do, providers
might not record them in patient charts.3:6:8:10.22.27.42 As 3 result, the diagnoses identified
in this study likely represent the most clinically relevant cutaneous events in the ICI
population.

The median time to first cutaneous diagnosis in the ICI cohort was 113 days, which was

a considerable delay compared to widely published ranges of 21 to 42 days.3:13.14.16,.27,43
With the extended follow up in our study, a higher number of delayed reactions might have
been identified.51521 However, this finding is more likely a reflection of the real-world
setting of this study, where patients present later due to a lack of urgency or access outside
of clinical trials. Two studies of patients referred for dermatologic evaluation reported

a median time to presentation of around 120 days, which is more consistent with our
estimates.10.20 Additionally, as previously reported, pemphigoid diagnoses occurred many
months (294 days) following ICI initiation.8:10:44 Patients should be educated about delayed
presentations that would warrant evaluation, even after they complete their treatment course.

We further identified risk factors for the development of cutaneous diagnoses of interest

to aid dermatologists evaluating new eruptions in ICI recipients. Patients with underlying
melanoma and renal cell carcinoma were more likely to develop these diagnoses than
patients with lung cancer. In melanoma, the increased incidence of vitiligo can partially
explain the additional risk of irAEs observed in this population. Combination therapy
carried the greatest risk in our study as has been widely reported.36 In contrast to prior
studies, patients receiving ipilimumab monotherapy were less likely to develop a cutaneous
diagnosis of interest compared to PD-1 monotherapy in our analysis. Because cutaneous
irAEs associated with ipilimumab monotherapy are primarily derived from the treatment
of melanoma,®713.17 and melanoma is an independent risk factor for cutaneous toxicities,
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it is possible that these prior studies did not appropriately consider malignancy type as a
confounder, overestimating the rate of cutaneous irAEs in ipilimumab monotherapy.3445:46
It is important for dermatologists to be aware of these risk factors, as early identification
and treatment of high-risk patients may prevent complications and reliance on systemic
immunosuppression.3:9:28

The use of systemic immunosuppression may blunt antitumor efficacy of ICIs and is
generally reserved for patients presenting with high-grade toxicities.”-9 Still, 5.0% of ICI
recipients received systemic immunosuppression in the present study, which is on the high
end of the 1%-5% incidence for high-grade cutaneous irAEs previously reported in clinical
trials.3:6.27 Our findings could be the result of delayed diagnosis in nonclinical trial settings,
as discussed above, allowing more time for progression to a higher grade. Additionally,
there may also be greater willingness by providers to initiate systemic immunosuppression
due to less stringent treatment protocols.*” For example, in a retrospective study of ICI
patients referred for dermatologic evaluation, 46% and 13% were diagnosed with grade 2
and grade 3-4 dermatologic toxicities, respectively, and 20% of all patients were treated with
systemic immunosuppression.10 Additionally, a higher incidence of high-grade reactions has

been reported in patients with bullous pemphigoid; a trend that is also observed in our
Study,315122,29,32,44

There are several limitations to this study, including its retrospective design and inability to
query individual patient charts for details, such as pathology reports and underlying cancer
stage due to the nature of the claims database, although there is no prior evidence that
cancer stage is associated with cutaneous irAEs. Patients who were lost to follow up and
some delayed events might not have been captured. Additionally, some previously reported
dermatologic diagnoses were identified by broad diagnostic codes, presenting a challenge
to characterizing the underlying adverse event. However, this limitation is unlikely to have
differently impacted the study and control populations.

CONCLUSION

ICI therapy was associated with a higher incidence of only 10 dermatologic diagnoses and

a lower incidence of cutaneous neoplasms. The median time to onset was approximately 4

months following ICl initiation and 1 in 20 patients received systemic immunosuppression.
These findings can assist dermatologists at the bedside in early diagnosis and management
of cutaneous irAEs.
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Refer to Web version on PubMed Central for supplementary material.
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CAPSULE SUMMARY
. A quarter of patients treated with immune-checkpoint inhibitor therapy
developed cutaneous toxicities.
. Pruritus, mucositis, erythroderma, maculopapular eruption, vitiligo, lichen

planus, bullous pemphigoid, and Grover disease were seen with higher
frequency in the setting of immune-checkpoint inhibitor therapy.
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Control Patients

Patients treated with ICI
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Patients not treated with ICI

N = 68,783,462

Y

v

Patients with a distinct and
confirmed cancer type

N =16,784
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confirmed cancer type

N = 670,358

v

h 4

Patients not treated with chemo- and targeted-
therapy within 6 months of cancer diagnosis

N = 466,692

v

Patients not treated with other cancer
therapies within 6 months of ICl initiation and
outside of the 2 month quiescent period

N = 8,637

Patients matched 1:1 with ICI patients

N = 8,637

Fig 1.
Study flow diagram.
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Fig 2.

SJS/TEN

Drug eruption or other nonspecific drug reaction =
Pemphigoid -

Maculopapular eruption -

Vitiligo 4

Grovers disease -

Erythema multiforme =

Rash and other non-specific eruption -
Mucositis 4

Pruritus 4

Neutrophilic dermatosis, Sweet syndrome, or Pyoderma gangrenosum -
Lichen planus or lichenoid dermatitis -
Scleroderma or CREST Syndrome -
Erythroderma -

Dermatomyositis =

Subacute cutaneous lupus erythematous -
Xerostomia

Spongiotic dermatitis -

Granuloma annulare

Any of these conditions

Urticaria

Erythema nodosum =

Linear IgA dermatosis -

Parapsoriasis -

Vasculitides

Eczema or atopic dermatitis
Hyperhidrosis

Xerosis 4

Pemphigus -

Paronychia

Squamous cell carcinoma of the skin -
Photosensitivity 4

Acral erythema -

Psoriasis and related conditions -
Onycholysis

Keratoacanthoma -

Sarcoidosis or Granulomatous disease of the skin 4
Dyspigmentation -

Panniculitis

Rosacea -

Alopecia areata -

Actinic keratosis

Hyperkeratosis

Pityriasis rubra pilaris -

P g b )
L . 1.2 92 ¢ 0

4

1

b 1
L 1_

'
L I O ¢

g
“

-0 |

|
T t T T

01 1.0 10.0 100.0
Incidence Rate Ratio

Page 13

Cutaneous immune-related adverse events. Incidence rate ratios for cutaneous diagnoses
previously reported as immune-related adverse events for immune-checkpoint inhibitor

group compared to the control group.
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Multivariable logistic regression for patients treated with immune-checkpoint inhibitor therapy with odds ratio

for defining event to be of any of the cutaneous diagnoses of interest

Variable OR 95%Cl Pvalue
ICI
Pembrolizumab ref*  ref* ref*
Atezolizumab 0.92 0.69-1.22 .58
Avelumab 0.88 0.05-5.26 91
Ipilimumab 0.78 0.62-0.98 <.05
Nivolumab 0.98 0.85-1.13 .80
Combination 153 1.25-1.88 <.001
Age 0.99 0.99-1.00 <.05
Cancer type
Lung cancer ref*  ref” ref
Melanoma 247 211-289 <.001
Renal cell carcinoma  1.65 1.36-2.00 <.001
Other cancer 0.98 0.82-1.16 .79
Sex = male 0.93 0.82-1.04 21
CCl 0.99 0.97-1.01 .29
Median income ($1000s) 1.00 1.00-1.00 11
Unemployment rate (%)  0.99  0.96-1.02 49

CCl, Charlson comorbidity index; C/, confidence interval; /C/, immune-checkpoint inhibitors; O, odds ratio.

*
Ref = reference.
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