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abstract

PURPOSE The aim of the current study was to report the efficacy of topical and systemic treatments for immune-
related cutaneous adverse events (ircAEs) attributed to checkpoint inhibitors in an uncontrolled cohort of
patients referred to oncodermatology clinics.

METHODS A retrospective analysis of patients with ircAEs evaluated by dermatologists from January 1, 2014, to
December 31, 2017, at three tertiary care hospitals and cancer centers were identified through electronic
medical records. Clinicopathologic characteristics, dermatologic therapy outcome, and laboratory data were
analyzed.

RESULTS A total of 285 patients (median age, 65 years [range, 17 to 89 years]) with 427 ircAEs were included:
pruritus (n = 138; 32%), maculopapular rash (n = 120; 28%), psoriasiform rash (n = 22; 5%), and others (n =
147; 34%). Immune checkpoint inhibitor class was associated with ircAE phenotype (P = .007), where
maculopapular rash was predominant in patients who received combination therapy. Severity of ircAEs was
significantly reduced (mean Common Terminology Criteria for Adverse Events grade: 1.74 v 0.71; P , .001) with
dermatologic interventions, including topical corticosteroids, oral antipruritics, and systemic immunomodu-
lators. A total of 88 ircAEs (20%) were managed with systemic immunomodulators. Of these, 22 (25%) of 88
persisted or worsened. In seven patients with corticosteroid-refractory ircAEs, improvement resulted from tar-
geted biologic immunomodulatory therapies that included rituximab and dupilumab. Serum interleukin-6 (IL-6)
was elevated in 34 (52%) of 65 patients; grade 3 or greater ircAEs were associated with increased absolute
eosinophils (odds ratio, 4.1; 95% CI, 1.3 to 13.4) and IL-10 (odds ratio, 23.8; 95% CI, 2.1 to 262.5); mean
immunoglobulin E serum levels were greater in higher-grade ircAEs: 1,093 kU/L (grade 3), 245 kU/L (grade 2),
and 112 kU/L (grade 1; P = .043).

CONCLUSION Most ircAEs responded to symptom- and phenotype-directed dermatologic therapies, whereas
biologic therapies were effective in patients with corticosteroid-refractory disease. Increased eosinophils, IL-6,
IL-10, and immunoglobulin E were associated with ircAEs, and they may represent actionable therapeutic
targets for immune-related skin toxicities.

J Clin Oncol 37:2746-2758. © 2019 by American Society of Clinical Oncology

INTRODUCTION
The emergence of immune checkpoint inhibitors (ICIs)
that target the cytotoxic T-lymphocyte-associated antigen-
4 (CTLA-4) and programmed death-1/ligand 1 (PD-1/
PD-L1) pathways has significantly improved outcomes
for patients with a variety of malignancies. Immune-
related adverse events (irAEs) attributable to ICI therapy
are frequent and may result in treatment interruptions
or discontinuation, decreases in quality of life (QoL),
morbidity, or even mortality.1-4

Whereas irAEs may affect all organ systems,5 immune-
related cutaneous adverse events (ircAEs) are among
the most common and earliest to develop, with an
incidence of all-grade ircAEs in up to 72% with anti–
CTLA-4/anti–PD-1 combination therapy.6 Severity of

ircAEs ranges from grade 1 pruritus or maculopapular
rash (MPR) to grade 4 Stevens-Johnson syndrome,
and severe (grade $ 3) ircAEs occur in approximately
2% to 10% of treated patients. Increasing evidence
supports the notion that ircAEs, in particular rash and
vitiligo among patients with melanoma, are associated
with a prolonged progression-free survival and overall
survival (OS), which underscores the need for effective
supportive care interventions that would permit the
maintenance of QoL and dose intensity of ICI.7,8

To date, several irAE management guidelines have
been developed, primarily on the basis of case reports,
series, experience extrapolated from other autoimmune
diseases, and expert consensus. However, the efficacy
of various dermatologic treatments included in these
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guidelines for the management of ircAEs has not been
reported. Here, we characterized the clinicopathologic fea-
tures and management outcomes of ircAEs in a cohort of
285 patients. We also examined laboratory data for potential
biomarkers and therapeutic targets that have a putative re-
lation to ircAEs.

PATIENTS AND METHODS

Patients

Patients with a variety of solid tumors treated with anti–CTLA-4
(ipilimumab, tremelimumab), anti–PD-1 (nivolumab, pem-
brolizumab), or anti–PD-L1 (atezolizumab, avelumab, durva-
lumab) therapy and referred to the oncodermatology services
of Memorial Sloan Kettering Cancer Center (MSK; New
York, NY), Columbia University Medical Center (New York,
NY), and University Federico II (Naples, Italy) between
January 1, 2014, and December 31, 2017, were identified
retrospectively using an institutional data management
system and a medical imaging software archive (Vectra,
Canfield Scientific, Fairfield, NJ). Electronic medical records
were reviewed to capture patients who were diagnosed
with an ircAE, received dermatologic management, and
had follow-up records for assessment of treatment out-
comes. A comparator cohort was gathered of ICI recipients
at MSK not referred to dermatologists (Data Supplement).
This study was conducted under institutional review board–
approved protocols for each participating institution.

Assessment and Management of ircAEs

Relevant clinicopathologic data were extracted and an-
alyzed from each patient’s electronic medical record.
Diagnosis and grading of ircAEs was done by derma-
tologists during consultation (A.M. and M.E.L. [MSK];
L.G. [Columbia University Medical Center]; and G.F.
[University Federico II]), oncology physicians, or ad-
vanced practice providers. ircAEs were graded using
the Common Terminology Criteria for Adverse Events,
version 4.0.9

Clinical treatment responses were arbitrarily classified
as significant improvement (improvement by two or
more grades or an improvement to grade 0), moderate
improvement (a one-grade improvement), or no improve-
ment (no change or increase in grade). Corticosteroid-
refractory ircAEs were defined as those in which there
was no response or in which ircAE worsening occurred
during or after one or more courses of systemic corti-
costeroids at prednisone 0.5 to 1 mg/kg per day or
equivalent.

Laboratory data obtained within 1 month of dermatology
visits was included for analysis: hemogram, basic or
comprehensive metabolic panels, and serum levels of in-
terleukin (IL)-1b, IL-5, IL-6, IL-8, IL-10, interferon-gamma
(IFNg), tumor necrosis factor-a (TNF-a), immunoglobulin
E (IgE), elafin, histamine, and tryptase.

Statistical Methods

Data were summarized using descriptive statistics. Com-
parisons of categorical variables were performed using the
x2 test and those of continuous or ordinal variables by
analysis of variance, Mann-Whitney U, or Kruskal-Wallis
tests. OS analysis was conducted using Kaplan-Meier and
log-rank analyses. All statistical tests were two sided and
considered statistically significant if P , .05. Statistical
analyses were performed using Excel (Microsoft, Red-
mond, WA) and SPSS Statistics version 24 (IBM, Armonk,
NY).

RESULTS

Patient Demographics

A total of 285 patients referred by 100 oncologists were
included in the analysis, with a median age of 65 years
(range, 17 to 89 years; Table 1). Referral patterns across
the three participating centers mirrored ICI use at MSK, with
the majority of referrals being requested by solid tumor
oncologists (Data Supplement). Duration of treatment
ranged from 1 day to 2,277 days with a median of 224 days
(interquartile range [IQR], 84 to 459 days).

ircAE Characteristics and Clinical Course

Of 285 patients with ircAEs, 131 patients (46%) developed
one or more events for a total of 427 ircAEs (Table 1). The
most common ircAEs were pruritus (n = 138; 32%) and
MPR (n = 120; 28%; Fig 1). Although no association
was found between primary cancer diagnosis and ircAE
phenotype (P = .19), 11 (92%) of 12 vitiligo-like depig-
mentation events occurred in patients with melanoma;
one event developed in a patient with renal cell carcinoma
after 21 cycles of atezolizumab plus bevacizumab. There
was an association between ICI class and ircAE phenotype,
such that bullous pemphigoid-like eruptions constituted
7% of ircAEs that were attributed to anti–PD-1/PD-L1
monotherapy versus 2% of ircAEs that were attributed
to anti–CTLA-4 with or without anti–PD-1/PD-L1 agents
(P = .003). Conversely, targeting CTLA-4 with or without
anti-PD-1/PD-L1 therapy was associated with MPR (36% of
ircAEs attributed to anti-CTLA-4 with or without anti-PD-1/
PD-L1 were MPR compared with 23% of ircAEs that were
attributed to anti–PD-1/PD-L1 monotherapy; P = .008;
Fig 2).

Most ircAEs were grade 1 to 2 in severity (n = 347; 87%).
Grade 3 to 4 ircAEs included 24 events of MPR (48%),
six pruritus (12%), four bullous pemphigoid-like erup-
tion (8%), four Stevens-Johnson syndrome (8%), three
lichenoid rash (6%), two psoriasiform rash (4%), and seven
others (14%). No grade 5 ircAEswere observed. There was no
association between ircAE severity and ICI type (P = .37).
Severity of ircAEs was greater in patients who were referred to
dermatology compared with those treated by oncologists for
ircAEs (63% v 19% grade$ 2; P, .001; Data Supplement).
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Median time from the initiation of treatment to presentation
to the dermatologist was 119 days (IQR, 40 to 322 days;
range, 1 to 2,380 days). MPR presented earlier than other
ircAEs (62 days v 133 days; P , .001). For grade 3 to 4
ircAEs, median time to presentation was 77.5 days (IQR,
13.5 to 343 days; Fig 3). OS, defined as ICI initiation to
death from any cause, was longer for patients who were
evaluated by dermatologists than for nondermatology-
evaluated patients (median survival time 62 months
[95% CI, 36 to 88 months] v 20 months [95% CI, 18 to 22
months]; P , .001; Data Supplement).

Management and Treatment Outcomes of ircAEs

Common treatment strategies included topical corticosteroids,
systemic antipruritics (eg, gabapentin/pregabalin, aprepitant,
and antihistamines), and systemic immunomodulators (IMs;
eg, oral corticosteroids, antimetabolite agents, calcineurin
inhibitors, and monoclonal antibodies that target immune
pathways), singly and in combination. Topical agents were
prescribed to 213 patients (75%), of which 94 (44%) received
topical agents alone. One hundred thirty-three patients (47%)
were prescribed systemic therapies for their ircAEs (Table 1).
Treatment patterns did not differ between dermatologists
(P = .06). Of 58 patients (20%) who were treated with IMs,

TABLE 1. Patient and Immune-Related Cutaneous Adverse Event
Clinical and Management Characteristics
Characteristic No. (%)

Patients (n = 285)

Sex

Male 166 (58)

Female 119 (42)

Race

White 234 (82)

Asian 25 (9)

African American 10 (4)

Other/refused 16 (6)

Mean age, years (SD) 64 (14)

Attribution

Anti–PD-1 120 (42)

Combination anti–CTLA-4 + anti–PD-1/PD-L1 106 (37)

Anti–PD-L1 50 (18)

Anti–CTLA-4 9 (3)

Cancer type

Melanoma 76 (27)

Genitourinary 69 (24)

Lung 37 (13)

Gastrointestinal 30 (11)

Gynecologic 21 (7)

Glioblastoma multiforme 19 (7)

Head and neck 10 (4)

Lymphoma 10 (4)

Other* 13 (5)

ircAEs (n = 427)

Phenotype

Pruritus 138 (32)

Maculopapular 120 (28)

Psoriasiform 22 (5)

Bullous 21 (5)

Lichenoid 21 (5)

Eczematous 17 (4)

Alopecia 15 (4)

Vitiligo 12 (3)

Other† 61 (14)

Treatment category

Topical corticosteroids only 136 (32)

Oral antipruritics‡ 6 topicals 122 (29)

Systemic IMs§ 6 oral antipruritics 6 topicals 92 (22)

Other/none 77 (18)

(continued in next column)

TABLE 1. Patient and Immune-Related Cutaneous Adverse Event
Clinical and Management Characteristics (continued)
Characteristic No. (%)

CTCAE v4.0 grade at presentation to dermatology (n = 397)

Grade 0/1 164 (41)

Grade 2 183 (46)

Grade 3/4 50 (13)

Outcomek (n = 331)

Significant improvement 151 (46)

Moderate improvement 103 (31)

No improvement 77 (23)

Abbreviations: CTCAE, Common Terminology Criteria for Adverse
Events; CTLA-4, cytotoxic T-lymphocyte-associated antigen-4; IM,
immunomodulator; ircAE, immune-related cutaneous adverse event;
PD-1, programmed death 1; PD-L1, programmed death ligand 1; SD,
standard deviation.
*Other cancers include breast cancer, sarcoma, and Merkel cell

carcinoma.
†Other ircAE phenotypes include acneiform rash, urticarial rash,

xerosis, erythema multiforme, Stevens-Johnson syndrome, folliculitis,
Grover’s disease, granulomatous dermatitis, dyshidrotic eczema,
lichen sclerosis, mucositis, and panniculitis.
‡Oral antipruritics include antihistamines, pregabalin, gabapentin,

and aprepitant.
§Systemic IMs include oral corticosteroids, methotrexate,

cyclosporine, mycophenolate mofetil, apremilast, and biologic agents
(eg, rituximab).
kSignificant improvement = improvement by two CTCAE grades

or resolution of ircAE after treatment; moderate improvement =
improvement by one grade; no improvement = no change or increase
in grade.
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51 (88%) received oral corticosteroids. Patients with psor-
iasiform and bullous ircAEs more frequently required the
use of IMs compared with patients with other ircAEs
(patients with psoriasiform, 61%; patients with bullous,
39%; all patients, 20%; P , .001). Patients who were
treated with IMs had higher-grade ircAEs compared with
patients who were treated with topical therapies (mean
grade, 2.23 v 1.53; P , .001).

Of those ircAEs with both initial and follow-up grades
recorded (n = 331), there was a significant difference
between grade at diagnosis and follow-up (mean grade,
1.74 v 0.71; P , .001; mean grade reduction, 21.04;
standard deviation, 0.90). The largest improvement was
observed in MPR (mean grade reduction,21.40; standard
deviation, 0.96). Forty of 44 grade 3 to 4 ircAEs improved
with therapy (91% v 75% grade # 2; P = .02), most

A

B

C

D

FIG 1. Clinical manifes-
tation of immune-related
cutaneous adverse events
before (left) and after
(right) treatment. (A) Pa-
tient with melanoma re-
ceiving ipilimumab plus
nivolumab with grade 3
maculopapular rash man-
aged with oral prednisone.
(B) Patient with lymphoma
receiving chemotherapy
plus atezolizumab with
grade 2 psoriasiform rash
treated with ustekinumab.
(C) Patient with melanoma
receiving nivolumab with
grade3bullouspemphigoid-
like eruption treated with
rituximab. (D) Patient with
renal-cell carcinoma on
nivolumab with grade 3 ec-
zematous rash and pruritus
managed with dupilumab.
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frequently as a result of IMs (22 [55%] of 40 responding
AEs). Twenty-two (25%) of 88 ircAEs were refractory to IMs,
of which 19 (86%) were corticosteroid refractory. Figure 4
details the frequency of ircAE response to treatment stratified
by ircAE phenotype (MPR, pruritus, psoriasiform rash, etc)
and treatment category (topical corticosteroids alone, oral
antipruritics with or without topical corticosteroids, IMs with
or without topical corticosteroids or oral antipruritics, and
other or supportive treatments not captured above). In
ircAEs overall, topical corticosteroids and oral antipruritics
resulted in more frequent significant improvement com-
pared with IMs (topicals, 56%; antipruritics, 48%; IMs, 26%;
P , .001). In addition, in those adverse events treated with
topical agents alone (n = 119; 37%), the superpotent topical
corticosteroid clobetasol—74 (66%) of 119—was not su-
perior to less potent topical corticosteroids (P = .07).
Treatment outcome was higher at MSK compared with other
sites (79% v 62% response; P = .03), and there was no
difference in outcome between providers at MSK (P = .4).

Pruritus was most frequently managed with oral antipruritics
with orwithout the addition of topical corticosteroids andwithout
the need for IMs (n = 55; 40%), most of which demonstrated
a moderate to significant improvement after treatment (39
[87%] of 45). GABA (g-aminobutyric acid) analogs pregabalin
and gabapentin resulted in moderate to significant improve-
ment in 17 (100%) of 17 patients, whereas oral antihistamines
showed benefit in 13 (81%) of 16 patients.

Biologic monoclonal antibody therapy was used to treat
corticosteroid-refractory or dependent ircAEs in seven
patients as a rational approach in accordance to putative
mechanisms of toxicity (Data Supplement). Three patients
received rituximab for bullous pemphigoid-like erup-
tion, two received dupilumab—anti–IL-4 receptor a—for

eczematous rash, and guselkumab—anti–IL-23 a subunit—
and ustekinumab—anti–IL-12/IL-23—were administered in
one patient each for psoriasiform rash. These patients ex-
perienced a moderate to significant improvement in their
corticosteroid-refractory ircAEs (n = 7; 100%). Of three
patients who were treated with biologic agents who achieved
tumor response, it was maintained. Two other patients ex-
perienced progression of their cancer before biologic ther-
apy, and in the other two patients, no follow-up imaging was
available to ascertain response.

Histopathology and Laboratory Findings of ircAEs

Weanalyzed the histopathologic samples of ircAEs from70 skin
biopsies obtained from 65 patients (Data Supplement). We
identified a spectrumof pathologic findings in ircAEs, unifiedby
a perivascular (51%) and/or interface (50%) dermatitis that
consisted of a lymphocytic inflammatory infiltrate (57%; six of
six with immunostaining showed CD3+ T-cell predominance
and three of these quantified CD4:CD8 ratios: alopecia, 2:1;
MPR, 3:1; eczematous rash, 5:1), accompanied by eosinophils
in 51% and occasionally spongiosis (29%) in the epidermis, all
reported with drug hypersensitivity reactions. There was no
statistically significant association between the presence of
histologic features and ircAE severity or outcome (P . .08).

The most commonly elevated serum analytes were IL-6 (34
[52%] of 65), elafin (13 [30%] of 43), IL-8 (five [25%] of
20), IgE (24 [24%] of 101), and IFNg (six [23%] of 26)
(Data Supplement). Seventeen eosinophil-related ircAEs
were recorded in 13 (5%) of 273 patients, which were
characterized by rash and pruritus. Correspondingly, eo-
sinophilia was associated with grade 3 or greater ircAEs
(odds ratio, 4.1; 95% CI, 1.3 to 13.4). Patients with grade 3
or greater ircAEs had elevated serum IL-10 (five [56%] of
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FIG 2. Immune checkpoint inhibitor (ICI) type and associated immune-related cutaneous adverse event (ircAE)
phenotypes. Bar height represents the proportion of ircAEs of specified phenotype attributable to either
anti–cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4) with or without anti–programmed death 1 (PD-1)/
programmed death ligand 1 (PD-L1) or anti–PD-1/PD-L1 monotherapy. Values within columns reflect the
absolute frequency of ircAE attributable to ICI therapy. MPR, maculopapular rash.
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nine) more frequently than did those with grade 2 or less
events (one [5%] of 20; P = .005; odds ratio, 23.8; 95% CI,
2.1 to 262.5). Furthermore, IgE serum level correlated with
ircAE severity (mean IgE, 112 kU/L [grade 1] v 245 kU/L
[grade 2] v 1,093 kU/L [grade 3]; P = .043).

DISCUSSION

As ircAEs represent a significant toxicity burden,2-4,10-12 we
sought to characterize these untoward reactions and their

dermatologic management in order to propose a practical
treatment algorithm with the potential to improve QoL and
optimize clinical outcomes.

Characterization of ircAEs

The majority of patients in our dermatology-evaluated co-
hort presented with MPR (42%) or pruritus (48%), which
is consistent with their reported incidence in controlled
trials. A subset of patients developed psoriasiform (7%) or

119 (IQR, 40-322; min-max, 1-2,380)
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FIG 3. Time to pre-
sentation to dermatol-
ogy and resolution of
immune-related cuta-
neous adverse events
(ircAEs). Boxes repre-
sent interquartile range
(IQR; Q1, Q3), central
vertical line indicates
median, outer vertical
lines indicate range or
Q3 + (1.5 3 IQR) for
subsets with outliers,
and text indicates range
inclusive of outliers (min-
imum to maximum
[min-max]). (A) For time
to presentation, number
indicates ircAE frequency.
(B) For time to resolution,
number indicates ircAEs
that resolved. IM, systemic
immunomodulator; min-
max, minimum-maximum;
MPR, maculopapular rash.
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FIG 4. Immune-related cutaneous adverse event (ircAE) management and outcomes. Bars depict the frequency of
ircAEsmanaged within a particular treatment category, and bar color corresponds to outcome category (no improvement,
moderate improvement, significant improvement). Percentages after bars reflect ircAE response rate to therapy—rate of
moderate or significant improvement—within the particular treatment category. Significant improvement = improvement
by 2 Common Terminology Criteria for Adverse Events grades or resolution of ircAE; moderate improvement =
improvement by 1 grade; no improvement = no change or increase in grade. Other ircAEphenotypes include eczematous
rash, acneiform rash, urticarial rash, vitiligo, alopecia, xerosis, erythema multiforme, Stevens-Johnson syndrome, fol-
liculitis, Grover disease, granulomatous dermatitis, dyshidrotic eczema, lichen sclerosis, mucositis, and panniculitis.
Topicals refers to topical corticosteroid use alone. Oral antipruritics include antihistamines, pregabalin, gabapentin, and
aprepitant with and without the use of topical corticosteroids. Systemic immunomodulators (IMs) include oral corti-
costeroids, methotrexate, cyclosporine, mycophenolate mofetil, apremilast, and biologic agents (eg, rituximab) with and
without the use of topical corticosteroids or oral antipruritics. (*) Outcome distribution significantly associated with ircAE
treatment category (Pearson x2, overall, P , .001; pruritus, P = .03; lichenoid, P = .02). MPR, maculopapular rash.
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lichenoid rash (7%) and bullous pemphigoid-like eruption
(7%).6,13-28 Vitiligo-like depigmentation was identified in
one patient with metastatic renal cell carcinoma treated
with atezolizumab plus bevacizumab. Indeed, vitiligo-like
depigmentation has been reported in 2.0% to 8.3% of
patients with melanoma treated with ICIs17,29 and has only
been reported anecdotally in 14 patients with other
malignancies.20,30-40 In addition, mono- or combination
therapy that involved anti–CTLA-4 agents preferentially
resulted in MPR, whereas anti–PD-1/PD-L1 monotherapies
resulted in more lichenoid, psoriasiform, and bullous re-
actions, as previously described.41 Combination therapy
has been associated with increased frequency, severity,
and acuity of ircAEs; however, this was not observed in our
cohort, likely as a result of a bias toward referral of high-
grade ircAEs. Moreover, patients with combination
therapy–induced ircAEs are usually treated with high-dose
corticosteroids in a first-line setting by the primary
oncologist.6,12,17,42

Median time to presentation of all-grade ircAEs was longer
than that of grade 3 to 4 ircAE, which is reflective of a lower
severity grade being less urgent.43 Median time to ircAE
resolution was 44 days, which is lower than that reported
with combination ICIs (79 days) or with single-agent
nivolumab (126 days).43,44 These differences may reflect
the efficacy of ircAEmanagement by oncodermatologists or
may also have resulted from a lead-time bias.

ircAE severity and OS were greater in patients who were
evaluated by dermatology compared with those who were
not. Taken together, these results corroborate previous
research that correlates the presence of ircAEs with im-
proved survival, and they might suggest that the presence
of more severe ircAEs that warrant referral to dermatology
parallels a more robust antitumor response.7,8,44-46 How-
ever, greater OS in the study cohort may be explained in
part by ICI treatment duration, whereby longer treatment
leads to both prolonged survival and more time for ircAEs to
develop. In addition, patient functional status might con-
found survival as patients generally need better functional
status or support systems to attend multiple outpatient
dermatology appointments.

ircAE Pathomechanism and Associated Biomarkers

Few candidate biomarkers related to organ-specific irAEs
have been reported.47-49 In the skin, molecular profiling of
affected cutaneous tissues has suggested that specific
chemokines and cytokines are etiopathogenic, including
PI3, SPRR2B, GZMB, CXCL9, CXCL10, and CXCL11.28,50-53

Histologic findings in our study were consistent with pre-
vious reports,54-58 showing a mixed inflammatory infiltrate
with a predominance of T cells, neutrophils, or eosinophils,
with features of hypersensitivity, which underscores the
presence of cells that may represent therapeutic targets.

Circulating proinflammatory cytokines, including IL-1a, IL-
1b, IL-2, and IFNa2, have been correlated with grade 3 or

greater irAEs in patients with melanoma receiving anti–PD-1
therapy.59 We identified correlations between increased
laboratory analytes (eosinophil counts; IL-6, IL-10, and IgE
levels) and grade 3 or greater ircAEs, which suggest
pathogenic or correlative roles and potential targets for
supportive care interventions. Indeed, anti–IL-6 therapy
has been successfully used to treat irAEs60-62 including
cytokine release syndrome,63-66 and the anti-IgE antibody
omalizumab is approved for the treatment of the pruritic
disorder chronic idiopathic urticaria,67 which shares clinical
and laboratory features with ICI-related pruritus—that is,
resistance to antihistamines or corticosteroids and in-
creased serum IgE levels.68

Treatment Efficacy of ircAEs

Patients reported in the work represent, to our knowledge,
the largest cohort to date of ircAE treatment outcomes. The
majority of patients achieved one to two grade reductions in
severity and/or complete resolution of their ircAEs as a result
of supportive topical and/or systemic interventions. Conse-
quently, we have produced a treatment schema that is based
on our experience to date and have provided retrospective
justification of its potential efficacy (Fig 5). Our proposed
treatment algorithm differs from published guidelines in its
inclusion of psoriasiform and lichenoid rash and consider-
ation of targeted agents for corticosteroid-refractory ircAEs.

Pruritus is a common ircAE that has been shown to neg-
atively affect QoL.68 We report efficacy of GABA analogs—
gabapentin and pregabalin—and the neurokinin-1
receptor antagonist aprepitant, which seem to be supe-
rior to topical corticosteroids and oral antihistamines. These
findings are supported by data in other patient populations.
Pregabalin has demonstrated robust efficacy against ure-
mic pruritus in controlled studies,69 whereas aprepitant has
shown benefit in targeted therapy–induced pruritus re-
fractory to antihistamines and topical corticosteroids.70

MPR proved more readily manageable—often with topical
interventions alone—whereas other ircAEs, such as psor-
iasiform rash, demonstrated less favorable outcomes.
Furthermore, there was an apparent difference in outcome
between management categories in which ircAEs that were
treated with IMs had lower rates of significant improvement
compared with ircAEs treated with non-IM agents. This may
be confounded by sampling factors that affected treatment
allocation, such as ircAE severity and refractoriness to less
aggressive therapies, patient functional status and pref-
erence, restricted access to biologic therapies, or by an-
alytical factors that included the tendency of the outcome
schema to favor significant over moderate improvement
among grade 1 ircAEs as a reduction to grade 0 was
considered a significant improvement even when it resulted
from a one-grade improvement.

Although systemic corticosteroids remain the mainstay of
management for most grade 2 or greater irAEs, they are
not always effective and may affect the antitumor efficacy
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Management

Grade 1

Grade 2

Severity

Grade 0

Grade  3
or

intolerable
grade 2

Psoriasiform
rash 

High-potency topical
corticosteroid twice a day 

High-potency topical
corticosteroid twice a day

and
NB-UVB phototherapy

or apremilast

Biologics
(ustekinumab,

guselkumab, infliximab,
adalimumab, apremilast)

Pruritus

High-potency topical
corticosteroid twice a day

High-potency topical
corticosteroid twice a day

and
GABA analogs

Oral antihistamines
and

GABA analogs
and

omalizumab or dupilumab

High-potency topical
corticosteroid twice a day

High-potency topical
corticosteroid twice a day

and/or
oral corticosteroids
(prednisone 0.5-1

mg/kg)

Oral corticosteroids
(prednisone 0.5-1

mg/kg)
or

biologics (infliximab,
tocilizumab)

Maculopapular or
lichenoid rash

Bullous pemphigoid-like
eruption

High-potency topical
corticosteroid twice a day

High-potency topical
corticosteroid twice a day

and
oral corticosteroids
(prednisone 0.5-1

mg/kg)

Oral corticosteroids
(prednisone 0.5-1 mg/kg)

and
rituximab

Patient counseling
Gentle skin care education

OTC emollients

Continue ICIs at current dose and monitor for change in severity

Reassess after 2 weeks (either by healthcare professional or patient self-report); if reaction worsens or
does not improve, proceed to next step

Continue ICIs at current dose and monitor for change in severity

Interrupt ICIs until severity decreases to grade 0-1;
dose modify as per protocol and monitor for change in severity

Reassess after 2 weeks; if reaction worsens or does not improve, dose reduction or discontinuation per
protocol may be necessary. For corticosteroid resistant MPR or lichenoid rash, check serum levels of IL-6 and TNF-α to

assess for eligibility for targeted therapy (eg, tocilizumab, infliximab)

Reassess after 2 weeks; if reaction worsens
or does not improve, proceed to next step

Hold ICI until grade 0-1

FIG 5. Proposed algorithm for the management of immune-related cutaneous adverse events. ICI, immune checkpoint inhibitor; IgE, immunoglobulin
E; IL-6, interleukin-6; MPR, maculopapular rash; NB-UVB, narrowband UV B; OTC, over the counter.
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of ICIs when used at high doses or at the initiation of ICI
therapy.71-73 Recommendations for the management of
corticosteroid-refractory irAEs include IMs, such as myco-
phenolate mofetil, calcineurin inhibitors, methotrexate, tu-
mor necrosis factor inhibitors, intravenous immunoglobulin,
and plasmapheresis; however, there is little to no data on
their efficacy or safety in ICI-treated patients.5,10-12,15,53,74-79

Hence, we report that agents that blocked CD20, IL-4Ra, IL-
23a, and IL-12/IL-23 demonstrated benefit in seven patients
with corticosteroid-refractory ircAEs80 (Data Supplement). In
these patients, pretreatment tumor responses were main-
tained despite the administration of these IMs. Given a more
targeted inhibition of inflammatory cells and their mediators
compared with corticosteroids, these agents have the po-
tential to mitigate irAEs without affecting the antitumor ef-
ficacy of ICIs. However, these observations require additional
studies to assess IM efficacy and safety.

Limitations

As dermatology consultation was an inclusion criterion for
our retrospective analysis of medical records and clinical
trial case report forms, the generalizability to grade 1 to 2
ircAEs that do not reach a dermatologist may be limited.
Our data did not show an association of ICI type with ircAE
grade, possibly as a result of limited sample size or in-
creased grade 2 to 3 ircAEs in our study. In addition,

dermatologic management may have been influenced by
patient preference and health insurance medication cov-
erage, which reflects the real-world clinical scenario of
ircAE management, but also limits which treatments were
available for analysis. Furthermore, the outcome of targeted
biologic agents for ircAE management and sampling for
biomarker analysis is limited by sample size and selection
bias, which makes it difficult to draw strong conclusions
from these data.

In conclusion, the majority of patients with ircAEs were
treated effectively with topical or oral corticosteroids (for rash
and pruritus); GABA analogs (for pruritus); antihistamines or
neurokinin-1 receptor inhibitors (for pruritus); and CD20, IL-
4Ra, IL-23a, and IL-12/IL-23 inhibitors (for corticosteroid-
refractory ircAEs). As the use of ICI therapies enters
additional tumor types and the adjuvant or neoadjuvant
settings, an improved understanding and management of
ircAEs is essential. The identification of effective therapies
for ircAEs and corticosteroid-refractory ircAEs described
herein represents the first step toward the design of con-
trolled trials that would demonstrate their safety and effi-
cacy. These findings would eventually be translated to irAEs
that affect other organ systems, all of which would be
critical for the optimization of ICI therapies.
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18. Liu J, Blake SJ, Harjunpää H, et al: Assessing immune-related adverse events of efficacious combination immunotherapies in preclinical models of cancer.
Cancer Res 76:5288-5301, 2016

19. Judd J, Zibelman M, Handorf E, et al: Immune-related adverse events as a biomarker in non-melanoma patients treated with programmed cell death 1
inhibitors. Oncologist 22:1232-1237, 2017

20. Larsabal M, Marti A, Jacquemin C, et al: Vitiligo-like lesions occurring in patients receiving anti-programmed cell death-1 therapies are clinically and biologically
distinct from vitiligo. J Am Acad Dermatol 76:863-870, 2017

21. Habre M, Habre SB, Kourie HR: Dermatologic adverse events of checkpoint inhibitors: What an oncologist should know. Immunotherapy 8:1437-1446, 2016

22. Minkis K, Garden BC, Wu S, et al: The risk of rash associated with ipilimumab in patients with cancer: A systematic review of the literature and meta-analysis.
J Am Acad Dermatol 69:e121-e128, 2013

23. Sibaud V, Meyer N, Lamant L, et al: Dermatologic complications of anti-PD-1/PD-L1 immune checkpoint antibodies. Curr Opin Oncol 28:254-263, 2016

24. Naidoo J, Schindler K, Querfeld C, et al: Autoimmune bullous skin disorders with immune checkpoint inhibitors targeting PD-1 and PD-L1. Cancer Immunol Res
4:383-389, 2016

25. Zarbo A, Belum VR, Sibaud V, et al: Immune-related alopecia (areata and universalis) in cancer patients receiving immune checkpoint inhibitors. Br J Dermatol
176:1649-1652, 2017

26. Barbosa NS, Wetter DA, Wieland CN, et al: Scleroderma induced by pembrolizumab: A case series. Mayo Clin Proc 92:1158-1163, 2017

27. Sowerby L, Dewan AK, Granter S, et al: Rituximab treatment of nivolumab-induced bullous pemphigoid. JAMA Dermatol 153:603-605, 2017

28. Coleman E, Ko C, Dai F, et al: Inflammatory eruptions associated with immune checkpoint inhibitor therapy: A single-institution, retrospective analysis with
stratification of reactions by toxicity and implications for management. J Am Acad Dermatol 80:990-997, 2019

29. Teulings HE, Limpens J, Jansen SN, et al: Vitiligo-like depigmentation in patients with stage III-IV melanoma receiving immunotherapy and its association with
survival: A systematic review and meta-analysis. J Clin Oncol 33:773-781, 2015

30. Kosche C, Mohindra N, Choi JN: Vitiligo in a patient undergoing nivolumab treatment for non-small cell lung cancer. JAAD Case Rep 4:1042-1044, 2018

31. Liu RC, Consuegra G, Chou S, et al: Vitiligo-like depigmentation in oncology patients treated with immunotherapies for nonmelanoma metastatic cancers. Clin
Exp Dermatol doi:10.1111/ced.13867 [epub ahead of print on January 7, 2019]

32. Lolli C, Medri M, Ricci M, et al: Vitiligo-like lesions in a patient treated with nivolumab for renal cell carcinoma. Medicine (Baltimore) 97:e13810, 2018

33. Nishino K, Ohe S, Kitamura M, et al: Nivolumab induced vitiligo-like lesions in a patient with metastatic squamous cell carcinoma of the lung. J Thorac Dis 10:
E481-E484, 2018

34. Uenami T, Hosono Y, Ishijima M, et al: Vitiligo in a patient with lung adenocarcinoma treated with nivolumab: A case report. Lung Cancer 109:42-44, 2017

35. Yin ES, Totonchy MB, Leventhal JS: Nivolumab-associated vitiligo-like depigmentation in a patient with acute myeloid leukemia: A novel finding. JAAD Case
Rep 3:90-92, 2017

36. Zarogoulidis P, Huang H, Tsiouda T, et al: Immunotherapy “shock” with vitiligo due to nivolumab administration as third line therapy in lung adenocarcinoma.
Respir Med Case Rep 22:283-286, 2017

37. Zhao ZM, Liu SC, Xu XJ, et al: Treatment of skin reaction induced by nivolumab combined with radiotherapy in non-small cell lung cancer: A case report. Chin
Med Sci J 33:183-187, 2018
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