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Abstract
A 67-year-old man with non-small-cell lung carcinoma was referred to our department be-
cause of a pruritic rash on his head and upper extremities. Prior to the development of the 
rash, he had received 4 cycles of combination therapy with pemetrexed, carboplatin, and 
pembrolizumab, followed by 2 cycles of pembrolizumab monotherapy. On physical examina-
tion, violaceous scaly erythema grouped on his scalp and upper extremities. Histologically, 
the scalp lesions demonstrated irregular acanthosis that formed a characteristic saw-tooth 
appearance with hypergranulosis and typical lichenoid tissue reaction. These findings sug-
gested that the scalp lesions were lichen planus. Two-week administration of topical cortico-
steroid dramatically improved the rash. Immunotherapy with pembrolizumab, an anti-PD-1 
antibody, can induce T-cell activation that results in various immune-related adverse effects 
such as lichenoid tissue reaction. However, lichen planus is generally found on the extremities 
and/or oral mucosa, and unlike in this case, the scalp is rarely affected. Although the exact 
mechanism underlying predominant scalp involvement is unknown, the present case indicates 
that anti-PD-1 therapy-induced lichen planus can develop not only on the extremities and oral 
mucosa but also on the scalp. Interestingly, the lesions were not induced by the combination 
of chemotherapy and pembrolizumab; rather, they occurred soon after initiation of pembro-
lizumab monotherapy. In the present case, pembrolizumab-induced T-cell activation which 
triggered lichenoid tissue reaction may have been suppressed by chemotherapy-induced 
immunosuppression. Dermatologists should have a thorough knowledge of the cutaneous 
lesions that manifest as irAEs of anti-PD-1 therapy.
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Introduction

Pembrolizumab is a humanized antibody to programmed death receptor 1 (PD-1) that 
inhibits the interaction between PD-1 and its ligand, programmed death ligand 1 (PD-L1). 
While immunotherapies with anti-PD-1 antibodies have shown significant clinical efficacy in 
the treatment of advanced-stage melanoma, non-small-cell lung carcinoma, and several other 
malignant diseases, they can induce T-cell activation that causes various immune-related 
adverse effects (irAEs) including maculopapular rash, vitiligo, pruritis, thyroiditis, hepatitis, 
diabetes mellitus, hypophysitis, and myasthenia gravis [1–3]. In addition, recent studies 
reported that lichen planus (LP) is also a common cutaneous irAE associated with anti-PD-1 
therapies [2–6]. LP is a T-cell-mediated inflammatory keratinizing disease that develops in 
skin and mucosa, and LP involving the scalp has rarely been described [7]. We herein present 
an unusual case of pembrolizumab-induced LP that occurred on the scalp of a patient with 
lung adenocarcinoma.

Case Report/Case Presentation

A 67-year-old man with non-small-cell lung carcinoma was referred to our department 
because of 1-month history of a pruritic rash on his head and upper extremities. Prior to 
the development of the rash, he had received 4 cycles of combination therapy with peme-
trexed, carboplatin, and pembrolizumab, followed by 2 cycles of pembrolizumab mono-
therapy. On physical examination, violaceous, scaly, erythematous plaques with a diameter 
of 1–2 cm were grouped on the patient’s scalp (Fig. 1A). The plaques were surrounded by 
erythema and pigmentation. Similar keratotic erythematous lesions were scattered on the 
dorsum of the patient’s hands and forearms (Fig. 1B). Dermoscopic examination of a scalp 
lesion demonstrated a whitish area at the center of the lesion, surrounded by dotted or 
linear hyperpigmentation (Fig. 1C). A skin biopsy specimen obtained from the scalp lesion 
showed orthokeratotic hyperkeratosis, irregular acanthosis that formed a characteristic 
saw-tooth appearance with hypergranulosis, and a lichenoid reaction characterized by 
liquefaction degeneration with prominent necrosis of individual keratinocytes and band-
like lymphocytic infiltrates (Fig. 1D, E). Two-week administration of topical corticosteroids 
dramatically improved the rash.

Discussion/Conclusion

In the present case, erythematous plaques developed mainly on the patient’s scalp. 
Generally, LP lesions occur preferentially on the extremities and/or oral mucosa, while 
the scalp is rarely affected. LP-like lesions accompanied by scarring alopecia, a syndrome 
referred to as lichen planopilaris, was reported in 1 patient treated with pembrolizumab 
[7]. The patient in the present case showed no fibrosing alopecia, and band-like lympho-
cytic infiltration had mainly an interfollicular rather than folliculocentric distribution.  
In addition, histopathological examination revealed typical histological features of LP, 
such as band-like lymphocytic infiltration in the superficial dermis, liquefaction degener-
ation, and individual cell necrosis of the basal layer. These findings suggest that the scalp 
lesions were LP rather than lichen planopilaris. Although the exact mechanism underlying 
predominant scalp involvement is unknown, the present case indicates that anti-PD-1 
therapy-induced LP can develop not only on the extremities and oral mucosa but also on 
the scalp.
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The histological features described above also suggest that activated T lymphocytes 
attack basal keratinocytes, including epidermal stem cells. Damaged basal keratinocytes have 
decreased proliferation potential, causing them to exhibit delayed upward movement (in other 
words, an extended epidermal turnover time), followed by hypergranulosis and retention 
hyperkeratosis. Interestingly, the stratum corneum shows compact hyperkeratosis accom-
panied by cracks parallel to the skin surface without a basket-weave like structure. Oyama 
et al. [8] reported that in the normal stratum corneum, desmoglein 1 was distributed only in 
the lateral cell-cell contact areas of the plasma membrane and not on the ventral plasma 
membrane, while in LP, desmoglein 1 was observed homogenously on the ventral surface 
of corneocytes. This homogenous distribution of desmoglein 1 may contribute to loss of 
flexibility and to compact hyperkeratosis with cracks, which together with hypergranu-
losis result in the scaly, whitish, smooth surface of the lesions on clinical and dermoscopic 
examination.

Although the pathogenesis of the lichenoid reaction as a cutaneous irAE remains to 
be elucidated, several mechanisms have been proposed; for instance, the reaction may  
be mediated by an unmasked antigen, it may be generated by generalized upregulation 
of the immune system, and/or a neoantigen may be directly created by the anti-PD-1 
antibody [9]. In any case, histopathological findings indicate a T-cell-mediated auto-
immune process. Interestingly, in the present case, the LP lesions were not induced by 
the combination of chemotherapy and pembrolizumab; rather, they occurred soon after 
initiation of pembrolizumab monotherapy. Maarouf et al. [10] also reported a similar case of 
nivolumab-induced LP that had previously improved after chemotherapy for non-small-cell 
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Fig. 1. Clinical features of lichen planus in the context of pembrolizumab therapy. A Violaceous, scaly, ery-
thematous plaques with a diameter of 1–2 cm were grouped on the patient’s scalp. Dermoscopic findings of 
the lesion indicated by the arrowhead are presented in (C). B Several violaceous, scaly, erythematous lesions 
are distributed on the dorsum of the hands. C Dermoscopic findings of the scalp lesion in the context of pem-
brolizumab therapy (arrowhead in A). There is a whitish structure at the center of the lesion accompanied by 
peripheral pigmentation. D, E Histopathology of lichen planus on the scalp in the context of pembrolizumab 
therapy. D At low-power view, hyperkeratosis, irregular acanthosis with hypergranulosis, liquefaction degen-
eration, and necrosis of individual keratinocytes were observed. E Band-like lymphocytic infiltrates at the 
dermal-epidermal junction are noted. Both (D, E) are hematoxylin and eosin stain. Original magnifications: ×40 
(D) and ×100 (E).
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lung cancer. Anti-PD-1 therapy interrupts the PD-1/PD-L1 interaction and thereby acti-
vates T cells, which may trigger an autoimmune response against keratinocytes and finally 
induce LP. Although it is difficult to conclude that delayed development of LP in our case 
is related to chemotherapy as irAEs sometimes occur long term after initiation of anti-
PD-1 therapies even without chemotherapy, we hypothesize that chemotherapy-induced 
immunosuppression may have attenuated T-cell activity and then suppressed development 
of LP lesions.

Basically, anti-PD-1 therapy should not be terminated due to skin rash since most of 
previously reported cases with LP induced by anti-PD-1 antibodies were successfully 
treated with topical corticosteroid and did not require cessation of anti-PD-1 antibodies. 
However, some cases show severe clinical manifestation in which LP lesions occurred all 
over their body or intractable oral ulcers. In such cases, termination of anti-PD-1 therapy 
and high dose of systemic corticosteroid would be needed to improve the mucocutaneous 
lesions [1, 4, 7, 9].

In conclusion, we demonstrated an unusual case of LP as an irAE of pembrolizumab that 
developed preferentially on the scalp. Dermatologists should have a thorough knowledge of 
the cutaneous lesions that manifest as irAEs of anti-PD-1 therapy.
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