Cutaneous adverse reactions to anti—PD-1
treatment—A systematic review
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The use of the humanized monoclonal anti—programmed cell death 1 antibodies pembrolizumab and
nivolumab as potent anticancer therapies is rapidly increasing. However, since their approval, numerous
cases of cutaneous reactions have been reported. Cutaneous adverse reactions to these agents have yet to
be fully characterized and range from nonspecific eruptions to recognizable skin manifestations, which
may be localized and vary from mild to life threatening. This systematic review article provides an overview
of the various adverse cutaneous reactions to pembrolizumab and nivolumab therapy and offers
suggestions for their management. (J Am Acad Dermatol 2020;83:1415-24.)
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he  humanized  monoclonal  anti—

programmed cell death-1 (anti—PD-1) anti-

bodies pembrolizumab and nivolumab
have entered the standard of care for several
cancers' " and have substantially changed the life
expectancy of patients with metastatic disease.’
Although their clinical benefits are unquestionable,
immune-mediated adverse events are apparent,
perhaps predictably given their mode of action.”
Since their approval by the US Food and Drug and
Administration (2014) and European Medicines
Agency (2015), numerous cases of cutaneous
reactions have been reported. It has been estimated
that 49% of patients treated with anti—PD-1 will
develop skin toxicity.” The breadth of cutaneous
adverse reactions to anti—PD-1 treatment have yet to
be fully characterized. With this review article, we
provide an overview of the various adverse cuta-
neous reactions to pembrolizumab and nivolumab
therapy as well as suggestions for management.

METHODS

The medical databases PubMed and Embase
were searched systematically by 2 authors
(ABS and JK) in July 2019 wusing the
search terms ((“SKIN” OR “CUTANEOUS” OR
“DERMATOLOGIC”) AND (“REACTION” OR

“ADVERSE” OR “COMPLICATIONS”) AND (“ANTI-
PD1” OR “PD1” OR “PEMBROLIZUMAB” OR
“NIVOLUMAB™)). The same 2 authors indepen-
dently reviewed the titles and abstracts of studies
that described cases of cutaneous adverse reactions
to treatment with either pembrolizumab or nivolu-
mab. Additional studies were identified by screening
reference lists of key articles and review articles. The
systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines.”

Inclusion and exclusion criteria

We included articles describing cutaneous
reactions to nivolumab or pembrolizumab given as
monotherapy and providing detailed information on
numbers of patients, cutaneous reaction, and
primary cancer, thus excluding all articles in which
patients were given combination therapy.

Data extraction

Two authors (ABS and JK) performed data
extraction individually. Titles and abstracts were
screened for relevance. Relevant abstracts or articles
without abstracts were selected for full-text review.
Duplicates were removed, along with studies pre-
senting the identical population in different articles.
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The time from initiation of anti—PD-1 treatment to
onset of adverse cutaneous reaction was heteroge-
neously reported as “cycles,” “days,” “weeks,” or
“months.” To obtain uniformity in the explanatory
table (Supplemental Table I; available via Mendeley
at https://doi.org/10.17632/8j6bjfc2m5.1), this was
converted to weeks for all cases.

RESULTS

A total of 114 unique
articles were identified,
describing  specific  cuta-
neous adverse reactions in
253 patients. Six patients
experienced 2  different
specific cutaneous adverse
reactions.”'*  One patient
developed bullous pemphi-
goid during nivolumab treat-
ment that later flared during
subsequent treatment with
pembrolizumab.' Table 1
shows the most common
cutaneous adverse reactions.
Supplemental Table I pro-
vides a comprehensive list of all reported
cutaneous adverse reactions. The most frequently
reported specific cutaneous reactions to anti—PD-1
treatment are described in detail in the following
sections. Table I provides an overview. Fig 1 shows
examples of 3 common cutaneous adverse reactions.

characterized.

treatment.

Vitiligo/depigmentation

Fifty-six cases of vitiligo, hypopigmentation, or
loss of pigment occurring after anti—PD-1 treatment
have been reported.”'"** The majority of patients
received immunotherapy for metastatic mela-
noma, 1 114-17,19-21,25,26

Clinical presentation. The time from treatment
to the appearance of depigmentation or vitiligo
ranged from 6 days to 36 weeks. The vitiligo/
vitiligo-like skin changes after immune therapy
were symmetric, depigmented macules and patches
located in sun-exposed areas.”””**’ One patient
experienced generalized loss of pigment including
whitening of skin, scalp hair, eyelashes, and
eyebrows. Furthermore, nevi, solar lentigines, and
seborrheic keratosis disappeared."”

Pathogenesis. Vitiligo may occur spontaneously
in patients with melanoma. T cells target common
antigens shared by normal melanocytes and
melanoma cells, and this cross-reactive immune
response may result in vitiligo.”” The exact
mechanism of immune therapy—induced vitiligo is
not clear, but it is thought to be similar to the

CAPSULE SUMMARY

- Numerous adverse events from
treatment with anti—programmed cell
death 1 (anti—PD-1) have been reported,
but the breadth of cutaneous reactions
has not previously been fully

Early referral for dermatologic evaluation
is recommended to target the treatment
of adverse cutaneous reactions, thus
reducing morbidity and increasing the
chance of continuing anti—PD-1
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destruction of melanocytes —after anti—PD-1
activation of T cells."*

Management. Most patients continued anti—PD-
1 therapy despite the appearance of vitiligo. In 2
cases, treatment was stopped because of progression
of the cancer.'”*” Two patients were treated with
topical corticosteroids and 1 additionally with topical
tacrolimus, but with limited
effect.”'" Interestingly, Hua
et al"” found an association
between  occurrence  of
vitiligo and response to
pembrolizumab  treatment.
Nardin et al® reported a
case in which vitiligo repig-
mentation was associated
with the progression of
metastatic melanoma.

In general, vitiligo or
depigmentation  occurring
after anti—PD-1 treatment
does not require treatment
unless indicated for cosmetic
reasons. Treatment recom-
mendations are the same as
for classic vitiligo and include potent topical corti-
costeroids, calcineurin inhibitors, phototherapy,**’
and sun protection to keep the vitiliginous areas
from burning.””

Psoriasis

Thirty-three cases of psoriasis have been
reported: 17 were de novo psoriasis,' '’ and 16
were exacerbation of pre-existing disease.”""*

Clinical presentation. The time from initiation
of anti—PD-1 treatment to development of psoriasis
ranges from 2 to 22 weeks. The clinical type of
psoriasis reported as adverse reactions spans from
guttate psoriasiS‘%s’42 to plaque psoriasis,“’is’*/“ in-
verse psoriasis,”> and palmoplantar psoriasis.””*
Three patients had concurrent psoriatic arthritis of
several joints.”***° The patient reported by De
Bock et al’' had no other complaints aside from
cutaneous psoriasis vulgaris. In the remaining
reports, information regarding joint symptoms is
missing.

Pathogenesis. T-cell activation induced by the
blockade of PD-1 promotes an inflammatory state
and likely triggers the development of psoriasiform
lesions.”

Management. In the majority of the described
cases, skin involvement was mild. Patients were able
to continue anti—PD-1 treatment, ' 1+31:3%:5%:35,37,38,41-44
and psoriasis could be controlled with topical
corticosteroids and/or topical vitamin D analogues.
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Abbreviations used:

anti—PD-1: anti—programmed cell death 1
PD-L1: programmed death ligand 1
TEN: toxic epidermal necrolysis

Two cases of psoriasis exacerbation were treated
successfully with systemic retinoids and the
anti—PD-1 was continued.”>** Three patients were
treated with methotrexate’ >, 1 of these
continued anti—PD-1 therapy.”” A patient with
widespread psoriasis lesions that were refractory
to acitretin  treatment responded well to
anti—interleukin 17A treatment.””

Both personal and family history of psoriasis seem
to be significant risk factors for the development
or exacerbation of psoriasis during anti—PD-1
treatment’” and should be recognized before the
initiation of treatment.

Bullous pemphigoid

Whereas classic bullous pemphigoid is idiopathic,
several medications are associated with drug-
induced bullous pemphigoid.””** Thirty-one cases
of bullous pemphigoid during treatment with
either nivolumab or pembrolizumab have been
reported.l’l()‘ﬂ’(a

Clinical presentation. The latency of bullous
disorders due to immunotherapy is generally longer
than that of other cutaneous toxicities. Most patients
will have clinical, histologic, and immunologic
features of classic bullous pemphigoid.”*” Bullous
lesions may develop or persist even after cessation of
immunotherapy because of prolonged immune
activation associated with anti—PD-1 therapy.’”””
The average time of onset for bullous eruptions
associated with anti—PD-1 therapy has been
reported to be approximately 12 weeks.” In the
reviewed cases, the time to onset ranged from 3 to
84 weeks.

Pathogenesis. No specific features differentiate
classic bullous pemphigoid from drug-induced
bullous pemphigoid,” and the exact pathomechan-
ism of immunotherapy-related bullous pemphigoid
is not yet established. BP180 has been shown to be
expressed in melanoma® and non—small cell
lung cancer,”” which raises the possibility of the
production of antibodies against tumor cell antigens
that also target the skin.

Management. Bullous pemphigoid may result in
extensive skin blistering, warranting interruption of
the immunotherapy and treatment with systemic
agents. Systemic prednisolone was effective in the
vast majority of reported cases. Doxycycline was the
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most commonly used
1,49,57 - o -
ment, but treatment with niacinamide,
nicotinamide,’ methotrexate,”® rituximab,’® and
omalizumab " has also been reported. In all but 3
cases,”” patients required either temporary or
permanent interruption of immunotherapy.

steroid-sparing  treat-
49,60

Lichenoid reactions

Twenty-nine cases of lichenoid reactions to
anti—PD-1 treatment have been reported. "'

Clinical presentation. The diagnosis is usually
based on the typical clinical appearance, character-
ized by lichenoid papules on the trunk and/or
extremities, as well as on the histologic finding of
interface dermatitis with a lichenoid lymphocytic
infiltrate and epidermal necrosis. The clinical
presentations range from typical lichen planus with
flat-topped polygonal papules/plaques and visible
Whickham striae to hypertrophic vesiculobullous
lesions.”'#°%" The lesions may progress to the
more severe bullous form.””” Pruritus can be severe
and debilitating.

The latency interval between the first dose and the
onset of the rash can range from a few days to several
months.”""

Pathogenesis. The immunologic mechanism of
lichenoid drug reactions is thought to be a
T-cell-mediated response. Blocking programmed
death ligand 1 (PD-L1) causes not only an increase in
the immune function of tumor-specific T cells but
also an accentuating effect of self-immunity or
antigenic immune response, which leads to
widespread nonspecific T-cell activation, resulting
in adverse reactions in multiple organ systems,
including the skin.”' Expression of PD-L1 on
keratinocytes has been found in lichen planus
lesions,” and it has been suggested that anti—PD-1
may cause lichenoid reactions by blocking the
interaction between PD-L1 on keratinocytes and
PD-1 on T cells.””

Management. The lichenoid reactions generally
respond well to topical steroids.”” " Twelve pa-
tients required systemic therapy.'>®¢770:717579:81
Systemic prednisolone was the first choice of
systemic treatment in 11 patients and was effective
in the majority of cases. One patient was treated
with a short course of cyclosporine,” and 3
patients responded well to acitretin.”>’® Anti—PD-1
treatment could often be continued along with
systemic treatment, ' #0%70:7175.77

Granulomatous skin reactions

Ten cases of granulomatous reactions have been
reported as adverse reactions to either nivolumab or
pembrolizumab., %+



Table 1. Most frequently reported cutaneous adverse reactions

Cutaneous adverse

Time to onset,

reaction Patients, n Clinical presentation weeks Treatment
Pigmentary 58 Symmetric, depigmented macules and patches located in 1-36 Potent topical corticosteroids, calcineurin inhibitors,
changes/vitiligo sun-exposed areas phototherapy, sun protection
Psoriasis 33 Guttate psoriasis, plaque psoriasis, inverse psoriasis, and 2-22 First line: topical corticosteroids/vitamin D analogue
palmoplantar psoriasis 2 patients successfully treated with systemic retinoids, 3
with methotrexate, and 1 with anti—IL-17A
Bullous 31 Pruritus, tense bullae, with or without erythematous, 3-84 First line: potent topical corticosteroids or systemic
pemphigoid urticarial plaques Bullous lesions prednisolone
Most patients have clinical, histologic, and immunologic may develop Second line: doxycycline.
features of classic bullous pemphigoid or persist even  Other treatments reported: niacinamide, nicotinamide,
after cessation of methotrexate, rituximab, and omalizumab
immunotherapy.
Lichenoid 30 Ranges from typical lichen planus to hypertrophic <1-92 First line: potent topical steroids or systemic
reaction vesiculobullous lesions prednisolone
May progress into a more severe bullous form Second line: 3 patients were successfully treated with
acitretin and 1 with cyclosporine
Granulomatous 10 Subcutaneous nodules, indurated papules, and plaques 4-40 First line: prednisolone
reaction Systemic granulomatous disease found in 8 of 10 One case treated with
patients prednisolone + hydroxychloroquine
Erythema 10 1 patient erythema multiforme, 2 patients toxic <1-20 Prednisolone, cyclosporine, immunoglobulins
multiforme/ epidermal necrolysis, 6 patients SJS 1 patient treated with plasmapheresis and infliximab
SJS/TEN
Lupus 8 Ranges from erythematous papules and plaques to 4-34 Topical corticosteroids, prednisolone,
erythematosus annular scaling plaques, bullous lesions, and hydroxychloroquine

reactivation of discoid lupus erythematosus

IL, Interleukin; SJS, Stevens-Johnson syndrome; TEN, toxic epidermal necrolysis.
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Fig 1. Examples of specific cutaneous adverse reactions from anti—PD-1 treatment: (A)
vitiligo, (B) lichen planus, and (C) psoriasis.

Clinical presentation. In 4 cases, the patient
presented with cutaneous sarcoidosis,'”**%" and
in 5 cases, the cutaneous reaction was classified as a
sarcoid-like granulomatous reaction.”* 5% The
clinical ~presentation was subcutaneous nod-
ules™ % or indurated papules and plaques.'**
In 2 patients, the granulomas appeared in quiescent
scars.”>™ Burillo-Martinez et al® reported a case of
granulomatous panniculitis. All but 2 patients
had systemic granulomatous disease, and the
dermatologic symptoms preceded the detection of
mediastinal/hilar lymphadenopathy and pulmonal
nodules in the majority of cases.'*%"5

Pathogenesis. Immunotherapy-related granulo-
matous reactions may be triggered by a checkpoint
inhibitor—mediated T helper type 17 immune
response. Blockade of PD-1 has been associated
with T helper type 17 cell hyperactivity and
increased interleukin 17 expression.”’

Management. In all but 1 case, the granuloma-
tous adverse reaction appeared within 12 weeks of
initiation of anti—PD-1 treatment.”” The authors of 5
articles provide information on treatment of the
cutaneous granulomatous reaction.>!*#5457 Al
responded well to systemic prednisolone. One case
was treated with prednisolone and hydroxychloro-
quine in combination. '’

In 4 of 10 cases, anti—PD-1 treatment was
continued despite the adverse cutaneous
reactions. #4508

Toxic epidermal necrolysis/Stevens-Johnson
syndrome/erythema multiforme

Ten cases of severe cutaneous adverse reactions
to pembrolizumab or nivolumab have been
reported.”’ ™’

Clinical presentation. The time from anti—PD-
1 treatment to onset of skin symptoms ranged from a
few days’' to 20 weeks.”” The majority were

diagnosed within the first 4 weeks after initiation of
immunotherapy.” %7+

One patient was diagnosed with erythema
multiforme  major.”"  The remaining patients
presented with bullae and erosions of the mucosa
and skin and were classified as having either
Stevens-Johnson — syndrome”"?>7>77%%  or  toxic
epidermal necrolysis (TEN)"*?*” according to
body surface area involvement.

Pathogenesis. It is believed that the antagonism
of PD-1 results in loss of T-cell homeostasis within
the skin or mucosa of the eyes or oral cavity, leading
to the failure of immune tolerance and self-directed
cytotoxic reactions.”"?*”

Management. In all cases, anti—PD-1 treatment
was stopped immediately. All but 1 patient received
systemic prednisolone as first-line treatment.
Three patients were given prednisolone as
monotherapy,””*?” 1 patient with Stevens-
Johnson syndrome was treated with cyclosporine
alone,” and 2 patients were treated with
prednisolone and cyclosporine in combination.”*”?
Two patients with TEN received immunoglobulin
treatment,”””° and 1 patient was treated with
infliximab and plasmapheresis.” In 2 of the 3
reported cases of TEN, the outcome was fatal.”*””

Lupus erythematosus

Eight cases of lupus erythematosus caused or
exacerbated by pembrolizumab or nivolumab have
been reported.”' 13

Clinical presentation. The time to onset of
lupus erythematosus ranged from 4 to 34 weeks. In
the reported cases, the cutaneous lesions
were erythematous papules and plaques,'’"'"?
annular papulosquamous plaques,(”“)o’l()2 bullous
eruption,’”” and reactivation of discoid lupus
erythematosus.” Clinically and histologically, lupus
erythematosus and lichenoid reactions may, in some
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cases, be difficult to distinguish.“r)/‘/ Thus, it is
recommended that both histopathology and
immunofluorescence be performed. Measurement
of antinuclear antibodies may be useful in
establishing the diagnosis, although they may be
absent. One patient presented with fever, arthralgia,
asthenia, and bullous lupus erythematosus.'”” In the
case reported by Liu et al,'"” there was no evidence
of systemic lupus erythematosus. The remaining
case reports provide no information regarding
extracutaneous symptoms.”' 0%

Pathogenesis. The existing literature suggests a
specific link between PD-1 and lupus, because
PD-1—knockout mice develop lupus-like
autoimmune symptoms. Furthermore, lower PD-1
expression on T cells and a higher frequency of
PD-L1—expressing neutrophils have been reported
in patients with systemic lupus erythematosus.'’”'"

Management. In 1 patient, the rash resolved
without treatment within 1 month after cessation of
pembrolizumab.'”" In 2 patients, the skin symptoms
were controlled with topical corticosteroid
treatment.” The remaining patients required systemic
treatment with p1redr1isolone<”m5 and/or hydroxy-
chloroquine."™'* 'In 3 patients, anti—PD-1
treatment was withheld but later reinitiated,”'""
and in another 3 cases, anti—PD-1 treatment was
stopped permanently.'’' %

Nonspecific cutaneous reactions

Nonspecific pruritic maculopapular rash and
pruritus are frequent adverse reactions to drugs,
including anti—PD-1."*'"" The symptoms respond
well to topical corticosteroids,'”'’” and modifica-
tions of immunotherapy are usually not required.'””
However, such nonspecific eruptions may worsen
and may represent the early manifestation of a more
characteristic skin disorder. It 1is, therefore,
recommended that an exhaustive dermatologic
evaluation be performed for any atypical, severe,
persistent, recurrent, or poorly tolerated rash.

Sporadic cutaneous adverse reactions

A wide range of miscellaneous dermatologic
reactions are listed in Supplemental Table II
(available via Mendeley at https://doi.org/10.
17632/8j6bjfc2m5.1). Four cases of alopecia areata
were reported.'””"” In 1 patient, the alopecia
progressed to alopecia universalis.''’ Regrowth of
hair occurred in 3 patients treated with topical
corticosteroids, and immunotherapy could be
continued.'””""” Bousquet et al''" described 6 cases
of papulopustular rosacea. In all cases, topical
metronidazole led to significant improvement.
Three patients developed leukocytoclastic vasculitis
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after treatment with anti—PD-1. All were treated with
a combination of prednisolone and hydroxychlor-
oquine with complete clinical remission in a few
days.""” Dermatomyositis occurred in 2 patients
treated with nivolumab, which was subsequently
discontinued. Both patients were treated with
systemic prednisolone,''*'"* and 1 of them was
further treated with intravenous immunoglobu-
lins.""* Three patients developed scleroderma after
anti—PD-1 treatment, which was discontinued in all
cases.''™''° The patients were treated with
systemic prednisolone combined with either
hydroxychloroquine,'"” mycophenolate mofetil,''
or intravenous immunoglobulin.'"” Finally, single
cases of eosinophilic fasciitis,''” palmoplantar pus-
tulosis,''” intracorneal pustular drug eruption,''”
erythema nodosum-like panniculitis,'”  immune
reaction in melanocytic nevi,'*' nevus regression,’
eruptive  keratoachantomas,”’  radiation recall
dermatitis,'** plantar erythema, skin flushing,'*’
erythema nodosum,” oral erosions, urticarial
plaques, 10-finger paronychia,”’ Merkel cell
carcinoma,'”* mucositis,'”” inflamed seborrheic
keratoses,'”® paraneoplastic pemphigus-like reac-
tion, Grover-like rash,'?” sarcoidal form of tumoral
melanosis,'” mucous membrane pemphigoid,'*’
lipodystrophy,'®” and squamous cell carcinoma'”’'
were reported.

CONCLUSION

Cutaneous adverse reactions to anti—PD-1
treatment are common and range from mild to life
threatening. They may present as nonspecific rashes
to life-threatening dermatoses and may result in
significant morbidity, sometimes requiring cessation
of therapy. Time to onset of adverse cutaneous
reactions varies from days to several months
and may even occur long after cessation of
immunotherapy. Existing management recommen-
dations for skin toxicity from anti—PD-1 treatment
involves topical emollients, antihistamines, and
topical and systemic corticosteroids.'*>'?  Early
referral for dermatologic evaluation is recommended
to target the treatment of adverse cutaneous
reactions as early as possible, thus reducing
morbidity and increasing the chance of
continuing anti—PD-1 treatment without disruption.
Importantly, treatment of cutaneous adverse
reactions does not interfere with the antitumor effect
of PD-1.

REFERENCES
1. Siegel J, Totonchy M, Damsky W, et al. Bullous disorders
associated with anti-PD-1 and anti-PD-L1 therapy: a retro-
spective analysis evaluating the clinical and histopathologic


https://doi.org/10.17632/8j6bjfc2m5.1
https://doi.org/10.17632/8j6bjfc2m5.1
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref1
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref1
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref1

] AM ACAD DERMATOL
Vorume 83, NUMBER 5

20.

features, frequency, and impact on cancer therapy. J Am
Acad Dermatol. 2018;79:1081-1088.

. Hwang SJ, Carlos G, Wakade D, et al. Cutaneous adverse

events (AEs) of anti-programmed cell death (PD)-1 therapy in
patients with metastatic melanoma: a single-institution
cohort. J Am Acad Dermatol. 2016;74:455-461.

. Cramer JD, Burtness B, Ferris RL. Immunotherapy for head

and neck cancer: recent advances and future directions. Oral
Oncol. 2019;99:104460.

. Moujaess E, Haddad FG, Eid R, et al. The emerging use of

immune checkpoint blockade in the adjuvant setting for
solid tumors: a review. Immunotherapy. 2019;11:1409-1422.

. Boada A, Carrera C, Segura S, et al. Cutaneous toxicities of

new treatments for melanoma. Clin Transl Oncol. 2018;20:
1373-1384.

. Blakeway EA, Elshimy N, Muinonen-Martin A, et al. Cutaneous

lupus associated with pembrolizumab therapy for advanced
melanoma: a report of three cases. Melanoma Res. 2019;29:
338-341.

. Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA
statement. BMJ. 2009;339:b2535.

. Burillo-Martinez S, Morales-Raya C, Prieto-Barrios M, et al.

Pembrolizumab-induced extensive panniculitis and nevus
regression: two novel cutaneous manifestations of the
post-immunotherapy granulomatous reactions spectrum.
JAMA Dermatol. 2017;153:721-722.

. Veronesi G, Scarfi F, Misciali C, et al. An unusual skin reaction

in uveal melanoma during treatment with nivolumab: extra-
genital lichen sclerosus. Anticancer Drugs. 2019;30:969-972.

. Honigman AD, Lai F, Elakis J, et al. Pembrolizumab-induced

sarcoid granulomatous panniculitis and bullous pemphigoid
in a single patient. Clin Case Rep. 2019;7:773-775.

. Murata S, Kaneko S, Harada Y, et al. Case of de novo psoriasis

possibly triggered by nivolumab. J Dermatol. 2017;44:99-100.

. Liu RC, Consuegra G, Chou S, et al. Vitiligo-like depigmen-

tation in oncology patients treated with immunotherapies
for nonmelanoma metastatic cancers. Clin Exp Dermatol.
2019;44:643-646.

. Sanlorenzo M, Vujic I, Daud A, et al. Pembrolizumab

cutaneous adverse events and their association with disease
progression. JAMA Dermatol. 2015;151:1206-1212.

. Edmondson LA, Smith LV, Mallik A. Nivolumab-induced

vitiligo in a metastatic melanoma patient: a case report. J
Oncol Pharm Pract. 2017;23:629-634.

. Hua C, Boussemart L, Mateus C, et al. Association of vitiligo

with tumor response in patients with metastatic mela-
noma treated with pembrolizumab. JAMA Dermatol. 2016;
152:45-51.

. Nakamura Y, Teramoto Y, Asami Y, et al. Nivolumab therapy

for treatment-related vitiligo in a patient with relapsed
metastatic melanoma. JAMA Dermatol. 2017;153:942-944,

. Nakamura Y, Tanaka R, Asami Y, et al. Correlation between

vitiligo occurrence and clinical benefit in advanced mela-
noma patients treated with nivolumab: a multi-institutional
retrospective study. J Dermatol. 2017;44:117-122.

. Uenami T, Hosono Y, Ishijima M, et al. Vitiligo in a patient

with lung adenocarcinoma treated with nivolumab: a case
report. Lung Cancer. 2017;109:42-44.

. Wolner ZJ, Marghoob AA, Pulitzer MP, et al. A case report of

disappearing pigmented skin lesions associated with pem-
brolizumab treatment for metastatic melanoma. Br J Derma-
tol. 2018;178:265-269.

Larsabal M, Marti A, Jacquemin C, et al. Vitiligo-like lesions
occurring in patients receiving anti-programmed cell death-1

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

Simonsen et al 1421

therapies are clinically and biologically distinct from vitiligo. J
Am Acad Dermatol. 2017;76:863-870.

Shen J, Chang J, Mendenhall M, et al. Diverse cutaneous
adverse eruptions caused by anti-programmed cell death-1
(PD-1) and anti-programmed cell death ligand-1 (PD-L1)
immunotherapies: clinical features and management. Ther
Adv Med Oncol. 2018;10:1758834017751634.

Bulbul A. Vitiligoid hypopigmentation associated with pem-
brolizumab in metastatic head and neck cancer. Oxf Med
Case Reports. 2019;2019:0mz016.

Lolli C, Medri M, Ricci M, et al. Vitiligo-like lesions in a patient
treated with nivolumab for renal cell carcinoma. Medicine
(Baltimore). 2018;97:€13810.

Yin ES, Totonchy MB, Leventhal JS. Nivolumab-associated
vitiligo-like depigmentation in a patient with acute myeloid
leukemia: a novel finding. JAAD Case Rep. 2017;3:90-92.
Yang M-H, Chang D-Y. Vitiligo after immune checkpoint
inhibitor therapy in a woman with metastatic melanoma. J
Cancer Res Pract. 2018;5:161-164.

Nardin C, Pelletier F, Puzenat E, et al. Vitiligo repigmentation
with melanoma progression during pembrolizumab treat-
ment. Acta Derm Venereol. 2019;99:913-914.

Freites-Martinez A, Kwong BY, Rieger KE, et al. Eruptive
keratoacanthomas associated with pembrolizumab therapy.
JAMA Dermatol. 2017;153:694-697.

Mohammad TF, Al-Jamal M, Hamzavi [H, et al. The Vitiligo
Working Group recommendations for narrowband ultraviolet
B light phototherapy treatment of vitiligo. J Am Acad
Dermatol. 2017;76:879-888.

Meredith F, Abbott R. Vitiligo: an evidence-based update.
Report of the 13th Evidence Based Update Meeting, 23 May
2013, Loughborough, U.K. Br J Dermatol. 2014;170:565-570.
Antoniou C, Katsambas A. Guidelines for the treatment of
vitiligo. Drugs. 1992;43:490-498.

Ohtsuka M, Miura T, Mori T, et al. Occurrence of psoriasiform
eruption during nivolumab therapy for primary oral mucosal
melanoma. JAMA Dermatol. 2015;151:797-799.

Totonchy MB, Ezaldein HH, Ko CJ, et al. Inverse psoriasiform
eruption during pembrolizumab therapy for metastatic
melanoma. JAMA Dermatol. 2016;152:590-592.
Law-Ping-Man S, Martin A, Briens E, et al. Psoriasis and psoriatic
arthritisinduced by nivolumab in a patient with advanced lung
cancer. Rheumatology (Oxford). 2016;55:2087-2089.
Ruiz-Banobre J, Abdulkader I, Anido U, et al. Development of
de novo psoriasis during nivolumab therapy for metastatic
renal cell carcinoma: immunohistochemical analyses and
clinical outcome. APMIS. 2017;125:259-263.

Voudouri D, Nikolaou V, Laschos K, et al. Anti-PD1/PDL1
induced psoriasis. Curr Probl Cancer. 2017;41:407-412.
Elosua-Gonzalez M, Pampin-Franco A, Mazzucchelli-
Esteban R, et al. A case of de novo palmoplantar
psoriasis with psoriatic arthritis and autoimmune hypothy-
roidism after receiving nivolumab therapy. Dermatol Online J.
2017;23:13030/qt12n4m6pm.

Om A, Cardon B, Cohen G. Psoriasiform eruption on the face
and extremities associated with nivolumab therapy. JAAD
Case Rep. 2018;4:373-375.

Kaloyannidis P, Al Shaibani E, Mashhour M, et al. De novo
psoriasis vulgaris diagnosed after nivolumab treatment for
refractory Hodgkin’s lymphoma, completely resolved after
autologous hematopoietic stem cell transplantation. Case
Rep Hematol. 2018;2018:6215958.

Johnson D, Patel AB, Uemura MI, et al. IL17A blockade
successfully treated psoriasiform dermatologic toxicity from
immunotherapy. Cancer Inmunol Res. 2019;7:860-865.


http://refhub.elsevier.com/S0190-9622(20)30671-X/sref1
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref1
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref2
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref2
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref2
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref2
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref3
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref3
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref3
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref4
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref4
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref4
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref5
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref5
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref5
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref6
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref6
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref6
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref6
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref8
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref8
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref8
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref9
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref9
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref9
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref9
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref9
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref10
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref10
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref10
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref11
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref11
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref11
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref12
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref12
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref13
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref13
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref13
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref13
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref14
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref14
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref14
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref15
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref15
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref15
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref16
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref16
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref16
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref16
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref17
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref17
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref17
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref18
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref18
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref18
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref18
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref19
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref19
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref19
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref20
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref20
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref20
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref20
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref21
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref21
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref21
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref21
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref22
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref22
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref22
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref22
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref22
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref23
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref23
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref23
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref24
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref24
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref24
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref25
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref25
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref25
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref26
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref26
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref26
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref27
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref27
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref27
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref28
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref28
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref28
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref29
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref29
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref29
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref29
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref30
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref30
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref30
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref31
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref31
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref32
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref32
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref32
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref33
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref33
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref33
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref34
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref34
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref34
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref35
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref35
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref35
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref35
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref36
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref36
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref37
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref37
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref37
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref37
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref37
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref38
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref38
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref38
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref39
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref39
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref39
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref39
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref39
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref40
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref40
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref40

1422 Simonsen et al

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Bonigen J, Raynaud-Donzel C, Hureaux J, et al. Anti-PD1-
induced psoriasis: a study of 21 patients. J Eur Acad Dermatol
Venereol. 2017;31:e254-e257.

De Bock M, Hulstaert E, Kruse V, et al. Psoriasis vulgaris
exacerbation during treatment with a PD-1 checkpoint
inhibitor: case report and literature review. Case Rep Derma-
tol. 2018;10:190-197.

Matsumura N, Ohtsuka M, Kikuchi N, et al. Exacerbation of
psoriasis during nivolumab therapy for metastatic mela-
noma. Acta Derm Venereol. 2016;96:259-260.

Kato Y, Otsuka A, Miyachi Y, et al. Exacerbation of psoriasis
vulgaris during nivolumab for oral mucosal melanoma. J Eur
Acad Dermatol Venereol. 2016;30:€89-e91.

. Sahuquillo-Torralba A, Ballester-Sanchez R, Pujol-Marco C,

Botella-Estrada R. Pembrolizumab: a new drug that can
induce exacerbations of psoriasis. Actas Dermosifiliogr.
2016;107:264-266.

Stavropoulos PG, Soura E, Antoniou C. Drug-induced pem-
phigoid: a review of the literature. J Eur Acad Dermatol
Venereol. 2014;28:1133-1140.

Kanahara SM, Agrawal A. Drug-induced bullous pemphigoid.
J Gen Intern Med. 2016;31:1393-1394.

Carlos G, Anforth R, Chou S, et al. A case of bullous
pemphigoid in a patient with metastatic melanoma treated
with pembrolizumab. Melanoma Res. 2015;25:265-268.
Mochel MC, Ming ME, Imadojemu S, et al. Cutaneous
autoimmune effects in the setting of therapeutic immune
checkpoint inhibition for metastatic melanoma. J Cutan
Pathol. 2016;43:787-791.

Jour G, Glitza IC, Ellis RM, et al. Autoimmune dermatologic
toxicities from immune checkpoint blockade with anti-PD-1
antibody therapy: a report on bullous skin eruptions. J Cutan
Pathol. 2016;43:688-696.

Hwang SJ, Carlos G, Chou S, et al. Bullous pemphigoid, an
autoantibody-mediated disease, is a novel immune-related
adverse event in patients treated with anti-programmed cell
death 1 antibodies. Melanoma Res. 2016;26:413-416.

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.
2016;4:383-389.

Lomax AJ, Ge L, Anand S, et al. Bullous pemphigoid-like
reaction in a patient with metastatic melanoma receiving
pembrolizumab and previously treated with ipilimumab.
Australas J Dermatol. 2016;57:333-335.

Beck KM, Dong J, Geskin LJ, et al. Disease stabilization with
pembrolizumab for metastatic acral melanoma in the setting
of autoimmune bullous pemphigoid. J Immunother Cancer.
2016;4:20.

Kwon CW, Land AS, Smoller BR, et al. Bullous pemphigoid
associated with nivolumab, a programmed cell death 1
protein inhibitor. J Eur Acad Dermatol Venereol. 2017;31:
e349-e350.

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

Rofe O, Bar-Sela G, Keidar Z, et al. Severe bullous pemphigoid
associated with pembrolizumab therapy for metastatic
melanoma with complete regression. Clin Exp Dermatol.
2017;42:309-312.

Parakh S, Nguyen R, Opie JM, et al. Late presentation of
generalised bullous pemphigoid-like reaction in a patient
treated with pembrolizumab for metastatic melanoma.
Australas J Dermatol. 2017;58:€109-e112.

58.

59.

60.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

] AM AcAaD DERMATOL
Novemeer 2020

Garje R, Chau JJ, Chung J, et al. Acute flare of bullous
pemphigus with pembrolizumab used for treatment of
metastatic urothelial cancer. J Immunother. 2018;41:42-44.
Anastasopoulou A, Papaxoinis G, Diamantopoulos P, et al.
Bullous pemphigoid-like skin lesions and overt eosinophilia
in a patient with melanoma treated with nivolumab: case
report and review of the literature. J Immunother. 2018;41:
164-167.

Lopez AT, Geskin L. A case of nivolumab-induced bullous
pemphigoid: review of dermatologic toxicity associated with
programmed cell death protein-1/programmed death
ligand-1 inhibitors and recommendations for diagnosis and
management. Oncologist. 2018;23:1119-1126.

. Thomsen K, Diernaes J, Ollegaard TH, et al. Bullous pemphi-

goid as an adverse reaction to pembrolizumab: two case
reports. Case Rep Dermatol. 2018;10:154-157.

Damsky W, Kole L, Tomayko MM. Development of bullous
pemphigoid during nivolumab therapy. JAAD Case Rep. 2016;
2:442-444,

Miyamoto D, Santi CG, Aoki V, et al. Bullous pemphigoid. An
Bras Dermatol. 2019;94:133-146.

Krenacs T, Kiszner G, Stelkovics E, et al. Collagen XVII is
expressed in malignant but not in benign melanocytic
tumors and it can mediate antibody induced melanoma
apoptosis. Histochem Cell Biol. 2012;138:653-667.

Papay J, Krenacs T, Moldvay J, et al. Immunophenotypic
profiling of nonsmall cell lung cancer progression using the
tissue microarray approach. Appl Immunohistochem Mol
Morphol. 2007;15:19-30.

Wakade DV, Carlos G, Hwang SJ, et al. PD-1 inhibitors
induced bullous lichen planus-like reactions: a rare presen-
tation and report of three cases. Melanoma Res. 2016;26:421-
424,

Tetzlaff MT, Nagarajan P, Chon S, et al. Lichenoid dermato-
logic toxicity from immune checkpoint blockade therapy: a
detailed examination of the clinicopathologic features. Am J
Dermatopathol. 2017;39:121-129.

Feldstein SI, Patel F, Larsen L, et al. Eruptive keratoacantho-
mas arising in the setting of lichenoid toxicity after pro-
grammed cell death 1 inhibition with nivolumab. J Eur Acad
Dermatol Venereol. 2018;32:e58-e59.

Kratzsch D, Simon JC, Ziemer M. Lichen planus-like drug
eruption on anti-PD-1 therapy. J Dtsch Dermatol Ges. 2017;15:
1238-1240.

Khokhar MO, Kettle J, Palla AR. Debilitating skin toxicity
associated with pembrolizumab therapy in an 81-year-old
female with malignant melanoma. Case Rep Oncol. 2016;9:
833-839.

Denny J, Chong H, Akhras V. Lichen planus in a patient
treated with pembrolizumab for metastatic malignant mel-
anoma. Clin Exp Dermatol. 2018;43:354-356.

Komori T, Honda T, Irie H, et al. Lichen planus in irradiated
skin during nivolumab treatment. Acta Derm Venereol. 2017;
97:391-392.

Chou S, Zhao C, Hwang SJE, et al. PD-1 inhibitor-associated
lichenoid inflammation with incidental suprabasilar acanthol-
ysis or vesiculation—report of 4 cases. J Cutan Pathol. 2017;
44:851-856.

Maarouf M, Alexander C, Shi VY. Nivolumab reactivation of
hypertrophic lichen planus, a case report and review of
published literature. Dermatol Online J. 2018;24:13030/qt4
xf465wW6.

. Diaz-Perez JA, Beveridge MG, Victor TA, et al. Granulomatous

and lichenoid dermatitis after IgG4 anti-PD-1 monoclonal


http://refhub.elsevier.com/S0190-9622(20)30671-X/sref41
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref41
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref41
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref42
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref42
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref42
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref42
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref43
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref43
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref43
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref44
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref44
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref44
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref45
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref45
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref45
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref45
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref45
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref46
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref46
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref46
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref47
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref47
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref48
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref48
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref48
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref49
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref49
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref49
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref49
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref50
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref50
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref50
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref50
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref51
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref51
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref51
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref51
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref52
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref52
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref52
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref52
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref53
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref53
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref53
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref53
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref54
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref54
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref54
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref54
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref55
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref55
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref55
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref55
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref56
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref56
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref56
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref57
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref57
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref57
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref57
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref58
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref58
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref58
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref58
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref59
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref59
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref59
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref60
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref60
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref60
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref60
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref60
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref61
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref61
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref61
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref61
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref61
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref62
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref62
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref62
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref63
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref63
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref63
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref64
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref64
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref65
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref65
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref65
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref65
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref66
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref66
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref66
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref66
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref67
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref67
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref67
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref67
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref68
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref68
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref68
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref68
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref69
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref69
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref69
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref69
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref70
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref70
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref70
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref71
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref71
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref71
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref71
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref72
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref72
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref72
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref73
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref73
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref73
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref74
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref74
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref74
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref74
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref74
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref75
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref75
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref75
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref75
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref76
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref76

] AM ACAD DERMATOL
Vorume 83, NUMBER 5

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

antibody therapy for advanced cancer. J Cutan Pathol. 2018;
45:434-438.

Lindner AK, Schachtner G, Tulchiner G, et al. Immune-related
lichenoid mucocutaneous erosions during anti-PD-1 immu-
notherapy in metastatic renal cell carcinoma—a case report.
Urol Case Rep. 2019;23:1-2.

Biolo G, Caroppo F, Salmaso R, et al. Linear bullous lichen
planus associated with nivolumab. Clin Exp Dermatol. 2019;
44:67-68.

Strickley JD, Vence LM, Burton SK, et al. Nivolumab-induced
lichen planus pemphigoides. Cutis. 2019;103:224-226.

Fixsen E, Patel J, Selim MA, et al. Resolution of
pembrolizumab-associated  steroid-refractory  lichenoid
dermatitis with cyclosporine. Oncologist. 2019;24:e103-e105.
Schaberg KB, Novoa RA, Wakelee HA, et al. Immunohisto-
chemical analysis of lichenoid reactions in patients treated
with anti-PD-L1 and anti-PD-1 therapy. J Cutan Pathol. 2016;
43:339-346.

Lee M, Seetharamu N. An atypical presentation of lichen
planus-like reaction from pembrolizumab. Case Rep Dermatol
Med. 2019;2019:4065437.

Danlos FX, Pages C, Baroudjian B, et al. Nivolumab-induced
sarcoid-like granulomatous reaction in a patient with
advanced melanoma. Chest. 2016;149:e133-e136.

Birnbaum MR, Ma MW, Fleisig S, et al. Nivolumab-related
cutaneous sarcoidosis in a patient with lung adenocarci-
noma. JAAD Case Rep. 2017;3:208-211.

Lomax AJ, McGuire HM, McNeil C, et al. Immunotherapy-
induced sarcoidosis in patients with melanoma treated with
PD-1 checkpoint inhibitors: case series and immunopheno-
typic analysis. Int J Rheum Dis. 2017;20:1277-1285.

Paolini L, Poli C, Blanchard S, et al. Thoracic and cutaneous
sarcoid-like reaction associated with anti-PD-1 therapy: lon-
gitudinal monitoring of PD-1 and PD-L1 expression after
stopping treatment. J Immunother Cancer. 2018;6:52.
McKenna MC, Molloy K, Crowther S, et al. Pembrolizumab-
related sarcoid-like reaction presenting as reactivation of
quiescent scars. J Oncol Pract. 2018;14:200-201.

Dimitriou F, Frauchiger AL, Urosevic-Maiwald M, et al.
Sarcoid-like reactions in patients receiving modern mela-
noma treatment. Melanoma Res. 2018;28:230-236.

Ogawa T, Ishitsuka Y, lwamoto K, et al. Programmed cell
death 1 blockade-induced cutaneous sarcoid-like epithelioid
granulomas in advanced melanoma: a case report. J Eur Acad
Dermatol Venereol. 2018;32:e260-e261.

Laroche A, Alarcon Chinchilla E, Bourgeault E, et al. Erythema
nodosum as the initial presentation of nivolumab-induced
sarcoidosis-like reaction. J Cutan Med Surg. 2018;22:627-629.
Zhang Y, Liu Z, Tian M, et al. The altered PD-1/PD-L1 pathway
delivers the ‘one-two punch’ effects to promote the
Treg/Th17 imbalance in pre-eclampsia. Cell Mol Immunol.
2018;15:710-723.

Goldinger SM, Stieger P, Meier B, et al. Cytotoxic cutaneous
adverse drug reactions during anti-PD-1 therapy. Clin Cancer
Res. 2016;22:4023-4029.

Nayar N, Briscoe K, Fernandez Penas P. Toxic epidermal
necrolysis-like reaction with severe satellite cell necrosis
associated with nivolumab in a patient with ipilimumab
refractory metastatic melanoma. J Immunother. 2016;39:149-
152.

Saw S, Lee HY, Ng QS. Pembrolizumab-induced Stevens-
Johnson syndrome in non-melanoma patients. Eur J Cancer.
2017;81:237-239.

Sundaresan S, Nguyen KT, Nelson KC, et al. Erythema
multiforme major in a patient with metastatic melanoma

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111

112.

113.

Simonsen et al 1423

treated with nivolumab. Dermatol Online J. 2017;23:
13030/qt2513974h.

Haratake N, Tagawa T, Hirai F, et al. Stevens-Johnson
syndrome induced by pembrolizumab in a lung cancer
patient. J Thorac Oncol. 2018;13:1798-1799.

Griffin LL, Cove-Smith L, Alachkar H, et al. Toxic epidermal
necrolysis (TEN) associated with the use of nivolumab (PD-1
inhibitor) for lymphoma. JAAD Case Rep. 2018;4:229-231.
Salati M, Pifferi M, Baldessari C, et al. Stevens-Johnson
syndrome during nivolumab treatment of NSCLC. Ann Oncol.
2018;29:283-284.

Shah KM, Rancour EA, Al-Omari A, et al. Striking enhance-
ment at the site of radiation for nivolumab-induced Stevens-
Johnson syndrome. Dermatol Online J. 2018;24:13030/qt9
793t63v.

Kumar R, Bhandari S. Pembrolizumab induced toxic
epidermal necrolysis. Curr Probl Cancer. 2020;44:100478.

Liu RC, Sebaratnam DF, Jackett L, et al. Subacute cutaneous
lupus erythematosus induced by nivolumab. Australas J
Dermatol. 2018;59:e152-e154.

Shao K, McGettigan S, Elenitsas R, et al. Lupus-like cutaneous
reaction following pembrolizumab: an immune-related
adverse event associated with anti-PD-1 therapy. J Cutan
Pathol. 2018;45:74-77.

Zitouni NB, Arnault JP, Dadban A, et al. Subacute cutaneous
lupus erythematosus induced by nivolumab: two case re-
ports and a literature review. Melanoma Res. 2019;29:212-
215.

Wouters A, Durieux V, Kolivras A, et al. Bullous lupus under
nivolumab treatment for lung cancer: a case report with
systematic literature review. Anticancer Res. 2019;39:3003-
3008.

Marano AL, Clarke JM, Morse MA, et al. Subacute cutaneous
lupus erythematosus and dermatomyositis associated with
anti-programmed cell death 1 therapy. Br J Dermatol. 2019;
181:580-583.

Nishimura H, Minato N, Nakano T, et al. Immunological
studies on PD-1 deficient mice: implication of PD-1 as a
negative regulator for B cell responses. Int Immunol. 1998;10:
1563-1572.

Kristjansdottir H, Steinsson K, Gunnarsson |, et al. Lower
expression levels of the programmed death 1 receptor on
CD4+CD25+ T cells and correlation with the PD-1.3A
genotype in patients with systemic lupus erythematosus.
Arthritis Rheum. 2010;62:1702-1711.

Belum VR, Benhuri B, Postow MA, et al. Characterisation and
management of dermatologic adverse events to agents
targeting the PD-1 receptor. Eur J Cancer. 2016;60:12-25.
Sibaud V. Dermatologic reactions to immune checkpoint
inhibitors: skin toxicities and immunotherapy. Am J Clin
Dermatol. 2018;19:345-361.

Guidry J, Brown M, Medina T. PD-1 inhibitor induced alopecia
areata. Dermatol Online J. 2018;24:13030/qt2vj8b7cv.
Lakhmiri M, Cavelier-Balloy B, Lacoste C, et al. Nivolumab-
induced alopecia areata: a reversible factor of good prog-
nosis? JAAD Case Rep. 2018;4:761-765.

Bousquet E, Zarbo A, Tournier E, et al. Development of
papulopustular rosacea during nivolumab therapy for met-
astatic cancer. Acta Derm Venereol. 2017;97:539-540.
Tomelleri A, Campochiaro C, De Luca G, et al. Anti-PD1
therapy-associated cutaneous leucocytoclastic vasculitis: a
case series. Eur J Intern Med. 2018;57:e11-e12.

Kudo F, Watanabe Y, Iwai Y, et al. Advanced lung adenocar-
cinoma with nivolumab-associated dermatomyositis. Intern
Med. 2018;57:2217-2221.


http://refhub.elsevier.com/S0190-9622(20)30671-X/sref76
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref76
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref77
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref77
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref77
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref77
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref77
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref78
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref78
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref78
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref79
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref79
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref80
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref80
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref80
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref81
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref81
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref81
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref81
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref82
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref82
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref82
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref83
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref83
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref83
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref84
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref84
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref84
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref85
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref85
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref85
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref85
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref86
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref86
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref86
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref86
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref87
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref87
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref87
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref88
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref88
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref88
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref89
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref89
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref89
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref89
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref90
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref90
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref90
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref91
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref91
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref91
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref91
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref92
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref92
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref92
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref93
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref93
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref93
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref93
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref93
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref94
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref94
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref94
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref95
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref95
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref95
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref95
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref96
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref96
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref96
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref97
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref97
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref97
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref98
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref98
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref98
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref99
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref99
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref99
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref99
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref100
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref100
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref101
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref101
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref101
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref102
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref102
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref102
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref102
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref103
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref103
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref103
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref103
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref104
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref104
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref104
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref104
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref105
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref105
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref105
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref105
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref106
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref106
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref106
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref106
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref107
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref107
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref107
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref107
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref107
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref107
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref107
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref108
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref108
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref108
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref109
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref109
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref109
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref110
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref110
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref111
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref111
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref111
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref112
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref112
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref112
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref113
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref113
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref113
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref114
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref114
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref114

1424 Simonsen et al

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

Kosche C, Stout M, Sosman J, et al. Dermatomyositis in a
patient undergoing nivolumab therapy for metastatic mela-
noma: a case report and review of the literature. Melanoma
Res. 2020;30:313-316.

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

Tjarks BJ, Kerkvliet AM, Jassim AD, et al. Scleroderma-like skin
changes induced by checkpoint inhibitor therapy. J Cutan
Pathol. 2018;45:615-618.

Khoja L, Maurice C, Chappell M, et al. Eosinophilic fasciitis
and acute encephalopathy toxicity from pembrolizumab
treatment of a patient with metastatic melanoma. Cancer
Immunol Res. 2016;4:175-178.

Wang CY, Khoo C, McCormack CJ, et al. Acute localised
exanthematous pustulosis secondary to pembrolizumab.
Australas J Dermatol. 2017;58:322-323.

Zhao CY, Consuegra G, Chou S, et al. Intracorneal pustular
drug eruption, a novel cutaneous adverse event in anti-
programmed cell death-1 patients that highlights the effect
of anti-programmed cell death-1 in neutrophils. Melanoma
Res. 2017;27:641-644.

Tetzlaff MT, Jazaeri AA, Torres-Cabala CA, et al. Erythema
nodosum-like panniculitis mimicking disease recurrence: a
novel toxicity from immune checkpoint blockade therapy-
Report of 2 patients. J Cutan Pathol. 2017;44:1080-1086.
Nakamura Y, Fujino T, Kagamu H, et al. Induction of immune
reaction in benign melanocytic nevi without halo during
nivolumab therapy in a patient with melanoma. JAMA
Dermatol. 2017;153:832-834.

Korman AM, Tyler KH, Kaffenberger BH. Radiation recall
dermatitis associated with nivolumab for metastatic malig-
nant melanoma. Int J Dermatol. 2017;56:e75-e77.

Ogawara D, Soda H, lkehara S, et al. Nivolumab infusion reaction
manifesting as plantar erythema and pulmonary infiltrate in a
lung cancer patient. Thorac Cancer. 2017;8:706-709.

Lavacchi D, Nobili S, Brugia M, et al. A case report of eyelid
Merkel cell carcinoma occurring under treatment with

125.

126.

127.

128.

129.

130.

131.

132.

133.

] AM AcAaD DERMATOL
Novemeer 2020

nivolumab for a lung adenocarcinoma. BMC Cancer. 2018;
18:1024.

Lederhandler MH, Ho A, Brinster N, et al. Severe oral
mucositis: a rare adverse event of pembrolizumab. J Drugs
Dermatol. 2018;17:807-809.

Rambhia PH, Honda K, Arbesman J. Nivolumab induced
inflammation of seborrheic keratoses: a novel cutaneous
manifestation in a metastatic melanoma patient. Melanoma
Res. 2018;28:475-477.

Chen WS, Tetzlaff MT, Diwan H, et al. Suprabasal acantholytic
dermatologic toxicities associated checkpoint inhibitor ther-
apy: a spectrum of immune reactions from paraneoplastic
pemphigus-like to Grover-like lesions. J Cutan Pathol. 2018;
45:764-773.

Woodbeck R, Metelitsa Al, Naert KA. Granulomatous tumoral
melanosis associated with pembrolizumab therapy: a mim-
icker of disease progression in metastatic melanoma. Am J
Dermatopathol. 2018;40:523-526.

Bezinelli LM, Eduardo FP, Migliorati CA, et al. A severe,
refractory case of mucous membrane pemphigoid after
treatment with pembrolizumab: brief communication. J
Immunother. 2019;42:359-362.

Haddad N, Vidal-Trecan T, Baroudjian B, et al. Acquired
generalized lipodystrophy under immune checkpoint inhibi-
tion. Br J Dermatol. 2020;182:477-480.

Haraszti S, Polly S, Ezaldein HH, et al. Eruptive squamous cell
carcinomas in metastatic melanoma: an unintended
consequence of immunotherapy. JAAD Case Rep. 2019;5:
514-517.

Brahmer JR, Lacchetti C, Schneider BJ, et al. Management of
immune-related adverse events in patients treated with
immune checkpoint inhibitor therapy: American Society of
Clinical Oncology Clinical Practice Guideline. J Clin Oncol.
2018;36:1714-1768.

Haanen J, Carbonnel F, Robert C, et al. Management of
toxicities from immunotherapy: ESMO Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2017;28:iv119-iv142.


http://refhub.elsevier.com/S0190-9622(20)30671-X/sref115
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref115
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref115
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref115
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref116
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref116
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref116
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref117
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref117
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref117
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref118
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref118
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref118
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref118
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref119
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref119
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref119
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref120
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref120
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref120
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref120
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref120
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref121
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref121
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref121
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref121
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref122
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref122
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref122
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref122
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref123
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref123
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref123
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref124
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref124
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref124
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref125
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref125
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref125
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref125
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref126
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref126
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref126
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref127
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref127
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref127
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref127
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref128
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref128
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref128
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref128
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref128
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref129
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref129
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref129
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref129
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref130
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref130
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref130
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref130
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref131
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref131
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref131
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref132
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref132
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref132
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref132
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref133
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref133
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref133
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref133
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref133
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref134
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref134
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref134
http://refhub.elsevier.com/S0190-9622(20)30671-X/sref134

	Cutaneous adverse reactions to anti–PD-1 treatment—A systematic review
	Methods
	Inclusion and exclusion criteria
	Data extraction

	Results
	Vitiligo/depigmentation
	Clinical presentation
	Pathogenesis
	Management

	Psoriasis
	Clinical presentation
	Pathogenesis
	Management
	Clinical presentation

	Bullous pemphigoid
	Clinical presentation
	Pathogenesis
	Management

	Lichenoid reactions
	Clinical presentation
	Pathogenesis
	Management

	Granulomatous skin reactions
	Clinical presentation
	Pathogenesis
	Management

	Toxic epidermal necrolysis/Stevens-Johnson syndrome/erythema multiforme
	Clinical presentation
	Pathogenesis
	Management

	Lupus erythematosus
	Clinical presentation
	Pathogenesis
	Management

	Nonspecific cutaneous reactions
	Sporadic cutaneous adverse reactions

	Conclusion
	References


