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Abstract

Immune checkpoint inhibitors are increasingly being used to treat various malignancies. Despite
their efficacy, they are known to potentially cause immune-related adverse effects, including
dermatological manifestations. A rare cutaneous immune-related adverse effect is scleroderma,
which has been reported to occur with anti-programmed cell death-1 (PD-1) agents such as
pembrolizumab and nivolumab. This may present with skin tightening and hardening at any
point during or after immunotherapy. We present the case of a 54-year-old Caucasian woman
who, following 16 doses of pembrolizumab for breast cancer, developed clinical features of
scleroderma confirmed on histology. She was initially treated with oral corticosteroids, followed
by oral psoralen-UVA, with poor response, but eventually improved with methotrexate. A lit-
erature review revealed 12 other cases of scleroderma following pembrolizumab treatment and
6 cases of scleroderma following nivolumab treatment. Males and females were both affected,
and their ages ranged from 33 to 81 years. Scleroderma developed at different stages of
pembrolizumab or nivolumab therapy. Although scleroderma is not commonly drug-induced,
anti-PD-1 agents may be a rare cause and it is important to elicit an accurate drug history,
including immunotherapy, in such cases.
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Introduction

Immune checkpoint inhibitors (ICIs) are increasingly being used to treat various ma-
lignancies. They can potentially cause various dermatological side effects, including vitiligo,
morbilliform rash, urticaria, dermatitis, Stevens-Johnson syndrome and toxic epidermal
necrolysis [1, 2]. Scleroderma has also rarely been reported with anti-PD-1 agents such as
pembrolizumab and nivolumab [3] and may present with skin tightening and hardening at
any point during or after immunotherapy. There are various factors and predictors that are
involved in the treatment response and toxicity of immunotherapy, of which there is a need for
better comprehension [4]. These include reliable predictors of response to ICIs, which would
be vital to modulate their therapeutic responses [4], and better understanding of the role of
potential biomarkers [5-7].

Case Report

A 54-year-old Caucasian woman was referred by her oncologist to the dermatology clinic with
a 2-month history of diffuse, painful, and itchy skin tightening, which started on her distal ex-
tremities then gradually also affected her trunk and abdomen. There was no history to suggest
Raynaud’s phenomenon, difficulty with swallowing or gastrooesophageal reflux, and no history of
previous skin problems or autoimmune disease. She had a history of an extra-skeletal osteosarcoma
of her left leg when she was 45 years old, which was fully excised and treated with radiotherapy.

She was diagnosed with triple negative (oestrogen receptor, progesterone receptor, HER2
receptor negative) right breast carcinoma in September 2019 and initially received a neo-
adjuvant treatment regimen of carboplatin-paclitaxel-pembrolizumab, started in December
2019. She was originally planned to receive a total of 4 cycles (carboplatin and paclitaxel
administered on days 1, 8, and 15; and pembrolizumab administered on day 21 of each cycle),
however, only received three cycles due to severe adverse effects, including lethargy, nausea,
vomiting, diarrhoea, headaches, dizziness and paraesthesia in both lower limbs. She un-
derwent right wide local excision with axillary clearance in March 2020, followed by 3 weeks
of radiotherapy to the right breast and right axillary lymph nodes. This was followed by a
further 13 cycles of 200 mg pembrolizumab every 3 weeks, started in July 2020.

The patient was doing well on pembrolizumab, however, following cycle 9 she developed
an erythematous rash with hardness of skin and swelling over her right breast at the site of
her previous radiotherapy. This was deemed to be due to radiation recall and was treated with
hydrocortisone cream with good effect. The pembrolizumab was continued with no further
skin issues and treatment was completed in April 2021, after 13 cycles.

Three months after her final cycle of pembrolizumab, the patient experienced persistent
pruritus with skin erythema which initially affected her extremities, but later also the trunk,
and was associated with gradually worsening skin induration and discomfort. Low dose oral
prednisolone and betamethasone valerate cream were prescribed by her oncologists with
minimal effect. In view of this, the patient was referred to the dermatology clinic.

Examination revealed diffuse skin sclerosis with induration, thickening, and erythema in
the affected areas (Fig. 1, 2). There were no obvious telangiectasia apart from on the right
chest in the same area that was treated previously with radiotherapy. The digits were un-
affected with no signs of swelling, ischaemia, or calcinosis. The clinical impression was of
scleroderma secondary to pembrolizumab. Investigations including a complete blood count,
anti-nuclear antibody (ANA), rheumatoid factor IgM, total extractable nuclear antigen, ANCA,
anti-citrullinated peptide, RNA polymerase III antibody, anti-Scl 70, anti-centromere, anti-RO
52, and anti-ribonucleoprotein antibodies were all unremarkable.
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Fig. 1. Skin tightening with erythema, induration
and skin thickening affecting the patient’s forearms
and hands bilaterally.

Skin biopsies from the left forearm and the right side of upper abdomen, respectively,
revealed a thickened dermis with hyalinised sclerotic collagen fibre bundles that extended
into the subcutis in thick bands. Mild thickening of the blood vessel walls could also be
appreciated (Fig. 3). A Hale’s colloidal iron stain revealed very focal deposition of scanty
mucin between the collagen fibres. These histological features were in keeping with a di-
agnosis of scleroderma.

Given that the patient had already responded unfavourably to topical and oral corticosteroids,
oral psoralen-UVA (PUVA) therapy was added with, however;, only minimal improvement after 2
months. PUVA was therefore stopped and methotrexate was prescribed instead (initially 5 mg
weekly then increased gradually over 3 months to 15 mg weekly). The patient reported gradual
improvement of her pain and erythema, however, significant skin stiffness persisted. The latter
was managed further with physiotherapy. The skin fibrosis generally improved, but remained
noticeable, especially over her right upper limb. The patient is currently still receiving metho-
trexate. The patient’s timeline of diagnoses and treatment is outlined (shown in Fig. 4). She has also
remained well from an oncological point of view and her most recent PET scan was unremarkable.

Discussion
Scleroderma is an autoimmune multisystem connective tissue disorder characterized by

skin fibrosis which may be limited or diffuse, causing skin tightening and hardening, and
possibly fibrosis of other organ systems such as the lung and vascular involvement [8, 9].
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Fig. 2. Skin tightening with erythema, induration and skin thickening affecting the patient’s thorax and
bilateral lower limbs.

Fig. 3. Low power view showing thickened dermis
with hyalinised sclerotic collagen fibre bundles
extending into the subcutis in thick bands and mild
thickening of the blood vessel walls (Haematoxylin
and eosin (H&E) stain x40).

Aetiopathogenesis is complex and is thought to include genetic and environmental factors
[10]. Malignancy may play a role in scleroderma in two main ways. Scleroderma may be
triggered through cytokines or hormones secreted by the tumour cells which lead to cytotoxic
and autoantibody responses. In such cases, the scleroderma is termed paraneoplastic and this
was a differential diagnosis in our case. Scleroderma may also develop secondary to
immunotherapy-induced immune disruption [11].

It may be clinically difficult to differentiate with certainty between paraneoplastic
scleroderma and ICl-induced scleroderma in an individual patient; however, the literature
offers some possible clues which may help distinguish between the two. Raynaud’s phe-
nomenon, organ involvement, nailfold capillary abnormality, and ANA and RNA polymerase III
antibody positivity do not usually feature in drug-induced scleroderma [10, 12]. The timeline
of events may also be indicative, in that paraneoplastic scleroderma usually predates the
diagnosis of malignancy or both are diagnosed at around the same time [10]. In our case,
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September 2019

Diagnosed with triple negative right breast cancer.

December 2019- January 2020

Received 3 cycles of pembrolizumab-carboplatin-paclitaxel, 2 doses of pembrolizumab at day 21 of each cycle.

March 2020

Patient underwent right wide local excision with axillary clearance.

May 2020-June 2020

Completed 3 weeks of radiotherapy to the right breast and right axillary lymph nodes.

July 2020- April 2021

Received 13 cycles of 200mg pembrolizumab every 3 weeks.

July 2021- September 2021

Scleroderma first noted (Fig 1, Fig 2). Initially treated with oral prednisolone and topical betamethasone
valerate. Referred to Dermatology.

September 2021- December 2021

Seen by Dermatologists (Fig 1, Fig 2). Punch biopsies sent for histology confirmed the diagnosis of scleroderma.

October 2021- December 2021

PUVA trialed with minimal improvement to patient condition.

December 2021- present

PUVA stopped. Started Methotrexate 5mg weekly, gradually increased to 15mg weekly.

Fig. 4. Timeline outlining the patient’s diagnoses and treatment.

scleroderma developed after the patient had already been treated with surgery, radiotherapy
and finished a course of planned immunotherapy. She had no Raynaud’s phenomenon, no
organ involvement elsewhere and her immunology screen (including RNA polymerase 111
antibody) was negative, making drug-induced scleroderma more likely.

I-
Karger<

844


https://www.karger.com/cro
https://www.karger.com/cro
https://doi.org/10.1159/000533373
https://www.karger.com/cro

845

Case Rep Oncol 2023;16:840-850
DOI: 10.1159/000533373

© 2023 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cro

Farrugia et al.: Scleroderma Secondary to Pembrolizumab

(e8ed Suimogjoj uo panunuo))

XL JO sypuowt z uiyqm BUIOUIDIED (0z02)
BULI9PO.IJ[IS JO UOIIN[OSAI 1030k plojewnayl pajead[d gunj 90 [s1] noyreg
‘paddois qewnzijoiquiad 91eXa.110YI9 N So[0Ad Q€ JoYVy Alpiwt ‘erusedoyna  [[BWS-UON SJIB3A 09 oO[eWS{ pue Aue[q[y
aamisod zg oy-nue (0z02)
‘utened papppads  ewouldaed [sT] TE 30
‘paddols qewnzijoaquiad SP10.193S0011.100 JIWAISAS quour T JI9Yy 091/1 VNV 2anIisod [erPyroa sieak Gz d9[eN  Zel(Q-zaeang
"93eXa.130}oW 91eX3.110IDIN (6102)
uo PazI[Iqels euLIdPOIdIS auinbolo[yoAxoapAy [61] Te 30
‘paddols qewnzijoiquiad ‘auo[ostupald 0Z 91042 1oy [IN ewouep] SlIedk €& oewa] [[Puu0)
'syPam g/3y/8w § qewxijul
‘syppam ¢/3 T aprweydsoydo[ofd
"qeWIXI[Jul Joye ‘Aep/8w g1 auojosiupaid (6102)
eaydiow jo juawasoidu] [e10 ‘9yeuordoad [oselaqo[d BIWO)}SOJ9X ‘SSAUAIP [81] Te 30
‘paddols qewnzijoiquiad [eo1doy ‘Aep/3w T aumdIY[0) 9 9241 19y  Je[noo ‘eid[elyile ‘0311  BWOUBP| SIedk /.  dlewd] BELRINAE)S|
‘panoadur eaydiop (8102) [£1]
‘paddols qewnzijoiquiad Aep/3y /3w g auosiupald G oA 1YY  (Y/ww 8€) YSH poreas[d  BWOUBR| SIedk 19 e [e 3@ Sudy)
3un[ jo aseq 3Jo1 sopoeId
A1oyeardsur ‘sarreqides
‘S¥HPaMm ploj[teu jo uonefip
7T JaA0 Juswaaoxduur auosiupaad priw ‘ewsyphis renduntiad
‘paddois qewnzijoiquiad ‘auinbo.uo[yoAxoipAH G 904D JoYy ‘uouswiouayd s,pneudey  BWOUBR]N SIedL 6/ dleN
JuauIIea) JO YoM g
urgum juswaaoadur [najow arejousydodfw urajoad (2102) [1]
‘paddols qewnzijoiquiad ‘urnqojdounwiwi] ‘auosiupald €T 9[040 oYy aAnoeal-) pasiel A[P[IN  BWOUBR| SIedk 99 d[eN '[e 3° Bsoqleg
"SyaM
9 I9)Je paAjosal A[fenpe.td
euLopols[ds pue paddoys (£102) [91]
SEM qewnzijolquad auosiupald G 910hd 19y SN  PWOUBRIN SJIedh ¢/ e 'Te 10 Aouays
ode  Jopuad
awodnQ BULI9PO.JS[DS 0] JUSUIIEdL], swoldwAs jo 3asuQ s3uipuy aanisod 19y3Q odAy 1eoue) jusned Jusned (1eak) Joyany

qewnzijoiquiad 03 AIEPUOJAS BULIOPOIS[IS JO Sased parlodald Jo malalaaQ | djqeL

-

Karger-<


https://www.karger.com/cro
https://www.karger.com/cro
https://doi.org/10.1159/000533373
https://www.karger.com/cro

846

Case Rep Oncol 2023;16:840-850
DOI: 10.1159/000533373

© 2023 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cro

Farrugia et al.: Scleroderma Secondary to Pembrolizumab

'V 39[01ae1 N + Udelosd ‘YANd ‘DIl UoneIuUdWIPas 9420 pAIe YSH ‘Apoqnue Jespnu-nue ‘YN ‘pajels jou ‘SN

qewnzijolquad
Jo sapfd ¢ pue Jaoued
'ssomy3n urs [oxelped-unerdoqed Isealq [aseo
JO 90UdISISId "BWAYIAID 91eXa.1103 N -qewnzijoiquad aAnedau sip] €202
pue ured jo juswasoadu] ‘VANd ‘@uojosiupald JO S9pAd ¢ 1YY IIN oldLL], SIeak $S o[eWdy ‘e1dn.Lrey
paxanyowad
-qewnzijolquad
JO s9[24d 17 pue eruaedoyfooydwA]
paxanowad-unejdoq.reds pue s[iydouisos  ewoum.Ied (zz02)
Adesayyozoyd -qewnzijoiquad MO ‘S[9A9] 9SeUaZ0IpAYSP 3uny 90 [zZ] Te ¥
‘dn moj[oJ 03 350[ JUaned Ty-19[01ABLN ‘DuUolosiupald [elQ JO S9pAd 9 JoYyY 9]e10B[ PAJeAd[d  [[BWS-UON SJedk 79 oewd{  JI[ydIquien
"paA[osal jou Ing paaoiduil
BULISPOII[IS "SYIUOW BWOUIDIED (0z02)
G'Z J9)je palleisal pue [_jow arejousaydoofw 3un| (22 [t12] Te e
PRYYIM qewnzijorquiad ‘auojostupardiAyrajy SN 09T/T YNV 2Anisod  [[ews-UON sieak 1g 9N Diifeurefes
‘aptwreydsoydoo4d jo aanisod 11
S9[242 9 J9)Je BULIDPOII[IS aserowA[od YNY-DUe ‘YNY  ewouldIed
Jo jJuawaaoxdu aanisod ‘Adoosoueided 3uny 90
‘paddols qewnzijoaquiad  aprweydsoydopL£d ‘uosiupald 9 924D Iy plojjieu [euLlouqy  [[BWS-UON SIedA £G 9[ewady
‘pappe aprweydsoydo[oAd senieuLIouqe
9ouay ‘auosiupald Je[ndSeA0IDIW JJeIopoW 0}  BWOUIIIED
Jo sxeam 9 Joye priw-Adoosoerides piojjreu 3uny a0 (0z02) [o2]
BULIOPOIS[IS Jo uolsualxy  oaprureydsoydo(pAdo ‘@uosiupald 1 94 1Yy ‘Ov9/1 VNV 2ADISOd  [[BWS-UON SIeaf g o[ewd] ‘[e 30 JALLID],
o3e  Jspuad
awoNnQ BULISPOID[OS 10J JUSWIEAL], swoydwAs jo 3asuQ sSuipuy aanisod JoyyQ odAy dsoue) jusned usned (Jesd) Joyiny

(penunuod) | syqeL

-

Karger-<


https://www.karger.com/cro
https://www.karger.com/cro
https://doi.org/10.1159/000533373
https://www.karger.com/cro

847

Case Rep Oncol 2023;16:840-850
DOI: 10.1159/000533373

© 2023 The Author(s). Published by S. Karger AG, Basel

www.karger.com/cro

Farrugia et al.: Scleroderma Secondary to Pembrolizumab

"93el UONEIUSWIPAS 914001AI8 “YSH ‘Apoquiue JIeapnu-pue ‘YNY ‘polels 1ou ‘SN

‘paajosal A@31a[dwiod jou

‘AdesaypoisAyd quaunyuio
ajeuordoad suoselaqopd
‘Adesayy snousaaenjul

qewmnuyid
-qewn[oAIu
paurquod

eIse[eyoe AIqowt

[eadeydosao paaredw ‘09T

T VNV ‘urajoad aanoeat-)

(tzo2) [82]

nq pasoadurr eaoydiop pasind auoseylawexa JIaye syjuow 0T pateaspd ‘eriydoulsoy BWOUB[I]N sIead 79  oewaq ‘Te 10 uedue
sypuowt 6 ‘A[9reUIa)[E SABD GT .10
I9)je Juswaoldw]  A[rep 9ouo wead [orodio[ed snouadowoy 0zg/1
‘panNuUIIUOdSIP pue SAEBP GT x A[IEp 901M3 WEd.1D pue aenuelsd 0ze/T VNV (1z02)
J0U Sem qeWN[OAIN 9je0anj auosejowow [edtdo],  s9[2Ld £¢ 19y ‘031[11A ‘wisiproifyrodAy BUWOUEB[IA sieak g oeway [Z] e 30 Jeoy
uoISSIWaI Uay)
‘panoadurr eaoydion ‘Aep/SW §'ZT Pl0.I8ISOINI0D (8102) [92]
‘paddois qewn[oAlN JTWASAS 9SOP MO S9[IAd ZT J9Yy 'spIsoonw (eI BWOUB[AN sieak 0/ orewad  [e 19 o[eg [ed
‘pasosdwll BULISPOIS[IS ‘[majowr aejousaydoofw
'sa[0Ad gz Joye uayy ‘Ajrep Sw 1 03 urajoad BUIOUID.IED (8102)
panuURuUodSIp qewn[oAlN umop patade) auosiupald [el)  S9[04D 9T 19y oAnNOEdI-) puB YSH paress[q [[90 TeUay s1eah 19 orelN [sz] e 18 syrel],
‘panunuodsip SYIUOW 6 J9A0 UMOP (8102)
J0U SeM qewn[OAIN paiadey auojosiupald [e1)  S9[0Ad QT IoYVy 03I[IMA ewoue[d]y ueLreuadenydag sfem [¥z] e 3@ oyd
‘pasoadur eaoyd.iopy
‘Aoearyjoul [eo1dojoouo 's1eak BUWOUID.IED
03 anp syauow 9 g Joye eaoyd.aow jo asdeal E)p)i%) guny 90 (9102) [£2] T3
Joye paddols qewn[oAlN B Sem 9sed SIY} ‘90U Jo [IN G/Syuowl Z Iayy [IN [[ews-uoN SIead g9 oewd  Zayoues-a13a[y
swoydwAs JI9pussd
awodnQ BULI9PO.IS[OS JO JUSUIELAL], Jo 39suQ s3uipuy aanisod 1oyaQ0 odA) 1eoue) ade juaped  jusned (1eaf) 1oyny

qewnjoAlu 0} AIBPU0JIS BULIPOII[IS JO Sased parlodal Jo malAlanQ g djqel

-

Karger-<


https://www.karger.com/cro
https://www.karger.com/cro
https://doi.org/10.1159/000533373
https://www.karger.com/cro

Case Rep Oncol 2023;16:840-850

DOI: 10.1159/000533373 © 2023 The Author(s). Published by S. Karger AG, Basel
www.karger.com/cro

Farrugia et al.: Scleroderma Secondary to Pembrolizumab

[Cls are a recent breakthrough in oncology treatment of various malignancies via immune
mediated responses against tumour growth [13]. ICIs are monoclonal antibodies and include
cytotoxic T-lymphocyte-associated protein 4 (CLTA-4) inhibitors, programmed cell death-1
(PD-1) inhibitors, or programmed cell death ligand-1 (PD-L1) inhibitors [3]. Pembrolizumab
is a selective immunoglobulin G4-kappa monoclonal antibody that inhibits PD-1. The use of
pembrolizumab as immunotherapy was first approved in 2014 for the treatment of metastatic
melanoma [1, 14], and later on for other malignancies such as non-small cell lung cancer [3],
urothelial carcinoma [15] and triple-negative breast cancer such as in our case.

An emergent downside of these ICls is immune-related adverse events (irAEs) which
could involve the skin. Cutaneous adverse effects which have been reported with anti-PD-1
agents such as pembrolizumab and nivolumab include dermatoses such as vitiligo, mor-
billiform rash, urticaria, dermatitis, Stevens-Johnson syndrome, and toxic epidermal nec-
rolysis [1, 2]. Scleroderma is another, but less reported, adverse effect of pembrolizumab and
nivolumab [1]. These irAEs occur secondary to erroneous immune system activation against
self-antigens. The severity and incidence of irAEs depend on various factors, which include
the type of tumour and the type of ICI used, amongst others [5].

We performed an extensive literature review to collate all the reported cases of pem-
brolizumab- and nivolumab-induced scleroderma up to June 2022. PubMed and Google
Scholar were used to search for cases, using the terms “scleroderma,” “pembrolizumab,” and
“nivolumab.” In total, 12 other cases of pembrolizumab-induced scleroderma and 6 cases of
nivolumab-induced scleroderma were found. These, together with our case, are summarized
in Tables 1 and 2.

In our review, eight males and eleven females were affected, with their ages ranging from
33 years old to 81 years old. Skin changes of scleroderma developed at different stages of
treatment, in some cases as early as after the first cycle of immunotherapy. Treatment options
utilized included corticosteroids, methotrexate, hydroxychloroquine, cyclophosphamide,
mycophenolate mofetil, immunoglobulins, and infliximab, with varying response. In most
cases, the scleroderma stabilized within a few months of treatment (Tables 1, 2).

The underlying mechanism behind scleroderma secondary to PD-1 inhibitors is not yet
fully understood. It is known that through the inhibition of PD-1, pembrolizumab, or ni-
volumab cause increased CD4 T-cell activity which in turn promotes a T-helper cell response
[29]. Several authors have suggested that a profibrotic state is created via type 2 macrophage
polarization which promotes fibroblast activation and excessive extracellular matrix pro-
duction. This may in turn lead to an increase in dermal thickness. ICI-induced scleroderma
appears to only occur with PD-1 antagonists and to our knowledge has not been reported with
CTLA-4 or PD-L1 inhibitors [20].

Conclusion

Immunotherapy is a relatively new treatment in oncology and further research regarding
different factors which play a role in immunotherapy response is still needed. However, so far,
immunotherapy has shown great efficacy and potential in the treatment of various malig-
nancies. This report aims to create awareness that pembrolizumab and nivolumab may rarely
cause scleroderma. Clinical diagnosis and management of scleroderma in this setting may be
challenging, and an accurate drug history and dermatological input are recommended in such
cases. The CARE Checklist has been completed by the authors for this case report, attached as
online supplementary material (for all online suppl. material, see https://doi.org/10.1159/
000533373).
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