UNIVERSIDADE ESTADUAL PAULISTA
“JULIO DE MESQUITA FILHO”
FACULDADE DE MEDICINA

Marcel Arakaki Asato

ASSOCIACAO DOS PARAMETROS HISTOPATOLOGICOS
(INDICE DE BRESLOW MODIFICADO E DIMENSAO
MACROSCOPICA) E IMUNOISTOQUIMICOS (KI-67 E
PRAME) COM O RESULTADO DO LINFONODO
SENTINELA E SOBREVIDA EM CASOS DE MELANOMA
CUTANEO

Tese apresentada a Faculdade de
Medicina, Universidade Estadual Paulista
“‘Julio de Mesquita Filho”, Caémpus de
Botucatu, para obtenc¢ao do titulo de Doutor
em Patologia.

Orientador: Prof. Dr. José Candido Caldeira Xavier-Junior
Coorientadora: Profa. Dra. Mariangela Esther Alencar Marques

Botucatu
2024




Marcel Arakaki Asato

ASSOCIACAO DOS PARAMETROS HISTOPATOLOGICOS (iINDICE DE
BRESLOW MODIFICADO E DIMENSAO MACROSCOPICA) E
IMUNOISTOQUIMICOS (KI-67 E PRAME) COM O RESULTADO DO
LINFONODO SENTINELA E SOBREVIDA EM CASOS DE MELANOMA
CUTANEO

Tese apresentada a Faculdade de
Medicina, Universidade Estadual Paulista
“Julio de Mesquita Filho”, Campus de
Botucatu, para obtencdo do titulo de
Doutor em Patologia.

Orientador: Prof. Dr. José Candido Caldeira Xavier-Junior
Coorientadora: Profa. Dra. Mariangela Esther Alencar Marques

Botucatu
2024



FICHA CATALOGRAFICA ELABORADA PELA SECAO TEC. AQUIS. TRATAMENTO DA INFORM.
DIVISAO TECNICA DE BIBLIOTECA E DOCUMENTAGAO - CAMPUS DE BOTUCATU - UNESP

BIBLIOTECARIA RESPONSAVEL: ROSANGELA APARECIDA LOBO-CRB 8/7500

Asato, Marcel Arakaki.

Associacdo dos pardmetros histopatolégicos (Indice de
Breslow modificado e dimensdo macroscdpica) e
imunoistoquimicos (Ki-67 e PRAME) com o resultado do
linfonodo sentinela e sobrevida em casos de melanoma cutdneo
/ Marcel Arakaki Asato. - Botucatu, 2024

Tese (doutorado) - Universidade Estadual Paulista
(UNESP), Faculdade de Medicina, Botucatu

Orientador: José Cédndido Caldeira Xavier-Junior

Coorientador: Maridngela Esther Alencar Marques
Capes: 40105008

1. Estadiamento de tumores. 2. Melanoma. 3. Pele - tumores.
4. Patologia.

Palavras-chave: Estadiamento de neoplasias; Melanoma;
Neoplasias da pele; Patologia.




IMPACTOS POTENCIAIS DESTA PESQUISA

IMPACTO CIENTIFICO

Esta pesquisa contribui significativamente para a area de dermatopatologia,
trazendo novos conhecimentos relacionados a fatores progndésticos no melanoma
cutaneo. A introdugdo de novas maneiras de mensuragdo do tumor (medida de
Breslow modificada e DOI), além de certos marcadores imunoistoquimicos (Ki-67 e
PRAME) pode ajudar a prever melhor o prognéstico desta neoplasia agressiva. Os
resultados podem servir como base para futuras pesquisas académicas,
potencialmente levando ao desenvolvimento de novas abordagens para avaliagéao

prognéstica e tratamento do melanoma cutaneo.

IMPACTO SOCIAL

Ao identificar marcadores que podem prever com maior precisao a sobrevida
e o risco de metastases dos casos de melanoma cutaneo, os profissionais da saude
poderao fornecer um tratamento mais personalizado e eficaz. Isso pode resultar em
melhores desfechos clinicos e mais qualidade de vida. Além disso, o desenvolvimento
da tese de doutorado culmina com a formagado de um pesquisador que ja atua em
universidade publica e podera criar novos projetos de pesquisa relacionados em sua

universidade, inclusive atuando na formacao de recursos humanos na area.

IMPACTO ECONOMICO

A melhoria da precisao na avaliagéo progndstica no melanoma cutaneo pode
reduzir a necessidade de procedimentos mais caros e complexos, resultando em
economia para os sistemas de saude publica e privada. Trata-se de projeto de base
morfoldgica, baseado em técnica acessiveis, que pode ser reproduzido facilmente em

outros centros de pesquisa e cujos resultados sao aplicaveis a rotina diagndstica.



POTENTIAL IMPACTS OF THIS RESEARCH

SCIENTIFIC IMPACT

This research significantly contributes to dermatopathology by introducing
knowledge of prognostic factors in cutaneous melanoma. Introducing ways to measure
the tumor (modified Breslow thickness and DOI) and immunohistochemistry markers
(Ki-67 and PRAME) can help predict the outcomes of this aggressive neoplasm. The
results will serve as the basis for future academic research, potentially leading to new

approaches for prognostic evaluation and treatment of cutaneous melanoma.

SOCIAL IMPACT

By identifying markers that can accurately predict survival and the risk of
metastasis in cutaneous melanoma, healthcare professionals can provide
personalized and effective treatment. This advance can lead to significantly better
clinical outcomes and a substantial enhancement in the quality of life for patients.
Furthermore, the development of the doctoral thesis culminates in the training of a
researcher who already works at a public university and will be able to create new
related research projects at the university, including working on the training of human

resources in the area.

ECONOMIC IMPACT

Improving the accuracy of prognostic evaluation in cutaneous melanoma can
reduce the need for more expensive and complex procedures, resulting in savings for
public and private healthcare systems. This is a morphological-based project based on
accessible techniques that can be easily reproduced in other research centers and

whose results apply to routine diagnosis.



O UNIVERSIDADE ESTADUAL PAULISTA

unesp

ATA DA DEFESA PUBLICA DA TESE DE DOUTORADO DE MARCEL ARAKAKI ASATO,
DISCENTE DO PROGRAMA DE POS-GRADUACAO EM PATOLOGIA, DA FACULDADE DE
MEDICINA - CAMPUS DE BOTUCATU.

Aos 19 dias do més de julho do ano de 2024, as 08:30 horas, por meio de
Videoconferéncia, realizou-se a defesa de TESE DE DOUTORADO de MARCEL ARAKAKI
ASATO, intitulada ASSOCIACAO DOS PARAMETROS HISTOPATOLOGICOS (iNDICE
DE BRESLOW MODIFICADO E DIMENSAO MACROSCOPICA) E
IMUNOISTOQUIMICOS (KI-67 E PRAME) COM O RESULTADO DO LINFONODO
SENTINELA E SOBREVIDA EM CASOS DE MELANOMA CUTANEO. A Comissdo
Examinadora foi constituida pelos seguintes membros: Prof. Dr. JOSE CANDIDO CALDEIRA

Cémpus de Botucatu

XAVIER JUNIOR (Orientador(a) - Participagdo Virtual) do(a) Instituto de Patologia de
Aracatuba, Prof. Dr. GILLES LANDMAN (Participacao Virtual) do(a) Depto. de Patologia /
EPM/Sao Paulo - Unifesp, Profa. Dra. MIRIAN NACAGAMI SOTTO (Participacao Virtual) do(a)
Depto. de Patologia / FM/Sao Paulo - USP. Apds a exposicao pelo doutorando e arguigao
pelos membros da Comissao Examinadora que participaram do ato, de forma presencial
e/ou virtual, o discente recebeu o conceito final:@provado . Nada mais

havendo, foi lavrada a presente ata, que apéds lida e aprovada, foi assinada pelo(a)

Presidente(a) da Comissao Examinadora.

Prof. Dr. JOSE CANDIDO CALDEIRA XAVIER JUNIOR

Documento assinado digitalmente

ub JOSE IDO CALDEIRA XAVIER JUNIOR
g Data: 19/07/2024 12:24:59-0300




AGRADECIMENTOS

Ao Professor Dr. José Candido Caldeira Xavier-Junior, pela sua orientacao,
paciéncia, disponibilidade, suas dicas valiosas e presenca constante, que foram
essenciais para o desenvolvimento deste trabalho.

A Dra. Mariangela Esther Alencar Marques, coorientadora deste trabalho, que
enriqueceu este trabalho com sua expertise e inestimaveis contribuigdes.

Aos meus pais, Marcos e Elaine, cujo apoio e incentivo foram o alicerce de
toda a minha jornada de vida.

A generosidade do Dr. Luiz Carlos Takita, que ndo apenas me incentivou a
entrar na pdés-graduacédo como também foi essencial durante o desenvolvimento do
projeto.

Ao Dr. Francisco Alves Moraes Neto, do Hospital Amaral Carvalho, por toda a
ajuda no laboratério de patologia em Jau.

Ao estatistico José Eduardo Corrente, cujas analises foram cruciais para a
realizacao deste trabalho.

A Dra. Marcia Guimardes da Silva e & servidora Vania Soler Amaral, pela
disposicédo e apoio constante em todas as demandas relacionadas ao programa de
pos-graduagao.

A Dra. Juliana Polizel Ocanha-Xavier, por suas valiosas orientacdes e ajuda
constante durante o desenvolvimento do projeto.

A aluna de mestrado Isabeli Joaquim Contel, bem como & Dra. Nathalia Silva
Carlos Oliveira que foram essenciais na etapa final deste projeto.

A Fundacdo de Amparo a Pesquisa do Estado de S&o Paulo (FAPESP) pelo
suporte financeiro que viabilizou muitas das fases deste trabalho (Numero do
processo: 2021/09431-0).

A Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
e ao programa CAPES-Print, pela oportunidade impar de capacitagdo em um dos
servicos de referéncia mundial em Dermatopatologia.

Ao Dr. Jeffrey North e ao Dr. Philip LeBoit, da Universidade da Califérnia, San
Francisco, por me acolherem e compartilharem seu valioso conhecimento.

Aos meus alunos de graduagdo em medicina e aos residentes de
dermatologia, da UFMS, que com seu animo e dedicagdo, aumentam meu entusiasmo

pelo ensino, pesquisa e pela continuidade na academia.



“Para resolver um problema desta natureza,
o segredo é raciocinar de tras para a frente. E
uma proeza da maior utilidade, mas as
pessoas nado costumam pratica-la.”

(Sherlock Holmes, de Arthur Conan Doyle)



RESUMO

Introdugdo: O melanoma cutaneo € um dos canceres de pele com pior prognéstico,
frequentemente evoluindo com metastases e alta mortalidade. Os principais subtipos
histolégicos sao o extensivo superficial (baixo dano solar cumulativo), nodular, lentigo
maligno (alto dano solar cumulativo) e o lentiginoso acral, sendo este considerado o
subtipo de pior progndstico. Para avaliagdo prognéstica do melanoma cutaneo a
medida micrométrica de Breslow é considerado o fator mais importante, entretanto,
possui limitacdes. O tamanho macroscopico ndo € um parametro considerado para
estadiamento no melanoma cutaneo, embora a dimensao do tumor seja considerada
no melanoma uveal e carcinoma de células escamosas. Varios marcadores
imunoistoquimicos sao utilizados para auxilio no diagndstico do melanoma, porém nao
ha marcadores consolidados para avaliagdo prognédstica. Objetivo: Correlacionar a
extensao macroscopica do tumor, a profundidade de invasdo medida a partir da
membrana basal (Breslow modificado), o DOI (“depth of invasion”), indice de
proliferacdo celular medido pelo Ki-67, padrées de marcacido nuclear do Ki-67 e a
expressao do PRAME, com o resultado do linfonodo sentinela e a sobrevida em
pacientes com melanoma cutdaneo. Métodos: Estudo transversal retrospectivo
baseado na andlise de dados de prontuario eletrbnico (tamanho macroscopico,
resultado do linfonodo sentinela e sobrevida), avaliacdo de laminas coradas em
Hematoxilina e Eosina (Breslow modificado e DOI), imunoistoquimica para Ki-67 e
PRAME, e digitalizagdo de laminas e analise do padrdao de marcagéo do Ki-67 por dois
dermatopatologistas. Resultados: O tamanho macroscépico demonstrou correlagéo
significativa apenas com o resultado do linfonodo sentinela em analise univariada. O
Breslow modificado mostrou-se capaz de predizer a sobrevida especifica e resultado
do linfonodo sentinela, assim como a medida de Breslow convencional. O DOI foi
capaz de predizer a sobrevida especifica do melanoma acral apenas em analise
univariada. Elevada expressao de PRAME e Ki-67 estdo associadas a pior sobrevida
geral em analise univariada. Em analise multivariada, entretanto, apenas a medida de
Breslow foi significativa. A andlise dos padrdes de expressao nuclear do Ki-67
demonstrou uma elevada concordancia interobservador (coeficiente de concordancia
de Linn: 0.9783) com maior frequencia de trés padrdes especificos no grupo de

pacientes que morreram por melanoma. Conclusao: O Breslow modificado € capaz



de predizer o progndstico no melanoma cutaneo assim como a medida de Breslow
convencional. O tamanho macroscopico e o DOl possuem correlagao significativa com
desfechos (linfonodo sentinela e sobrevida, respectivamente) no melanoma cutaneo.
Elevada expressédo do PRAME e do Ki-67 estdo associadas a pior sobrevida geral.
Além disso, alguns padrdes de marcagao do Ki-67 estao associados a pior desfecho.
Entretanto, em analise multivariada, a medida de Breslow continua sendo o principal

fator para avaliagao prognostica no melanoma cutaneo.

Palavras-chave: Melanoma, patologia, estadiamento de neoplasias, neoplasias da

pele



ABSTRACT

Introduction: Cutaneous melanoma is one of the skin cancers with the worst
prognosis, often developing metastases and high mortality. The main histological
subtypes are superficial spreading (low cumulative solar damage), nodular, lentigo
maligna (high cumulative solar damage) and acral lentiginous, which is considered the
subtype with the worst prognosis. For the prognostic assessment of cutaneous
melanoma, the Breslow micrometric measurement is considered the most important
factor, however, it has limitations. Macroscopic size is not a parameter considered for
staging in cutaneous melanoma, although tumor size is considered in uveal melanoma
and squamous cell carcinoma. Several immunohistochemical markers are used to aid
in the diagnosis of melanoma, but there are no consolidated markers for prognostic
assessment. Objective: To correlate the macroscopic extension of the tumor, the
depth of invasion measured from the basement membrane (modified Breslow), the DOI
(“depth of invasion”), cell proliferation index measured by Ki-67, Ki-67 nuclear labeling
patterns and PRAME expression, with sentinel lymph node outcome and survival in
patients with cutaneous melanoma. Methods: Retrospective cross-sectional study
based on analysis of electronic medical record data (macroscopic size, sentinel lymph
node results and survival), evaluation of slides stained with Hematoxylin and Eosin
(modified Breslow and DOI), immunohistochemistry for Ki-67 and PRAME, and
digitalization of slides and analysis of the Ki-67 staining pattern by two
dermatopathologists. Results: Macroscopic size demonstrated a significant
correlation only with the sentinel lymph node result in univariate analysis. The modified
Breslow was able to predict specific survival and sentinel lymph node outcome, as well
as the conventional Breslow measurement. DOl was able to predict acral melanoma-
specific survival only in univariate analysis. High PRAME and Ki-67 expression are
associated with worse overall survival in univariate analysis. In multivariate analysis,
however, only the Breslow measurement was significant. Analysis of Ki-67 nuclear
expression patterns demonstrated high interobserver agreement (Linn's coefficient of
agreement: 0.9783) with a greater frequency of three specific patterns in the group of
patients who died from melanoma. Conclusion: The modified Breslow is capable of
predicting the prognosis in cutaneous melanoma as well as the conventional Breslow

measurement. Macroscopic size and DOI have a significant correlation with outcomes



(sentinel lymph node and survival, respectively) in cutaneous melanoma. High
expression of PRAME and Ki-67 are associated with worse overall survival.
Furthermore, some Ki-67 staining patterns are associated with a worse outcome.
However, in multivariate analysis, the Breslow measurement remains the main factor

for prognostic assessment in cutaneous melanoma.

Keywords: Melanoma, pathology, neoplasm staging, skin neoplasms
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1 INTRODUGAO

1.1 Melanoma cutaneo

O melanoma cutaneo é uma neoplasia que surge de melandcitos e representa
um dos tipos de cancer de pele mais perigosos ja que frequentemente leva a
metastases para 6rgaos distantes. (1)

A incidéncia de melanoma tem aumentado nas Uultimas décadas em
populacdes brancas, provavelmente relacionada ao comportamento recreacional e
exposicao solar. As maiores incidéncias foram reportadas na Australia e Nova
Zelandia com até 60 casos por 100.000 habitantes por ano. (2) No Brasil a incidéncia
estimada é de 4,13 casos por 100.000 habitantes por ano. No ano de 2020 foram
estimados 1.120 6bitos em homens e 803 6bitos em mulheres. (3, 4)

Apesar do aumento da incidéncia, as taxas de mortalidade permaneceram
estaveis desde a década de 1980, refletindo as melhorias na deteccédo precoce de
melanomas finos em um estagio potencialmente curavel. (2)

O melanoma surge como consequéncia de uma complexa interagdo de
fatores ambientais e constitucionais. Estudos moleculares indicam que o melanoma é
uma doenga heterogénea com varios subtipos biolégicos distintos possivelmente
surgindo por diferentes vias. (2)

Fatores de risco para melanoma incluem, dentre outros:

- Exposigao a radiagao ultravioleta natural e bronzeamento artificial. Tanto a
radiacao UV-A, que é mais abundante na luz solar natural, quanto a UV-B estao
relacionadas ao aumento do risco de desenvolvimento do melanoma. (5) A radiagao
UV-A provoca formagao de radicais livres que causam dano oxidativo ao DNA, sendo
um potencial mutagénico. Ja a UV-B penetra na camada basal da epiderme levando
a formacgéo de dimeros de pirimidina no DNA. O reparo incorreto dessas alteragdes
no DNA leva a mutagdes que alteram o funcionamento celular. Individuos expostos
de maneira intermitente a luz solar intensa também tém maior risco de desenvolver
melanoma. (6)

- Pele clara. A incidéncia de cancer de pele é menor em individuos de pele
escura do que naqueles de pele clara. A melanina cutdnea é o fator protetor mais
importante, ja que além de absorver a radiagao UV, tem atividade antioxidante. (7)

- Mdultiplos nevos melanociticos. (8)
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- Nevo displasico. A presenga de nevo displasico esta associado a um
aumento de 1,5 a 10x no risco de melanoma, sendo que quanto maior o numero de
nevos displasicos mais elevado é o risco. (9)

- Sardas. (9)

- Imunossupressao. Sabe-se que ha um aumento da incidéncia de melanoma
em individuos transplantados. (10) Individuos infectados pelo virus HIV possuem um
risco 2,6x maior do que individuos ndo infectados, além de apresentar um pior
prognostico. (11)

- Historia familiar de melanoma. Cerca de 8 a 14% dos pacientes possuem
histéria familiar de melanoma, sendo que o principal gene identificado relacionado a
melanoma familiar € o CDKN2A. Mutag¢des em outros genes predisponentes (CDK4,
BAP1, TERT, POT1, ACD, TERF2IP e MITF) sao mais raros. (2,12, 13)

Os melanomas s&o mais comuns entre os 30 e 60 anos de idade, com uma
frequéncia ligeiramente maior em homens do que em mulheres. Ocorrem em qualquer
parte da pele, e podem atingir as mucosas. (14)

O mnemdnico ABCDE pode ajudar a identificar um melanoma. A letra A vem
de assimetria, j4 que no melanoma ha perda da simetria (normalmente encontrada
nos nevos melanociticos). A letra B refere-se as bordas da leséo, que sé&o irregulares
no melanoma. A letra C corresponde a coloragdo heterogénea, ao contrario dos
nevos melanociticos que sao uniformemente pigmentados. A letra D refere-se
ao didmetro superior a 6mm e a letra E significa expansdo em superficie ou
modificacado do aspecto da lesdo. (14)

Podem ser classificados em diversos tipos com caracteristicas
epidemioldgicas, histologicas e prognédsticos diferentes. (14)

O melanoma extensivo superficial corresponde a 70% dos melanomas,
ocorrendo principalmente no tronco, dorso em homens e membros inferiores nas
mulheres. Apresenta-se como lesao levemente elevada, com margens irregulares e
coloracao variada. (14) Aproximadamente 50% possuem mutag¢des no gene BRAF e
15-25% mutagdes no gene NRAS. Estes tendem a ser mais espessos e apresentar
uma taxa mitética mais elevada. (15) No exame histopatolégico observam-se células
neoplasicas isoladas ao longo da juncgédo dermoepidérmica ou formando ninhos,
frequentemente com invasdo pagetdide da epiderme e podendo exibir invasao da
derme. (16)
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O melanoma nodular corresponde a 15-30% dos casos, ocorre mais
comumente na quinta década de vida, € agressivo e pode crescer rapidamente em
poucas semanas. E uma lesdo nodular ou polipoide de coloragdo negro-azulada a
vermelha, ocorrendo principalmente no tronco de homens e perna de mulheres,
frequentemente confundidas com hemangioma ou granuloma piogénico. (14, 15)
Aproximadamente 50% possuem mutagdes no gene BRAF e 20% no gene NRAS.
(15) Na histopatologia predomina o componente invasor e a epiderme adjacente a
lesdo apresenta no maximo 2 cones epiteliais acometidos. (16)

O melanoma lentiginoso acral é a forma mais comum em negros e asiaticos,
mais comumente na sexta década de vida, principalmente nas
regides palmoplantares e falanges distais. (14) Este melanoma comumente possui
mutagdo do gene kit. (15) A histologia a epiderme é hiperplasica com proliferagéo de
melandécitos na camada basal, melanocitose pagetoide e prolongamentos dendriticos
pigmentados por entre os queratindcitos. (16)

O lentigo maligno € um tipo de melanoma in situ mais comumente encontrado
na face de individuos idosos com pele danificada pelo sol. Cresce por um longo
periodo antes de se tornar invasivo, podendo se tornar bastante extenso a
apresentacdo mesmo sendo restrito a epiderme. Quando ocorre invasao
(lentigo maligno melanoma), comporta-se da mesma maneira que um melanoma
invasivo de novo. Ao exame histopatolégico observa-se atrofia e retificagcdo da
epiderme, elastose solar e proliferacdo de melandcitos na camada basal da
epiderme. (15)

Melanoma é um diagndstico histolégico. Lesdes pigmentadas e néo
pigmentadas clinicamente suspeitas para melanoma devem ser excisadas e
submetidas a exame histopatoldgico. (15) Algumas caracteristicas associam-se a
indole maligna e sao uteis para o diagnostico de melanoma:

- Assimetria horizontal e vertical: Lesbes com silhueta assimétrica, margens
laterais opostas com diferentes morfologias, distribuicdo irregular do pigmento
melénico, distribuicdo irregular dos ninhos na jungdo dermoepidérmica e uma
epiderme com diferentes espessuras, por vezes mais fina ou ulcerada sao
caracteristicas que podem favorecer melanoma. O infiltrado linfocitario é geralmente
assimétrico nos melanomas enquanto nos nevos é uniformemente distribuido. (16,
17)
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- Padrdao lentiginoso extenso: consiste de melandcitos  alinhados
individualmente em areas da epiderme.

- Falta de circunscrigao: circunscricao € definida pela presencga de ninhos de
melandcitos nos limites da lesdo. A falta de circunscricdo ocorre na maioria dos
melanomas extensivos superficiais. O melanoma nodular é excegdo, ja que se
apresenta como uma lesao nitidamente bem circunscrita.

- Ninhos de melandcitos grandes, confluentes e irregulares.

- Perda da maturacdo dos melandcitos: maturagdo € um fendbmeno que
consiste na diminuicdo do tamanho dos melandcitos nas por¢cdes mais profundas da
lesdo. Os melanécitos também perdem a pigmentacgéo e se tornam mais alongados.
A maturagdo é caracteristica dos nevos melanociticos e geralmente ausente nos
melanomas.

- Consumo da epiderme: adelgagcamento de parte da epiderme com perda dos
cones epiteliais, provavelmente associado a ulceracao incipiente.

- Disseminacéo pagetoide:  presenga de  melandcitos  neoplasicos
intraepidérmicos acima da camada basal.

- Atipias citolégicas: presengca de melandcitos grandes (epitelidides) e
fusiformes, pleomorfismo nuclear com variagdo do didmetro do nucleo e da
distribuicdo da cromatina, hipercromasia e nucléolo eosinofilico proeminente podem
indicar uma natureza maligna.

- Elevado numero de mitoses: encontro de numero signficiativo de mitoses,
mitoses agrupadas ou mitoses na porgdo mais profunda da lesdo sao sugestivas de
melanoma.

- Necrose tumoral

- Sinais de dano solar: qualquer lesdo melanocitica juncional ou composta
que se desenvolve em pele severamente danificada pelo sol, caracterizado
por elastose solar acentuada, deve ser considerado um provavel melanoma. (16, 17,
18)

O laudo de melanoma relata as feicbes que permitiram o estabelecimento do
diagndstico assim como as caracteristicas que sdo importantes para o prognéstico e
conduta. O prognéstico é dependente principalmente da espessura do tumor. (18)
Wallace H. Clark, em 1969, percebendo a relagao entre a profundidade de invasao do
melanoma e o prognostico, desenvolveu um sistema baseado em niveis de

envolvimento anatdmico cutaneo, classificando os melanomas de acordo com a



17

profundidade maxima de invasao da lesdo nos niveis da derme ou tecido subcutaneo,
sendo o nivel I: in situ; nivel Il: invaséo superficial da derme; nivel lll: lesdo preenche
a derme papilar; nivel IV: ha invasao da derme reticular; nivel V: alcanga o tecido
subcutaneo. (16, 19, 20, 21)

1.2 Medida de Breslow

A profundidade de invasdo como fator progndstico também foi reportada por
Alexander Breslow em 1970, que demonstrou uma correlacdo da espessura do
melanoma com risco de recorréncia e metastase. Particularmente ele encontrou que
melanomas com espessura menor do que 0,76 mm nao evoluiram com recorréncia
ou metastases. (19, 21)

Estudos posteriores, mostraram que o nivel de Clark, embora ainda
justificadamente adotado, possui um valor preditivo baixo, € menos reproduzivel e é
mais operador-dependente quando comparado com a medida de Breslow. (19)

A medida micrométrica de Breslow tornou-se o fator mais importante para
prognéstico e conduta, sendo utilizado amplamente e esta incluido nos sistemas de
estadiamento da AJCC (American Joint Committee on Cancer). A medida de Breslow
define o estadiamento patoldgico, tamanho das margens da exciséo e aplicabilidade
da bidpsia de linfonodo sentinela. (22, 23)

A medida de Breslow é mensurada utilizando-se um micrémetro ocular,
escala de Vernier do microscépio, uma régua micrométrica sobre a lamina ou
programas de computador para mensuragdo de imagens digitalizadas. A medida é
entdo realizada desde a por¢ao mais superficial da camada granulosa (ou da camada
espinhosa em sua auséncia) até a porgao mais profunda do tumor (Figuras 1 e 2).
(17) Se a lesao ¢é ulcerada, a medida comeca desde a base da ulcera. Nestes casos
a espessura podera estar subestimada pois ndo se esta levando em conta a
quantidade de tumor perdida devido a ulceragao (Figura 3). De acordo com a oitava
edicdo da AJCC a mensuracao deve ser arredondada para o décimo de milimetro
(0,fmm) mais proximo, e ndo mais para o centésimo de milimetro como utilizado
previamente, devido a imprecisdo e impraticidade desta ultima medida. (24, 25)
Convencionou-se ainda arredondar os valores na casa dos centésimos para baixo
aqueles que terminam de 1 a 4 e para cima aqueles que terminam de 5 a 9 (Por

exemplo, um melanoma medindo 0,75 mm de espessura seria arredondado para 0,8
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mm. E aqueles que medem entre 0,95 mm e 1,04 mm s&o arredondados para 1,0mm).
(25, 26)

Existem algumas particularidades na mensuragdo do Breslow como: a
espessura apenas pode ser avaliada de forma acurada em cortes perpendiculares a
superficie da epiderme; (26) caso haja extensao perianexial do melanoma e este
represente o unico foco de invasdo, a espessura de Breslow deve ser mensurada a
partir do centro da estrutura anexial que teve origem; (27) a espessura de Breslow nao
pode ser determinada em casos de ressecg¢ao superficial da lesdo apenas. (26) A
mensuragdo pode ser dificil na pele acral devido a epiderme extensamente
espessada. (24) Portanto, percebe-se que a medida de Breslow possui algumas
limitacbes. Quando ha presenca de ulceragdao, a medida comeca deste a base da
ulcera ja que ndo ha camada granulosa; e, quando ha auséncia da camada granulosa
como ocorre na regiao ungueal, a mensuragao pode ser desafiadora (28). Além disso
a medida de Breslow n&do leva em conta as variacbes de espessura da epiderme
normal nos diferentes sitios anatémicos, podendo mostrar diferengas mesmo quando
0 componente invasivo possui espessura semelhante, ja que inclui a espessura total
da epiderme. Sabe-se que, por exemplo, a pele acral possui uma epiderme mais
espessa enquanto algumas areas da face como a pele da regido posterior da orelha
possuem uma epiderme mais fina. (29, 30) Soma-se o fato de que para o subtipo de
melanoma acral lentiginoso o valor da medida de Breslow para progndstico ainda é
discutido. (31)
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Figura 1. Espessura de Breslow. A mensuragdo € realizada utilizando-se de um

micrémetro ocular desde a camada granulosa até a célula tumoral mais profunda.

'/"/ ——
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Figura 3. Espessura de Breslow em melanoma com ulceragdo. Mensura-se a partir

da base da ulcera. Neste exemplo a espessura de Breslow € de 3,6mm.

1.3 Estadiamento patoloégico (Tamanho)

A oitava edicdo do Manual de Estadiamento do Cancer da AJCC (2017)
estabelece a seguinte divisdo da categoria T, de T1 a T4 de acordo com a espessura
do tumor (22):

- TX: espessura do tumor primario ndo pode ser mensurada (por exemplo,
diagndstico por curetagem).

- TO: Sem evidéncia de tumor primario (por exemplo, melanoma que sofreu
regressao total)

- Tis: Melanoma in situ.
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- T1: Menor ou igual a 1,0 mm, sendo T1a < 0,8mm sem ulceragéo e T1b <
0,8mm com ulceragéo ou 0,8 mm a 1,0 mm (com ou sem ulceragao).

-T2:>1,0 mm a 2,0 mm, sendo T2a sem ulceragao e T2b com ulceracao.

-T3:>2,0 mm a 4,0 mm, sendo T3a sem ulceragao e T3b com ulceracao.

- T4: > 4,0 mm, sendo T4a sem ulceragao e T4b com ulceragao. (27, 25)

A sobrevida aproximada em 5 anos é de 95 - 100% para melanomas in situ e
melanomas finos (espessura menor ou igual a 1,0 mm) e varia de 50 - 96% para
melanomas com mais de 1,0 mm de espessura sendo: 80 - 96% para melanomas de
1,1 mm a 2,0mm; 60 — 75% para melanomas de 2,1 mm a 4,0 mm; e 50% para
melanomas com mais de 4,0 mm de espessura. (19, 32)

A ampliagdo de margens como parte do tratamento do melanoma cutaneo
deve se basear na profundidade de Breslow. Para melanomas in situ a ampliagao
recomendada é de 0,5 — 1,0cm. Em melanomas com espessura menor ou igual a 1,0
mm (T1) a ampliagéo deve ser de 1,0cm. Para melanomas T2 (maior que 1,0 mm até
2,0mm), a ampliagéo pode ser de 1,0 cm a 2,0 cm devendo-se levar em consideragao
a localizagdo do tumor, aspectos funcionais e cosméticos. E uma ampliagdo de
margens de 2,0 cm é recomendada para tumores com espessura maior do que 2,0
mm (T3 e T4). (33)

Alguns estudos mostram que melanomas finos localizados na cabeca e
pescoco exibem uma taxa maior de recorréncia e metastases, possivelmente em
consequéncia das margens cirurgicas mais estreitas pela localizagdo anatémica, por
motivos estéticos e funcionais. Outra explicacao plausivel € de que a pele da cabeca
e pescogo possui uma derme reticular mais fina, frequentemente danificada pela
radiagao solar. Por isso um Breslow fino poderia estar associado a um nivel anatémico
de invasao profundo. (34, 35, 36)

1.4 Linfonodo sentinela e outras caracteristicas prognésticas

Os linfonodos regionais sdo os sitios mais comuns de metastases iniciais em
pacientes com melanoma. A bidpsia de linfonodo sentinela € uma técnica para
detectar micrometastases linfonodais que contribui para determinar o progndstico,
adequar o tratamento e possui uma morbidade e efeitos adversos muito menores do
que uma linfadenectomia eletiva. A bidpsia de linfonodo sentinela deve ser discutida

e recomendada / oferecida nos casos de melanoma com pelo menos 1,0mm de
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espessura ou nos casos com menos de 1,0mm com caracteristicas adversas
(presenca de ulceragdo, invasdo linfovascular e/ou indice mitético elevado
principalmente em pacientes com menos de 40 anos). Melanomas com a espessura
de Breslow maior ou igual a 1,0mm possuem um risco de aproximadamente 10% de
invasao linfonodal, enquanto que em melanomas mais finos o risco € em torno de 5%.
A disseccao linfonodal completa em pacientes com linfonodo sentinela positivo
tradicionalmente tem sido recomendada, porém os estudos ndo demonstram uma
diferenca significativa na sobrevida dos pacientes submetidos ao procedimento. (33,
37)

Outras caracteristicas importantes para o progndstico incluem:

- Ulceracdo: a presenga de ulceracdo, mesmo minima tem impacto
progndstico. Além disso, a extensédo da ulceragao de um melanoma se correlaciona
tanto com o status do linfonodo sentinela quanto a sobrevida geral. (38)

- indice mitético: é definido como o nimero de mitoses por milimetro quadrado
no componente dérmico. Um indice mitético elevado esta fortemente associado a pior
prognéstico, independente da espessura do tumor, ainda que esse parametro tenha
sido excluido da ultima edigdo do AJCC para estadiamento (22)

- Invaséo linfovascular: a presenca de invasao esta associada a maior risco
de metastase para linfonodo sentinela assim como € um preditor de pior sobrevida
geral em pacientes com evidéncia de regressao do tumor primario. (39)

- Infiltrado linfocitario: a presenca de um infiltrado linfocitario tumoral denso
(TIL “tumor-infiltrating lymphocytes”, em que os linfécitos infiltram e rompem os ninhos
tumorais e estdo em contato direto com as células tumorais), esta associado com um
prognéstico favoravel. (40)

- Necrose: presengca de necrose tumoral estd associado a uma maior
espessura do melanoma, ulceragao, invasao vascular, maior indice proliferativo e uma
sobrevida geral reduzida. (41)

- Subtipo histolégico: melanoma extensivo superficial possui caracteristicas
progndésticas melhores do que os subtipos lentiginoso acral e nodular. (42)

- Caracteristicas clinicas como idade, sexo e localizagao do tumor. (18)

1.5 Tamanho macroscoépico
De acordo com o conceito de progressao tumoral aplicado para melanomas,

a primeira fase de crescimento é a radial, caracterizada por aumento do tumor em sua
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periferia. A fase seguinte é a de crescimento vertical, em que o tumor adquire potencial
metastatico, caracterizado por uma nova populacido de células mitoticamente ativas
que tendem a crescer como um noédulo expansivo intradérmico como um baldo. (43,
44, 45, 46)

O tamanho macroscopico € um parametro utilizado para estadiamento do
carcinoma de células escamosas e no melanoma uveal, porém ndo no melanoma
cutaneo (47, 48), estando sua relevancia ainda indeterminada neste caso. Raros
estudos demonstraram correlacdo entre a dimensdo macroscoépica tumoral e a
sobrevida (49, 50). Um estudo demonstrou através de analise multivariada, que a
dimensao tumoral € um preditor independente de sobrevida especifica do melanoma,
reforcando a importancia da informagdo quanto ao tamanho do tumor no laudo
anatomopatolégico. (49) Outro estudo comparou o valor progndstico da maior largura
microscopica do melanoma com a largura macroscépica, mostrando que ambas as
mensuragdes estdo associadas a progndéstico, embora a dimensdo microscopica

tenha sido superior. (50)

1.6 DOI (Depth Of Invasion)

O DOI (“Depth of Invasion”) ou “profundidade de invasdo” € uma medida
utilizada para estadiamento e prognéstico do carcinoma de células escamosas (CEC)
da cavidade oral e foi incluido na oitava edicdo da American Joint Committee on
Cancer (AJCC), enquanto a espessura tumoral (“tumor thickness”), uma mensuragao
com semelhangas a medida de Breslow, foi excluida. (51, 52) Para o CEC oral, um
estudo demonstrou que a espessura tumoral ndo esta associada a sobrevida
especifica do CEC oral, enquanto um aumento do DOI teve uma correlagao
significativa com redugdo da sobrevida especifica. Outro estudo que comparou a
espessura tumoral com o DOI encontrou que ambos estdo independentemente
associados com risco de metastase linfonodal. (52)

Existem diferengas na mensuracédo do DOI e da espessura tumoral. O DOI é
medido da membrana basal normal adjacente até a por¢gao mais profunda do tumor,
em milimetros. (Figura 4) J& a espessura tumoral, assim como a medida de Breslow
€ mensurada do ponto mais alto da superficie tumoral até a por¢gao mais profunda do
tumor. No DOI, caso a membrana basal esteja comprometida ou ausente, uma linha
hipotética € desenhada na superficie, permitindo a mensuragéao. (51, 52, 53). O DOI

independe, portanto, da espessura do epitélio, da presenca de ulceracido ou
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papilomatose, fatores estes que podem dificultar a medida de Breslow no melanoma
cutdneo. Nao ha estudos, entretanto, avaliando a aplicabilidade do DOl em

melanomas cutaneos e comparando com a medida de Breslow.

Figura 4. Comparagao da medida de Breslow com DOl em pele ndo ulcerada (imagem
superior) e ulcerada (imagem inferior), considerando a possivel aplicagédo do DOI no

melanoma cutaneo.




25

1.7 Estudo imunoistoquimico

Os marcadores imunoistoquimicos séo utilizados de forma complementar no
estudo histopatologico, de diversas neoplasias, tanto para auxiliar no diagnostico
quanto no prognéstico. Varios marcadores sao rotineiramente utilizados para o
diagndstico do melanoma, porém, até o momento n&o ha marcadores
imunoistoquimicos consolidados para avaliagdo prognéstica dos melanomas
cutaneos que estejam incorporados nos protocolos de estadiamento (22, 54)

O Ki-67 é uma proteina encontrada no nucleo de células em proliferacao,
codificada pelo gene MK167, e é expressa nas fases G1, S, G2 e M do ciclo celular,
mas nao na G0. O antigeno Ki-67 pode reagir com seu anticorpo monoclonal MIB-1,
tornando-se, portanto, um importante marcador de proliferacdo celular para a
graduacéo de diversos tipos de cancer. (55, 56)

Varios estudos mostram uma correlacido entre a expressao do Ki-67/MIB-1 e
um pior prognéstico no cancer de ovario, cancer de mama, carcinoma de células
escamosas do eséfago, cancer de pulméo, carcinoma do ducto e vesicula biliar,
cancer cervical, dentre outros. (56)

O indice do Ki-67 também é um fator prognéstico significativo no melanoma,
sendo que o0 aumento de sua expressao esta relacionado a diminuicdo da sobrevida.
(57) Um trabalho mostrou que uma contagem mitética maior ou igual a 1 por milimetro
quadrado e expressdo do Ki-67 em 20% ou mais das células tumorais € um fator
prognéstico independente para metastases em melanomas finos, com uma taxa de
metastase em 10 anos de cerca de 39%. (58) Um estudo demonstrou indices do Ki-
67 significativamente mais elevados nos pacientes com metastases em linfonodo
sentinela. (59) Outro estudo mostrou que o MIB-1 ndo é um fator progndstico
independente, porém esta associado a parametros clinicopatolégicos preditivos de
pior evolucéo clinica (maior espessura e maior estadio). (60) indice elevado do Ki-67

também foi associado a uma maior medida de Breslow. (61) (Figura 5)

Figura 5. Exemplo de indice do Ki-67 baixo (A) e elevado (B).



Além disso, verificou-se que o Ki-67 possui um padrao de marcacgao distinto

durante os varios estagios do ciclo de proliferacéo celular (55, 62). (Figura 6) Localiza-
se na regido ao redor do cromossomo no comego da mitose; na forma de centenas
de focos homogeneamente distribuidos na fase G1 inicial; um ou dois nucléolos na
fase G1 tardia; granulos grosseiros densos na fase S; granulos e nédulos irregulares
no nucleoplasma na fase G2. (63, 64) Um estudo de Dias et al., mostrou diferengas
significativas no padrao de expressdo do Ki-67 entre lesdes epiteliais benignas e
lesdes epiteliais malignas ou pré-malignas. (64) Nao ha, entretanto, estudos que

avaliaram o padrao de marcacao do Ki-67 no melanoma cutadneo até o momento.
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Figura 6. Exemplos de padrées de marcagao nuclear do Ki-67 de acordo com a fase
do ciclo celular, sendo NP1 (G1 inicial), NP2 (G1 tardio), NP3 (fase S), NP4 (G2) e
NP5 (mitose)

NP1

NP2

NP3

NP4

NP5
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O PRAME (PReferentially expressed Antigen in MElanoma), gene
correspondente aos cDNAs 5E10 e Hi2 foi descrito pela primeira vez por Ikeda et al.,
em 1997. Trata-se de um antigeno tumoral identificado através da anadlise da
especificidade de clones tumorais reativos de células T derivados de pacientes com
melanoma cutaneo metastatico em que as células do melanoma perderam a
expressao de varias moléculas HLA. (65) Codificado em uma regido de 12 quilobases
no cromossomo 22, o PRAME atua como um correpressor da sinalizagao ligante-
dependente do receptor do acido retinoico que auxilia na inibicdo da diferenciagao
celular e apoptose (66, 67, 68) E expresso em alguns tecidos normais como testiculos,
adrenais, ovario e endométrio. (65) Nas neoplasias, além do melanoma cutaneo, o
PRAME também é expresso no melanoma ocular (69), carcinoma da mama (70),
carcinoma renal (71), carcinoma ovariano (72), sarcoma sinovial (73), carcinoma nao
de pequenas células pulmonar, dentre outros. (74, 68)

A alta frequéncia de expressao do PRAME (cerca de 90%) nos melanomas
convencionais o tornou util para diferenciar de nevos melanociticos que em sua
maioria sdo negativos para o PRAME (quando positivos, geralmente sao focais, ao
contrario dos melanomas que apresentam marcagao difusa), e também na distingéo
dos melanomas metastaticos para linfonodo com os nevos melanociticos nodais. Além
da utilidade no diagnostico, o PRAME é membro da familia dos antigenos do céncer
testicular (CTA) tornando-o um possivel alvo na imunoterapia. (74, 75).

O PRAME foi identificado como um possivel biomarcador para avaliagao de
prognéstico e risco de metastases em diversos tumores. (74, 68) O aumento da
expressdo do PRAME em estagios mais avangados da doenga e a associagao com
maior risco de metastase sugere que o PRAME desempenha um papel na aquisigao
de varias caracteristicas do cancer incluindo a capacidade de invasao e metastases.
Demonstrou-se que o PRAME facilta a motilidade celular aumentando o
comportamento invasivo do cancer de mama triplo negativo in vitro. (68) Foi
evidenciado que uma alta expressao do PRAME se associa com um pior prognostico
clinico no cancer de mama aumentando-se a taxa de metastases a distancia e menor
sobrevida total. (70) No osteosarcoma, a alta expressdo do PRAME se associa com
pior prognostico e maior risco de metastases pulmonares. (76) Em carcinomas
espinocelulares da cabeca e pescoco, a intensidade de expressao do PRAME esteve

diretamente relacionada ao grau da neoplasia, ao tamanho do tumor, metastases
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linfonodais e progressao da doencga. (77). No melanoma uveal a expresséao do PRAME
foi fortemente associada ao risco de metastases e a um maior didmetro do tumor (69).

Apesar de existirem varios estudos sobre o uso do PRAME para o diagndstico
de melanoma, raros estudos focaram na relagdo entre PRAME e progndstico do
melanoma. Os escassos estudos existentes ndo demonstraram correlacdo entre a
expressdo do PRAME com a sobrevida geral ou especifica do melanoma cutaneo.
(61, 78, 79). Quanto ao risco de metastases linfonodais, um estudo com melanomas
do tipo lentiginoso acral mostrou uma maior expressédo do PRAME naqueles casos
com metastases em linfonodo do que naqueles livres de metastase. (80)

Para avaliagdo do PRAME no melanoma cutaneo a maioria dos estudos adota
a estratificacdo utilizada por Lezcano et al.,, que leva em conta a extensdo da
expressdo do PRAME em toda a area tumoral, sendo: 0= negativo; 1= entre 1% e 25%
de células neoplasicas positivas; 2= entre 26% e 50%; 3= entre 51% e 75%; 4= entre
76% e 100%. Os estudos iniciais evidenciaram que os melanomas cutaneos exibem
expressao difusa (grau 4) na maioria dos casos (mais de 80%). Entretanto estudos
posteriores demonstram uma maior variabilidade da extensdo de expressao do
PRAME. (74, 81, 61)

Outro estudo adota ainda a intensidade da marcacdo do PRAME, sendo
classificado em graus: 0= negativa; 1= fraca; 2= moderada; 3= forte (Figura 7). E um
escore combinado consistindo na soma do grau de intensidade com a classificagéo
da extensdo da marcagao, variando entdo de 0 a 7. (82). Um trabalho também
demonstrou uma correlagdo entre o indice do Ki-67 mais elevado e uma maior
expressdao do PRAME. (61)
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Figura 7. Graus de intensidade do PRAME: A = grau 1 (fraca), B = grau 2 (moderada),
C = grau 3 (forte)
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Abstract

Background Cutaneous melanoma is characterized by a high risk of metastasis to distant
organs and a substantial mortality rate. For planning treatment and assessing outcomes,
the Breslow micrometric measurement is critical. The tumor macroscopic dimension is not
considered a prognostic parameter in cutaneous melanoma, although there are studies
showing that tumor size is an independent prognostic factor for melanoma-specific survival.
Therefore, this study aimed to evaluate the macroscopic dimension of melanoma and other
known prognostic factors (i.e., Breslow index, mitoses, regression, and ulceration) as
predictors of sentinel lymph node outcome and survival outcome.

Methods We performed a retrospective cross-sectional study of 227 melanoma lesions
subjected to sentinel lymph node biopsy at two Brazilian referral centers.

Results On univariate analysis, there was a statistically significant correlation between the
largest macroscopic tumor dimension and the sentinel lymph node result (P = 0.001);
however, on multivariate analysis considering all evaluated parameters, there was no
significant difference between the sentinel lymph node result and the tumor macroscopic
dimension (P = 0.2689). Regarding melanoma-specific survival, the macroscopic
dimension showed no significant correlation (P = 0.4632) in contrast to Breslow’s
dimension (P < 0.0001).

Conclusion The Breslow thickness was the only significant factor related to both the
sentinel lymph node outcome and melanoma specific survival among the evaluated
variables.

there is an estimated incidence rate of 2.01 for men and 1.78
for women per 100,000 inhabitants.”

Cutaneous melanoma represents only 1% of skin tumors but is
considered the most dangerous skin cancer. It frequently
metastasizes, with high morbidity and mortality (more than 80%
of skin cancer deaths).'™ lIts incidence has increased in recent
decades in Caucasian populations, probably related to recrea-
tional behavior associated with sun exposure.®

According to Globocan, in 2020, there were more than
320,000 new cases of melanoma worldwide, and more
than 57,000 associated deaths. The highest incidences and
deaths occurred in North America, Europe, Australia, and New
Zealand. In the latter two countries, the standardized incidence
rate was 35.8 cases per 100,000 inhabitants in 2020.° In Brazil,

© 2024 the International Society of Dermatology.

Breslow’s micrometric measurement is the most critical factor
for prognostic assessment and management of
melanomas.? It has been widely used worldwide and included in
the American Joint Committee on Cancer (AJCC) staging
systems.® This system defines pathological staging (T), excision
margin size, and sentinel lymph node applicability.®'° Other
features for prognostic evaluation include the presence or
absence of ulceration, lymphovascular invasion, lymphocytic
infiltrate, regression, satellites, mitotic index, and histological
subtype.18

The tumor dimension is a parameter for staging squamous
cell carcinoma and uveal melanoma, but not for cutaneous

invasive
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melanoma.’®2° Thus, the relevance of the macroscopic dimen-
sion of the tumor remains undetermined.2'2® For example,
there is no reference to the tumor’s macroscopic size in the cur-
rent protocol of the College of American Pathologists.?*

Because there are only a few studies on this topic, our objec-
tive was to investigate a possible correlation between the mac-
roscopic dimension, sentinel lymph node (SNL) outcomes and
melanoma specific survival (MSS), in association with other
known prognostic factors (i.e., the Breslow index, mitoses,
regression, and ulceration). To our knowledge, the present
study is the first in Latin America with this objective.

Materials and methods

This retrospective cross-sectional study analyzed formalin-fixed
paraffin-embedded skin specimens collected from primary
melanoma lesions and lymph node excisions performed at two
Brazilian referral centers from 2005 to 2021. The study was
approved by the committee of ethics in research (CAAE
52618721.0.1001.5411 and CAAE 52618721.0.3001.5434).
From pathological reports stored in the digital systems of the
participating institutions, we recorded clinical data (i.e., sex,
age, location) and pathological information (i.e., macroscopic
width, measured with a precision of up to 0.1 cm on the largest
axis parallel to the epidermis, histological type, Breslow
thickness in millimeters, sentinel lymph node result, and the
presence or absence of ulceration, mitosis >1, and regression).
Survival data were obtained from digital medical records to
analyze outcomes. In relation to sentinel lymph node biopsy, it
followed the guidelines of the Brazilian Group of Melanoma,
which recommends the procedure for patients with cutaneous
melanoma stage pT2 and pT3.2° Lymph node biopsies were
sectioned entirely every 3 mm and, if H&E (Hematoxylin and
Eosin) staining was negative for metastasis,
immunohistochemical analysis was performed with HMB45 and
Melan-A on 5 slices from different paraffin block levels.
Exclusion criteria included lack of macroscopic size or Breslow
thickness in the pathology report, secondary melanoma, and
thin melanomas (i.e., <1.0 mm in thickness).

We performed a descriptive analysis calculating mean,
standard deviation (SD), minimum, maximum, and median
values for quantitative variables and frequencies for categorized
variables. Data were expressed as absolute (n) and relative (%)
values.

Comparisons between means for tumor macroscopic size and
Breslow thickness were made for lymph nodes, ulcerations,
mitoses, and regression outcomes using a gamma-distribution
adjustment followed by Wald’s multiple comparison test. A
logistic regression model was applied, considering the
positive/negative result as the response variable and the others
as explanatory variables to assess the risk or protective factors.

Cox proportional hazards modeling was applied to access
MSS, adjusting for the largest dimension and Breslow
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thickness. This same model was used for each subtype,
considering only those with the highest frequencies.
Associations of survival with sex, lymph node status, ulceration,
mitosis and regression were also evaluated. The significance
level was set in all tests at 5% or the corresponding P-value. All
analyses were performed using SAS for Windows v.9.4.

The study was approved by the Committee of Ethics in
Research (CAAE 52618721.0.1001.5411 and CAAE
52618721.0.3001.5434).

Results

We included 227 cases of melanoma diagnosed from 2005 to
2021 that underwent sentinel lymph node biopsy. There were
107 (47.14%) women and 120 (52.86%) men. The mean age
was 63.98 years (range: 21-94 years; SD: 15.25 years;
median: 65 years). The tumor measurement in its largest axis
ranged from 0.4 to 10.0 cm, with a mean of 2.83 cm (SD:
1.88 cm; median of 2.4 cm). Breslow’s micrometric measure-
ment ranged from 1.0 to 30.0 mm with a mean of 6.58 mm
(SD: 6.24 mm; median of 4.5 mm). Melanomas on the limbs
predominated, with 149 cases (corresponding to 65.53%), fol-
lowed by the trunk (21.14%; 48 cases), head and neck
(11.01%; 25 cases), and genital region (2.2%; 5 cases).
Regarding histological subtype, 65 cases (30.09%) were super-
ficial spreading melanoma, 71 (32.87%) were nodular melano-
mas, 75 (34.72%) were acral lentiginous melanoma, 2 (0.93%)
were lentigo maligna melanoma, 2 (0.93%) were desmoplastic
melanoma, 1 (0.46%) was impossible to classify and 11 cases
were missing.

Of the 227 cases, 140 (61.67%) had metastasis to sentinel
lymph nodes, and 87 (38.33%) were free of metastasis. There
was ulceration in 62.24% (122 with ulceration; 74 without ulcer-
ation; 31 not reported), mitosis in 94.85% (184 with mitosis, 10
without mitosis, and 33 not reported), and regression in 11.98%
(20 with regression, 147 without regression, and 60 not
reported) (Table 1). Satellites were absent in all cases.

There was a significant correlation between the largest mac-
roscopic tumor dimension and the sentinel lymph node result
(P=0.001, n=227) on univariate analysis. The mean macro-
scopic dimension for those with negative lymph nodes was
2.36 cm (SD: 1.51 cm), and for positive lymph nodes, the value
was 3.12 cm (SD: 2.02 cm). The Breslow thickness strongly
correlates with the sentinel lymph node result (P < 0.0001,
n = 227). The mean thickness was 3.68 mm (SD: 4.13 mm) for
those with negative lymph nodes and 8.38 mm (SD: 6.66 mm)
for those with positive sentinel lymph nodes. There was also a
significant correlation between the tumor macroscopic dimen-
sion and the Breslow thickness with the presence of ulceration
(P=0.0047 and P <0.0001, respectively; n=196) and
between the Breslow thickness and regression (P = 0.0011,
n = 167). There was a significant correlation between the mac-
roscopic dimension and the Breslow thickness with the
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Table 1 Descriptive analysis of
characteristics of the cases

clinicopathologic

Variables N (%)
Sex
Female 107 (47.14)
Male 120 (52.86)
Age (years)
Mean 63.98
Median 65
Breslow thickness (mm)
Mean 6.58
Median 4.5
Location, N (%)
Limbs 149 (65.53)
Trunk 48 (21.14)
Head and neck 25 (11.01)
Genital 5(2.2)
Histological subtype, N (%)
Superficial spreading melanoma 65 (30.09)
Nodular melanoma 71 (32.87)
Acral lentiginous melanoma 75 (34.72)
Lentigo maligna melanoma 2 (0.93)
Desmoplastic melanoma 2 (0.93)
Not classified 1 (0.46)

Missing 11
Sentinel lymph node, N (%)

Positive for metastasis 140 (61.67)

Negative for metastasis 87 (38.33)
Ulceration, N (%)

Present 122 (53.74)

Absent 74 (32.59)

Missing 31 (13.65)
Mitosis, N (%)

Present 184 (81.05)

Absent 10 (4.4)

Missing 33 (14.53)
Regression, N (%)

Present 20 (8.81)

Absent 147 (64.75)

Not reported 60 (26.43)

presence of mitosis (P = 0.0265 and P = 0.0217, respectively;
n = 194) and no significant correlation between the tumor mac-
roscopic dimension and the presence of regression
(P=0.2802, n = 167) (Table 2).

On multivariate analysis, however, considering all evaluated
parameters, there was no significant correlation between the
sentinel lymph node result and the tumor macroscopic dimen-
sion (P = 0.2689; odds ratio [OR]: 1.428, n = 227), the pres-
ence of ulceration (P =0.1823; OR: 1.752, n=196), the
presence of mitosis (P = 0.9844; OR: 1.017, n=194), and
the presence of regression (P = 0.8122; OR: 1.143, n= 167).
Only the Breslow thickness remained statistically significant
(P =0.0023; OR 1.324, n = 227) (Table 3).

Regarding melanoma-specific survival, the macroscopic
dimension showed no significant correlation (P = 0.4632;

© 2024 the International Society of Dermatology.

34

Melanoma macroscopic size, sentinel lymph node, and survival Report

Table 2 Univariate analyses of means for tumor
macroscopic size and Breslow thickness were made for
lymph node, ulceration, mitosis, and regression outcomes

Sentinel lymph
node— for
metastasis

Sentinel lymph
node+ for
metastasis

N Mean SD N Mean SD P-value

Largest 87 236 151 140 3.12 2.02 0.001
macroscopic size
(cm)
Breslow thickness 87 368 413 140 838 6.66 <0.0001
(mm)

Ulceration Ulceration

absent present

N Mean SD N Mean SD
Largest 74 242 1.72 122 3.11 1.88  0.0047
macroscopic size
(cm)
Breslow thickness 74 3.45 3.79 122 8.45 6.7  <0.0001
(mm)

Mitosis absent Mitosis present

N Mean SD N Mean SD
Largest macroscopic 10 1.82 0.75 184 2.89 1.88 0.0265
size (cm)
Breslow thickness 10 3.48 424 184 6.84 6.27 0.0217
(mm)

Regression Regression

absent present

N Mean SD N Mean SD
Largest macroscopic 147 2.82 187 20 24 1.44 0.2802
size (cm)
Breslow thickness 147 6.49 6.24 20 3.19 2.59 0.0011
(mm)

—, negative; +, positive; N, number; SD, standard deviation.

hazard ratio [HR]: 0.837, n = 227). In contrast, Breslow depth
had a statistically significant association with survival outcomes
(P < 0.0001; HR: 1.13, n= 227). Both the sentinel lymph node
status and the presence of regression were also significantly
associated with melanoma-specific survival (P < 0.0001; HR:
11.553 and P =0.0076; HR: 3.385, respectively; n=227).
Other factors, such as gender, ulceration, and mitosis, did not
demonstrate significant correlations with the survival outcome
(Table 4).

Comparing melanoma subtypes using the Wilcoxon test with
adjustment for multiple comparisons, no statistically significant
differences on survival were observed between acral and
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superficial spreading subtypes (= 0.6626, raw P = 0.4156,
Sidak-adjusted P = 0.8005), or between acral and nodular sub-
types (®*=1.3160, raw P =0.2513, Sidak-adjusted

Table 3 Adjustment of the logistic regression model for a
positive result due to other outcomes

P-
Variables OR 95% ClI value
Female x male 0.868 0.408 1.848 0.714
Ulceration vs. no ulceration 1.752 0.769 3.991 0.1823
Mitosis vs. no mitosis 1.017 0.195 5.291 0.9844
Regression vs. no regression 1.143 0.379 3.45 0.8122
Age 1.001 0.975 1.026 0.9687
Largest macroscopic measurement in ~ 1.428 0.759 2.684 0.2689

cm

Breslow thickness (mm) 1.324 1.105 1.587 0.0023

OR, odds ratio; Cl, confidence interval.

Table 4 Cox model adjustment for the survival data analysis
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P = 0.5803). However, the comparison between superficial
spreading and nodular subtypes showed a statistically signifi-
cant difference with a raw P-value of 0.0417, which was not
maintained after Sidak adjustment for multiple comparisons
(P=0.1199) (Figure 1).

In regard to the other variables, there was a statistically sig-
nificant correlation between histological subtypes and the follow-
ing factors: lymph node status (P = 0.0044, n = 211), presence
of ulceration (P < 0.0001, n=185), presence of mitoses
(P = 0.0425, n = 186), and presence of regression (P = 0.0002,

= 159). The incidence of positive lymph nodes was notably
higher in acral melanomas (70.7%) and nodular melanomas
(69%) as compared to superficial spreading melanomas (46.2%).
The prevalence of ulceration was highest in nodular melanomas
(75.4%), followed by acral melanomas (72.7%) and then super-
ficial spreading melanomas (35.2%). The occurrence of mitoses
was most frequent in nodular melanomas (100%), then in acral
melanomas (95.6%), and superficial spreading melanomas

Parameter Standard Hazard 95% HR
Parameter dF estimate error 72 Pr > 42 ratio (HR) confidence limits
Sex (male) 1 0.42765 0.31023 1.9003 0.168 1.534 0.835 2.817
Positive SNL 1 2.44692 0.56795 18.5615 <0.0001 11.553 3.795 35.17
Ulceration present 1 0.11249 0.35404 0.101 0.7507 1.119 0.559 2.24
Mitosis present 1 0.55844 1.02452 0.2971 0.5857 1.748 0.235 13.02
Regression 1 1.21935 0.45697 7.1199 0.0076 3.385 1.382 8.29
present
Macroscopic size 1 —0.17851 0.24333 0.5382 0.4632 0.837 0.519 1.348
Breslow 1 0.12245 0.02852 18.435 <0.0001 1.13 1.069 1.195
1.0 + Censored
0.8
+—H—H +
5 —1t ;—I
Z 06
2
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Figure 1 Kaplan-Meier analysis of survival probabilities over time for the main three histological subtypes of melanoma. SSM, superficial

spreading melanoma
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(90.6%). The presence of regression was more common in
superficial spreading melanomas (26.5%), followed by nodular
melanomas (8.2%) and acral melanomas (1.6%). There was no
statistically significant correlation between subtype and gender.

Discussion

Univariate analysis showed a correlation between a tumor’s
macroscopic dimensions and lymph node outcome; however,
this finding was not confirmed in the multivariate analyses. Of
all parameters (i.e., macroscopic dimension, Breslow thickness,
presence of ulceration, mitosis, and regression), only the Bre-
slow thickness remained statistically significant and a risk factor
for the lymph node result outcome in the logistic regression.

According to the tumor progression concept applied to mela-
nomas, the first step is the radial growth phase, characterized
by the enlargement of the tumor at its periphery, forming a
patch or a plaque lesion in the skin.2® The next step is the verti-
cal growth phase, in which the tumor acquires metastatic poten-
tial, characterized by a new population of mitotically active cells
that tend to grow as an expanding intradermal nodule like a
balloon.?®2° According to this paradigm, we hypothesized that
the tumor macroscopic size would be influenced by its vertical
growth phase and thickness, explaining why it is not an inde-
pendent risk factor for predicting the sentinel lymph node result
(as is the Breslow measurement).

Breslow thickness is a standard parameter for assessing
prognosis and is a significantly correlated independent risk fac-
tor for positive sentinel lymph nodes.***' Our study revealed a
statistically significant correlation between Breslow depth and
both survival outcome and sentinel lymph node status. This
finding is consistent with the literature, as exemplified by the
study conducted by Gershenwald et al.,*
patients and showed that the frequency of positive sentinel
lymph nodes increases as tumor thickness increases, ranging
from 4.8% in patients with tumors <1.50 mm to 34.4% in
patients with tumors thicker than 4.0 mm. Also Balch et al.*®
demonstrated that the two most potent independent characteris-
tics of the primary melanoma among all prognostic variables
were tumor thickness and ulceration. In an attempt to enhance
the Breslow thickness, Rashed et al.>***® proposed a new type
of measurement called the Breslow density, determining the
density of malignant melanoma cells at the point of Breslow
thickness measurement. The study showed that both measure-
ments, although strongly correlated, are independent prognostic
factors. However, relative measurement difficulty may limit its
adoption into routine practice.

Few studies analyzed the correlation between the tumor size
and Breslow thickness in malignant melanoma. Moreno-Ramirez
et al.?? performed a cross-sectional study with 1,610 patients and
recorded only a moderate association (0.30 < r < 0.70) between
tumor size and Breslow’s thickness (r= 0.42), depending on the
anatomic location, sex, and age. Crocetti et al.>® studied 2,071

which involved 612
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melanomas and demonstrated a correlation between the tumor
size and the Breslow thickness (P < 0.001), although this associ-
ation was weak (r=0.39). In the present study, the
Pearson’s correlation coefficient for the relationship between the
largest macroscopic size and the Breslow thickness resulted in
only a moderate correlation (r= 0.58; P < 0.0001). The substan-
tial number of nodular cases (which have no radial growth phase)
may have influenced our results.

In terms of melanoma-specific survival, our study revealed no
significant association between the macroscopic dimension and
patient survival outcomes. In contrast, Ma et al.?' studied
28,593 patients and performed a multivariate analysis with MSS
as the primary endpoint, adjusting for factors including regional
metastasis. They found that the tumor size is a critical, indepen-
dent predictor of MSS, reinforcing the importance of the pathol-
ogy report regarding tumor size. Bamford et al.,*®
comparing the prognostic value of the microscopically measured
invasive width with the macroscopic width of cutaneous mela-

in a study

noma, showed that both were significantly associated with prog-
nosis, although the microscopic measurement was superior. It
is essential to highlight that these studies analyzed all sizes of
melanoma, including thin melanomas (<1.0 mm) that were
excluded from the present study.

We also analyzed the relationship between the sentinel
lymph node result and ulceration, mitosis, and regression. We
found no significant correlation between the presence of ulcera-
tion and positive lymph node status (P = 0.1823) in multivariate
analysis. This finding agrees with Cadili et al.,*° who studied
348 patients with malignant melanoma and showed no signifi-
cant correlation (P =0.09). In contrast, Nguyen et al. studied
112 patients; multivariate analysis revealed that ulceration inde-
pendently predicted sentinel lymph node positivity (P < 0.01).3*
A total of 215 patients by Mraz-Gernhard et al. showed that
ulceration was present more than twice as often in patients with
a positive sentinel lymph node than in those with a negative
sentinel lymph node (P < 0.001).% It is possible that histological
subtype and tumor staging explain these conflicting results.

Our study showed no significant correlation between pres-
ence of mitosis and lymph node metastasis on multivariate
analysis (P = 0.9844), in agreement with Nguyen et al.,*® who
found no predictive value between a high mitotic rate and lymph
node involvement. Mraz-Gernhard et al.®” found that a high
mitotic rate (>5 mitoses/mm?) was almost twice as frequent
among those with a positive sentinel lymph node result than a
negative result (P = 0.03). Sondak et al.®° studied 419 patients
and demonstrated that mitoses per square millimeter were an
independent predictor of positive sentinel lymph nodes in addi-
tion to Breslow depth. In the present study, we did not evaluate
mitosis as a quantitative variable. Because we divided the
cases into those with and without mitosis, we could compare
them regarding the number of mitoses. In the seventh edition of
AJCC Melanoma Staging (2010),*° mitosis >1/mm? was used
as a primary criterion for categorizing T1 melanoma as T1b, for

International Journal of Dermatology 2024



Report Melanoma macroscopic size, sentinel lymph node, and survival

which sentinel lymph node biopsy should be selectively recom-
mended. However, in the sixth (2002),*' and the current eighth
edition (2017),*2 the mitotic rate is not used for staging. Our
study agrees with the AJCC eight edition*® because we did not
find an influence of mitosis in the sentinel lymph node results.

Our series did not reveal a significant correlation between
regression and the lymph node result (P = 0.8122), following
the study of Mraz-Gernhard et al.*” In a study with 403 patients
from Letca et al.,** there was no significant correlation between
regression and sentinel lymph node metastasis (P = 0.6). Aiva-
zian et al.*® studied 8,693 patients, and multivariable analysis
revealed that regression with tumor-infiltrating lymphocytes
independently predicted a negative sentinel lymph node biopsy.
A systematic review of 10,098 patients Ribero et al.*® found that
patients with regression had a lower likelihood to have sentinel
lymph node-positivity than patients without regression. Our
investigation demonstrated a statistically significant correlation
between the presence of regression and poorer melanoma-
specific survival. Contrasting with our findings, Aivazian et al.,*®
observed that patients presenting with both tumor regression
and tumor infiltrating lymphocytes (TILs) exhibited the highest
rates of 10-year overall survival, melanoma-specific survival,
and recurrence-free survival. However they noted that in Stage
Il melanoma patients, presence of regression predicted lower
survival outcomes.

Our study identified a significant association between sentinel
lymph node status and melanoma-specific survival, which aligns
with the existing literature. For instance, the study conducted by
Chen et al.*” reported that patients with a negative sentinel
lymph node exhibited a markedly higher five-year overall sur-
vival rate and MSS rate compared to patients with positive sen-
tinel lymph node biopsy. The presence of ulceration and mitosis
are established in the literature as predictors of MSS, and their
presence confers a worse prognosis*® while the prognostic rele-
vance of regression remains undetermined.**

There was a significant correlation between Breslow thick-
ness and the presence of ulceration (P < 0.0001). This result
agrees with Bonnelykke-Behrndtz et al.,*® who found that cleft
formation (which is associated with ulceration) was significantly
correlated with increased Breslow thickness (P < 0.0001); there
was also a significant correlation between Breslow thickness
and absence of regression (P = 0.0011), which is following
Aivazian et al.,** who demonstrated that regression was signifi-
cantly associated with a smaller Breslow thickness
(P < 0.0001).

In relation to survival related to different histological mela-
noma subtypes, our study did not demonstrate statistically sig-
nificant differences in survival among the three most common
subtypes encountered (superficial spreading melanoma, nodular
melanoma and acral melanoma). This contrasts with the find-
ings of Giavina-Bianchi et al.,>® who examined 565 cases of
invasive melanoma and analyzed disease-specific survival
according to histological type and the Breslow Index. In their
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study, univariate analysis showed significant differences in sur-
vival between the subtypes; however in multivariate analysis
with adjusted hazard ratios, they found no significant correlation
between histological type and survival. Similarly, the study con-
ducted by Buja et al.,®" identified significant differences in five-
year survival rates among the different histological subtypes,
with the nodular subtype exhibiting the poorest prognosis.

This study has some limitations that should be considered. It
was a retrospective study from Brazil, and the frequency of
acral and nodular melanomas may be different from other coun-
tries. As a reference center in the Brazilian countryside, our
institution receives a high number of advanced melanoma
cases, reflecting the region’s socioeconomic challenges that
often lead to delayed diagnoses. It is important to highlight
that the Brazilian population demonstrates considerable diver-
sity with substantial genetic admixture, which may account for
distinctive findings compared to previous studies conducted in
Northern Hemisphere populations. Furthermore, the impact of
formalin fixation on the macroscopic size was not evaluated. It
is accepted that the specimen size can reduce about 16-18%
of its width after surgical excision and formalin fixation, underes-
timating the in vivo diameter.5? Beside the above, the cases
were quite advanced since they presented high Breslow thick-
ness, a high rate of ulceration and a high rate of positive senti-
nel lymph node. It is also the first study that directly correlates
macroscopic melanoma size and sentinel lymph node result
using univariate and multivariate analysis, especially consider-
ing the Latin American population.

Although there was a significant correlation between the
tumor size and the sentinel lymph node result in the univariate
analysis, the multivariate analysis did not confirm this finding.
Breslow thickness was the only significant factor related to both
the sentinel lymph node outcome and MSS among the evalu-
ated variables. More studies are necessary to understand the
role of tumor size in outcome prediction, including studies con-
sidering the in vivo diameter.
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Abstract

Background: Cutaneous melanoma is a neoplasm with a high mortality rate and risk of metas-
tases to distant organs. The Breslow micrometric measurement is considered the most important
factor for evaluating prognosis and management, measured from the granular layer to the deep-
est portion of the neoplasm. Despite its widespread use, the Breslow thickness measurement
has some inaccuracies, such as not considering variations in the thickness of the epidermis in
different body locations or when there is ulceration.

Objective: To evaluate the applicability of a modified Breslow measurement, measured from
the basal membrane instead of from the granular layer, in an attempt to predict sentinel lymph
node examination outcome and survival of patients with melanoma.

Methods: A retrospective and cross-sectional analysis was carried out based on the evaluation
of slides stained with hematoxylin & eosin from 275 cases of melanoma that underwent sentinel
lymph node biopsy from 2008 to 2021 at a reference center in Brazil.

* Study conducted at the Hospital Amaral Carvalho, Jau, Brazil and Universidade Estadual Paulista, Botucatu, Brazil.

* Corresponding author.
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Results: Analysis of the Cox model to evaluate the impact of the Breslow measurement and
the modified Breslow measurement on survival showed that both methods are statistically sig-
nificant. Logistic regression revealed a significant association between both measurements and
the presence of metastasis in sentinel lymph nodes.

Conclusion: Measuring melanoma depth from the basal membrane (modified Breslow measure-
ment) is capable of predicting survival time and sentinel lymph node outcome, as well as the
conventional Breslow measurement.

© 2024 Sociedade Brasileira de Dermatologia. Published by Elsevier Espana, S.L.U. This is an
open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Cutaneous melanoma is a neoplasm that arises from
melanocytes and, at an advanced stage, often leads to
metastases to distant organs.’ The incidence of melanoma
has increased in recent decades in light-skinned popula-
tions, probably related to recreational behavior and sun
exposure. It is believed to arise as a consequence of a
complex interaction of environmental and constitutional
factors.?

The depth of invasion as a prognostic factor was reported
by Alexander Breslow in 1970, who demonstrated a corre-
lation between melanoma thickness and risk of recurrence
and metastasis.>* The Breslow micrometric measurement
has become the most important factor for prognosis and
conduct, is widely used and represents the main factor in
staging systems, including that of the American Joint Com-
mittee on Cancer.® The Breslow measurement is obtained
using a calibrated ocular micrometer to measure, from the
most superficial portion of the granular layer to the deepest
portion of the tumor.®’ However, the Breslow measure-
ment has some limitations. For instance, when ulceration
is present, the Breslow measurement may be underesti-
mated due to the amount of tumor loss that is not taken
into account; and, in the absence of the granular layer,
as it occurs in the nail region, the measurement can be
challenging.® Furthermore, the Breslow measurement does
not take into account variations in the thickness of the
normal epidermis in different anatomical sites and may
show differences even when the invasive component has a
similar thickness, as it includes the total thickness of the
epidermis.

The depth of invasion is also a prognostic factor for squa-
mous cell carcinoma of the cervix, for instance. In this
tumor, however, the depth of tumor invasion is measured
from the base of the epithelium, eliminating the influence of
the thickness of the epithelium or the presence of ulceration
on the final measurement.”°

The aim of this study was to evaluate the applicability
of the modified Breslow measurement, measured from the
basal membrane instead of the granular layer, in an attempt
to predict the sentinel lymph node outcome and the survival
of patients with cutaneous melanoma compared to the clas-
sic Breslow measurement (Fig. 1). Additionally, the aim is
to evaluate the relationship between sentinel lymph node
status (positive or negative for metastases), presence of
ulceration, and survival time; and the relationships between
anatomical site and histopathological subtype with survival
and sentinel lymph node outcome.

Figure 1 Breslow measurement (in black) compared to the
modified Breslow (in red).

Materials and methods

This was a retrospective and cross-sectional study that ana-
lyzed slides stained with hematoxylin & eosin obtained from
formalin-fixed, paraffin-embedded skin samples collected
from primary melanoma lesions at Hospital Amaral Carvalho
from 2008 to 2021. Clinical and histopathological informa-
tion (gender, age, location, sentinel lymph node outcome,
survival time, and presence or absence of ulceration) were
collected from pathology reports stored in the participating
institution digital systems. Regarding the topography of the
lesion, the cases were divided into: areas not exposed to
the sun (anterior chest, posterior chest, abdomen, genital
region, and proximal portion of the limbs), areas exposed
to the sun (head, neck, and distal portion of the limbs,
except the acral region), and acral region (palms of hands,
soles of feet and fingers/toes). The microscopic analy-
sis (histopathological type; Breslow measurement; modified
Breslow measurement) was performed by two pathologists.
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Figure 2
conventional Breslow measurement.

The Breslow measurement was measured in the conven-
tional way, from the granular layer to the deepest portion
of the neoplasm, while the modified Breslow measurement
was measured from the basal membrane to the deepest por-
tion of the tumor, disregarding the ‘‘in situ’’ component.
In ulcerated cases in which there was an intact epidermis
overlying the area of deeper invasion, there was no influ-
ence of ulceration in relation to the Breslow measurement.
In those cases with extensive ulceration, both measure-
ments were taken from the base of the ulcer (Fig. 2). The
exclusion criteria included: in situ or thin melanomas (less
than 1.0mm thick), metastases, diagnostic disagreement
between pathologists, and those with missing paraffin blocks
or with scarce tissue in the paraffin block.

After the data were obtained, a descriptive analysis was
initially carried out with the calculation of mean, standard
deviation, minimum, maximum, and median values for the
quantitative variables and frequencies and percentages for
the categorized variables. Considering survival in months,
Kaplan-Meier curves were obtained followed by the log-rank
test for the variables of interest. In the case of variables
with more than two categories, the curves were compared
using the Sidak test. Risk factors for survival considering
continuous variables were obtained by adjusting the Cox
model. For the lymph node as a response variable, a logistic
regression model was adjusted considering the Breslow and

In cases with extensive ulceration, the modified Breslow measurement is taken from the base of the ulcer, as with the

modified Breslow values as explanatory variables. Associa-
tions between categorized variables were assessed using the
Chi-Square test. In all tests, the significance level was set
at 5% or the corresponding p-value, and all analyses were
performed using the SAS program for Windows, v.9.4.

The study was approved by the Research Ethics
Committee (REC) of Hospital Amaral Carvalho (CAAE
52618721.0.3001.5434).

Results

A total of 275 cases of melanoma diagnosed from 2008
to 2021 and which underwent sentinel lymph node biopsy
were analyzed. Of these, a total of 141 (51.27%) were
men 134 (48.73%) were women and the age median was 63
years (14-87 years). The micrometric Breslow measurement
median was 3.8 mm (1.0-27.5 mm), while the modified Bres-
low measurement median was 3.7 mm (0.5-26.5mm). The
median survival time was two years (0 to 13 years; Table 1).

Of the 275 cases, a total of 138 (50.18%) showed metas-
tasis for the sentinel lymph node. Regarding the anatomical
site of the lesion, 100 cases (36.36%) were located in areas
not exposed to the sun, 84 cases (30.54%) in areas exposed
to the sun, 78 cases (28.36%) in the acral region and 13
(4.72%) in unspecified areas. Regarding the histopatholog-
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Table 1 Descriptive analysis of the clinicopathological

characteristics of cases studied.

Variables
Sex, n (%)
Female 134 (48.73)
Male 141 (51.27)
Age (years)
Median (min.-max.) 63 (14-87)
Breslow measurement (mm)
Median (min.-max.) 3.8 (1.0-27.5)
Modified Breslow (mm)
Median (min.-max.) 3.7 (0.5-26.5)
Survival
In months- Median (min.-max.) 34 (0-158)
In years— Median (min.-max.) 2 (0-13)
Sentinel lymph node, n (%)
Positive for metastasis 138 (50.18)
Negative for metastasis 137 (49.82)
Anatomical site, n (%)
Non-exposed areas 100 (36.36)
Exposed areas 84 (30.54)
Acral 78 (28.36)
Not specified 13 (4.72)
Histopathological subtype, n (%)
Superficial spreading melanoma 101 (36.72)
Nodular melanoma 95 (34.54)
Acral lentiginous melanoma 75 (27.27)
Lentigo maligna melanoma 1 (0.36)
Others 3 (1.09)
Ulceration, n (%)
Present 144 (59.02)
Absent 100 (40.98)

ical subtype, 101 cases (36.72%) were superficial spreading
melanomas, 95 cases (34.54%) were nodular melanomas, 75
cases (27.27%) were acral melanomas, one case (0. 36%)
was lentigo maligna melanoma and three cases (1.09%)
were other rare or unclassifiable subtypes. Of the 244 cases
with information on ulceration, 144 (59.02%) had ulceration
(Table 1).

The results of the Cox model analysis to evaluate the
impact of different methods used to measure melanoma
thickness (Breslow measurement and modified Breslow mea-

Table 2 Survival analysis using the COX model.

surement) on survival showed that both methods were
statistically significant. For the conventional Breslow mea-
surement, a chi-square value of 59.40 was obtained; a
p-value < 0.0001; HR of 1.121. For the modified Breslow
measurement, a chi-square value of 57.66 was obtained; a p-
value < 0.0001; HR of 1.119 (Table 2). The logistic regression
disclosed a significant association between both measure-
ments (conventional Breslow measurement and modified
Breslow measurement) and the presence of metastasis in
the sentinel lymph nodes. The Breslow measurement showed
an Odds Ratio (OR) of 1.189 (95%Cl 1.111-1.271; p-value
< 0.0001). Likewise, the modified Breslow measurement
showed an OR of 1.19 (95%Cl 1.112-1.273; p-value < 0.0001;
Table 3).

The analysis of survival time in relation to sentinel
lymph node status (positive or negative for metastasis) was
performed using the Log-Rank (Chi-Square 39.49; DF 1,
p<0.0001), Wilcoxon (Chi-Square 40.54; DF 1, p<0.0001)
and -2Log(LR; Chi-Square 48.24; DF 1, p<0.0001; Fig. 3)
tests. Likewise, in the survival analysis in relation to the
presence of ulceration, the Log-Rank (Chi-Square 11.56; DF
1, p<0.0007), Wilcoxon (Chi-Square 12.61; DF 1, p <0.0004)
and -2Log (LR; Chi-Square 12.92; DF 1, p<0.0003; Fig. 4)
tests were performed. Moreover, the presence of ulcera-
tion showed a significant association with metastases in the
sentinel lymph nodes (p=0.0019).

The survival analysis in relation to the anatomical site
did not show any significant results (Fig. 5). The Log-Rank
Test obtained a Chi-Square of 2.9495 with DF 2, and a p-
value of 0.2288. When adjusting for multiple comparisons
using the Sidak Test, none of the pairwise comparisons
between anatomical sites reached statistical significance.
The comparison between sites exposed to the sun (E)
and non-exposed (NE) obtained a p-value of 0.6668 (Chi-
Square 1.0447). The comparison between sun-exposed (E)
and acral sites resulted in a p-value of 0.2427 (Chi-square
2.9014). Lastly, the comparison between non-exposed (NE)
and acral sites resulted in a p-value of 0.9014 (Chi-Square
0.3791). Regarding the anatomical site and its association
with sentinel lymph node metastasis, the analysis did not
demonstrate any significant differences either (p=0.1217).

When considering survival in relation to the melanoma
histopathological subtypes, the Log-Rank test detected sig-
nificant differences in the survival rate between different
subtypes (Chi-Square 13.11; DF 4 and p-value 0.0107; Fig. 6).

Parameter DF Parameter estimate Standard error Chi-square > Chi-square HR 95% Cl of HR
Breslow 1 0.11437 0.01484 59.4019 <0.0001 1.121 1.089 1.154
Modified Breslow 1 0.11255 0.01482 57.6687 <0.0001 1.119 1.087 1.152
Table 3  Logistic regression adjustment for sentinel lymph node outcome for Breslow and modified Breslow.

Variable OR 95% Cl p-value
Breslow (mm) 1.189 1.111 1.271 <0.0001
Modified Breslow (mm) 1.19 1.112 1.273 <0.0001
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Regarding metastases in the sentinel lymph node, there
was no statistically significant association between the
histopathological subtype (p=0.0735) and the status of the
sentinel lymph node.

Discussion

The results of this study showed that the modified Breslow
measurement (measured from the basal membrane instead
of the granular layer) was able to predict survival time and
sentinel lymph node outcome, as well as the conventional
Breslow measurement.

The Breslow measure has some limitations. When the
lesion is ulcerated, the measurement starts from the base
of the ulcer. In these cases, the thickness may be underesti-
mated, as the amount of tumor lost due to ulceration is not
taken into account. The current parameters for melanoma
staging also do not take into account the thickness of the
epidermis when obtaining the Breslow measure. It is known
that, for instance, the acral skin has a thicker epidermis,
while some areas of the face, such as the skin behind the
ear, have a thinner epidermis.'"'? In this context, cases
of lentigo maligha melanoma, of which the epidermis is
generally atrophic, may show a lower Breslow measure-
ment than cases of acral melanomas (since the epidermis
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of the acral region is thick) even though both show involve-
ment of similar strata in the dermis (Fig. 7). Moreover, the
Breslow measurement can only be accurately evaluated in
sections perpendicular to the epidermis surface; if there
is periadnexal extension of the melanoma and this repre-
sents the only focus of invasion, the best methodology for
this measurement becomes questionable.’>'* The modified
Breslow measurement, proposed in the present study, is not
affected by variations in epidermis thickness in different
anatomical sites, nor by the presence or absence of ulcer-
ation (Fig. 7). This approach may show greater reliability,
undergoing fewer variations and demonstrating good repro-
ducibility between pathologists.

The results also corroborate that the sentinel lymph node
status has a significant effect on the survival of patients
with melanoma, and the presence of metastasis in the sen-
tinel lymph node is associated with reduced survival time,
in line with other studies such as that of Tejera-Vaquerizo
et al., who analyzed 4249 cases of thin melanomas and found
that the sentinel lymph node status is the most important
prognostic factor for melanoma-specific survival.' Jafari
et al., in a study with 1111 patients, showed that those
who did not have sentinel lymph node metastases had longer
disease-free survival than those who had them. Additionally,
in patients with intermediate-thickness melanoma (1.0 to
4.0mm), better overall survival was found in those with a
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Both cases show an invasive component with similar thickness (1.5 mm, coinciding with the modified Breslow mea-

surement). However, the conventional Breslow measurement is 1.6 mm on the left (thin epidermis) and 1.7 mm on the right (thick

epidermis).

metastasis-negative sentinel lymph node.'® Another study,
however, showed that sentinel node status is an indepen-
dent prognostic factor for disease-free survival, but not for
overall survival in a multivariate analysis of 309 cases of
melanoma.'” Lemos et al., in a study with 43 patients with
thick melanoma (> 4mm), did not demonstrate the statis-
tical significance of sentinel lymph node status in overall
survival.'®

Moreover, ulceration had a significant impact on patient
survival, indicating lower survival in those patients with
ulceration. These results are in agreement with other stud-
ies, such as that by Sarpa et al., with 235 patients, which
showed a significant correlation between the extent of
ulceration and overall survival as well as sentinel lymph
node status.'® The study by Hout et al., which showed that
both the presence and extent of ulceration are independent
predictors of survival.?°

Regarding the anatomical site of the melanoma, the
present study did not demonstrate a significant impact on
patient survival, nor any association with the sentinel lymph
node outcome. These results are in disagreement with other
studies, such as that by Callender et al., with 2500 patients,

which demonstrated that the anatomical site is an indepen-
dent predictor for sentinel lymph node status, as well as
survival.?' The study by Howard et al., demonstrated that
sites with intermittent or chronic sun exposure had better
survival compared to sites rarely exposed to the sun.??

Regarding the histopathological subtype, there were sig-
nificant statistical differences in the survival rate between
different histopathological subtypes (Kaplan-Meier curve).
There was no statistically significant association between
histopathological subtype and sentinel lymph node status.
The study by Buja et al. showed that the histopathological
subtype is an independent risk factor for death, with the
nodular subtype being the one with the worst melanoma-
specific survival.?® Sharouni et al., showed in a study with
48,361 patients that the nodular and acral lentiginous sub-
types have worse survival than the superficial spreading
and lentigo maligna melanoma subtypes.”* The work of
Robsahm et al., on the other hand, did not demonstrate
histopathological subtype as an independent predictor of
melanoma-specific survival.?’

One weakness of the present study is its retrospective
design, the limited number of total cases, the number of
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ulcerated cases, and the high frequency of advanced-stage
cases. Due to a characteristic of the service profile, many
cases of acral melanoma and nodular melanoma were also
observed, compared to other studies; as well as just one
case of lentigo maligna melanoma. Nonetheless, it is the
first study to propose the possibility of adapting the way the
Breslow measurement is obtained. Thus, the present study
demonstrated that the modified Breslow measurement, that
is, measured from the basal membrane instead of the gran-
ular layer, is capable of predicting prognosis, as well as the
conventional Breslow measurement. However, more studies
are needed to validate this method.
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ARTICLE INFO ABSTRACT

Keywords: Background: Acral melanoma is a subtype with worse outcomes. The Breslow micrometric measurement is the
Melanoma most critical parameter in planning treatment and predicting outcomes. However, for acral lentiginous mela-
Pathology

noma, the value of the Breslow thickness is a matter of debate. Depth of Invasion (DOI) is a well-established
measure for staging oral squamous cell carcinoma.

Objective: This study compared DOI and Breslow thickness for predicting acral melanoma outcomes.

Methods: We performed a retrospective cross-sectional study of 71 acral melanoma lesions subjected to sentinel
lymph node biopsy at one Brazilian referral center.

Results: Cox model univariate analysis showed that both DOI and Breslow thickness predicted melanoma specific
survival (HR 1.12; p = 0.0255 and HR 1.144; p = 0.0006, respectively), although Kaplan Meier curve was only
significant for Breslow ()(2 =5.792; p = 0.0161) and not for DOIL ()(2 = 0.2556; p = 0.6132). Sentinel lymph node
status and presence or absence of ulceration also predicted specific survival in patients with acral melanoma (y2
=6.3514; p = 0.0117 and Xz = 4.2793; p = 0.0386, respectively). Multivariate analysis, however, demonstrated
that Breslow depth was the only independent parameter for predicting acral melanoma specific survival (HR
1.144; p = 0.0006).

Conclusion: Even though Breslow thickness remains the main predictor for survival in acral melanoma, it is not a
perfect parameter. The introduction of DOI in this context opens new perspectives for predicting acral melanoma
outcomes.

Neoplasm staging
Skin neoplasms

1. Introduction

Cutaneous melanoma constitutes only 1 % of cutaneous tumor cases;
nevertheless, it is among the deadliest forms of skin cancer due to high
tendency to metastasize, resulting in significant morbidity and mortal-
ity. Cutaneous melanoma is responsible for over 80 % of deaths due to
skin cancer [1-4]. Its occurrence has risen among Caucasian population
in recent years, likely linked to leisure activities involving exposure to
the sun [5].

There are four major histologic subtypes of cutaneous melanoma:
superficial spreading, nodular, lentigo maligna, and acral lentiginous

[6]. Reed first described acral melanoma in 1976 [7]. It exhibits a
distinct clinical, demographic, and genetic profile and outcomes
compared with melanomas from other cutaneous sites [8]. It is the least
common of the four, representing about 1 %-36 % of all melanoma
cases, depending on the patient’s ethnic group (it is the most common
subtype in African and Asian patients). It typically occurs on the soles,
palms, and nail beds [9,10].

Acral lentiginous melanoma is characterized by marked acanthosis,
elongation of rete ridges, and a lentiginous proliferation of atypical
melanocytes in the epidermis [7]. It is also considered a subtype with
worse outcomes [9].

* Corresponding author at: Instituto de Patologia de Aracatuba, Rua Floriano Peixoto, 808, Centro, Aracatuba, SP CEP 16011-071, Brazil.
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The measurement of tumor thickness, also known as Breslow’s
depth, plays a crucial role in the prognosis and treatment of invasive
melanomas. [11] This method has been incorporated into the staging
systems established by the American Joint Committee on Cancer. [12] It
specifies the pathological staging, determines the size of excision mar-
gins, and identifies when the sentinel lymph node biopsy is appropriate.
[12,13] But for acral lentiginous melanoma, the value of the tumor
thickness for assessing prognosis is still discussed. [14] The Breslow
thickness in acral skin may be overestimated because of extensive
epidermal hyperplasia [15]. Also, when there is ulceration, the thickness
may be underestimated due to the amount of tumor loss, which is not
considered. One study demonstrated that the Breslow thickness has
prognostic value, but there was no association between tumor thickness
and survival in patients with acral melanoma with a Breslow thickness
>2 mm. [14]
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Depth of invasion (DOI) is a measure for staging oral squamous cell
carcinoma (SCC), and it was included in the eighth edition of the
American Joint Committee on Cancer (2017). Although DOI and tumor
thickness have been used interchangeably, some differences exist. DOI is
measured from the adjacent normal basement membrane to the deepest
point of the tumor in millimeters. The tumor thickness is measured from
the highest point of the tumor surface and the deepest point of the tumor
[16,17], similar to the Breslow thickness measurement. When the
basement membrane is damaged, a hypothetical line is reconstructed at
the surface, allowing the measurement [17,18] (Fig. 1).

This study aimed to compare DOI with Breslow thickness for staging
and predicting outcomes in acral melanoma. To our knowledge, this is
the first study to make such a comparison.

Fig. 1. Breslow and DOI measurement comparisons in a non-ulcerated lesion (1) and an ulcerated lesion (2).
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2. Materials and methods

In this retrospective and cross-sectional analysis, slides stained with
hematoxylin and eosin from formalin-fixed, paraffin-embedded skin
samples taken from primary melanoma lesions at Amaral Carvalho
Hospital between 2008 and 2021 were examined. The study docu-
mented clinical information (gender, age, sentinel lymph node outcomes
and survival) from the pathological records maintained in the digital
archives of the involved institution. Pathological analysis (Breslow
thickness; DOI; presence or absence of ulceration) was assessed by two
dermatopathologists. Exclusion criteria were melanoma in situ, metas-
tases, diagnostic disagreements, histologic subtypes other than acral
lentiginous melanoma, absence of post-diagnosis follow-up, missing
paraffin blocks and thin melanomas (<1.0 mm in thickness) since these
are not routinely indicated for sentinel lymph node biopsy and they have
good prognosis.

A descriptive analysis was initially performed by calculating the
quantitative variables’ mean, standard deviation, minimum, maximum,
and median values and frequencies and percentages for categorized
variables. The log-rank test evaluated survival time by drawing Kaplan-
Meier curves stratified by the variables of interest. For continuous var-
iables, survival was assessed using the Cox model. A logistic regression
model was used, considering the positive/negative lymph node results
as the response variable and the Breslow/DOI as explanatory variables
to assess risk factors. A logistic regression model was also used to
compare the areas under the ROC curve (AUC). For multivariate anal-
ysis, considering survival time as the outcome and other variables
(gender, lymph node status, ulceration, age, Breslow thickness, and DOI)
as explanatory variables, a Cox proportional hazards model was fitted
using a stepwise method to select the most significant explanatory var-
iables in relation to the outcome. Following the adjustment, a correction
was made for confounding factors.

For all tests, a significance threshold of 5 % or the corresponding p-
value was established. The analyses were conducted using SAS for
Windows version 9.4 and SPSS for Windows version 21.

This research received approval from the research ethics committee
(CAAE 52618721.0.1001.5411 and CAAE 52618721.0.3001.5434).
Patient consent not applicable.

3. Results

Seventy-one cases of melanoma were subjected to sentinel lymph
node biopsy from 2008 to 2021 and fulfilled the inclusion criteria. Of
these, 31 (43.66 %) were women, and 40 (56.34 %) were men. The mean
age was 68.52 years (range 37-87 years; standard deviation [SD] 13.28
years; median 71 years). The Breslow’s micrometric measurement
ranged from 1.1 mm to 27.5 mm with a mean of 5.33 mm (SD 4.1 mm;
median 4.5 mm), while the DOI ranged from 0 to 20.0 mm with a mean
of 2.15 mm (SD 2.94 mm; median 1.2 mm). The mean survival time was
four years (range 0-12 years; median three years). Of the 71 cases, 41
(57.75 %) had metastasis to the sentinel lymph node, and 30 (42.25 %)
were metastasis-free. Forty-nine cases (69.01 %) had ulceration, and 22
cases (30.98 %) had no ulceration (Table 1).

The Cox model analysis showed that Breslow thickness and DOI
(measured in mm) predicted melanoma-specific survival. The DOI had a
hazard ratio (HR) of 1.12 (95 % confidence interval [CI]: 1.014-1.237, p
= 0.0255), while the Breslow thickness had an HR of 1.144 (95 % CI:
1.059-1.236, p = 0.0006). (Table 2).

The comparison of sentinel lymph node status (positive vs. negative)
on melanoma-specific survival is presented in Fig. 2. The log-rank and
Wilcoxon tests for equality over strata yielded significant results (p =
0.0117 and p = 0.0111, respectively), suggesting differences in survival
outcomes between patients with positive and negative sentinel lymph
node status. The —2Log(LR) test also showed a significant result (p =
0.0047) (Table 3). These findings suggest that the sentinel lymph node
status is an essential prognostic factor for survival outcomes in patients
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Table 1

Descriptive analysis of clinicopathologic characteristics of the
cases.

Variables

Sex, no. (%)

Female 31 (43.66)
Male 40 (56.34)
Age (y)
Mean 68.52
Median 71
Breslow thickness (mm)
Mean 5.33
Median 4.5
DOI (mm)
Mean 2.15
Median 1.2
Survival time (years)
Mean 4
Median 3
Sentinel lymph node, no. (%)
Positive for metastasis 41 (55.75)
Negative for metastasis 30 (42.25)
Ulceration, no. (%)
Present 49 (69.01)
Absent 22 (30.98)
Table 2
COX model analysis for specific survival outcome.
Parameters p-Value HR 95 % CI
Breslow thickness (mm) 0.0006 1.144 1.059 1.236
DOI (mm) 0.0255 1.12 1.014 1.237

with melanoma. The log-rank and Wilcoxon tests for equality over strata
were also used to compare survival outcomes between patients with and
without ulceration (Fig. 2). Both tests yielded significant results, with p-
values of 0.0386 and 0.0201, respectively. The —2Log(LR) test also
showed a significant result, with a p-value of 0.0104 (Table 3). These
findings suggest that ulceration may be an essential prognostic factor for
specific survival outcomes in patients with acral melanoma.

ROC analysis assessed the predictive accuracy of Breslow thickness
and DOI in millimeters on the sentinel lymph node result. The AUC for
Breslow thickness was 0.653 (95 % confidence interval [CI]:
0.524-0.781, p = 0.030). The AUC for DOI was 0.608 (95 % CI:
0.475-0.741, p = 0.124). The standard model used for the analysis had
an AUC of 0.066 for Breslow thickness and 0.068 for DOI. There was no
significant difference between the AUCs (p = 0.5179). ROC analysis was
also used to compare the Breslow thickness and DOI in millimeters for
predicting specific survival. The AUC for Breslow thickness was 0.690
(95 % confidence interval [CI]: 0.555-0.825, p = 0.010) while the AUC
for DOI was 0.626 (95 % CIL: 0.488-0.763, p = 0.087). There was no
significant difference between the AUCs (p = 0.4025). The cutoff point
for Breslow thickness was 4.65 mm and for DOI was 1.25 mm. Using
these cutoff points, Kaplan Meier curve was significant for Breslow (p =
0.0161) and it was not significant for DOI (p = 0.6132). (Table 3; Fig. 3)
In the multivariate analysis, an initial Cox proportional hazards model
was constructed incorporating gender, lymph node status, ulceration,
age, Breslow thickness, and DOI as explanatory variables. This model
did not reveal any statistically significant predictors. Subsequently, a
stepwise method was applied, which identified Breslow thickness as the
only statistically significant independent predictor of survival, with a
Chi-Square value of 11.6638, a hazard ratio (HR) of 1.144, and a p-value
of 0.0006. Further adjustment of the model to account for potential
confounders, namely gender and age, maintained the significance of the
Breslow thickness (Chi-Square = 11.6592, HR = 1.15, p = 0.0006), so-
lidifying its role as an independent prognostic factor. (Table 4).
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Table 3

Test of equality over strata for specific survival outcome: lymph node status,
presence of ulceration, Breslow depth and DOL.

Survival Probability

Survival Probability
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Kaplan-Meier survival curves according to lymph node status
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Fig. 2. Kaplan-Meier survival curves for sentinel lymph node status and presence of ulceration.

was excluded [17]. Unlike Breslow, DOI is measured from the normal
basement membrane adjacent to the neoplasm to the tumor’s deepest
portion, regardless of the epidermis thickness or ulceration, suggesting it

is an advantageous and reproducible method for evaluating acral mel-

Log-rank test Chi-square p-Value anomas. Lee et al. found that tumor thickness was not associated with
Lymph node status 6.3514 0.0117 disease-specific survival in oral SCC, whereas an increase in DOI was
Presfnced"f ‘:lllcerati‘m 4.2793 0.0386 significantly linked to a disease-specific survival reduction [16].
Breslow dep 5.792 0.0161 . . . . .

Dol 0.2556 0.6132 Another investigation compared tumor thickness with DOI and found

that both were independently associated with the risk of lymph node

4. Discussion

metastasis [17]. Aside from that, among cutaneous SCC, tumor thickness
measured in a method analogous to Breslow, was independently asso-
ciated with recurrence-free survival in a multivariate analysis [19].

The present study demonstrated in univariate analysis that DOI, like
Breslow thickness, significantly predicts acral melanoma outcomes. DOI
is a well-established oral SCC staging and outcomes prediction tech-
nique [16]. DOI is included in the oral SCC American Joint Committee
on Cancer (eighth edition), while tumor thickness, similar to Breslow,

While the Breslow micrometric measurement is widely accepted for
determining melanoma thickness and staging, its significance in acral
melanoma is debated [9]. We showed that Breslow micrometric mea-
surement significantly impacts acral melanoma survival, both in uni-
variate analysis and multivariate analysis. Other studies, including Phan
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Kaplan-Meier survival curves for Breslow thickness
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Fig. 3. Kaplan-Meier survival curves for Breslow thickness and DOI.

Table 4

Cox proportional hazards model for survival analysis with stepwise method.
Parameter p-Value HR 95 % CI
Breslow 0.3341 1.077 0.926 1.252
DOI 0.6858 1.038 0.866 1.245
Positive sentinel lymph node 0.0994 2.174 0.863 5.477
Presence of ulceration 0.2509 2.038 0.605 6.872
Gender (male) 0.9058 1.052 0.454 2.44
Age 0.4091 0.986 0.954 1.02
(Stepwise method) Breslow 0.0006 1.144 1.059 1.235

et al. (121 patients), did not find a significant and independent rela-
tionship between the Breslow index and acral melanoma outcome [20].
Wei et al. studied 853 patients and showed that melanoma-specific
survival was significantly different between T1-T3 stage acral mela-
noma patients but not between stages T3 and T4 (corresponding to

thickness > 2 mm) [14].

The Breslow measurement has some limitations, including failure to
consider variations in normal epidermal thickness across different
anatomical sites and the potential for overestimating acral locations due
to thickened epidermis [9,20,21]. Furthermore, measuring the Breslow
thickness in the ungual region can be less accurate, among other reasons
due to the lack of a granular layer [22]. Because DOI helps assess oral
SCC, DOI might provide a more reproducible index in acral melanomas,
including when they are ulcerated, a common feature that can affect
outcomes [11]. These findings suggest that DOI can predict outcomes
because it indicates only the true invasive component regardless of
epidermal thickness or possible papillomatosis.

Differences in survival were observed between patients with positive
and negative sentinel lymph node status. These findings align with
previous studies, such as Nunes et al., who found an association between
metastases in the sentinel lymph node and reduced overall survival [23].
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Bello et al. also showed that increased Breslow thickness played a sig-
nificant role in disease-specific survival; sentinel lymph node status was
the most critical prognostic factor for survival in patients who under-
went sentinel lymph node biopsy [6]. Similarly, Egger et al. concluded
that the sentinel lymph node status is the most critical prognostic pre-
dictor in lentiginous acral melanoma [9].

Ulceration in patients with acral melanoma was associated with
worse survival outcomes in univariate analysis. This finding aligns with
Asgari et al., who demonstrated that ulceration was associated with
worse overall and melanoma-specific survival than patients without
ulceration [24]. Conversely, Egger et al. investigated 85 patients and
showed that ulceration was not an independent risk factor for survival or
recurrence [9]. Although ulceration is essential for staging considering
current guidelines [12,25] (as in oral SCQ), if the applicability of DOI is
confirmed in future studies, the presence of ulceration will be de-
emphasized.

The cases in our study had a higher Breslow thickness (mean of 5.33
mm) than another study of acral melanoma in Caucasians, in which the
Breslow thickness mean was 2.04 mm [7]. However, similar findings
have been reported in studies on acral melanoma in Brazilians, such as
those by Nunes et al., Maia et al., and Souza et al., who reported mean
Breslow thicknesses of 8.3 mm, 4.83 mm, and 5.09 mm, respectively,
corroborating our findings [23,26,27]. Moreover, the high presence of
ulceration in our study (64.78 % of cases) was higher than in other
studies, such as Souza et al. and Susok et al., who reported ulceration
rates of 42.22 % and 33.3 %, respectively [27,28]. However, our find-
ings were lower than Maia et al., who reported an 82.9 % ulceration rate
in Brazilians with lentiginous acral melanoma [26].

Although our study yielded significant results, there are some limi-
tations. Our study was retrospective, and the sample size was limited to
Brazilian patients from a single cancer center. Furthermore, we did not
include in situ or thin melanomas, although they usually have good
outcomes. Nevertheless, the novelty of this morphological-based study
can open new study frontiers to understand acral melanomas, possibly
influencing the staging system and treatments. Even though Breslow
remains as the main predictor in melanoma, it is not a perfect parameter.
Our results suggested DOI as a potential complementary marker that
could lead to novel insights for predicting outcomes in acral melanoma.
Further research will be necessary to validate the utility of DOI in
assessing acral melanoma outcomes in other services with bigger
population.

CRediT authorship contribution statement

Marcel Arakaki Asato: Writing — original draft, Investigation,
Formal analysis, Data curation. Francisco Alves Moares-Neto: Writing
- review & editing, Formal analysis. Marcelo Padovani de Toledo
Moraes: Writing — review & editing, Formal analysis. Juliana Polizel
Ocanha-Xavier: Writing — review & editing, Conceptualization. Luiz
Carlos Takita: Writing — review & editing, Formal analysis. Mariangela
Esther Alencar Marques: Writing — review & editing, Formal analysis.
José Candido Caldeira Xavier-Junior: Writing — review & editing,
Supervision, Methodology, Investigation, Conceptualization.

Declaration of competing interest
The authors have no conflicts of interest to declare.
Data availability

All data generated or analysed during this study are included in this
article. Further enquiries can be directed to the corresponding author.

Acknowledgements

We thank Professor José Eduardo Corrente for statistical analysis.

54
Annals of Diagnostic Pathology 71 (2024) 152305

Funding sources

Fundacdo de Amparo a Pesquisa do Estado de Sao Paulo (process
number: 2021,/09431-0).

Ethics statement

The committees of ethics in research at the Faculdade de Medicina —
UNESP/Botucatu — SP (CAAE 52618721.0.1001.5411) and the Amaral
Carvalho Hospital (CAAE 52618721.0.3001.5434) approved the study.
Patient consent not applicable.

References

[1] Ferreira FR, Nascimento LFC. Mortality due to cutaneous melanoma in south
region of Brazil: a spatial approach. An Bras Dermatol 2016;91(4):437-41.

[2] Saginala K, Barsouk A, Aluru JS, Rawla P, Barsouk A. Epidemiology of melanoma.
Med Sci 2021;9(4):63.

[3] Urban K, Mehrmal S, Uppal P, Giesey RL, Delost GR. The global burden of skin
cancer: A longitudinal analysis from the global burden of disease study,
1990-2017. JAAD Int 2021;2:98-108.

[4] American Cancer Society. Cancer facts & figures 2022. https://www.cancer.org/c
ontent/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts
-and-figures/2022/2022-cancer-facts-and-figures.pdf.

[5] Nikolaou V, Stratigos AJ. Emerging trends in the epidemiology of melanoma. Br J
Dermatol 2014;170(1):11-9.

[6] Bello DM, Chou JF, Panageas KS, Brady MS, Coit DG, Carvajal RD, et al. Prognosis
of Acral melanoma: a series of 281 patients. Ann Surg Oncol [Internet] 2013;20
(11):3618-25. Jul 10.

[7]1 Kuchelmeister C, Schaumburg-Lever G, Garbe C. Acral cutaneous melanoma in
caucasians: clinical features, histopathology and prognosis in 112 patients. Br J
Dermatol 2000 Aug;143(2):275-80.

[8] Wei X, Wu D, Li H, Zhang R, Chen Y, Yao H, et al. The clinicopathological and
survival profiles comparison across primary sites in acral melanoma. Ann Surg
Oncol 2020;27(9):3478-85. Apr 6.

[9] Egger ME, McMasters KM, Callender GG, Quillo AR, Martin RCG, Stromberg AJ,
et al. Unique prognostic factors in acral lentiginous melanoma. Am J Surg 2012
Dec;204(6):874-80.

[10] Bradford PT, Goldstein AM, ML McMaster, Tucker MA. Acral lentiginous
melanoma. Arch Derm 2009;145(4). Apr 1.

[11] Ge L, Vilain RE, Lo S, Aivazian K, Scolyer RA, Thompson JF. Breslow thickness
measurements of melanomas around American Joint Committee on cancer staging
cut-off points: imprecision and terminal digit bias have important implications for
staging and patient management. Ann Surg Oncol 2016;23(8):2658-63. Apr 13.

[12] Amin Mahul B. AJCC cancer staging manual. 8 ed. Chicago: Springer; 2017.

[13] Swetter SM, Tsao H, Bichakjian CK, Curiel-Lewandrowski C, Elder DE,
Gershenwald JE, et al. Guidelines of care for the management of primary cutaneous
melanoma. J Am Acad Dermatol [Internet] 2019 Jan;80(1):208-50.

[14] Wei X, Chen Y, Yao H, Wu D, Li H, Zhang R, et al. Prognostic impact of Breslow
thickness in acral melanoma: a retrospective analysis. J Am Acad Dermatol 2022
Dec;87(6):1287-94.

[15] Tejera-Vaquerizo A, Fernandez-Figueras MT, Santos-Briz A, Rios-Martin JJ,
Monteagudo C, Fernandez-Flores A, et al. Protocolo de diagnostico histoldgico para
muestras de pacientes con melanoma cutaneo. Documento de consenso de la SEAP
y la AEDV para el Registro Nacional de Melanoma. Actas Dermo-Sifiliograficas
[Internet] 2021;112(1):32-43. Jan 1 [cited 2021 Nov 23].

[16] Lee YJ, Kwon TG, Kim JW, Lee ST, Hong SH, Choi SY. Evaluation of depth of
invasion and tumor thickness as a prognostic factor for early-stage oral squamous
cell carcinoma: a retrospective study. Diagnostics 2021;12(1):20. Dec 23.

[17] Salama AM, Valero C, Katabi N, Khimraj A, Yuan A, Zanoni DK, et al. Depth of
invasion versus tumour thickness in early oral tongue squamous cell carcinoma:
which measurement is the most practical and predictive of outcome?
Histopathology 2020;79(3):325-37. Dec 14.

[18] Ghazi N, Ghazi A, Shafiee S, Fayyazi M. Importance of depth of invasion in patients
with oral squamous cell carcinoma: A review article. J Orofac Sci 2018;10(1):3-6.

[19] Yildiz P, Aung PP, Milton DR, Hruska C, Ivan D, Nagarajan P, et al. Measurement of
tumor thickness in cutaneous squamous cell carcinomas: do the different methods
provide better prognostic data? Am J Dermatopathol 2020 May;42(5):337-42.

[20] Phan A, Touzet S, Dalle S, Ronger-Savlé S, Balme B, Thomas L. Acral lentiginous
melanoma: histopathological prognostic features of 121 cases. Br J Dermatol 2007
Aug;157(2):311-8.

[21] Feibleman CE, Stoll H, Maize JC. Melanomas of the palm, sole, and nailbed: a
clinicopathologic study. Cancer 1980;46(11):2492-504. Dec 1.

[22] Tan KB, Moncrieff M, Thompson JF, McCarthy SW, Shaw HM, Quinn MJ, et al.
Subungual melanoma: a study of 124 cases highlighting features of early lesions,
potential pitfalls in diagnosis, and guidelines for histologic reporting. Am J Surg
Pathol 2007 Dec;31(12):1902-12.

[23] Nunes LF, Quintella Mendes GL, Koifman RJ. Acral melanoma. Melanoma Res
2018 Jul:1.

[24] Asgari MM, Shen L, Sokil MM, Yeh I, Jorgenson E. Prognostic factors and survival
in acral lentiginous melanoma. Br J Dermatol 2017;177(2):428-35. Jul 28.



M.A. Asato et al.

[25] College of American Pathologists. Protocol for the examination of specimens from
patients with melanoma of the skin. Available at: https://documents.cap.org/prot
ocols/Skin.Melanoma_4.3.0.2.REL_CAPCP.pdf.

[26] Maia M, Russo C, Ferrari N, Ribeiro MCS de A. Melanoma acrolentiginoso: um
desafio ao diagndstico precoce. An Bras Dermatol 2003 Oct;78(5):553-60.

[27] Souza B de C e, DHM Silva, Miyashiro D, Kakizaki P, NYS Valente.
Clinicopathological analysis of acral melanoma in a single center: a study of 45

[28]

55
Annals of Diagnostic Pathology 71 (2024) 152305

cases. Revista da Associacao Médica Brasileira [Internet] 2020 Oct;66(10):1391-5
[cited 2022 Apr 19].

Susok L, Gambichler T. Caucasians with acral lentiginous melanoma have the same
outcome as patients with stage- and limb-matched superficial spreading
melanoma. J Cancer Res Clin Oncol 2022 Feb;148(2):497-502.



56

24 Artigo4
Submetido na revista “The American Journal of Dermatopathology” (humero AJD-D-
24-00315) (Formatado de acordo com as normas da revista:
https://edmgr.ovid.com/ajd/accounts/ifauth.htm)
Title: The utility of PRAME and Ki-67 as prognostic markers for cutaneous melanoma
Authors: Marcel Arakaki Asato, MD, PhD,"2Francisco Alves Moraes Neto, MD, MSc,?
Marcelo Padovani de Toledo Moraes, MD, PhD,?Juliana Polizel Ocanha-Xavier, MD,
PhD,2Luiz Carlos Takita, MD, PhD," Maxwell A. Fung, MD,* Mariangela Esther Alencar
Marques, MD, PhD,? José Candido Caldeira Xavier-Junior, MD, PhD?*5
1. School of Medicine. The Federal University of Mato Grosso do Sul.
2. School of Medicine. Sdo Paulo State University, Botucatu — SP, Brazil.
3. Amaral Carvalho Hospital, Jau — SP, Brazil.
4. Department of Dermatology. University of California Davis School of
Medicine, Sacramento - CA, United States.
5. School of Medicine. Centro Universitario Unisalesiano Auxilium.
Aracatuba — SP, Brazil.

6. Pathology Institute of Aragatuba, Aragatuba — SP, Brazil.

Number of tables: 3

Number of figures: 3

Word count: 3416

Funding sources: Fundagdo de Amparo a Pesquisa do Estado de S&o Paulo (process

number: 2021/09431-0)

Disclosure statement

Conflict of interest: none declared



57

Ethics statement: This study was approved by the Research Ethics Committee (CAAE

52618721.0.1001.5411 ).

Data access statement

All data generated or analyzed during this study are included in this article. Further

inquiries can be directed to the corresponding author.

Acknowledgments
We thank FAPESP for financial support (process number: 2021/09431-0) and

Professor José Eduardo Corrente for statistical analysis.

Authors’ contributions

M.A.A.: Investigation, Data Curation, Formal Analysis, and Writing Original Draft.
F.A.M.N., M.P.T.M., M.AF., L.C.T., M.E.A.M.: Formal Analysis and Writing—Review &
Editing. J.P.O.X.: Conceptualization, Writing—Review & Editing. J.C.C.X.Jr.:
Conceptualization, Methodology, Investigation, Writing—Review & Editing,

Supervision.

The institution where the study was conducted:

School of Medicine. Sdo Paulo State University, Botucatu — SP, Brazil.

Data access statement

All data generated or analyzed during this study are included in this article. Further

inquiries can be directed to the corresponding author.

Corresponding author:

José Candido Caldeira Xavier-Junior,



Instituto de Patologia de Aragatuba,
Rua Floriano Peixoto, 808. Centro, Aracatuba, SP CEP 16011-071, Brazil.

Email: josecandidojr@yahoo.com.br

Phone: +55 18 36236326

58



59

Title: The utility of PRAME and Ki-67 as prognostic markers for cutaneous melanoma

ABSTRACT
Cutaneous melanoma can lead to metastasis and it is associated with high mortality.
Currently, there are no widely accepted immunohistochemistry markers for melanoma
prognosis in routine staging. PRAME is a possible biomarker for prognosis in several
non-cutaneous neoplasms. Ki-67 is a cell proliferation marker correlated with poor
outcomes in many cancers. This study assessed PRAME and Ki-67 as potential
prognostic markers for sentinel lymph node outcomes and survival among melanoma
patients. This is a retrospective study analyzing cutaneous melanoma cases from a
Brazilian cancer center (2005 - 2021). All cases were tested using
immunohistochemistry to evaluate PRAME expression and Ki-67 index. Descriptive
analysis, Spearman's correlations, means comparison, Kaplan-Meier analysis, chi-
square, and Cox models were performed. In univariate analysis of 123 cutaneous
melanoma cases, high extent (p = 0.0267) and elevated intensity (p = 0.043) of PRAME
were associated with decreased overall survival. The Ki-67 index was associated with
overall survival (p = 0.05) and sentinel lymph node status (p=0.0403), with a positive
correlation between the markers (p = 0.0004) and between Ki-67 and Breslow
thickness (p = 0.0001). However, in multivariate analysis, only Breslow thickness
significantly influenced overall survival (p = 0.0003). Then, the present results can
suggest elevated PRAME and Ki-67 expression are associated with poor overall
survival in cutaneous melanoma; however, in multivariate analysis, only the Breslow
thickness had a significant influence. These findings highlight the potential of PRAME
and Ki-67 as prognostic markers, opening frontiers that could improve strategies for

treating cutaneous melanoma.
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INTRODUCTION

Cutaneous melanoma is a public health concern because of its frequency of
metastasis to distant organs' and its increased incidence in several countries. The
estimated incidence of cutaneous melanoma in Australia was 69 cases per 100,000
inhabitants in 2023.2 In comparison, Brazil had 4.13 estimated cases per 100,000 per

year, according to the Brazilian National Cancer Institute.®

For predicting melanoma outcomes, the Breslow micrometric thickness is an
essential parameter; it is used worldwide and included in the American Joint
Committee on Cancer staging system.* Other characteristics used to predict outcomes
of cutaneous melanoma include presence or absence of ulceration,® lymphovascular
invasion,® lymphocytic infiltrate,” regression,? satellitosis,® mitotic index, ' and histologic

subtype.™

Many immunohistochemistry (IHC) stains are used to evaluate challenging
melanocytic lesions; however, currently, there are no universally accepted markers for

prognostic evaluation of cutaneous melanoma in staging protocols.?

Recently, a high frequency of PReferentially expressed Antigen in MElanoma
(PRAME) expression in conventional melanoma was described regarding applicability
for microscopic diagnosis.”” PRAME was identified as a possible biomarker for
prognostic evaluation and metastasis risk in tumors such as breast cancer,™
osteosarcoma,’ squamous cell carcinoma of the head and neck,” and uveal
melanoma.' The high expression of PRAME in more advanced disease stages and its
association with a higher risk of metastasis suggest that PRAME participates in the
acquisition of cancer characteristics, including its capacity for invasion and

metastasis.
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The antibody Ki-67 is a protein found in the nucleus of proliferating cells. It is
an essential marker of cell proliferation and has been correlated with poor outcomes
in many types of cancer.???' The Ki-67 index is also a significant prognostic factor in

melanoma, with increased expression related to decreased survival.??

The evaluation of PRAME is used for the diagnosis of melanocytic neoplasms
and prognostic evaluations in other non-melanocytic neoplasms. Nevertheless, few
studies correlate the PRAME expression with the outcomes and lymph node
metastasis risk in cutaneous melanoma. Therefore, the present study evaluated the
correlation between PRAME and Ki-67 expression with sentinel lymph node (SNL)
biopsy results and specific and overall survival among patients with cutaneous

melanoma.

MATERIALS AND METHODS

This retrospective cross-sectional study analyzed formalin-fixed paraffin-
embedded skin specimens collected from primary melanoma lesions and lymph-node
excisions performed at a Brazilian referral cancer center, from 2005 to 2021. From
pathological reports stored in the institution's digital systems, we recorded clinical data.
The slides were stained with hematoxylin and eosin (H&E), and two
dermatopathologists assessed pathological information. Immunohistochemical
analysis was performed on the Benchmark GX automatic staining system (Ventana
Roche), with the application of the UltraView DAB kit using an anti-PRAME antibody
(Abcam, clone EPR 20330, dilution 1:500) and Ki-67 (Dako, clone MIB-1, prediluted).
To ensure consistency of PRAME staining conditions, external controls were used in
all cases (testis tissue). For PRAME, we calculated the intensity of the staining (grade

0 = negative, grade 1 = weak, grade 2 = moderate, grade 3 = strong), and the extension
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based on the percentage of stained cells throughout the lesion (grade 0 = negative,
grade 1 = 1%—-25%, grade 2 = 26%—-50%, grade 3 = 51%—-75%, and grade 4 = 76%—
100%). A combined score was also performed, consisting of the sum of the staining
intensity with the extension grades ranging from 0 to 7.2 A variable consisting of the
multiplication of the Ki-67 index and the combined score was also created. We also
divided samples into diffuse staining (more than 75% of positive cells) and non-diffuse
staining (75% or fewer positive cells). For assessing the labeling of the sebaceous
glands was evaluated for the internal control of PRAME. Exclusion criteria included
dubious lesions on H&E, absence of SLN results, negative cases with negative internal
or external controls, and thin melanomas (i.e., less than 1.0 mm in thickness, as they

are not routinely subjected to SLN biopsy).

A descriptive analysis was performed to calculate means, standard deviations
(SD), minimum, maximum, and median values for quantitative variables, and
frequencies and percentages for characterized variables. Spearman's correlations
were used to assess the strength and direction of the associations between variables,
and were calculated for PRAME, Ki-67, age, survival time (in months), and Breslow
thickness (in mm). Mean comparisons for Ki-67 index, PRAME percentage, PRAME
staining extension, the combined score and the “Ki-67 x combined score” multiplication
were stratified by sex, anatomical site, histological subtype and SLN status using a
Poisson distribution adjustment or by adjusting for a negative binomial distribution
followed by Wald's multiple comparison test. Receiver operating characteristic (ROC)
curves for Ki-67 concerning survival were generated, while Kaplan-Meier survival
analyses were conducted for the determined cutoff point. For Ki-67, mean tests were
performed considering subtype and SLN status. For PRAME classification, chi-square

associations with SLN status were computed. Correlations among Ki-67, PRAME,
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survival time, and the combined score were also calculated. For overall survival, Cox
proportional hazards models were adjusted for the explanatory variables: gender,
anatomical site, lymph node status, PRAME intensity, extension, combined score, Ki-

67 index, “Ki-67 index X combined score”, and Breslow depth.

A 5% significance level was defined for all analyses, or the corresponding p-
value was used. Chi-square tests were performed to evaluate associations between
categorical variables. All analyses were performed using SAS for Windows, version

9.4, and SPSS for Windows, version 21.

The Committee of Ethics in Research approved the study (CAAE
52618721.0.1001.5411 and CAAE 52618721.0.3001.5434). Patient consent not

applicable.

RESULTS

We considered 123 invasive cutaneous melanomas. There were 71 (57.72%)
men and 52 (42.28%) women. The median age was 65 years (14 to 87 years). Fifty-
seven cases (46.34%) affected non-exposed areas; 34 cases (27.64%) occurred in
acral skin; 25 cases (20.33%) affected exposed areas; and for seven cases (5.69%),
the anatomical site was not specified. The mean Breslow thickness was 6.4 mm (SD
5.9) with a median of 4.4 mm (1.0 to 27.5 mm). Regarding the subtype, there were 54
nodular melanomas (43.9%), 41 superficial spreading melanomas (33.3%), 27 acral
melanomas (21.9%), and one spindle cell melanoma (0.8%); 64 cases (52.03%) had
metastasis to SLN, while 59 were free of metastasis (47.97%). Regarding the

pathological staging, 24 cases (19.5%) were pT2, 32 cases (26.0%) were pT3, and 67
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cases (54.5%) were pT4. The overall survival mean was 38.2 months (SD 34.8), and

the median was 25.0 (0 to 142 months).

PRAME showed positive staining (regardless of intensity or extension) in 107
cases (86.9%) and was negative in 16 cases (13.01%). Nevertheless, only 38
(30.89%) had more than 75% (grade 4) of positive cells; 14 cases (11.38%) had
between 51% to 75% (grade 3); 28 (22.76%) had between 26% to 50% (grade 2); 27
(21.95%) had between 1% to 25% (grade 1). Regarding the intensity of PRAME
staining, 31 cases (25.2%) were strong (grade 3), 27 (21.95%) were moderate (grade

2), and 49 (39.84%) were weak (Table 1; Figure 1).

There was difference regarding overall survival between cases with diffuse
staining of PRAME and non-diffuse staining (x2 4.9101; p = 0.0267) (Table 2; Figure
2). While the non-diffuse staining group exhibited a mean survival of 43.04 months (SD
= 36.12/ median: 28 months, range: 2 to 142 months), the group with diffuse staining
of PRAME exhibited a mean survival of 26.25 months (SD = 28.68, median: 16.5
months; range: 0 to 140 months). This finding was supported by Spearman's
correlation between PRAME staining extension and patient survival (correlation
coefficient = -0.25387 with p = 0.0072), suggesting that a greater extent of PRAME
expression is associated with reduced survival. Otherwise, the log-rank test comparing
melanoma-specific survival resulted in a x2 of 2.3155 (p = 0.1281), suggesting no

statistically significant differences between these groups (Table 2, Figure 2).

The log-rank test to assess the overall survival across different levels of
PRAME intensity staining (categorized as 0, 1, 2, and 3) resulted in a x2 of 8.12, p =
0.043. Intense staining for PRAME had a worse overall survival than negative cases

(Table 2, Figure 3). For melanoma-specific survival and PRAME intensity, the log-rank
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test did not demonstrate statistically significant differences between the groups (x2

4.9604, p=0.1747) (Table 2, Figure 2).

Regarding the SLN result and PRAME expression, there were no significant
differences between “diffuse PRAME staining” and “non-diffuse PRAME staining” (p =
0.6316). The group with negative SLN (59 cases) had a PRAME expression mean of
46.53% (SD 34.87, median: 50%; range: 0 to 100%), while the group with positive SLN
(64 cases) had a PRAME expression mean of 47.75% (SD = 32.81, median: 50%;

range: 0 to 100%).

In the analysis of the combined score (intensity grade plus extension grade),
Spearman’s correlation coefficient demonstrated a negative correlation with survival (r
= -0.2674, p = 0.0046), indicating that higher values of the combined score correlate
with decreased survival. There was no significant correlation between the combined

score and SLN status (p = 0.1205).

Comparing the means for PRAME percentage of expression with the three
anatomical sites (exposed areas, non-exposed areas, and acral), the statistical
analysis yielded a p-value of <0.0001. The mean PRAME expression in exposed areas
was 38.24% (SD = 34.38, median: 40%; range: 0 to 100%). For non-exposed areas,
the mean expression was 45% (SD = 35.15, median: 40%; range: 0 to 100%). For
acral skin, the mean expression of PRAME was 62.06% (SD = 27.15, median: 67.5%;

range 0 to 100%).

In the comparative analysis of PRAME expression across the main melanoma
subtypes, the distribution between non-diffuse and diffuse staining cases

demonstrated significative differences (p = 0.026). Diffuse staining was identified in 14
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(51.8%) acral melanomas, nine (21.9%) superficial spreading melanomas, and 15
(27.7%) nodular ones. The comparison of means of the combined score revealed
significant differences among the three main histological subtypes (p = 0.0283). The
mean combined score for the acral subtype was 4.81 (SD 1.9; median 5; range 0-7).
For the nodular subtype the mean score was 3.83 (SD 2.43; median 4; range 0-7). And
the mean score for the superficial spreading subtype was 3.22 (SD 2.15; median 3;
range 0-7). Additionally, there were significant differences in the “Ki-67 X combined
score” multiplication among the histological subtypes (p=0.0005). The mean value for
this multiplication in the acral subtype was 117.96 (SD 79.85; median 100; range O-
280). For the nodular subtype, the mean was 118.7 (SD 112.69; median 90; range 0-
420). For the superficial spreading subtype, the mean was 57 (SD 75.24; median 30;
range 0-360). Regarding PRAME extension (%), no significant differences were found
among the three subtypes (p = 0.1721). Similarly, there were no significant differences

in PRAME intensity levels among the histological subtypes (p = 0.0766).

The Ki-67 had a mean index of 22.9% (SD = 15.4%, median: 20%; range: 1%
to 60%). Using the ROC curve, a cutoff point of 22.5% was obtained for Ki-67. The log-
rank test to compare the overall survival between cases with Ki-67 expression of less
than or equal to 22.5% and more than 22.5% resulted in a x2 of 3.8236 and p = 0.05,
indicating a significant difference in survival between the groups. For melanoma-
specific survival, the log-rank test resulted in a x2 of 3.0154. The corresponding p-
values (raw and adjusted by the Sidak method) were p = 0.0825, suggesting no
significant differences in disease-specific survival between groups with Ki-67
expression less or equal to 22.5% and those with more than 22.5% (Table 2; Figures

2 and 3). The Cox model to evaluate the relationship between the multiplication of “Ki-
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67 index and PRAME combined score” and melanoma-specific survival resulted in a

¥x2 of 3.7781 and a p-value of 0.0519.

Regarding SLN results, there was a difference between groups regarding the
Ki-67 index (p = 0.0403). For patients with negative SNL, the Ki-67 mean index was
19.86% (SD = 14.22, median: 15%; range: 1% to 50%). For patients with positive SNL,

the Ki-67 mean was 25.7% (SD = 16,11, median: 20%; range 5% to 60%).

In relation to the comparison of Ki-67 means among the three main histological
subtypes, statistically significant differences were observed (p=0.0015). The acral
subtype exhibited a mean of 24.07% (SD 13.52; median 20; range 5-50). The nodular
subtype showed a mean of 27.5% (SD 16.39; median 30; range 5-60). In contrast, the
superficial spreading subtype presented a mean of 16.39% (SD 13.26; median 15;
range 1-60). Grouping the acral and nodular melanomas together and comparing them
with the other histological subtypes revealed no significant differences regarding the

SNL outcome (p = 0.0647) or melanoma specific survival (p = 0.0628).

Spearman correlation coefficient demonstrated a positive correlation between
Ki-67 with PRAME intensity (r = 0.31451, p = 0.0004), percentage (r = 0.23142, p =
0.01), extension grade (r = 0.21284, p = 0.0181) and the combined score (r = 0.27433,
p =0.0021). The test demonstrated a significant positive correlation between Ki-67 and
Breslow thickness (r = 0.39412, p = 0.0001). There was no significant correlation
between Breslow thickness with PRAME intensity (r = 0.15433, p = 0.0883), extension

(r=0.12097, p = 0.1826), or combined score (r = 0.15220, p = 0.0927).
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In the multivariate analysis using the Cox analysis, among several variables,
only the Breslow depth had a statistically significant influence on overall survival (p =

0.0003) (Table 3).

DISCUSSION

In the studied population, high extent and elevated intensity of PRAME
expression were associated with decreased overall survival. However, these
parameters were not statistically associated with specific survival, SLN status, or
Breslow thickness. Notably, PRAME expression demonstrated a relationship with the
anatomic location and the histological subtype; the Ki-67 index was associated with
overall survival and SLN status. Furthermore, there was a correlation between both
markers and between Ki-67 and Breslow thickness. Upon multivariate analysis, only

Breslow thickness significantly influenced overall survival.

Several studies related PRAME to outcomes of various neoplasms. Field et al.
studied uveal melanoma and found that PRAME expression was associated with
metastasis and a larger tumor diameter.' Tan et al. showed that in osteosarcoma, high
PRAME expression was associated with poor outcomes and lung metastasis.’ Doolan
et al. reported 103 cases of breast cancer and showed that PRAME mRNA expression
correlated with shortened disease-free survival and overall survival.’® Szczepanski et
al. found that, in squamous cell carcinoma of the head and neck, the intensity of
PRAME staining correlated with the tumor grade, with high expression being related to
poorly differentiated tumors and low expression being related to well-differentiated

tumors. PRAME expression levels were correlated with lymph node metastasis.
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Although there are many studies about using PRAME immunohistochemistry
for cutaneous melanoma diagnosis, few focused on PRAME and cutaneous melanoma
prognosis. Our study revealed that melanomas with diffuse PRAME expression (>
75%) had a significantly worse overall survival than melanomas with non-diffuse
expression. In comparison, Parra et al. analyzed 102 melanomas in The Cancer
Genomic Atlas and did not identify a significant correlation between PRAME mRNA
expression and melanoma overall survival; the same study analyzed 111 melanomas
and did not show a significant correlation between higher PRAME expression and
disease specific-survival, in agreement with our study.* Gassenmaier et al. studied 70
thin melanoma cases and did not find significant differences in overall survival between
patients with diffuse (> 75% staining) and non-diffuse PRAME expression (p = 0.22).%
Lo Bello et al. studied 137 cutaneous melanomas (with Breslow > 1 mm) and did not
identify a prognostic significance of diffuse PRAME expression for
relapse/progression-free survival or overall survival.?® For these reasons, the

prognostic value of PRAME for cutaneous melanoma is debated.

Studies of other neoplasms showed that PRAME expression was associated
with metastasis, including lymph node metastasis."®'® Hu et al. studied 75 acral
lentiginous melanoma and reported that 82.6% of the cases with lymph node
involvement expressed PRAME, compared with 57.6% of those without, although this
difference did not reach statistical significance (p = 0.051). The present study did not
demonstrate significative differences in the SLN status between the groups with diffuse

and non-diffuse PRAME expression.

In the present study, PRAME expression was higher in acral skin than in other

anatomical locations. We also observed more cases with diffuse PRAME expression
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among acral lentiginous melanoma subtypes than in superficial spreading and nodular
subtypes. The “Ki-67 and PRAME combined score” multiplication showed significantly
higher values in acral and nodular melanomas, compared to superficial spreading
subtype. In agreement with our data, Lezcano et al. showed that the histologic subtype
with more 4+ (diffuse) labeling cases was acral melanoma (94.4% of the cases),
followed by superficial spreading melanomas (92.5%), nodular melanomas (90%),
lentigo maligna melanoma (88.6%) and desmoplastic melanoma (35%)." Rawson et
al. also demonstrated a higher percentage of PRAME-positive cells in acral melanoma
(mean: 76%; median: 83%) than in nodular melanoma (mean: 60%; median: 69%),
lentigo maligna melanoma (mean: 60%; median: 64%), superficial spreading
melanoma (mean: 51%; median 51%), and desmoplastic melanoma (mean: 50%;
median: 49%).% Given that acral melanoma is known for its poorer outcomes, we
hypothesize that higher PRAME expression maybe linked to more aggressive

behavior.

In the present study, higher Ki-67 (> 22.5%) was associated with poor overall
survival but not specific survival. Furthermore, cases with positive SNL were
associated with a higher Ki-67 index. These results partially agree with Parra et al.,
who showed that a higher Ki-67 was associated with shorter overall and disease-
specific survival.? Henrique et al. studied 84 patients and showed in univariate analysis
that a high Ki-67 index (> 14%) displayed significantly worse outcomes, although when
stratified for tumor thickness, no survival differences were found.?* Udovicic-Gagula et
al. analyzed the expression of Ki-67 in 55 primary cutaneous melanoma and observed
a statistically significant higher value of Ki-67 expression in patients with positive lymph
nodes *, in agreement with our study. Also the Ki-67 index revealed higher values in

nodular and acral subtypes, in comparison with superficial spreading melanoma.
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Although there was no correlation between Ki-67 and specific survival, the Ki-67 index

can be considered an established prognostic marker.

Our study also demonstrated a correlation between Ki-67 and PRAME
expression, in agreement with Parra et al., who showed that higher PRAME expression
correlated with a higher Ki-67 index.** Also in agreement with other studies, elevated
Ki-67 index was associated with higher Breslow thickness, but no association was

found between PRAME expression and tumor thickness.?*29-%

Lezcano et al. studied 155 primary cutaneous melanomas and found diffuse
PRAME expression (grade 4) in 83.2% of the cases.'” This frequency was higher than
we found in the present study, in which PRAME diffuse expression occurred in only
30.89% of the cases. Rawson et al. had a similar result, with 35% of the melanomas
showing diffuse staining (grade 4).2 Parra et al. demonstrated diffuse staining in only
26.1% of the cases.” Gassenmaier et al. found that 58.6% of melanomas showed
diffuse PRAME staining (score 4+).% One hypothesis for these discrepant results is
that PRAME can exhibit heterogeneous staining within the lesion, complicating the
categorization regarding the extent of staining, particularly in more extensive lesions,
as in our study, which included many large advanced-stage specimens. Another
possibility involves the case selection, because in the present study we analyzed only
melanoma confirmed cases and did not include comparisons with benign melanocytic

lesions.

The present study’s limitations include a retrospective nature and the
population limited to Brazilian patients in a single cancer center, which had many
advanced cases with many acral and nodular ones. Furthermore, our study population

did not include patients with in situ or thin melanomas, and none of these sections were
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Ki-67 double-stained with Melan-A. The adopted nomenclature (diffuse x non-diffuse)
differs somewhat from studies in which only cases with more than 75% of positive cell
were considered “positive.” It is also critical to highlight that PRAME was performed
only in primary lesions and not in the positive lymph node cases. The lack of a
standardized protocol for PRAME expression assessment could also lead to variability,

making direct comparisons with other studies challenging.

In conclusion, this study revealed an association between higher PRAME
expression and lower overall survival in melanoma patients, in univariate analysis.
Elevated Ki-67 index was associated with lower overall survival and positive SLN. Acral
and nodular melanoma subtypes are associated with higher Ki-67 index and “Ki-67 X
PRAME combined score”. Multivariate analysis indicated that only the Breslow
thickness influenced overall survival. Ki-67 and PRAME did not demonstrate to be
independent prognostic parameters, in the analyzed sample. More studies with larger
sample sizes are necessary to evaluate PRAME expression's role in predicting
cutaneous melanoma outcomes in different populations. These results suggest a
potential association between higher PRAME expression and melanoma survival,
opening frontiers that could improve clinical practice and therapeutic strategies in

cutaneous melanoma.
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Legends:

Figure 1: Examples of different patterns of PRAME intensity, increasing staining from

(A) to (C): A) weak, B) moderate, and C) strong.

Figure 2: Kaplan-Meier curves of PRAME extension with overall survival (A) and
specific survival (B); PRAME intensity with overall survival (C); specific survival (D).

And Kaplan-Meier curves of Ki-67 index with overall survival (E) and specific survival

(F).

Figure 3: Examples of low Ki-67 index (A) and high Ki-67 index (B).

Table 1. Descriptive analysis of clinicopathologic characteristics of the cases

Variables

Sex, No. (%)

Female 52 (42.2)
Male 71 (57.7)
Age (y)

Mean 61.5
Median (range) 65 (14-87)

Breslow thickness (mm)

Mean 6.4 (SD 5.9)

Median (range) 4.4 (1-27.5)

Location, No (%)

Non-exposed areas 57 (46.34)

Exposed areas 25 (20.33)




Acral skin 34 (27.64)
Not informed 7 (5.69)
Histological subtype, No. (%)

Superficial spreading melanoma |41 (33.3)
Nodular melanoma 54 (43.9)
Acral lentiginous melanoma 27 (21.9)
Spindle cell melanoma 1(0.8)
Sentinel lymph node, No. (%)

Positive for metastasis 64 (52.03)
Negative for metastasis 59 (47.97)

Survival (months)

Mean 38.1 (SD 34.8)
Median (range) 25 (0-142)
PRAME extension grade, No. (%)

Grade 4 (>75%) 38 (30.89)
Grade 3 (51% to 75%) 14 (11.38)
Grade 2 (26% to 50%) 28 (22.76)
Grade 1 (1% to 25%) 27 (21.95)
Grade 0 (negative) 16 (13.01)
PRAME intensity grade, No. (%)

Grade 3 (Strong) 31 (25.2)
Grade 2 (Moderate) 27 (21.95)
Grade 1 (Weak) 49 (39.84)
Grade 0 (Negative) 16 (13.01)

79
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Ki-67 index
Mean 22.9 (SD 15.4)
Median (range) 20 (1%—60%)

Table 2. Test of equality over strata: PRAME extension, PRAME intensity, overall

survival, and melanoma-specific survival

Logrank Test X2 Pr>x2
PRAME extension and overall survival 4.9101 0.0267
PRAME extension and melanoma-specific survival [2.3155 0.1281
PRAME intensity and overall survival 8.1243 0.0435

PRAME intensity and melanoma-specific survival 4.9604 0.1747

Ki-67 index and overall survival 3.8236 0.0505

Ki-67 index and melanoma-specific survival 3.0154 0.0825
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Table 3. Multivariate analysis using the Cox proportional, among several

variables for melanoma overall survival

Parameter Pr> x2 [Hazard Ratio [95% HR Confidence Limits
Location: exposed area 0.7211 |1.341 0.268 6.703
Location: non-exposed 0.462 |1.769 0.387 8.084
Location: acral 0.4813 [1.751 0.368 8.326
Location: not informed - 1 - -
Positive SLN 0.1958 [1.639 0.775 3.465
Negative SLN - 1 - -
Female 0.8042 (1.086 0.565 2.09
Male - 1 - -
PRAME intensity: grade 0 [0.9811 |1.047 0.024 45.54
PRAME intensity: grade 1 [0.9488 [1.078 0.109 10.62
PRAME intensity: grade 2 [0.6551 |0.724 0.175 2.987
PRAME intensity: grade 3 |- 1 - -
PRAME extension (%) 0.7966 |0.995 0.956 1.035
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PRAME combined score [0.6409 (1.253 0.486 3.23
Ki-67 index 0.3082 (1.011 0.99 1.032
Breslow thickness 0.0003 [1.094 1.042 1.149
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Figure 1: Examples of different patterns of PRAME intensity, increasing staining from

(A) to (C): A) weak, B) moderate, and C) strong.
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Figure 2: Kaplan-Meier curves of PRAME extension with overall survival (A) and
specific survival (B); PRAME intensity with overall survival (C); specific survival (D).
And Kaplan-Meier curves of Ki-67 index with overall survival (E) and specific survival

(F).
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Figure 3: Examples of low Ki-67 index (A) and high Ki-67 index (B).
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Abstract

Introduction: Cutaneous melanoma is an aggressive skin cancer. The Ki-67 is a proliferation marker
and a rapid tool for proliferation rate analysis. Previous data indicated that its staining pattern is
distinct during the several stages of the cell cycle. No studies have evaluated these patterns in
cutaneous melanoma as a prognostic marker. Methods: This retrospective study analyzes Ki-67
immunostaining patterns among acral melanoma cases. Two pathologists classified staining patterns,
and analyses were performed to assess interobserver concordance and compare patterns between
patients alive and those who died of melanoma. Results: The study analyzed 5,676 Ki-67 positive
nuclei. Lin's Concordance Correlation Coefficient was reported at 0.9783, reflecting a substantial level
of agreement. Means comparison between the two groups revealed differences in patterns NP1 (p =
0.0014), NP4 (p = 0.038), NP5 (p = 0.0193), and the total number of stained nuclei (p = 0.0258). There
were no significant differences between the NP5 pattern and conventional mitosis counting in both
groups. Conclusion: Our analysis highlights the importance of Ki-67 staining patterns as a potential
prognostic marker among cutaneous melanomas. High Ki-67 positive nuclei was associated with worse

outcomes (death), particularly in staining patterns NP1, NP4, and NP5.
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Introduction

Cutaneous melanoma is an aggressive skin cancer. [1,2] Breslow depth is considered the most
critical factor for assessing outcomes, and it was included in the American Joint Committee on Cancer
(AJCC) staging system. [3,4] Cutaneous melanoma can be classified into four primary histologic

subtypes: superficial spreading, nodular, lentigo maligna (melanoma in chronically sun-exposed skin),

and acral lentiginous [5]. Acral cutaneous melanoma (ACM), first described by Reed in 1976 [6], is the
least common, with a higher prevalence in African and Asian populations and typically found on palms,
soles, and nail beds [7,8]. Notably, ACM is associated with poorer outcomes when compared with the
other melanoma subtypes. [7]

Immunohistochemical markers complement the histopathological analysis for the diagnosis
and outcomes of many types of cancer. However, until now, no consolidated markers for cutaneous
melanoma have been incorporated into staging protocols. [9,10] Some studies have shown that Ki-67
is a prognostic factor in cutaneous melanoma. A High Ki-67 index is associated with the poorest
outcomes. [11-15]

The Ki-67 is a cell proliferation marker, with nuclear expression in the cell cycle's G1, S, G2,
and mitotic phases, but it is absent in GO cells. Therefore, it is a simple, consolidated, and rapid tool
for determining tumors’ proliferation rates. [16]

Previous studies suggested Ki-67 has distinct intracellular localization patterns during the
several stages of the cell proliferation cycle. [17,18] It localizes to the peri chromosomal layer at the
beginning of mitosis, to hundreds of distinct foci homogeneously distributed in the early G1 phase, to
one or two nucleoli in the late G1 phase, to larger dense granules throughout the nucleus in the S
phase, and granules and irregular nodules in the nucleoplasm in G2 phase. [19,20] Dias et al., in 2021,
created a classification based on the morphological patterns of Ki-67 immunostaining and cell cycle
phases. Based on the analysis of epithelial tumors, they also found differences in the pattern of Ki-67
expression between benign epithelial lesions and malignant or pre-malignant epithelial lesions. [20]

To date, no studies have evaluated the pattern of Ki-67 expression in cutaneous melanoma.
This study aims to analyze the interobserver concordance of Ki-67 expression pattern classification in
ACM and to compare the different types of patterns between two groups of patients: those who are
alive (Al) and those who died of melanoma (De).

Methods

We conducted a retrospective cross-sectional study that analyzed formalin-fixed paraffin-
embedded skin specimens collected from ACM, all classified as the same stage, from Amaral Carvalho
Hospital, a Brazilian referral cancer center. Ventana Roche performed immunohistochemical (IHC)

analysis on the Benchmark GX automatic staining system, applying the UltraView DAB kit using Ki-67
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(Dako, clone MIB-1, prediluted). The IHC slides were scanned using Aperio CSTM (Leica Biosystems,
USA) at 40x magnification. At first, a mean Ki-67 index was estimated considering the whole lesion
(general Ki-67). Aside from that, a one-square-millimeter section was demarcated in hot spots for a
detailed examination of each sample. This area size was chosen to be aligned with AJCC mitosis
counting. [10] The slides were evaluated by two pathologists, independently identifying Ki-67 positive
nuclei within the designated area with a 40x zoom, utilizing a colored circle scheme based on Dias’
classification, as follows: blue circle for NP1 (randomly Ki-67 immunopositive fine or coarse granules,
corresponding to early G1 phase), green circle for NP2 (Ki-67 stained in one or two well defined and
centralized nodules, corresponding to late G1 phase), orange circle for NP3 (Ki-67 seen as granules or
nodules occupying most of the nucleus, corresponding to S phase), brown circle for NP4 (nucleoplasm
with intense and homogeneous Ki-67 staining, corresponding to G2 phase) and red circle for NP5
(empty central area with peripheral Ki-67 or exclusively on the chromosomes, corresponding to
mitosis) as shown in figures 1 and 2. Then, the numbers of stained nuclei were counted for each pattern
in all cases. Conventional mitosis counting was also performed. Outcome measures were correlated
with survival data extracted from electronic health records, leading to the categorization of the cases
into two groups: those who were alive and those who died of melanoma.

This study defined the inclusion criteria as cases with invasive ACM at the same advanced
stage from 2008 to 2020. The exclusion criteria included instances where the immunohistochemical
reaction failed or performed poorly or where survival data were absent. Ungual melanomas were also
excluded. To compare two distinct groups (Al — alive and De- melanoma-related death)—we selected
patients with the same histological subtype, same stage, and similar time of diagnosis. We opted for
the ACM subtype and stage T4 because those are the cases with poor outcomes. We then selected an
equal number of cases for each group, totaling seven for the "Al" group and 12 for the “De” group. All
seven individuals from the "Al" group were selected, and seven from the “De” group were chosen
randomly. Regarding the analyzed nuclei, overlapping or blurred nuclei were not considered.

To assess the agreement between measurements, a Bland-Altman graphical analysis was
conducted to calculate the bias between measurements, Lin's Concordance Correlation Coefficient,
and the corresponding plot. This analysis was performed using the STATA software for Windows,
version 21. An average of each evaluator's data was computed. A comparison of means for each
nuclear staining pattern was conducted, utilizing a negative binomial distribution adjustment.

A significance threshold of 5% or the corresponding p-value was established for all tests. The
analyses were conducted using SAS for Windows version 9.4. and SPSS for Windows version 21.

This research received approval from the research ethics committee (CAAE

52618721.0.1001.5411 and CAAE 52618721.0.3001.5434).
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Results

In this analysis, a total of 5,676 Ki-67 positive nuclei from 14 cases were evaluated, with 7
cases in the “Al” group and 7 cases in the “De” group. In both the “Al” and “De” groups, 4 cases
(57.15%) were male, while 3 cases (42.86%) were female. The mean age of the “Al” group was 65 years,
whereas in the “De” group, the average age was 73.85 years. Regarding Breslow thickness, the mean
Breslow thickness in the “Al” group was 7.2mm (SD 1.6; median 7.4mm; range 4.3-9.3), while in the
“De” group, the mean Breslow thickness was 9.1mm (SD 2.08; median 8.1mm; range 7-13). In both
groups, considering the general Ki-67 for the whole lesion, some cases showed an essential range from
5% to 60% of positive cells. In the “Al,” the mean Ki-67 index was 27,1%, while in the “De” group, it
was 28,5%. In both groups, there were four ulcerated cases and three non-ulcerated ones. Considering
the application of the computer program in the hot spot, patients from group “Al” exhibited an average
of 1688 Ki-67positive nuclei, in contrast to the “De” group, who presented with 3987 positive nuclei
(Table 1). Additionally, a significant difference was noted in the total number of positive nuclei (p =
0.0258), with the “Al” group having a mean of 241.21 (SD: 184.47, range: 51-493.5) and the “De” group
having a mean of 569.57 (SD: 258.45, range: 130-855) (Table 2). Lin's Concordance Correlation
Coefficient of Absolute Agreement was reported at 0.9783, reflecting a substantial level of agreement
among pathologists. [21] The Bland-Altman analysis revealed a bias of 6.36 with a 95% confidence
interval from -26.61 to 39.32 (SD 57.10) as shown in figure 3.

A comparative analysis of means between the two groups revealed statistically significant
differences in nuclear staining patterns NP1 (p = 0.0014), NP4 (p = 0.038), and NP5 (p = 0.0193).
Specifically, the “Al” group had a mean of 50 nuclei classified as NP1 (SD: 30.68, range: 18-98). The
“De” had a mean NP1 of 164 (SD: 71.56 range: 31-241). For the NP4 pattern, the “Al” group's mean
was 16 nuclei (SD: 30.74 range: 2—85.5), whereas the “De” group had an NP4 mean of 56.14 (SD: 51.72
range: 25-170) As for NP5, the mean for the “Al” group was 3.86 (SD: 5.01 range: 1-15), compared to
the “De” group, which had a mean NP5 of 14.86 (SD: 15.08 range: 1-45). No significant differences
were found for NP2 and NP3 patterns (p = 0.4322 and p = 0.051, respectively).

A comparison of means was also performed to compare the staining pattern NP5 and
conventional mitosis counting in the “Al” group and “De”. In the “Al” group, the NP5 pattern had a
mean of 3.86 nuclei (SD: 5, median 3, range: 1-15), while the mitosis counting had a mean of 7,14
nuclei (SD: 7.1, median 5, range: 2-22). There were no statistically significant differences between the
two counting methods, with p-value of 0.2103. For the “De” group, the NP5 pattern had a mean of
14.86 nuclei (SD: 15, median 8, range: 1-45), while the mitosis counting had a mean of 15.86 nuclei
(SD: 14, median 9, range: 3-45). There were also no statistically significant differences between the

two counting methods, with p-value of 0.8863.
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Discussion

Our analysis highlights the importance of Ki-67 staining patterns as a prognostic indicator
among advanced ACM. Lin's Concordance Correlation Coefficient was high, in agreement with Dias et
al., which showed a moderate diagnostic interobserver agreement in their study (k = 0.523). Significant
differences in nuclear staining patterns were observed between both analyzed groups. Higher counts
of Ki-67 positive nuclei were associated with worse outcomes (death), particularly in staining patterns
NP1 (early G1 phase), NP4 (G2 phase), and NP5 (mitosis), which may indicate more aggressive tumor
behavior. Dias et al. showed that malignant or pre-malignant epithelial lesions predominated NP4
nuclei, while benign lesions predominated NP1 and NP2 nuclei. (20) Our study, however, did not
encounter a pattern that was predominant in “Al” (alive) patients with ACM. NP1, NP4, and NP5
patterns were more frequent in the “De” (melanoma-related death) group. Loddo et al. studied cell-
cycle-phase progression in 182 patients with invasive breast cancer. They found that increased tumor
grade is associated with an increased proportion of cells engaged in the cell division cycle (G1 - S and
G2 — M regulators). [22]

The similar variability of Ki-67, considering the whole lesion for both groups, also reflected
the heterogeneous nature of cellular proliferation within melanoma cases. Cases exhibited markedly
different Ki-67 indices, indicating a spectrum ranging from high to low proliferative activity, even in the
“De” group. Previous studies showed a high proliferation index is associated with a worse prognosis.
[11-13] Indeed, until 2015, mitosis was a criterion for staging in the seventh edition of AJCC Melanoma
Staging. [22] However, based on these data, we can hypothesize that its predominant patterns are
more important than the general Ki-67. Moreover, the similar rate of general Ki-67 and the difference
in the number of positive cells in the hot spot of both groups can indicate the last methodology as a
more reliable way to predict ACM prognosis based on this marker.

The majority of neoplasms exhibit a dysregulated cell cycle, due to alterations in the
regulators of CDK function. Additionally, many oncogenes contribute to this dysregulation of the cell
cycle. [23] The identification of the cell cycle phase could play an important role in therapeutic
strategies, given that a variety of anti-cancer agents, including those used for melanoma, not only
affect the cell cycle but are also dependent on specific phases to be effective. Bortezomib, for example,
induces G1 and G2 arrest and causes apoptosis of G2 phase cells. [24,25] CDK4/6 inhibitors block
progression out of the G1 phase. Gemcitabine acts during the S phase. [26] Flavopiridol acts in the G1
and G2 phases, causing cell cycle arrest and preventing cells from entering the M-phase. Paclitaxel is
more active in M-phase. [27]

Furthermore, certain drugs target highly proliferative cells more effectively than those in

slow cycling. [24] Our study showed that most classified cells were situated before mitosis, and the
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time required for cells to reach mitosis after initial Ki-67 expression can vary based on the cell cycle
speed. This finding may explain the possible failure of more active drugs in the M-phase. It can also
corroborate the idea of mitotic count as a suboptimal parameter to predict outcomes. Considering the
importance of the cell cycle and the action of drugs on it, classifying the nuclear patterns of Ki-67 to
determine the phase of tumor cells could provide a personalized patient report plan to guide
oncologists’ conduct and unlock new possibilities for treatment optimization. However, more studies
are necessary for standardization and to establish a protocol for clinical application.

Previous studies established Ki-67 as a prognostic marker in cutaneous melanoma, but until
now, no studies have investigated and compared the specific staining patterns. Our study has some
limitations. It is retrospective, examines a concise number of cases (although a total number of 5,676
nuclei), and was restricted to the ACM subtype in the advanced stage. Another weakness of the study
is the notable bias value of 6.35 regarding observers’ analysis, although Lin's Concordance Correlation
Coefficient indicated a high level of agreement. The high bias may be attributable to interpersonal
subjectivity in pattern assessment. Furthermore, the absence of pre-selection of nuclei for analysis
could contribute to the variability, although it made the analyses closer to the routine practice scenario
(real world). Nevertheless, to our knowledge, it is the first study with this specific design concerning
melanoma outcomes.

These findings highlighted the importance of Ki-67 and the applicability of nuclear staining
patterns to predict outcomes among advanced ACM cases. Further studies with more significant cases
are needed to elucidate the differences in Ki-67 staining patterns across various cancer types and their
correlation with patient outcomes. The presented results open new perspectives to create computer

algorithms to help pathologists analyze ACM cases considering their prognosis.
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Figure Legends

Fig. 1. Examples of each Ki-67 staining pattern, based on Dias’ classification.

Fig. 2. Examples of the one-square-millimeter demarcated area and the classification of Ki-67 staining
patterns through colored circles.

Fig. 3. Bland-Altman agreement plot of the analysis of the nuclear patterns between two groups (alive
patients and patients with acral melanoma-related death, n = 14) performed by two pathologists. On
the abscissa (X) axis are the means of positive nuclei of each case performed by the two evaluators,

and on the ordinate (Y) axis is the difference between positive nuclei counts.
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Table 1. Ki-67 index and quantification of Ki-67 staining pattern across the 14 cases

Alive Ki-67 | Ulceration | NP1 NP2 NP3 NP4 NP5 Total
group index
Case 1 20% Absent 56 46 81 5 3 191

(29.3%) | (24.0%) | (42.4%) | (2.6%) | (1.6%)
Case 2 5% Present 18 5 11 2 15

(35.2%) |(9.8%) | (21.5%) | (3.9%) | (29.4%) | 51
Case 3 5% Absent 20 9 19 2 3

(37.7%) |(16.9%) | (35.8%) | (3.7%) | (5.6%) |53
Case 4 60% Present 65 81 112 10 3

(23.9%) |(29.8%) | (41.3%) | (3.6%) | (1.1%) [271
Case 5 50% Absent 24 331 121 3 1

(5.0%) (68.9%) | (25.2%) | (0.6%) | (0.2%) | 480
Case 6 10% Present 72 23 48 5 1

(48.3%) | (15.4%) | (32.2%) | (3.3%) | (0.6%) [ 149
Case 7 40% Present 98 38 271 86 1

(19.8%) | (7.6%) | (54.8%) | (17.4%) | (0.2%) | 494
Total 353 533|663 [113 |27
(%) 27.1% (20,8%) | (31,5%) | (39.2%) | (6.6%) | (1,59%) | 1689
De* Ki-67 | Ulceration | NP1 NP2 NP3 NP4 NP5 Total
S ) ) | () | %)
Case 1 10% | Present 191 55 208 38 4

(38.5%) | (11.0%) | (41.9%) | (7.6%) | (0.8%) [496
Case 2 5% Present 136 76 101 25 45

(35.5%) |(19.8%) | (26.3%) | (6.5%) | (11.7%) | 383
Case 3 40% Present 226 141 392 61 16

(27.0%) | (16.8%) | (46.8%) | (7.2%) | (1.9%) | 836
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Case 4 30% Present 132 175 258 26 8

(22.0%) |(29.2%) | (43.0%) | (4.3%) | (1.3%) [599
Case 5 5% Absent 31 18 50 30 1

(23.8%) | (13.8%) | (38.4%) | (23.0%) | (0.7%) | 130
Case 6 60% | Absent 241 120 316 170 8

(28.1%) | (14.0%) | (36.9%) | (19.8%) | (0.9%) | 855
Case 7 50% | Absent 191 216 216 43 22

(27.7%) | (31.3%) | (31.3%) | (6.2%) | (3.1%) | 688
Total 1541
) 28.6% 1148 801 (38,65 | 393 104

(28,7%) | (20%) | %) (9,8%) | (2,6%) | 3987

*De- melanoma-related death




Table 2. Means comparison of Ki-67 staining patterns between the two groups
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Alive group Deceased group
Total (%) Mean SD Median Total (%) Mean SD Median p-value
(min-max) (min-max)
NP1 | 353 (20.9%) 50.43 30.68 56 (18-98) 1148 (28.8%) | 164 71.56 191 (31-]0.0014
241)
NP2 | 533 (31.6%) 76.14 115.28 | 38 (5-331) 801 (20.1%) 114.43 | 69.56 120 (18-10.4322
216)
NP3 | 663 (39.3%) 94.71 88.67 81 (11-271) 1541 (38.7%) |220.14 |[117.94 |216 (50-10.051
392)
NP4 |[112.5(6.6%) [ 16.07 30.74 5 (2-85.5) 393 (9.8%) 56.14 51.72 38 (25-170) | 0.038
NP5 |27 (1.6%) 3.86 5.01 3(1-15) 104 (2.6%) 14.86 15.08 8 (1-45) 0.0193
Total | 1688.5 241.21 | 184.47 | 191 (561- 13987 (100.0%) | 569.57 |258.45 (599 (130-|0.0258
(100.0%) 493.5) 855)
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Figure 1. Examples of each Ki-67 staining pattern, based on Dias’ classification.
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Figure 2. Examples of the one-square-millimeter demarcated area and the

classification of Ki-67 staining patterns through colored circles.
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Bland-Altman Agreement
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Figure 3. Bland-Altman agreement plot of the analysis of the nuclear patterns between
two groups (alive patients and patients with acral melanoma-related death, n = 14)
performed by two pathologists. On the abscissa (X) axis are the means of positive
nuclei of each case performed by the two evaluators, and on the ordinate (Y) axis is

the difference between positive nuclei counts.
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3 CONCLUSAO

- A dimensao macroscopica do melanoma cutaneo nio apresentou correlagao
estatisticamente significativa com a sobrevida-especifica.

- Medida de Breslow, status do linfonodo sentinela e presenga de regressao tiveram
associagao significativa com a sobrevida melanoma-especifica.

- Em relacéo ao linfonodo sentinela, houve correlacdo com o tamanho macroscopico
apenas na analise univariada. Na analise multivariada, entretanto, apenas a medida
de Breslow foi capaz de predizer o resultado do linfonodo sentinela.

- A medida de Breslow modificada, mensurada a partir da membrana basal, ao invés
da camada granulosa, foi capaz de predizer a sobrevida e resultado do linfonodo
sentinela assim como a medida de Breslow convencional.

- O DOI (Depth Of Invasion - profundidade de invasao), medido a partir da membrana
basal da epiderme normal adjacente, utilizado no carcinoma de células escamosas
oral, foi capaz de predizer a sobrevida especifica do melanoma acral, em analise
univariada. Analise multivariada, entretanto, demonstrou que apenas a medida de
Breslow foi fator independente.

- O DO, ao contrario da medida de Breslow, ndo obteve significancia estatistica para
predizer o resultado do linfonodo sentinela no melanoma acral.

- Forte intensidade de marcacao do PRAME, bem como elevada extensao do PRAME
e também elevado indice do Ki-67 estdo associados a redugédo da sobrevida geral.
Em analise multivariada, entretanto, apenas a medida de Breslow teve influéncia
significativa.

- Elevado indice do Ki-67 também esta associado a metastase em linfonodo sentinela.
Além disso, foi demonstrada uma correlagéo significativa entre a expressao do Ki-67
e PRAME.

- Os subtipos histoldégicos acral e nodular estdo associados a um indice do Ki-67 mais
elevado, bem como maiores valores do escore combinado do PRAME e da
multiplicacédo “Ki-67 x escore combinado do PRAME”.

- Elevado indice do Ki-67, particularmente exibindo os padrbes de marcagao nuclear
NP1 (G1 inicial), NP4 (G2) e NP5 (mitose) estdo associadas a pior desfecho (6bito).
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4 PERSPECTIVAS

- Inclusdo de novas formas de mensuragéo do tumor para avaliagdo prognéstica do
melanoma cutaneo

Espera-se que novos métodos de mensuragao do tumor, além da medida de
Breslow convencional, como a medida de Breslow modificada, o DOI (Depth Of
Invasion), bem como novos métodos a serem desenvolvidos, possam ser utilizados
nos protocolos de estadiamento, com a intengdo de aprimorar ou complementar a

avaliagao prognostica do melanoma cutaneo.

- Incorporacédo de marcadores imunoistoquimicos para avaliagao prognéstica

Abre-se um caminho para mais investigagcdes sobre a expressao do Ki-67 e
PRAME em relagdo ao progndstico no melanoma cutaneo. Considerando a
possibilidade de que a expressao elevada do Ki-67 e PRAME esteja associada a
desfechos clinicos desfavoraveis, esses marcadores podem ser incorporados nos
protocolos de estadiamento. Isso pode melhorar a capacidade de predicao da
agressividade do melanoma. Além disso, a partir de um melhor entendimento do
comportamento das células tumorais em relacao ao ciclo celular, torna-se possivel o
desenvolvimento e a escolha de terapias mais personalizadas, baseadas nos perfis
de expressao do Ki-67 e PRAME.

- Digitalizagéao de laminas e analise digital

Os padrdes de marcacao nuclear do Ki-67 podem ser utilizados futuramente
para avaliacdo progndstica e decisao terapéutica. A analise desses padrdes podera
ser realizada tanto por patologistas treinados, dada a elevada concordancia
interobservador, quanto por ferramentas de inteligéncia artificial, reduzindo o tempo

de avaliacao e a variabilidade interobservador.
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