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RESUMO

Mitsunaga ACSP. Melanoma em couro cabeludo: caracteristicas epidemioldgicas,
dermatoscopicas, histopatolégicas e moleculares. [Tese]. Sdo Paulo; Fundagdo Antonio

Prudente; 2021.

Introdugao: O melanoma ¢ um cancer de pele que tem origem nos melandcitos e pode aparecer
em qualquer parte do corpo. Embora represente apenas 3% dos casos de cancer de pele no
Brasil, € o tipo mais grave devido a sua alta possibilidade de provocar metastases. O prognostico
desse cancer pode ser considerado bom se detectado precocemente. O couro cabeludo ¢ uma
regido frequentemente negligenciada durante o exame dermatolégico e de dificil autoexame
pelo paciente. O melanoma em couro cabeludo (MCC) representa 3-5% de todos os melanomas
e historicamente ¢ associado a pior prognostico. O diagnostico tardio devido a cobertura capilar
e as dificuldades na interpretacdo dos achados dermatoscopicos sdo possiveis explicagdes para
isso. E reconhecido que o melanoma é o cincer mais frequentemente mutado e o perfil
mutacional associado ao MCC ainda ndo foi descrito. O conhecimento da apresentacao usual
do MCC pode ajudar a compreender as razoes para seu pior prognostico. Materiais e métodos:
Através de prontudrios eletronicos, foram identificados os pacientes com melanoma
diagnosticados entre 2008 e 2018. Foram comparadas as carateristicas clinicas e
histopatologicas dos MCC com os melanomas em tronco / membros e cabega e pescogo. Foram
selecionados os MCC com imagens dermatoscopicas e laminas histopatologicas do banco de
dados do A.C.Camargo Cancer Center. As bidpsias foram revisadas e os MCC foram
classificados em termos de alopecia androgenética e dano actinico na area tumoral. O perfil
genético usando DNA gendmico dos tumores foi realizado para o painel de 14 genes e gene
NF1. Resultados: 3.026 melanomas foram diagnosticados no periodo estudado. 453 (14,9%)
localizavam-se na regido da cabeca e pescoco, sendo 154 (5,1%) no couro cabeludo. MCC foi
significativamente associado a sexo masculino, invasao perineural, ulceracdo e mitose. Quando
comparado a tronco e membros, idade mais elevada é esperada para pacientes com MCC,
maiores chances de serem invasivos do que in situ e, quando invasivos, apresentarem maior
espessura de Breslow. Dos 154 MCC, 48 tinham imagem dermatoscopica e material histologico
na institui¢do. Destes, 45,8% apresentavam alopecia androgenética moderada / grave e 54,1%

elastose. MCC localizado em areas com alopecia / elastose androgenética foi associado a idade



avancada (p <0,001), dano solar cronico (p <0,001), subtipo lentigo maligno (p = 0,029) e
padrdo dermatoscépico de fotodano (p <0,001). 41 casos foram avaliados para o painel de 14
genes: 53,6% tinham mutagdes e 46,3% eram melanomas selvagens. A mutacdo BRAF (77%)
foi mais comumente detectada, com BRAF V600K sendo mais frequente (47%) do que BRAF
V600E (29,4%). 40 amostras foram avaliadas para o gene NF1: 20% eram mutadas para este
gene. Conclusées: MCC foi mais frequente em homens idosos, diagnosticado com maior
espessura de Breslow e associado a presenca de invasdo perineural, mitose e ulceragcdo. Nossos
achados sugerem que o MCC se apresenta de forma diferente em areas cobertas por cabelo em
compara¢do com areas com alopecia. Maior espessura de Breslow em MCC sem alopecia pode
ser resultante de diagnodstico tardio. A alta frequéncia de mutagdes prognosticas adversas

também pode explicar o pior prognéstico do MCC.

Descritores: Melanoma. Couro Cabeludo. Neoplasias Cutaneas/epidemiologia



ABSTRACT

Mitsunaga ACSP. [Scalp melanoma: epidemiological, dermatoscopic, histopathological

and molecular features]. [Tese]. Sdo Paulo; Fundacao Antonio Prudente; 2021.

Introduction: Melanoma is a skin cancer that originates in melanocytes and can appear
anywhere in the body. Although it represents only 3% of skin cancer cases in Brazil, it is the
most serious type due to its high possibility of causing metastases. The prognosis of this cancer
can be considered good if it is detected early. The scalp is a region that is frequently neglected
during dermatological examination and is difficult for the patient to self-examine. Scalp
melanoma (SM) represents 3-5% of all melanomas and it is historically associated with a worse
prognosis. Late diagnosis due to capillary coverage and difficulties in interpreting dermoscopic
findings are possible explanations for this. It is recognized that melanoma is the most frequently
mutated cancer and the mutational profile associated with SM has not yet been described.
Knowing the usual presentation of SM can help to understand the reasons for its worse
prognosis. Materials and methods: Through electronic medical records, patients with
melanoma diagnosed between 2008 and 2018 were identified. The clinical and
histopathological characteristics of SM were compared with melanomas in the trunk / limbs
and head and neck. Among the SM, those with dermoscopic images and histopathological slides
from the A.C.Camargo Cancer Center database were selected. Biopsies were reviewed and SM
were classified in terms of androgenetic alopecia and actinic damage in the tumor area. Genetic
profiling using genomic DNA of tumors was performed for the 14 gene panel and the NF1 gene.
Results: 3.026 melanomas were diagnosed during the study period. 453 (14.9%) were located
in the head and neck region, with 154 (5.1%) in the scalp. SM was significantly associated with
male sex, perineural invasion, ulceration and mitosis. When compared to trunk and limbs, older
age is expected for patients with SM, greater chances of being invasive than in situ and, when
invasive, presenting greater Breslow thickness. Of the 154 SM, 48 had dermoscopic imaging
and histological material at the institution. Of these, 45.8% had moderate/severe androgenetic
alopecia and 54.1% had elastosis. SM located in areas with androgenetic alopecia/elastosis was
associated with older age (p<0.001), chronic solar damage (p<0.001), lentigo maligna subtype
(p=0.029) and dermoscopic pattern of photodamage (p<0.001). 41 cases were evaluated for the

14 gene panel: 53.6% had mutations and 46.3% were wild melanomas. The BRAF mutation



(77%) was more commonly detected, with BRAF V600K being more frequent (47%) than
BRAF V600E (29.4%). 40 samples were evaluated for the NF1 gene: 20% were mutated for
this gene. Conclusions: SM was more often in elderly men, diagnosed with greater Breslow
thickness and associated with the presence of perineural invasion, mitosis and ulceration. Our
findings suggest that SM presents differently in areas covered by hair compared to areas with
androgenetic alopecia. Greater Breslow thickness in SM without alopecia may result from late
diagnosis. The high frequency of adverse prognostic mutations may also explain the worse

prognosis of SM.

Key words: Melanoma. Scalp. Skin Neoplasms/epidemiology.
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1 INTRODUCAO

1.1 RAZOES DO ESTUDO

O melanoma cutaneo ¢ problema de satde publica, particularmente em populagdes de
fototipos baixos. Trata-se de uma neoplasia complexa decorrente da interagdo de multiplos
fatores genéticos e ambientais; e exibe também um padrao de desenvolvimento especifico do
local em que surge (Wood et al. 2020).

O couro cabeludo ¢ uma regido frequentemente negligenciada durante o exame
dermatoldgico, além de ser de dificil autoexame pelo paciente. Associada a esses fatores, a
auséncia de sintomas em neoplasias iniciais contribui para o atraso no diagnostico e pior
prognoéstico do melanoma nesta localizagao (Lachiewicz et al. 2008).

O couro cabeludo representa uma regido anatdmica especial, com caracteristicas
especificas tais como a alta concentracao de foliculos pilossebéceos, o rico suprimento vascular
e linfatico e a maior densidade de melanécitos. A quantidade média de melanocitos no couro
cabeludo ¢ de 1060 melandcitos/mm?, ao passo que nas nadegas é de 565 e no abdome 578
melandcitos/mm?. Os tumores melanociticos originados neste local apresentam aspectos e
comportamentos peculiares, como a alta predilecdo de nevos azuis para esta regido e o fato de
os melanomas do couro cabeludo (MCC) terem um pior prognostico do que os melanomas em
qualquer outro local, com taxas mais altas de mortalidade e de recorréncia (Steck 2010).

As razdes para esse pior progndstico sdo ainda incertas e discutidas na literatura. Uma
hipodtese recorrente seria de que a cobertura pelo cabelo resultaria em diagndstico mais tardio,
visto que as lesdes iniciais estariam ocultas e dificilmente acessiveis ao exame clinico
(Zalaudek et al. 2004; Torres et al. 2010;(Pereira et al. 2021) (Figura 1). O intrigante nessa
hipodtese € a alta incidéncia de MCC em pacientes calvos. Benati et al. (2017a) contrariando
essa hipotese, descreveram 33 MCC nos quais a espessura de Breslow foi maior para os tumores
localizados em areas calvas do que para os tumores localizados em 4reas cobertas por cabelo.
Os autores especularam que a idade mais avangada no grupo de pacientes calvos poderia
justificar o comportamento mais agressivo do tumor nesses pacientes e, adicionalmente, que os
pacientes mais idosos sdo propensos a nao procurarem atendimento médico e terem diagndstico

mais tardio.
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Outra hipotese para o frequente diagndstico de melanomas mais espessos nessa regiao
seria a alta propor¢cdo de melanomas com rapido crescimento vertical, como melanomas
nodulares (Figura 2) e desmoplésicos (Figura 3), subtipos reconhecidamente associados a dano
solar cronico (Xie et al. 2017). O elevado fluxo sanguineo e linfatico (Pasquali et al. 2015) e a
dificuldade de se obter margens adequadas (Dabouz et al. 2015) (Figura 3) sdo outras hipoteses
levantadas para justificar o pior progndstico do melanoma neste local.

O melanoma tem uma das taxas de mutagao mais altas de todos os canceres humanos,
especialmente em pele cronicamente exposta ao sol, devido a exposi¢do cronica aos raios
ultravioleta (DeWane et al. 2019). O perfil genético do melanoma parece distinguir pacientes
com baixo risco de recorréncia metastatica de pacientes com alto risco de recorréncia. A
presenga da mutagdo BRAF V600K esta associada a idade mais elevada, dano solar crénico e
menor intervalo livre de doenga (Menzies et al. 2012; Pires da Silva et al. 2019). A possivel
maior prevaléncia da mutacdo BRAF V600K no MCC pode ser outra explicagdo para seu pior
prognoéstico. Assim, o conhecimento do perfil mutacional do MCC poderd esclarecer o
comportamento deste tumor, ja descrito no passado como “assassino invisivel” (Benmeir et al.

1995).



Figura 1 - Melanoma do tipo extensivo superficial oculto sob o cabelo. (A) Paciente do sexo
masculino, 54 anos, com melanoma extensivo superficial, espessura de Breslow 0,4mm, oculto sob o cabelo. (B)
Paciente do sexo feminino, 48 anos, com melanoma extensivo superficial, espessura de Breslow 0,4mm, que estava
oculto sob o cabelo e tornou-se visivel ao exame clinico apos paciente apresentar queda de cabelo pela

quimioterapia iniciada para cancer de mama. (C) A dermatoscopia, presenga de rede atipica e regressao.
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Figura 2 - Melanoma do tipo nodular em paciente sexo masculino, 74 anos, com melanoma

nodular em vértex couro cabeludo, espessura de Breslow 5,5mm. (A) Papula amelanética de 7mm;

(B) A dermatoscopia, presenca de vasos polimorfos e ulceragio.



Figura 3 - Melanoma do tipo desmoplasico em paciente sexo masculino, 71 anos, com melanoma desmoplasico com acometimento de toda

espessura da pele e invasdo da calota craniana ao diagndstico. (A) Placa amelanética mal delimitada; (B) A dermatoscopia, presenca de vasos polimorfos e ulceragio.

(C) Ressonancia Magnética de cranio revelando invaséo de calota craniana pelo tumor.



Figura 4 - Melanoma espesso e extenso exemplificando a dificuldade em obtengao de margens

cirargicas adequadas. Paciente sexo masculino, 28 anos, com melanoma extensivo superficial espesso e

extenso, exemplificando a dificuldade de margens cirurgicas adequadas em couro cabeludo.



Figura S - Melanomas do tipo lentigo maligno em pacientes do sexo masculino, com alopecia

androgenética. (A) Paciente 58 anos de idade, com extensa micula acastanhada, bordas irregulares e mal
delimitadas em couro cabeludo. (B) A dermatoscopia, pigmentagio peri folicular irregular e acinzentada, areas de
regressao, estruturas romboidais;(C) Paciente com 77 anos de idade, com méacula enegrecida mal delimitada em
regido parietal direita; (D) A dermatoscopia, extensas areas de regressio, pigmentagdo peri folicular acinzentada

e irregular e granularidade peri folicular.



Figura 6 - Melanomas do tipo extensivo superficial de novo (espessura de Breslow 0,3mm no

caso A/B e 0,9mm no caso C/D). (A) Paciente do sexo masculino, 45 anos, com mécula acastanhada e
enegrecida, bordas irregulares em couro cabeludo. (B) A dermatoscopia, rede atipica, 4reas de regresséo, crisalidas
e borrdes assimétricos;(C) Paciente do sexo feminino, 50 anos com macula enegrecida em regido parietal direita;

(D) A dermatoscopia, véu branco azulado, globulos irregulares e rede invertida.



Figura 7 - Melanomas do tipo extensivo superficial associados a nevo (A/B, espessura de

Breslow 1,1mm e nevo intradérmico associado; C/D, in situ e nevo intradérmico). (A) Paciente
do sexo feminino, 27 anos, com mécula acastanhada om bordas irregulares em regido inter parietal. (B) A
dermatoscopia, rede invertida e globulos atipicos;(C) Paciente do sexo masculino, 43 anos com macula

acastanhada em couro cabeludo; (D) A dermatoscopia, rede atipica, globulos atipicos e areas de regressio.
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1.2 REVISAO DA LITERATURA

1.2.1 Epidemiologia

A incidéncia mundial de melanoma cutaneo tem aumentado nas populagdes ocidentais
nos ultimos 30 anos, com algumas estimativas mostrando uma duplica¢do no niimero de casos
nas ultimas duas décadas (Arnold et al. 2014). Segundo o Instituto Nacional do Cancer (INCA),
o melanoma representa 3% dos casos de canceres de pele no Brasil, com 8.450 casos novos
esperados para 2020, sendo 4.200 em homens e 4.250 em mulheres (Ministério da Satde 2020).

Os melanomas localizados na regido de cabegca e pescoco correspondem a
aproximadamente 20% dos casos nos grandes coortes: 26,7% em um estudo regional francés
(Dabouz et al. 2015); 18% dos melanomas invasivos nos EUA, de acordo com o programa de
Vigilancia, Epidemiologia e Resultados Finais (Lachiewicz et al. 2008); 15-24% de todos os
melanomas em outras populagdes europeias (Garbe et al. 1995; Gillgren et al. 2000; Juzeniene
et al. 2012).

Os melanomas em cabeca e pescoco merecem consideragao especial por varias razoes.
Em primeiro lugar, sdo mais frequentes do que o esperado proporcionalmente a superficie desta
area anatdmica, com uma frequéncia estimada de 12-26% dos melanomas cutineos
concentrados em 9% de toda a superficie corporal. Em segundo lugar, ocorrem em pessoas mais
velhas, e sua incidéncia pode aumentar consideravelmente com o aumento generalizado da
expectativa de vida nos paises desenvolvidos. Finalmente, varios estudos demonstraram que os
melanomas localizados em cabega e pescogo tém um prognostico pior do que os melanomas
em outros locais (Dabouz et al. 2015).

Os melanomas localizados em couro cabeludo, um subgrupo do melanoma de cabega e
pescoco, representam 35% dos casos de melanoma de cabega / pescogo e 3-5% de todos os
melanomas cutdneos em grandes coortes (De Giorgi et al. 2012). O MCC ¢ mais comum em
pacientes do sexo masculino, ocorre em média seis vezes mais em homens do que em mulheres
(Gillgren et al. 2000); em pacientes em faixas etdrias mais elevadas, idade média 65 anos, quase
10 anos mais velhos que pacientes com melanomas localizados em tronco e membros (idade
média 55 anos) (Fadaki et al. 2013). A alopecia androgenética propicia maior exposi¢ao do
couro cabeludo aos raios solares e ¢ considerada um fator de risco para melanoma nesse local
(Green et al. 2006; Li et al. 2016). Por ser mais comum no sexo masculino e em faixas etarias
mais elevadas, pode ser uma justificativa para o MCC ocorrer com maior frequéncia em
homens. Historia de dano solar cronico e antecedente de cancer de pele sdo comuns em

pacientes com melanoma em couro cabeludo (Lesage et al. 2013). O MCC apresenta risco de
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obito aproximadamente 2 vezes maior do que os tumores localizados em extremidades, mesmo
apods o ajuste para a espessura de Breslow, idade, sexo e presenga de ulceracdo (Lachiewicz et
al. 2008; Sparks et al. 2017). Ozao-Choy et al. (2017) confirmaram que o MCC representa um
fator independente preditor de pior sobrevida melanoma especifico e sobrevida global. Esses
autores concluem que o MCC representa uma entidade distinta e ¢ responsavel pelo pior

prognostico historicamente associado ao grupo de melanoma em cabeca e pescogo.

1.2.2 Dermatoscopia

O diagndstico precoce e a subsequente excisdo cirurgica sdo os pontos chaves para o
prognostico favoravel do melanoma, independente da sua localizagdo. A introdugdo da
dermatoscopia, cujos primeiros artigos publicados datam de 1987, forneceu novas pistas
morfologicas que aprimoraram o diagnostico precoce desse tumor. Esta técnica de baixo custo
e ndo invasiva desenvolveu-se ao longo dos ultimos 20 anos, disseminou-se e tornou-se
ferramenta indispenséavel ao dermatologista. Comparada ao exame a olho nu, a dermatoscopia
aumenta a acuracia diagndstica do melanoma em até 30% (Vestergaard et al. 2008).

Os padrdes dermatoscopicos dessa neoplasia sdo afetados pela localizagao anatomica,
pelo padrdo de exposicdo solar e pelo perfil de mutagdes associadas ao tumor. Em geral, os
melanomas em pele ndo glabra tendem a exibir uma ou mais das 10 estruturas especificas de
melanoma ao exame dermatoscépico (Apéndice 3). Os melanomas localizados em face ou em
areas de pele com dano solar cronico (PDSC) tendem a exibir um padrao distinto de estruturas
dermatoscdpicas (Apéndice 4) (Jaimes e Marghoob 2013; Jaimes et al. 2015). Apesar dos
avancos em entender as caracteristicas do melanoma em face e tronco e sua relagdo com a
espessura de Breslow, exposi¢do solar e perfil molecular o padrdo dermatoscopico do MCC
tem sido pouco investigado (Zalaudek et al. 2004; Torres et al. 2010).

Em trés relatos de casos de MCC, os autores observaram caracteristicas de melanomas
em face (Torres et al. 2010), de melanomas em tronco (Zalaudek et al. 2004) e tanto de
melanomas em face quanto em tronco (Hofmann-Wellenhof 2013).

Em estudo multicéntrico da Sociedade Internacional de Dermatoscopia, Stanganelli et
al. (2012) avaliaram 71 MCC. Os autores observaram caracteristicas tanto de melanomas em
face quanto de melanomas nao faciais. Os melanomas finos foram associados a rede atipica ou
pseudo-rede e regressdao, ao passo que os espessos foram associados a véu branco azulado,
borrdes ou pontos irregulares, ou padrao inespecifico. Nem o padrao dermatoscopico € nem a
espessura do melanoma mostraram correlagdo com a presenca de alopecia androgenética.

Embora o MCC seja frequentemente detectado em pacientes calvos com dano solar cronico, a
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completa gama de caracteristicas dermatoscopicas de melanoma em PDSC ndo foi avaliada
neste estudo. Detectar melanoma em PDSC pode ser desafiador, visto que suas caracteristicas
frequentemente se sobrepdem as observadas em lesdes benignas.

Garbarino et al. (2021) analisaram 97 melanomas planos em couro cabeludo; os subtipos
lentigo maligno (LM) / lentigo maligno melanoma (LMM) foram os mais frequentes (64%),
seguidos pelo subtipo melanoma extensivo superficial (MES) (33%). A dermatoscopia, a
presenga de pseudo rede, estruturas romboidais pigmentadas, foliculos obliterados e padrao
anular-granular foram associados aos diagnosticos de LM, enquanto o véu branco-azulado foi
mais associado ao MES. Nesta série, o melanoma invasivo foi mais frequentemente do subtipo
MES. Os autores levantam hipdtese de os LM apresentarem lento crescimento e diagndstico
mais facil por estarem expostos ao exame clinico.

Na série publicada por Benati et al. (2017b) os achados mais frequentes em 19 MCC
estudados foram pseudo-rede atipica, estruturas de regressdo e borrdes irregulares. Contudo, os
autores ndo correlacionaram os achados dermatoscopicos com alopecia androgenética ou com
espessura de Breslow.

Essa alta variabilidade dermatoscopica do MCC se deve provavelmente a possibilidade
de encontrarmos na area do couro cabeludo uma variedade de subtipos histopatologicos de
melanoma: LM (Figura 5) e LMM especialmente em pacientes calvos com PDSC; MES de
novo (Figura 6) ou associado a nevo (Figura 7) em pacientes sem alopecia; melanoma nodular
(MN). Além disso, um subtipo raro de melanoma, o melanoma desmoplasico (MD) ¢ mais
frequentemente encontrado na regido da cabega / pescogo (Licata et al. 2021).

O melanoma desmoplasico (MD) ¢ uma variante incomum, representando 4% de todos
os melanomas, embora no couro cabeludo possa ser responsavel por até 20% dos casos (Xie et
al. 2017). Mais da metade dos MD encontram-se em regido de cabega e pescogo, € este subtipo
de melanoma ¢ mais comum em homens idosos, associado a PDSC (Chen et al. 2013; Xu et al.
2018). O diagnostico do MD ¢ desafiador, ele apresenta-se clinicamente como um nddulo ou
papula amelanotica e a dermatoscopia com padrao vascular atipico, pontos acinzentados (Maher
etal. 2017).

O melanoma nodular € responsavel por aproximadamente 14% dos melanomas, embora
seja responsavel por mais de 50% dos Obitos por melanoma (Mar et al. 2012). MN caracteriza-
se por rapido crescimento vertical se comparado ao subtipo extensivo superficial (0,49mm/més
x 0,13mm/més de espessura) (Cicchiello et al. 2016). E mais frequente em regido cabecga e
pescogo, em pacientes do sexo masculino e idosos. Frequentemente ¢ amelandtico, simétrico,

elevado e pequeno em diametro (Kalkhoran et al. 2010). Os MN frequentemente apresentam
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padrao clinico e dermatoscopico inespecifico. A regra EGF “Elevation, Growth, Firmness”
revela as caracteristicas desse subtipo de tumor, que se apresenta elevado, endurecido e de
rapido crescimento (Moscarella et al. 2017). A regra do preto-azulado, que inclui a presenga de
uma combinacdo de 4reas pigmentadas em azul e preto envolvendo pelo menos 10% da
superficie da lesdo, permite aumentar a acurdcia diagnostica do MN com a dermatoscopia

(Argenziano et al. 2011).

1.2.3 Patologia

Morfologicamente, a classificacdo do melanoma do couro cabeludo segue os subtipos
de melanoma cutdneo encontrados em outras partes do corpo: extensivo superficial, lentigo
maligno (LM), nodular (MN) ou lentiginoso acral. A morfologia ndo se relaciona diretamente
com a sobrevivéncia, mas sim a espessura de Breslow. Os MCC sdo frequentemente
diagnosticados mais espessos (Fisher 1989; Cappello et al. 2013; Saaiq et al. 2020). Os tumores
de crescimento rapido parecem ter uma influéncia maior na espessura do tumor do que o
diagnéstico tardio (Richard et al. 1999). Os melanomas nodulares e desmoplasicos ocorrem
com maior frequéncia no couro cabeludo e sdo subtipos associados a maior espessura de
Breslow, faixas etarias elevadas e dano solar cronico. Ambos sdo comumente amelanoticos e
caracterizados por rapido crescimento (De Giorgi et al. 2012; Xie et al. 2017).

Embora os pacientes com melanomas finos (< 1mm de espessura de Breslow)
apresentem baixo risco de obito por melanoma (em torno de 1,5%), esse risco € 6 vezes maior
se o melanoma fino for localizado em couro cabeludo (Claeson et al. 2020).

A satelitose, seja microssatélites ou satélites detectaveis clinicamente, estd associada a
menor sobrevida livre de doenga, altas taxas de metastases nodais ¢ altas taxas de recorréncia
local (Bartlett et al. 2014). A satelitose ¢ uma caracteristica associada a tumores mais espessos
e tem uma forte associacdo com MCC (Terakedis et al. 2014).

Os MCC também sao associados a altas taxas mitoticas, envolvimento linfo vascular e
neurotropismo, caracteristicas histolégicas comuns em tumores mais espessos € com piores

prognosticos (Baer et al. 1995; Kashani-Sabet et al. 2001; Shen et al. 2014).

1.2.4 Molecular

O melanoma ¢ uma doenca fenotipica e molecularmente heterogénea. A descoberta das
anormalidades moleculares associadas a esse tumor tem revolucionado o tratamento da doenga
avangada: inicialmente, com testes genéticos Unicos para a mutacao em BRAF para indicagdo

de terapia alvo; e hoje com painéis mais amplos que permitem avaliar muta¢des adicionais
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capazes de predizer falha terapéutica. Adicionalmente, os testes moleculares podem
complementar a histopatologia no diagndstico de lesdes melanociticas ambiguas, e contribuir
para entender as diferencgas bioldgicas e clinicas observadas entre os diferentes subtipos de
melanoma (Whiteman et al. 2011).

E reconhecido também que o melanoma é o cancer mais frequentemente mutado, com
mutacdes predominantemente causadas pelo efeito mutagénico da radiagdo ultravioleta. A
carga e as consequéncias da radiacdo ultravioleta recebida por um individuo variam
significativamente de acordo com o tipo de exposicao solar (Howard et al. 2019). Por este
motivo, os distintos padroes de exposicdo solar determinaram uma nova classificagdo do
melanoma em trés grupos: melanoma em PDSC, melanoma em pele intermitentemente exposta
ao sol e melanoma em pele ndo exposta ao sol. Esta nova classificagdo tem sido usada em
substituicdo a tradicional classificagdo em quatro grupos (melanoma extensivo superficial,
melanoma nodular, lentigo maligno e melanoma lentiginoso acral) (Bastian 2014; DeWane et
al. 2019).

Melanomas em pele intermitentemente exposta ao sol, tais como tronco e extremidades,
desenvolvem-se mais frequentemente em idades mais precoces e estdo associados a alta
contagem de nevos e poucos canceres de pele ndo melanoma. Sao geralmente do tipo extensivo
superficial e apresentam forte associacdo com mutacdo do gene BRAF (Bastian 2014).
Melanomas em PDSC surgem mais frequentemente em individuos acima de 60 anos de idade,
predominantemente em face, orelha, pescogo e extremidades inferiores; ndo se associam a
nimero aumentado de nevos, mas sim a sinais de alta exposic¢ao solar cumulativa. Mutacdes no
gene BRAF sdo infrequentes, ao passo que mutagdes no gene KIT e NRAS sdo mais observadas
(Whiteman et al. 2011; Sakaizawa et al. 2015).

Os melanomas em pele nao exposta ao sol incluem os melanomas acrais e os localizados
em mucosas. Nos primeiros, a mutagdo em BRAF ocorre em até 15% dos casos ao passo que
nos segundos ¢ ausente. Muta¢des em KIT ocorrem em 15 a 40% e em NRAS em 15% tanto
para os melanomas acrais quanto para os de mucosa (Bastian 2014).

Recentemente, foi proposta uma classificacio do melanoma baseada em subtipos
genomicos, com a descrigao de 4 grupos designados como: BRAF, RAS, NF1 e triplo negativo
(Cancer et al. 2016).

A mutagdo no gene BRAF pode ser encontrada em 35% a 50% dos melanomas e ¢ mais
frequente em pele sem fotodano cronico. Até mais que 80% das mutacdes sao VO60OE, seguidas
pela mutaga0 V600K em 10 a 20% dos casos(Pires da Silva et al. 2019). O melhor fator preditor

isolado para melanoma-BRAF mutado ¢ a idade. Pacientes abaixo de 55 anos de idade tém alta
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probabilidade de terem melanoma-BRAF mutado (Bradish e Cheng 2014). Além da idade, ha
fatores dermatoscopicos, histopatoldgicos e achados a microscopia confocal consistentemente
associados ao melanoma-BRAF mutado (Urvanegia et al. 2017). O efeito da mutagdo no gene
BRAF na sobrevida ¢ ainda discutido mas ha evidéncia de que os pacientes com melanomas
mutados em BRAF V600K tenham sobrevida livre de doenga menor. A mutagdo em V600K ¢
mais associada com elastose solar na pele com o tumor; ¢ mais comum em idosos com até mais
de 40% dos pacientes com mais de 70 anos de idade (Bradish e Cheng 2014).

As mutagdes em NF1 (neurofibromatosis 1) ocorrem em 10 a 15% dos melanomas e
parecem interagir colaborativamente com a mutagdo no gene BRAF. As mutagdes em NF1 sdo
mais comuns em PDSC, em pacientes mais idosos e do sexo masculino. Sdo associadas a
melanomas com alta carga mutacional, selvagens para mutagdo BRAF ¢ NRAS e certos subtipos
clinico-patologicos, especificamente melanoma desmoplasico (Kiuru e Busam 2017). Os
melanomas-NF1 mutados sd3o associados a pior sobrevida especifica por doenca e a pior
sobrevida global, mesmo apods ajuste para idade, sexo e subtipo histologico do tumor
(Cirenajwis et al. 2017).

Os melanomas com mutacdes em NRAS representam 10 a 25% dos casos, sdo mais
comuns em PDSC, mais espessos ao diagndstico e apresentam maior taxa mitdtica e pior
prognostico se comparados aos melanomas-BRAF mutados (Jenkins e Sullivan 2016). Devido
a sua localizag@o, o couro cabeludo ¢é particularmente suscetivel a dano solar cronico e as
mutacoes associadas (Lee et al. 2011). Jiveskog et al. (1998) compararam a incidéncia de
mutagdes NRAS entre areas expostas ao sol, como couro cabeludo, cabega e pescogo, e areas
do corpo protegidas pelo sol, e descobriram que NRAS estava mutado em 32% dos melanomas
de cabeca e pescogo, mas apenas 7% dos melanomas em areas sem fotoexposi¢ao apresentavam
essa mutagao.

As mutagdes no gene KIT sdo encontradas em 5 a 10% melanomas, mas podem ser

vistas em até 28% melanomas em pele com fotodano cronico (Gutiérrez-Castafieda et al. 2020).
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OBJETIVOS

Descrever as caracteristicas epidemioldgicas de melanomas localizados no
couro cabeludo e compara-las com o melanoma de tronco, membros e demais
locais cabeca e pescoco.

Descrever as caracteristicas dermatoscopicas de melanomas em areas
expostas no couro cabeludo de pacientes calvos e comparar com aquelas
observadas nas neoplasias que ocorrem em areas cobertas por cabelo.
Descrever as caracteristicas histopatoldgicas das lesdes: subtipo histologico do
melanoma, presenca e grau de elastose solar, presencga de nevo associado, a
espessura de Breslow e a densidade de foliculos pilosos na pele acometida
pela neoplasia.

Avaliar se o perfil de mutagdes genéticas (mutagcées nos genes BRAF, KIT,
NF1 e NRAS) sao diferentes entre os calvos e nao calvos e se se correlacionam
com algum dos critérios clinicos, dermatoscépicos ou histopatologicos

avaliados.
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Abstract

Background/Objectives

Scalp melanoma is a subgroup of melanomas on the head and neck, historically associated
with worst prognosis. Knowledge of the usual presentation of scalp melanoma can help to
understand the reasons for the poor outcomes of treatment. This is the first publication to
describe the clinical, histopathological and epidemiclogical profile of patients with scalp mel-
anoma in a Latin American population.

Methods

A cross-sectional study was performed of all primary cutanecus melanoma seen by the A.C.
Camarge Cancer Genter between 2008 and 2018, using an electronic health records to
access clinical and pathology data.

Results

When compared to trunk and limbs, increasing age is expected for patients with scalp mela-
noma (10.865; Cl (95%) = [8.303; 13.427]). Regarding risk of invasion, scalp melanomas
have a higher chance to be invasive than in situ {OR = 1.783; CI (95%) = [1.196; 2.657]) and
present with higher Breslow thickness (OR = 3.005; Cl (95%) = [2.507; 3.601]). Scalp site
was significantly associated with male sex (OR = 3.750; Cl {85%) = [2.533; 5.554]), pen-
neural invasion (OR = 13.739; Cl (95%) = [6.919; 31.895]), ulceration (OR = 2.311; Cl (95%)
= [1.488; 3.588]), and mitosis (OR = 2.366; Cl (95%) = [1.701; 3.292]), when compared to
trunk and limbs melanoma.

Conclusion

Inthe present study, head and neck melanomas represented 14.9% of all melanomas, a fre-
quency slightly lower than that described in the literature and the mean age of melanoma on
the scalp found was lower than that reported in the literature. These results could be
explained by the demographic characteristics of Brazil, which has a population with a lower

PLOS ONE | hitps://doi.org/10.1371/oumal. pone 0240884 October 23, 2020

1/8



PLOS ONE

Scalp melanoma in Brazil

Funding: The authoris) received no specific
funding for this work,

Competing interests: The aulhors have deciared
that no competing interests exist.

life expectancy compared to the European and North American population. Scalp melano-
mas occurred in older men, were diagnosed with greater Breslow thickness and were asso-
ciated with the presence of perineural invasion, mitosis and ulceration.

Introduction

Twenty percent of melanomas are located on the head and neck [1], a higher frequency than
expected, considering that this area represents only 9% of the body surface [2]. Melanomas on
this location occur in older patients [3] and a higher incidence is expected with the increase in
life expectancy of the population. Historically, they are associated with a greater risk of disease
progression and death from melanoma than melanomas located elsewhere [4-7].

Melanomas located on the scalp are a subgroup that represent 35% of cases of head and neck
melanomas, and are responsible for 5% of all melanomas. Scalp melanomas are characterized
by a risk of death approximately 2 times greater than that of tumors located in the extremities,
even after adjusting for Breslow thickness, age, sex and presence of ulceration [3,5,8]. Ozao-
Choy et al showed that scalp location was an independent risk factor for worse overall survival
and specific melanoma survival and concluded that scalp melanoma is a distinct entity and it is
responsible for the worst prognosis associated with the head and neck melanoma group [2].

The reasons are uncertain [9], but some hypotheses cited to justify the worse prognosis of
melanoma on this location are: hair coverage would result in a later diagnosis, high proportion
of melanomas with rapid vertical growth, such as nodular and desmoplastic melanomas [10],
higher blood and lymph flow [11,12] and the difficulty of obtaining adequate therapeutic sur-
gical margins [2].

The gene profile signature in primary cutaneous melanoma appears to distinguish patients
with low risk of metastatic recurrence from patients with high risk of recurrence. The presence
of BRAF V600K mutation is associated with higher age, higher degrees of chronic sun damage
and lower disease-free interval [13]. The possibly higher prevalence of V600K in scalp mela-
noma can be another explanation for its worst prognosis, but there is a lack of studies proving
this association [10].

Kn()w]t:dg:_‘ l)r lhl.‘ 'LlSLlﬂI prC.‘iL‘ﬂtatil)n ()f NCHIP "]C]ﬂn()“la can I'IL‘IP to UI}CI.L'TST.HT'IL{ LI'IC reasons
for the worse prognosis on this location.

This study aimed to describe the clinical and histopathological profile of patients with mela-

noma on the xcalp and to compare it with other areas of the head and neck, trunk and limbs.

Methods

This is an observational, cross-sectional and retrospective study carried out at A.C.Camargo
Cancer Center, Sio Paulo, Brazil, a tertiary clinical reference center. The study was determined
to be exempt from needing informed consent and it was approved by the A.C.Camargo Cancer
Center institutional Research Ethics Committee (2379/17}. The study was conducted accord-
ing to the Helsinki ethical principles

In the retrospective review of the electronic medical records from A.C.Camargo Cancer
Center, 540 Paulo, Brazil, from January 2008 to December 2018, we identified all patients who
had a histopathological diagnosis of melanoma.

Patients originated from public and private outpatient clinics in the skin cancer nucleus of
A.C.Camargo Cancer Center, incuding non-referred and referred patients with a suspected or
biopsy proven skin cancer.
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The anatomical sites of primary cutaneous melanomas were classified into the following
subgroups: scalp melanoma (SM), other areas in the head and neck region melanoma except
scalp (HNM]}, trunk / limbs melanoma (TLM). For all patients, the following data were col-
lected: sex, age at diagnosis, histopathological subtype of melanoma, presence of ulceration,
mitosis, perineural invasion and association with nevus.

Descriptive analysis was performed to assess the clinical and histopathological characteris-
tics of melanomas diagnosed in the studied period. Summary measures of position and disper-
sion, such as mean and standard deviation (SD), median and minimum and maximum, were
considered for quantitative variables and absolute and relative frequencies (%) were used for
qualitative variables.

To assess a possible association between two qualitative variables, the chi-square test was
applied to the data. In order to compare the distribution of data for quantitative variables in
relation to the three groups, the Kruskal-Wallis non-parametric test was used followed by mul-
tiple comparison (with Bonferroni correction) when the null hypothesis is rejected.

In order to identify if topography is an independent factor that explains the clinical and his-
topathological characteristics of melanoma, simple linear and logistic regression models were
fitted to the data depending on the outcome variable, To assess if topography affects the Bre-
slow thickness, a generalized linear model with Gamma distribution and log link function was
fitted to the dataset. For the logistic regression the measure of association of interest is given
by the odds ratio (OR) with a 95% confidence interval (CI (95%)}. For all hypothesis tests, the
level of significance was set at 5%, Thus, results from which p-values were less than 0.05 were
considered statistically significant. 1BM SPSS version 24 software was used in all data analyzes.

Results

From January 2008 to January 2018, 3026 patients were diagnosed with melanoma at the insti-
tution. Of these, 453 (14.9%) were located on the head and neck region, including 154 (5.1%)
located on the scalp. The clinical and histopathological characteristics of the melanomas diag-
nosed in the studied period and the results are described in Table 1.

Scalp melanomas occurred in significantly older patients (mean = 62 years, SD = 16 vears)
compared to trunk and limb melanoma (mean = 52 years, SD 15 = years), but at a similar age
to patients with melanoma on other head and neck areas (mean = 59 years, SD 18 years).

Through the association test, we observed that topography is associated with sex
(p <0.0001). Males represent 78,6% of patients with melanoma on the scalp, 49,6% of patients
with melanoma on the trunk and limbs, 61,5% of patients with melanoma in the other head
and neck areas.

A greater proportion of invasive melanomas was observed on the scalp (78.8%) in compari-
son to trunk and limbs (67.6%) and other head and neck areas (51.8%). When in situ melano-
mas were excluded, invasive melanomas on the scalp were significantly thicker than
melanomas in the other groups (SM mean = 4.36mm, SD = 5.89mm; TLM mean = 1.45mm,
SD = 2.29mm; HNM mean = 1.24mm, 8D = 1.35mm}, The desmoplastic and nodular histo-
pathological subtypes, the presence of ulceration and perineural invasion were significantly
associated with scalp location (p <0.001).

According to estimates from the fitted linear regression model (Table 2), patients with SM are
on average 10.8 years older than patients with TLM (10.865; CI (95%) = [8.303; 13.427}. Patients
with HNM are on average 7.6 years older than TLM patients (7.692; CI (95%) = [5.805; 9.579).

From the simple logistic regression, scalp site was significantly associated with male sex
(OR = 3.750; C1 (95%) = [2.533; 5.554] }, as well as others areas in the head and neck region
(OR =1.637; Cl (95%) = [1.280; 2.092]}, compared to trunk / limbs.
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Table 1. Clinical and histopathological characteristics of melanoma in relation to the scalp, head and neck and trunk/limbs.

Variable SM(n=154) | HNM (n=299) | TLM (n=2567) | Valuep” Multiple comparison
Group | Value p* adj. d
Sex—n (%) Female 33 (21.5) 115 (38.5) 1298 (50.6) <0.0001"
Male 121 (78.6) 184 (6L.5) 1269 (49.4)
Age (years)—mean (SD) 6248 (15.87) 59.31{18.08) 51.62 (15.46) < D.0001" TLM vz SM < 0.0001""
TLM vs HNM < (L0001
SM vs HNM 0.141°"
dow thick n (%) In situ 32 (21.2) 144 (48.2) 830 (3.4) <0.0001*
Invasive 119 (78.8) 155 (51.8) 1731 (67.6)
Invasive Breslow thickness (mm) Mean (SD) 4.36 (5.89) 1.24 (135) 1.45 (2.29) <0.0001* TLM vs SM < 0.0001**
Median (min—max) | 1.98 (0.22-40) 0.75 (0.1-8) 0.7 (0.1-26) TLM vs HNM 0,999(m"*
SM vs HNM < 00001
Histopathelogical n (%) Superficial spreading 78 (52.7) 167 (65) 1979 (86.2) < 0.001*
Lentiginous 16 (10.8) 65 (25.3) 102 (4.4)
Nodular 22 (14.9) 9(3.5) 131 (5.7)
D pl 12(81) 1 (0] 2{0.1)
Spitzoid 2(1.4) 7(27) 33(1.4)
Others 18 (12.3) B(3.1) 49(2.1)
Ulceration—n (%) Present 27 (18.5) 16 (5.5) 222 (8.9) < 0.001*
Neurotropism -n (%) Present 10{6.8) 3(11) 13(0.5) < 0.001*
Mitosis n (%) Present 77(51)) 69 (23.8) 762 (30.5) < 0.001" | TLMvs 5M < 0.0001"*
TLM vs HNM 0.034**
SM vs HNM < 0.0001"*
Nevus—n (%) Present | 180239 51 (18.4] 510(224) | <0000°

“Teste de Kruskal-Wallis.

** Multiple comparison with Bonferroni correction.
SM, scalp melanoma; HNM, head and neck melanoma; TLM, trunk/limb melanoma; standard deviation (5D); min, minimum; max, maximum

nitps:/fdoi.org10.137 1/ournal pone 0240864 1001

SM have a higher chance to present ulceration in relation to TLM (OR = 2.311; CI (95%) =

[1.488; 3.588]},]), while there were no difference in the occurrence of ulcerations on HNM in
relation to TLM (OR = 0.595; CI (95%) = [0.353; 1.003]), SM have lower chance of being asso-
ciated with nevi (OR = 0.495; C1 (95%) = [0.299; 0.818]), while there were no difference in the
association with nevi between HNM and TLM (OR = 0.782; ClI (95%) = [0.568; 1.075]),

The SM have higher chance to present with mitosis (OR = 2.366; CI (95%) = [1.701; 3.292])
and perineural invasion (OR = 13.739; CI (95%} = [5.919; 31.895]}, while HNM have a lower
chance to present with mitosis (OR = 0.710; C1 (95%} = [0.535; 0.943]) and no difference in
the presence of perineural invasion (OR = 2.002; CI (95%) = [0.567; 7.070]}, when compared
to TLM.

Regarding Breslow thickness, SM have higher chance to be invasive (OR = 1.783; C1 (95%) =
[1.196; 2.657]) and, when invasive, to present with increased Breslow thickness (OR = 3.005; CI
(95%) = [2.507; 3.601]). However, HNM have a higher chance to be in situ (OR = 0.516; CI
(95%) = [0.405; 0.657]) and, when invasive, to present with lower Breslow thickness (OR -
0.858; CI (95%) = [0.732; 1.008]).

Discussion

We describe one of the largest series of cases of scalp melanoma and its clinical and pathologi-
cal characteristics, compared with melanomas located in other regions of the head and neck
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Table 2. Estimates of the parameters from simple linear, logistic and generalized regression models.

Linear regression model

Outcome Topography Coeflicient 95% CI Value p
Lower Upper
Age TLM Ref
SM 10865 8303 13427 <0.0001
HNM 7692 5.805 9.579 <0.0001
Intercept 51.616 51.008 52.225 < 0.0001
Simple Logistic Regression Model
Outeome Topography OR 95% CI r
Lower Upper
Gender-Male TLM Ref <0.0001
M 3.750 2.533 5.554 <0.0001
HNM 1.637 1.280 2.092 =<0.0001
Ulceration=Yes TLM Ref <0.0001
SM 2311 1488 3.588 <0.0001
HNM 0.595 0.353 1.003 0,051
Nevus-Yes TLM Ref 0.009
SM 0.495 0.299 (LE1R 0.006
HNM 0.781 0.568 1.075 0.128
Perineural invasion-Yes TLM Ref <0.0001
5M 13.739 5.919 31.885 <0.0001
HNM 2.002 0.567 7.070 0.281
Invasive Melanoma { Breslow = Dmm)-Yes TLM Ref <0.0001
M 1.783 1.195 2.657 0.004
HNM 0.516 0.405 0.657 = 0.0001
Mitosis-Yes TLM Ref <0.0001
SM 233 1.701 3.292 <0.0001
HNM 0.710 0.535 0.943 0.018
G lized linear model—Gamma distributi
Outcome Tuopography OR 95% CI r
Lower Upper
Breslow thickness TLM Ref
SM 3.005 2.507 3.601 <0.0001
HNM 0.859 0.732 1.008 0.062
Intercept 1,453 1,387 1,521 <0.0001

SM, scalp melanoma; HNM, head and neck melanoma; TLM, trunk/limb melanoma; standard deviation (SD); OR, odds ratio.

hittps Hdod.org10.137 1/jourmal pone. 0240864 1002

and melanomas on the trunk / limbs. In the present study, head and neck melanomas repre-
sented 14.9% of all melanomas, a frequency slightly lower than that described in the literature:
26.7% in a French regional study [2], 18% of invasive melanomas in the USA according to Sur-
veillance, Epidemiology and End Results program [3], 15-24% of all melanomas in other
European populations [1,14,15]. These results could be explained by the demographic charac-
teristics of Brazil, which has a population with a lower life expectancy compared to the Euro-
pean and North American population [16].

The mean age of melanoma on the scalp found in our study was lower than that described
in the literature (62 vs. 65 years, respectively) [17], a fact also justified by the lower life expec-
tancy in the Brazilian population [16]. Patients with scalp melanoma were almost 11 years
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older than patients with melanomas located on the trunk and limbs (62 vs. 51 years}, but only
3 years older than patients with melanomas located on the other head and neck areas (62 vs. 59
years}, These results are in agreement with other population studies, in which head and neck
melanomas are more frequent in the elderly than in young people. Scalp melanomas occurred
predominantly in males, six times more commonly in men than in women, which is consistent
with other reports in the literature [10,18].

Scalp melanomas were more frequently invasive and associated with greater mean Breslow
thickness than melanomas elsewhere in the head and neck and in the trunk and limbs (78.6%
and 4.36mm; 51.8% and 1.24mm; 67.6% and 1.45mm, respectively}, a finding reported in
other studies [5]. Late diagnosis due to the fact that the tumor is hidden under the hair has
been a justification often described for this greater Breslow thickness. Interestingly, androge-
netic alopecia is highly prevalent in patients with scalp melanoma and Benati ef a! found
thicker melanomas in bald patients compared to patients with hair, a fact that weakens the
above justification [17].

Rapidly growing tumors appear to have a greater influence on tumor thickness than delayed
diagnosis [19]. Nedular and desmoplastic melanomas are subtypes associated with rapid
growth and some previous reports have shown that they occur more frequently on the scalp.
Both are often amelanotic, more common in older age groups and diagnosed with greater Bre-
slow thickness [5,10]. Nodular melanoma grows 0.4% mm/month of thickness and it accounts
for nearly 50% of all melanomas thicker than 2 mm [20]. In our study, 14.9% of melanomas on
the scalp were nodular, a proportion significantly higher than that observed in other areas.
Desmoplastic melanoma is an uncommon type of melanoma, representing less than 5% of all
melanomas, and it has a different clinical behavior, which includes a higher recurrence rate,
and less propensity to metastasize to the regional lymph nodes [21]. Additionally, desmoplastic
melanoma has a high frequency of NFI mutations, distinct from conventional melanoma [22].
In our study, 8.1% were desmoplastic melanoma, a proportion significantly higher than that
(]hSETV{Ed in ()[IIET I'IEZIL{ 'dnd I]E[_'k areas ':Ul{.l l]'l.[nk 'dnl.{ Ii"'lh sites.

Compared with head/neck and trunk/limb melanomas, scalp melanomas were associated
with greater Breslow thickness, mitosis, ulceration and perineural invasion, histological fea-

tures associated with more aggressive tumors and a worse prognosis.

Limitations

This study has some limitations, it is a retrospective observational analysis, so important data
such as the presence of alopecia, some clinical characteristics and the pattern of sun exposure
have not been evaluated. Knowledge of the pattern of sun exposure and the molecular profile
of melanoma on the scalp will likely contribute to understanding the unique behavior of this
subgroup of melanomas.

Strengths

This is the first publication to describe scalp melanomas in a Latin American population. We
believe that our study will contribute to the literature and that additional studies, which
include the molecular |Jr()ﬁ|i: of melanoma on the :«.‘alp, will be necessary to understand the

unique behavior of this subgroup of melanomas.

Conclusion

Melanoma on the scalp has distinct dinical and histopathological characteristics compared to
melanoma from other head and neck areas and melanoma on the trunk / limbs, Scalp melano-
mas are more frequently invasive and diagnosed with greater Breslow thickness, presence of
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ulceration, mitosis and perineural invasion. These characteristics may justify the more aggres-
sive behavior of the tumor at that location. As it is associated with higher rates of mortality and
recurrence, careful examination of the scalp should be part of the routine dermatological
examination.
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CONCLUSOES

Os MCC sao diagnosticados mais frequentemente ja invasivos € com maior espessura
de Breslow, presenca de ulceracdo, mitose e invasdo perineural. Essas caracteristicas
podem justificar o comportamento mais agressivo do tumor neste local.

O MCC em areas com alopecia androgenética e elastose ocorre com mais frequéncia
em pacientes idosos e com dano solar cronico; apresenta-se como subtipo lentigo
maligno, com padrdao dermatoscopico de fotodano, com menor espessura de Breslow,
auséncia de mitose e de mutacao BRAF V600E.

A menor espessura de Breslow em MCC com alopecia androgenética pode ser devida a
visualizacdo mais facil do tumor e ao diagnostico precoce, em contraste com os tumores
escondidos sob o cabelo. Por estar associado a maiores taxas de mortalidade e
recorréncia, o exame cuidadoso do couro cabeludo deve ser parte mandatério no exame
dermatologico de rotina.

Os MCC apresentam perfil molecular distinto: alta frequéncia das mutagdes BRAF
V600K e NF1, que sdo marcadores prognosticos adversos. Isso pode também explicar
o comportamento unico desse subgrupo de melanomas. Mais estudos sdo necessarios
para validar esses achados.

Dadas as evidéncias, podemos compreender dois comportamentos distintos dos MCC:
em primeiro lugar, sdo biologicamente mais agressivos; em segundo lugar, as lesdes no
couro cabeludo tendem a permanecer nao reconhecidas por longos periodos de tempo
antes de serem detectadas pelo paciente ou outra pessoa. Ambos os fatores parecem ser

0s principais responsaveis pela maior espessura primaria dos MCC.
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Abstract

Background: Scalp melanoma has a worse prognosis than melanoma located
elsewhere. Late diagnosis due to hair coverage, difficulties in interpreting dermoscopy
findings, and the molecular profile are possible explanations for this.

Objectives: To describe the clinical, histopathological, molecular, and
dermoscopic patterns of scalp melanoma, and its relation to androgenetic alopecia
and elastosis in the tumor area.

Methods: We performed a retrospective cross-sectional study of scalp
melanomas at the A. C. Camargo Cancer Center. Through electronic medical records,
we identified all patients with scalp melanoma diagnosed between 2008 and 2018.
Those with dermoscopic images and histopathological slides in the Skin Center
database (A. C. Camargo Cancer Center, Brazil) were selected.

Biopsies were reviewed by an experienced dermatopathologist, and the cases
were classified in terms of androgenetic alopecia and actinic damage in the tumor
area. Genetic profiling using genomic DNA from the tumors was performed for 14-
genes and NF1-gene panels — which comprise melanoma gene mutation hotspots.

Results: 42 scalp melanoma cases were analyzed: moderate/severe
androgenetic alopecia comprised 45.8% and elastosis made up 54.1%. Scalp melanoma
in areas with androgenetic alopecia/elastosis was associated with older age (p<0.001),
chronic sun damage (p<0.001), lentigo maligna subtype (p=0.029) and photodamage
dermoscopic pattern (p<0.001).

41 cases were evaluated for 14 -genes panel: 53.6% had mutations and 46.3%

were wild melanomas. BRAF mutation (77%) was most commonly detected, with BRAF



V600K heing more frequent (47%) than BRAF VE0OOE (29.4%). Forty samples were
evaluated for NF1 gene: 20% had mutations.

Conclusions: Our findings imply that scalp melanoma presents differently in
areas covered by hair compared to areas with androgenetic alopecia. Higher Breslow
thickness in scalp melanomas without alopecia is possible due to late diagnosis
attributed to hair concealment of lesions. The high frequency of adverse prognostic

mutations can also explain the prognosis of scalp melanoma.



Introduction

Melanomas on the scalp account for 5% of all melanomas.'™ Historically, they
are associated with a greater risk of disease progression and death than melanomas
located elsewhere.*'% Some hypotheses are cited to justify its worse prognosis: hair
coverage resulting in later diagnosis, '™ high proportion of melanomas with rapid
vertical growth,*? presence of melanomas in an area of higher blood and lymph
supply'®'® and inadequate therapeutic surgical margins.'® Genetic profiling can
determine risk of recurrence in patients with cutaneous melanoma.!” The presence of
the BRAF V600K mutation is associated with a lower disease-free interval.'® The poor
prognosis of scalp melanoma patients could be due to the higher prevalence of BRAF
V600K mutation, however studies on BRAF V600K scalp melanomas are lacking.

Regardless of the location, early diagnosis and subsequent surgical excision are
key factors for the favorable prognosis of melanoma. Dermoscopy increases the
diagnostic accuracy of melanoma by up to 30%'%, and although dermoscopic patterns
are affected by anatomical location, few studies have described the dermoscopic
pattern of scalp melanoma.?®?? Knowledge of the usual presentation of scalp
melanoma can help understand the reasons for its poor prognosis. This study describes
the clinical, dermoscopic, histopathological, and molecular profiles of patients with

scalp melanoma.



Methods

This was an observational, cross-sectional, and retrospective study carried out at the
A. C. Camargo Cancer Center, Sdo Paulo, Brazil. The project was approved by the AC
Camargo Cancer Center Institutional Research Ethics Committee (2379/17). The
patients in this manuscript have given written informed consent to the publication of
their case details.

We retrieved the electronic medical records of patients seen at the
A.C.Camargo Cancer Center, Sdo Paulo, Brazil, from January 2008 to December 2018.
We identified all patients diagnosed with scalp melanoma. We included patients
whose dermoscopic images and histopathological data were available in the Skin
Center database (A. C. Camargo Cancer Center, S3o Paulo, Brazil).

Clinical data

We collected the following data of the scalp melanoma patients: sex, age at
diagnosis, skin phototype, chronic sun-damage to skin (defined by a personal history of
non-melanoma skin cancer or actinic keratoses), personal history of melanoma, family
history of melanoma, and exact anatomical site of occurrence.

Dermoscopy

The melanoma images had been obtained using a dermatoscope with polarized
light (Dermlitell ProHR) attached to a digital camera. Dermoscopic criteria were
selected for assessment based on existing literature. We evaluated ten melanoma-
specific structures (classic dermoscopic pattern) in the lesions and ten melanoma
structures seen in facial and non-facial sun damaged skin (photodamaged skin

pattern). 2%



The presence of androgenetic alopecia in the skin affected by melanoma was
checked by the following dermoscopic characteristics: hair shaft thickness
heterogeneity, brown peripilar sign, white peripilar sign, yellow dots, pinpoint white
dots, focal atrichia and scalp pigmentation.?® Dermoscopic images were evaluated by
three independent investigators (J.C.T., T.P.B., A.C.P.), blinded to the histopathological
diagnosis. For statistical analysis, we considered two groups for classification: (1)
without androgenetic alopecia for those patients with a mild or no androgenetic
alopecia and (2) with androgenetic alopecia for those with moderate to severe
androgenetic alopecia.

Histopathology

Experienced dermatopathologist subtyped the histological melanoma
specimens based on Breslow thickness, presence of ulceration, mitosis, perineural
invasion, and associated nevus.

The presence of androgenetic alopecia in the skin affected by melanoma was
estimated by the following microscopic characteristics: number of follicles and
terminal threads, follicular miniaturization, and fibrous tracts below the miniaturized
threads. The histopathological evaluation of androgenetic alopecia was compared with
the dermoscopic evaluation of androgenetic alopecia, and the classification was made
based on consensus when discordant.

Chronic solar damage (CSD) was measured according to the degree of solar
elastosis of the skin affected by melanoma, using criteria previously published by Landi
et al.?’ The classification described 11 sun damage intensity criteria based on the
evaluation of solar elastosis. We considered CSD level 2- to 0 as the absence and 2 to

3+ as the presence of solar damage/elastosis.



Somatic mutation analysis

Formalin-fixed paraffin-embedded (FFPE) tissues containing at least 30% of
tumor cells were selected, and genomic DNA was extracted using a QlAamp DNA FFPE
Tissue Mini Kit (Qiagen, Hilden, Germany) following the standard protocol prescribed
in the A. C. Camargo Cancer Center Biobank. Targeted next-generation sequencing
(NGS) was performed using two custom lon Ampliseq Panels (Thermo Fisher Scientific,
Waltham, MA, USA). The first panel covers hotspot regions of 14 genes frequently
mutated in melanomas (BRAF, EGFR, ERBB2, HRAS, IDH1, IDH2, JAK2, KIT, KRAS, MET,
NRAS, PDGFRA, PIK3CA, and ROS1). The second customized panel covers 97.4% of the
coding region of NF1. For each panel, 20 ng of DNA were treated with UDG enzyme
(Thermo Fisher Scientific)?® and submitted to multiplex amplification using the lon
AmpliSeq Library Kit 2.0 (Thermo Fisher Scientific) and sequenced on the lon Proton
platform (Thermo Fisher Scientific), according to the manufacturer’s instructions.
Sequencing reads were mapped and variant calling was performed using Torrent Suite
Browser and Torrent Variant Caller (TVC) software (Thermo Fisher Scientific). Somatic
mutations were defined as variant alleles present in more than 2% of the reads, with a
minimum coverage depth of 100X.
Statistical analysis

To evaluate a possible association between two qualitative variables, the
independence test (Fisher's exact test or chi-square test) was applied. Comparison
between two means (independent groups) was performed with the Student’s t-test
when the assumption of normality of data distribution was satisfied. Otherwise, the
nonparametric Mann-Whitney U test was applied. The Shapiro-Wilk test was used to

check the sample distribution. In addition, we fitted a generalized linear model (GLM)



with Poisson and negative binomial distributions and a log link function to the dataset
to evaluate the effect of independent variables on the outcomes of classic
dermoscopic patterns and photodamage dermoscopic patterns, respectively.
Statistical analyses were performed using R software version 3.5 (R Foundation for
Statistical Computing, Vienna, Austria). p <0.05 was set as significance level for all

tests.



Results

From January 2008 to January 2018, 154 patients were diagnosed with scalp
melanoma at our institution (A. C. Camargo Cancer Center, S3o Paulo, Brazil). Of these,
48 had dermoscopic images and histopathological data of 48 of these patients were
available at Skin Center (A. C. Camargo Cancer Center, Sdo Paulo, Brazil). The
characteristics of the included patients related to the presence or absence of

androgenetic alopecia and elastosis are summarized in Table 1.
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Table 1: Clinical and histopathological characteristics of scalp melanoma in

relation to presence of androgenetic alopecia

P Elastose Elastosis
Vartavel Alopecia (nio) Alopecia (sim) P (niio) (sim) p
Masculine 0 18(69.2) 20 (90.9) 13 (59.1) 25 (96.2)
Sexo - n (%! 0.084% 0.003*
X0 - 1 (%) Feminino 1 8(30.8) 29.1) 9 (40.9) 1(3.8)
Média + SD 5227+1720 7318 9.03 5081 £18.16 71.19+9.89
Tdade (anos ) . . ) ) <0001 ** . e =DDOT*E
g anioe) Mediana (min-max) 36,50 (200-78.0)  74.50 (57.0-86.0) 55822&0 73 (45-36)
. Nio 19(76) 2(9.1) 15 (71.4) 6(23.1)
) < ] Jekes
Dano solar crénico - n (%) Sim 6(24) 20 (90.9) 0.001 6 (28.6) 20(76.9) 0.003
Niio 18(69.2) 17(773) i 14 (63.6) 21 (80.8)
Antecedente pessoal mel oy 07657 0315w
ntecedente pessoal melanoma. n (%) Sim 8(30.8) 5(20.7) 8(364) 5(19.2)
Antecedente familiar melanoma - n MNio 21 (80.8) 21 (95.5) " 17(77.3) 25(96.2) ”
p ) 0.199 0.081
(%) Sim 5{19.2) 1{4.5) 50220 1(3.8)
1 0(0) 1(1.8) 0 (0) 1(4.2)
Fototipo - n (%) 2 18(75) 14 (66.7) 0.617% 15 (71.4) 17 (70.8) 0.999*
3 6(25) 6 (28.6) 6 (28.6) 6(25)
Parietal 12 (48) 13 (65) 10 (47.6) 15(62.5)
Frontal 0{0) 4(20) 1(48) 3{12.5)
Locallzacio - n (9% Vértex 6(24) 2(10) 00450 5(238) 3(12.5) 0200¢
LOcalizacio -n e L&
¥ %) Occipital 3(12) 1(5) 1{48) 3{12.5)
Nucal 1{4) 0(0) 1(4.8) 0{0)
Temporal 3(12) {0} 3(14.3) 0 {0)
Extensivo superficial 23 (88.5) 11 (52.4) 20 (90.9) 14 (56.0)
Nodular 1(3.8) 1(4.8) 0(0) 2(8.0)
Subtipo histolbgico - n (%) Lentigo maligno (1) 7(33.3) 0.001% 0 {0y 7(28.0) 0.003*
Desmoplisico 1(3.8) 0{0) 1{(45) L))
Oulros 1(3.8) 2(9.6) 1{4.5) 2 (8.0)
Médiat SD 153200 134+275 165£245  127+238
Espessura de Bresl 0.186%** 0.190%**
spessiza.de Freslow (mm) Mediana (min-max) 06(0-7.1) 0 (0-9.6) 0.7(0-96) __ 0.15(0-9)
N I Niio 21 (80.8) 17(773) 0 099" 16 (72.7) 27 (84.6) 047
EVD ASS0CIano - n (%) “ A7*
- sim 5(19.2) 5(22.7) 6(273) 4(15.4)
Nio 23 (88.5) 21 (95.5) 20 (90.9) 24 (92.3)
Ulceragiio - n (% . 0.614% ; 0.999*
ceragdo - n (%) Sim 30115 1(4.5) 2(9.0) 2(1.7)
] Niio 171(65.4) 18 (81.8) 14 (63.6) 21 (80.8)
Mitases - n (% - 0.202%%=* Y 183eer
aes-n.(6) Sim 9(34.6) 4(18.2) 8(364) 5(19.2)
Niio 26 (100} 20 (90.9) cn 21 (95.5) 25 (96.2) i
Invasao perineural - n (%o) Sim 0(0) 209.1) 0.205 (4.5 16G.8) 0.999
Flastose - n (%) Nio 20{76.5) 20.0) <0001+ +++
Sim 6(23.1) 20 (90.1)
) o Médiat SD 2.54(1.28) 2.5(1.70) 2.55(1.27 2.5(1.64)
e Taiss 0.828%% 0.81%*
Eadrio dermatosofplcn ciisilcn Mediana (min-max) 2(1-5) 2 (0-6) 2 (1-5) 2 (0-6)
i 7 295+ 1 ! 7 . ]
Padrio dermatoscopico fotodano Médm +_SD 1.01= £ 3 93+ 1.93 <0.001%=* 0.35+0.99 A <0001 ***
Mediana {min-max) 0 (0-73 2.5 (0-8) 00 (0-4) 3 (0-8)
. Niio 15(75) 15 (83.3) 13 (81.2) 17(77.3)
v 0.697* 0.999*
BRAF V600K Sim 5(25) 3(16.7) 3(188) 5(22.7)
. Nio 15(75) 18 (100} 11 (68.8) 22 (100
BRAF V60OE 0.048% 0.009*
sim 5(25) 0 () 5(31.2) (0)
. Niio 19 (95) 17 (94 4) P 15 (93.8) 21 (95.5) "
KT Sim 1(5) 1(3.6) 0.999 1(6.2) 1(4.5) 0999
Nio 10{66.7) 19 (90.5) §(61.5) 21(91.3)
NFI 0.103* 0.073*
sim 5(33.3) 2(9.5) 5 (385) 2(8.7)
Niio 20 {100} 16 (38.9) 16 (100) 20 (90.9)
NRAS 0.218° 0499+
Sim 0(0) 2(11.1) 0 {0} 2 (5.1)
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Clinical data

The mean age of patients was 61.8 years, on an average patients with
androgenetic alopecia (mean 73.18) and elastosis (mean 71.19) were older than
patients without androgenetic alopecia (mean 52.26) and without elastosis (mean
50.81). Although majority of the included patients were male (79.16%), scalp
melanomas with androgenetic alopecia (p=0.084) occurred at similar frequencies in
both sexes, and higher frequency of males showed elastosis (p=0.003). Fitzpatrick skin
Il was the most commaon skin phototype in this study, both for patients with (66.7%)
and without androgenetic alopecia (75.0%) and with (71.4%) and without elastosis
(71.4%). Scalp melanomas were predominantly located in the parietal area (55.6%).
There was no difference in locations of elastosis (p=0.200) in the melanoma patients
studied here, although the location of androgenetic alopecia differed (p=0.045).

CSD was significantly more common in patients with androgenetic alopecia and
elastosis than in patients without androgenetic alopecia and elastosis (p<0.001 and
p=0.003, respectively). A personal and family history of melanoma occurred with
similar frequency in all patients, irrespective of androgenetic alopecia and elastosis

status.

Histopathology reveals that scalp melanoma subtypes were associated with hair loss
and elastosis

Histopathological evaluation revealed 20 in situ and 28 invasive melanomas.
Eight (40%) of the in situ melanomas were of the lentigo maligna subtype. Breslow

thickness was slightly higher in patients without androgenetic alopecia than in patients
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with androgenetic alopecia (mean + SD; 1.53 £ 2.09 mm vs. 1.34 £ 2.75 mm,
respectively). Patients without elastosis had higher Breslow thickness than patients
with elastosis (mean + SD; 1.65 * 2.45 mm vs. 1.27 * 2.38 mm, respectively), although
the difference was not significant (P =0.186 and P =0.190, respectively). Ulceration,
mitosis, perineural invasion, and associated nevus occurred at similar frequencies in
patients with or without androgenetic alopecia and elastosis. Histopathological
classification revealed superficial spreading (75%), lentigo maligna (16.6%), nodular
(4.3%), desmoplastic (2.0%), and unclassifiable melanoma (2.0%). The frequency of
these scalp melanoma subtypes was significantly associated with androgenetic
alopecia and elastosis status; while frequency of lentigo maligna type was strongly

associated with presence of androgenetic alopecia and elastosis.

Somatic mutation analysis revealed that BRAF mutations are predominant in scalp
melanomas

Somatic mutations were investigated in 50 melanoma samples from 48
patients; five samples were excluded due to low quality of NGS data. In 36 samples, we
obtained results for the 14-hotspot gene panel and NF1 complete gene panel; in 5
samples, only the 14 gene panel was evaluated and in 4 samples only the NF1 panel.
Of 41 samples evaluated for the 14 genes panel, 22 (53.6%) had at least one mutation
detected and 19 were wild-type melanomas (46.3%). In mutated melanomas, 17 (77%)
were BRAF, 2 (9%) NRAS, 2 (9%) KIT, 1 (4,5%) MET, 1 (4,5%) IDH1, 1 (4,5%) PIK3CA
mutation. Most patients harbored mutations in only one gene, but 8 (36.3%) patients

presented mutations in more than one gene.
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BRAF mutations were detected in 17 melanomas, of which 47% were valine (V)
to lysine (K) substitutions in codon 600, 29.4% V to glutamic acid (E) in codon 600, and
17.6% others BRAF mutations. BRAF VB00E only occurred in the absence of
androgenetic alopecia {p=0.048) and elastosis (p=0.009). BRAF V600K occurred at a
similar frequency in the scalp with or without androgenetic alopecia (p=0.697) and
elastosis (p=0.999).

NRAS mutations occurred in two melanomas, both in the scalp with

androgenetic alopecia and elastosis. NF1 mutations occurred in eight melanomas.

Dermoscopic results indicate that Breslow thickness of scalp melanomas is
associated with presence of hair in the affected region

The dermoscopic characteristics of scalp melanoma are summarized in
Supplement 1. The criteria of classic dermoscopic pattern were present irrespective of
androgenetic alopecia {(p=0.828) or elastosis (p=0.81) status. Whereas the criteria for
photodamage dermoscopic pattern were significantly more frequent in patients with
androgenetic alopecia and elastosis (p<0.0001). In patients with androgenetic alopecia,
the most common features were regression structures (66.7%), perifollicular
granularity (61.1%) and diffuse/multifocal hypopigmentation (61.1%); while in patients
without androgenetic alopecia, the most common features were regression structures
(45.2%), atypical vessels (41.9%) and atypical network (38.7%). Thin melanomas
{Breslow thickness <1 mm) were more frequently associated with regression structures
(58.3%), atypical networks (47.2%), diffuse/multifocal hypopigmentation (44.4%), and

perifollicular granularity (44.4%), whereas thick melanomas (Breslow thickness >1 mm)
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were more associated with atypical vessels (53.8%), regression structures (38.5%), and
bluish white veils (30.8%).

According to the simple generalized linear model estimates (Supplement 2),
patients with androgenetic alopecia had a mean photodamage pattern score almost
three times higher than that of patients without androgenetic alopecia (2.823; 95% Cl
= 1.487-5.357). The mean photodamage pattern score was almost 4% higher in older
patients (1.038; 95% C| = 1.016-1.062). For each 0.1 mm increase in the Breslow
thickness, there was almost a 20% reduction in the photodamage pattern score (0.817;
95% Cl = 0.668-0.999). The presence of mitosis also reduced the mean score by 76
%(Cl = 0.233; 95% Cl = 0.089-0.612). Moreover, the presence of classic dermoscopic
criteria does not depend on age, sex, presence of androgenetic alopecia, mitosis,

perineural invasion, associated nevus, Breslow thickness, or gene profile.
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Discussion

In this study, the mean age of patients with scalp melanoma was 61.85 years.
This result is in agreement with other population studies, in which scalp melanomas
are more frequent in the elderly. Scalp melanoma occurs predominantly in males and
is associated with chronic sun damage. There was no association with skin phototype
and personal or family history of melanoma, which is also consistent with the
literature. 2230

As most scalp melanoma studies are retrospective, a precise diagnosis of
androgenetic alopecia is not always feasible. Additionally, the patient may have severe
androgenetic alopecia and yet develop melanoma in areas covered by hair that are not
exposed to chronic sun damage (Fig. 1). For these reasons, we evaluated
histopathological criteria suggestive of androgenetic alopecia and elastosis in the skin
area of the tumor, aiming to assess whether it is an area of chronic solar damage.
According to this evaluation, 45.8% of patients had moderate to severe androgenetic
alopecia, and 54.1% had moderate to severe elastosis in the tumor area (Fig. 2).
Previous studies proposed that the hair shaft provides physical scalp protection against
UV31 and we observed that androgenetic alopecia was significantly associated with
elastosis and with a dermoscopic pattern of photodamage, as seen by dermoscopic
evaluation.

Scalp melanomas are frequently diagnosed with higher Breslow thickness® and
one explanation is late diagnosis since the tumor is hidden under the hair.
Nevertheless, androgenetic alopecia is highly prevalent in scalp melanoma patients 43
and we observed moderate to severe androgenetic alopecia in almost half of the

patients. Androgenetic alopecia is more frequent in males, but it curiously occurs with
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an equal frequency in scalp melanoma patients of both genders, reinforcing its
importance as a risk factor for this tumor. In our study, scalp melanomas were slightly
thicker in patients without androgenetic alopecia, strengthening the hypothesis of the
highest Breslow thickness due to the tumor being hidden under the hair.

Another justification for the greater mean Breslow thickness of scalp melanoma
is the higher proportion of aggressive subtypes.®* We found 4.1% nodular
melanomas and 2% desmoplastic melanoma, which is within the expected proportions
for melanoma elsewhere. 3437

BRAF-mutant melanoma represents approximately 50% of all melanomas and is
associated with younger patient age, lack of elastosis at the tumor site, and truncal
location.!®3® Generally, scalp melanomas comprise head and neck melanomas and are
associated with solar elastosis and less frequently with BRAF mutations*®40, Despite
this, we found that 41.5% of the scalp melanomas in our cohort were BRAF mutated.
In general, the BRAF V600 gain-of-function mutation is most common in V to E (70%),
V to K (10-30%), or V to R (5%),%’. But, here, scalp melanomas presented with different
frequencies: 47% being V to K, 29.4% V to E, and 17.6% other less common BRAF
mutation locations. Patients with V600K mutations are older and have been exposed
to more chronic sun damage.*? There is some evidence that these patients have a
significantly shorter disease-free interval and possibly a shorter overall survival,'® and
the high frequency of BRAF V600K mutations observed in scalp melanoma can help to
understand the unique behavior of this subgroup of melanomas.

KIT mutations are reported in 3% of melanomas, and are more common in acral

and mucosal sites and in sun-exposed skin melanomas. NRAS mutations are associated
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with congenital melanocytic nevi.® KIT and NRAS mutations occur similarly in 4.8% of
scalp melanomas.

NF1 is a tumor suppressor gene and loss of its function has been described in
up to 10%-15% of melanomas, being more common in chronically sun-exposed skin, in
older male patients.”* NF1-mutation is associated with poor survival outcomes in
melanoma and also to worse prognosis in other cancers, such as breast cancer and
head and neck cell carcinoma.?® Although identification of mutations in NF1 has been
challenging due to the large size and complexity of the gene, we observed that 20% of
scalp melanomas had mutations in this gene, which could also be an explanation for
the worst prognosis of scalp melanomas.

Regardless of location, early diagnosis with dermoscopy increases the chances
of a favorable prognosis for melanoma. ldentifying melanomas hidden under the hair
or intermingling with other benign pigmented lesions in chronically sun-damaged bald
scalp is challenging.

Until 2012, only two case reports described dermoscopic patterns of scalp
melanoma; the first case referred to a similar pattern of trunk and limb melanomas?®,
while the second referred to a similar pattern of facial melanoma?l. In 2012,
Stanganelli et al described the dermoscopic patterns of 71 scalp melanomas:
regression and atypical pseudo-networks were more common in thin melanomas,
while irregular pigmented blotches and unspecific patterns were more common in
thick lesions. These authors did not find a correlation between dermoscopic pattern
and androgenetic alopecia. In our study, the most frequent dermoscopic finding was
regression structures (53%), followed by atypical network, diffuse or multifocal

hypopigmentation, and perifollicular granularity (38.7%); however, we observed that
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androgenetic alopecia was associated with one specific pattern, the photodamage
dermoscopic pattern.

Stanganelli et al. did not find a correlation between androgenetic alopecia and
Breslow thickness, while Benati et al. found thicker melanomas in bald patients
compared to patients with hair.?? Conversely, in our study, melanomas in patients with
androgenetic alopecia and elastosis were associated with lower Breslow thickness. Our
findings suggest that greater mean Breslow thickness in scalp melanoma can be

related to late diagnosis and to the tumor being hidden under the hair.
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Conclusion

Scalp melanoma has distinct clinical, dermoscopic, histopathological, and
molecular profiles in areas with or without androgenetic alopecia. Scalp melanomas in
areas with androgenetic alopecia and elastosis, compared to scalp melanomas in areas
without these, occur more frequently in elderly patients with chronic sun damage,
presenting as lentigo maligna subtype, and with BRAF VE60OE mutation. A simple
generalized linear model showed that scalp melanomas in areas with androgenetic
alopecia and elastosis are more likely to present with photodamaged dermoscopic
patterns, have lower Breslow thickness, and absence of mitosis.

The lower Breslow thickness in scalp melanomas with androgenetic alopecia
may be due to easier tumor visualization and earlier diagnosis, in contrast to tumors
hidden under the hair. Thus, proactive screening of scalp areas should be encouraged.

Scalp melanomas also have a distinct molecular profile: high frequency of BRAF
V600K and NF1 mutations, which are adverse prognostic markers, can explain the
unique behavior of this subgroup of melanomas. Further studies are necessary to

validate these findings.
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Figures legend

Figure 1: (a) and (b); clinical image of a 54 year-old man with a melanoma hidden in
hairy area, without androgenetic alopecia or chronic sun damage; (c): Dermoscopic
image of this lesion reveled atypical network and globules, off-center blotch,
regression structures and atypical vessels; (d), Histopathological examination showed a
superficial spreading melanoma, Breslow thickness 0.4mm, without elastosis or signs

of androgenetic alopecia.

Figure 2: (a). Clinical image of a 58 year-old man with severe androgenetic alopecia

and with an atypical melanocytic lesion in areas without hair; (b), Dermoscopic image
revealed classic melanoma dermoscopic pattern (regression structures and peripheral

tan structureless areas) and photodamage melanoma dermoscopic pattern (as
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perifollicular granularity, asymmetric gray perifollicular openings, polygonal and
rhomboidal structures, follicle obliteration, circle within a circle and angulated lines);
(c), Histopathological examination showed a lentigo maligna, with severe degree of

elastosis and signs of androgenetic alopecia on the tumor surface.
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Apéndice 3 - Quadro das estruturas dermatoscopicas melanoma especificas

Critério dermatoscépico

Definicio

Rede pigmentada atipica

Variabilidade maior na largura das linhas de rede, na sua cor e distribuigdo. O tamanho dos orificios
também tem variabilidade aumentada e pode terminar abruptamente na periferia.

Rede pigmentada negativa

Linhas hipopigmentadas serpiginosas que circundam estruturas pigmentadas de forma irregular que
se assemelham a globulos curvilineos alongados. Pode ser visto de forma difusa e assimétrica ao longo
da lesdo ou localizado focalmente.

Estrias (pseudépodes ou
estrias radias)

Projegdes radiais localizadas na periferia da lesdo, que se estendem do tumor em diregdo a pele normal
circundante. A presenca de estrias irregulares, assimétricas e focalmente distribuidas ¢ altamente
sugestiva de melanoma.

Os Pseudopodes sdo proje¢des em forma de dedo. com pequenos bulbos nas suas pontas, enquanto as

estrias radiais indicam as mesmas estruturas sem os bulbos.

Estruturas Cristalinas

Estrias lineares brancas brilhantes que geralmente sdo orientadas paralelamente ou ortogonalmente
entre si. Também conhecidas como estrias ou linhas brancas brilhantes.

Globulos ou pontos atipicos

Os pontos sdo estruturas pequenas e redondas que podem ser pretas, castanhas e / ou azuis-cinzas. No
melanoma, os pontos variam em tamanho, cor e distribuicdo; tendem a estar localizados na periferia
da lesdo; e ndo estdo associados a rede pigmentada.

Globulos consistem em 3 a 5 ou mais estruturas agrupadas, bem demarcadas, redondas a ovais, que
podem ser castanhas, pretas, azuis e brancas, maiores do que pontos. No melanoma, eles geralmente
sao multiplos, de diferentes tamanhos, forma e cor, e podem estar distribuidos assimétrica e / ou
focalmente dentro da lesao.

excéntricos ou
borrdes de
localizagdo assimétrica.

Borrdes
multiplos

De marrom escuro a preto, usualmente sdo areas homogéneas de pigmento que obscurecem a
visualiza¢@o de qualquer outra estrutura. No melanoma, os borrdes estio assimétrica e / ou focalmente
localizados na periferia da lesdo ou podem apresentar-se como multiplos borrdes. A hiperpigmentagio
periférica excéntrica ¢ frequentemente encontrada no melanoma.

Estruturas de regressio
(despigmentagdo cicatricial
branca, granularidade
azul-acinzentada)

Consiste em granularidade (também conhecida como “pimenta”) e areas similares a cicatrizes. Quando
ambos estdo presentes juntos, da a aparéncia de um véu azul-branco sobre uma area macular. No
melanoma, eles tendem a estar localizados assimetricamente e geralmente envolvem mais de 50% da
lesdo.

Véu branco-azulado

Pigmentagdo azul confluente com uma neblina branca de "vidro moido", que tende a estar
assimetricamente localizada ou difusa ao longo da lesao, e com diferentes tons.

Vasos em ponto: sobre fundo vermelho leitoso sugere melanoma / Spitz.
Vasos em serpentina (lineares irregulares).

Estruturas vasculares . . . ~
tini Vasos polimorfos: duas ou mais morfologias vasculares dentro da mesma lesdo.
atipicas L. ,
P Vasos em saca-rolhas: geralmente observados em melanoma nodular ou desmoplasico e metastases
de melanoma
Areas eriféricas sem | | . s N . N
trut P Areas sem estruturas marrons claras, localizadas na periferia da lesdo, mais largas que 10% da lesdo.
estruturas

Fonte: Adaptado de Paschoal e Lage (2014) e Rezze e Ferreira (2014)




Apéndice 4 - Quadro das estruturas dermatoscopicas especificas melanomas em pele com dano

solar cronico

Critério dermatoscépico

Definicéio

Granularidade

Perifolicular/pseudo-rede atipica

Pontos agregados assimetricamente em torno do foliculo, formando uma pigmentagéo Perifolicular
assimétrica

Aberturas perifoliculares

acinzenta

Pigmentagdo acinzentada em torno do foliculo em distribuig¢do assimétrica

Ilhas periféricas pigmentadas

Ilhas de rede atipicas localizadas na periferia da lesdo de maneira desorganizada, intercaladas com

areas hipopigmentadas e uma 4rea central semelhante a cicatriz.

Circulo dentro de circulo (padrdo

isobaro)

Anéis concéntricos e pigmentados rodeando um ao outro

Obliteragdo folicular

Estruturas romboidais se tornam mais amplas, obliterando os foliculos pilosos

Linhas anguladas

Linhas retas acinzentadas ou marrons ou bordas de pigmentos reunidos em angulos.

Estuturas romboides

Listras marrons e cinzas hiperpigmentadas ao redor dos foliculos pilosos

Estruturas poligonais (zig-zag | Pontos e linhas cinzas de cor marrom a azulada organizados em um padrao linear angulado
lines)

Ares sem estrutura e | Granularidade sobre um fundo marrom sem estrutura

granulosidade

Hipopigmentagdo  difusa ou | Areas sem estruturas e com hipopigmentagdo difusa ou multifocal

multifocal

Fonte: Adaptado de Jaimes e Marghoob (2013) e Jaimes e Marghoob (2015)



Apéndice 5 - Quadro da graduacdo da elastose

Graduagio da elastose

Definicéio

Grau 0

0: Auséncia de fibras elastoticas

Grau 0 (+) Raras fibras elastoticas apenas visualizada a 200x

Graul (-) Raras e isoladas fibras elastoticas dispostas individualmente. Auséncia de agrupamentos de fibras

Grau 1 Moderada quantidade de fibras elastoticas dispostas individualmente. Auséncia de agrupamentos de
fibras

Graul (+) Grande quantidade de fibras elastoticas dispostas individualmente. agrupamentos de fibras

Grau 2 (-) Agrupamentos de fibras presente, porém fibras individuais predomina

Grau 2 Agrupamentos de fibras presente, e predominam

Grau 2 (+) Confluéncia maiores de Agrupamentos de fibras, porém ¢é possivel ver o delineamento das fibras
individuais. Auséncia de depdsitos amorfos.

Grau 3 (-) Presenca de depositos amorfos focais de material azul-acinzentado, com perda da textura das fibras

Grau 3 Moderada quantidade de depdsitos amorfos de material azul-acinzentado, com perda da textura das
fibras.

Grau 3 (+) Grande aglomerado de depositos amorfos de material difuso basofilico.

Fonte: Adaptado de Landi et al. (2006)




