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RESUMO

Andrade, DAP. RevisGo andtomo-patoldgica e molecular do cdncer de endométrio de risco
baixo e intermedidrio. Tese de Doutorado (Doutorado). Barretos: Hospital de Cancer de
Barretos;2021.

JUSTIFICATIVA: O cancer de endométrio é a neoplasia ginecoldgica mais frequente nos paises
desenvolvidos e a segunda nos paises em desenvolvimento. Tradicionalmente classificava-se
o carcinoma de endométrio em tipo | (endometridide) e tipo Il (serosos e células claras).
Recentemente, o projeto The Cancer Genome Atlas (TCGA) mudou a compreensao da
carcinogénese deste tumor, definindo quatro subgrupos moleculares com progndsticos
diferentes: polimerase E (POLE) ultramutado; instabilidade de microssatélite (MSI-H); nimero
de cdpias somdticas baixas e niUmero de cépias altas (serous-like). Novas metodologias com
menor complexidade e custos foram desenvolvidas. Por outro lado, o diagndstico
histopatoldgico do carcinoma de endométrio é de dificil reprodutibilidade, mesmo quando
realizado por patologistas especialistas em oncoginecologia. Os tumores do trato genital
feminino sdo os que possuem maior discordancia no seu diagndstico.

OBIJETIVO: Os dois objetivos principais sdo avaliar a discrepancia no diagnéstico
histopatolégico de pacientes com cancer de endométrio de risco baixo e intermediario
revisados por dois patologistas especialistas em oncoginecologia comparando com os laudos
iniciais de patologistas ndao especialistas. Também avaliaremos a expressao do RNA tumoral
das pacientes que apresentaram recidiva comparando com seus pares que nao recidivaram
com o intuito de determinar um perfil de expressao génica preditora de risco de recorréncia
nesta populacdo.

MATERIAIS E METODOS: Foi realizado um estudo de coorte retrospectivo em pacientes
diagnosticadas com adenocarcinoma de endométrio de risco baixo (carcinoma endometridide
estadio IA grau 1 ou 2) e intermediario (carcinoma endometridide estadio IB grau 1 ou 2;
carcinoma endometridide estadio IA grau 3) no Hospital de Cancer de Barretos entre janeiro
de 2009 a dezembro de 2014. As 195 pacientes incluidas tiveram seus laudos iniciais revisados
por dois patologistas especialistas em oncoginecologia e quatro varidveis analisadas
(caracteristica morfolégica; grau histoldégico; invasdo miometrial; invasdo linfovascular (ILV)).
Estas quatro varidveis foram confrontadas com os laudos previamente existentes, além da

estratificacdo de risco modificada da ESMO (European Society of Medical Oncology) de cada



uma delas. Na sequéncia, correlacionamos o impacto desta reclassificacdo histopatoldgica
com a sobrevida livre de doenga das pacientes. A partir desta coorte retrospectiva, realizamos
um estudo de caso-controle entre pacientes com e sem recidiva com inclusdo 2:1 (2 ndo-
recidivas / 1 recidiva) pareando por idade e estadiamento com o intuito de comparar a
expressao do RNA tumoral pela metodologia Nanostring entre os dois grupos e construir um
escore de risco de recorréncia (RRS).

RESULTADOS: Das 195 pacientes avaliadas pelos patologistas especialistas, 15 foram
excluidas. A frequéncia de mudanga no laudo anatomo-patolégico da caracteristica
morfolégica, grau histolégico, invasdao miometrial e ILV foi respectivamente 13,3%, 62,8%,
18,3% e 11,1%. Considerando a estratificacdo de risco modificada da ESMO, 126 pacientes
(70%) ndo tiveram mudanga em relagao a classificagdo inicial. Das 54 pacientes restantes
(30%), 24 (44,4%) tiveram downstaging e 30 (50,6%) tiveram upstaging. A sobrevida livre de
doenga (SLD) em 5 anos das pacientes que tiveram upstaging foi de 86,7% e das pacientes que
ndo tiveram mudanca foi de 88,0% (p = 0,77). Dezessete pacientes recidivadas e 34 nao
recidivadas tiveram o RNA tumoral avaliado, sendo que duas foram excluidas pela baixa
qualidade do material (1 recidiva e 1 ndo-recidiva). O perfil de expressdo mostrou 12 genes
diferencialmente expressos entre os dois grupos. A curva ROC individual de cada um dos genes
foi realizada e todas apresentaram uma AUC > 0,7. Utilizando a técnica backward stepwise de
regressao logistica, quatro genes foram destacados: FN1, DUSP4, LEF1 e SMADS. O RRS foi
calculado determinando uma curva ROC do modelo de 4 genes com AUC de 0,93, sensibilidade
de 100% e especificidade de 72,7%.

CONCLUSAO: Apesar das diferencas nos laudos reavaliados por patologistas especialistas em
oncoginecologia e a mudanca na estratificacdo das mesmas (30%), ndo houve diferenca na
SLD. Identificamos uma assinatura de quatro genes que prevé o risco de recorréncia em
pacientes com cancer de endométrio de risco baixo e intermediario.

PALAVRAS-CHAVE: Cancer de endométrio de risco intermedidrio e baixo; revisdo anatomo-
patoldgica especializada; discrepancias anatomo-patoldgica; classificacdo molecular; perfil de

expressao génica; escore de risco de recorréncia.



ABSTRACT

Andrade, DAP. Anatomopathological and molecular review of low- and intermediate-risk
endometrial cancer. Doctoral Dissertation (PhD’s Degree). Barretos: Barretos Cancer
Hospital;2021.

BACKGROUND: Endometrial cancer is the most frequent gynecological cancer in developed
countries and the second in lower income countries. Traditionally, endometrial carcinoma was
classified as type | (endometrioid) and type Il (serous and clear cell). Recently, the Cancer
Genome Atlas (TCGA) project changed the understanding of the carcinogenesis of this tumor,
leading to four molecular subgroups with different prognosis: DNA polymerase epsilon (POLE)
ultra-mutated; microsatellite instability hypermutated; copy-number low, and copy-number
high (serous-like). New methodologies with less complexity and costs were developed. On the
other hand, the histopathological diagnosis of endometrial carcinoma has a low
reproducibility, even when performed by pathologists specialized in oncogynecology. Tumors
of the female genital tract are the most disagreeable in their diagnosis.

AIM: The two main objectives are to evaluate the discrepancy in the histopathological
diagnosis of patients with low and intermediate-risk endometrial cancer reviewed by two
pathologists specialized in oncogynecology, comparing with the initial reports of non-
specialist pathologists. Also, evaluate the RNA expression of patients who had recurrence
compared to their peers who did not relapse in order to determine a gene expression profile
that predicts the risk of recurrence in this population.

MATERIALS AND METHODS: A retrospective cohort study was performed in patients
diagnosed with low-risk (stage IA, grade 1 or 2 endometrioid carcinoma) and intermediate-
risk endometrioid adenocarcinoma (stage IB, grade 1 or 2 endometrioid carcinoma; stage IA,
grade 3 endometrioid carcinoma) at the Barretos Cancer Hospital from January 2009 to
December 2014. The 195 patients included had their initial reports reviewed by two
pathologists specialized in oncogynecology and four variables analyzed (morphological
feature; histological grade; myometrial invasion; lymphovascular space invasion (LVSI)). These
four variables were compared with previously existing reports, in addition to the European
Society of Medical Oncology (ESMO) modified classification for each of them. Next, we
correlated the impact of the histopathological reclassification with their disease-free survival

(DFS). From this retrospective cohort, we conducted a case-control study between patients



with and without recurrence with 2:1 inclusion (2 non-recurrence / 1 recurrence) matched by
age and staging in order to compare the RNA expression using the Nanostring methodology
between the two groups and to build a recurrence risk score (RRS).

RESULTS: Of the 195 patients evaluated by specialist pathologists, 15 were excluded. The
frequency of discrepancy in morphological feature, histological grade, myometrial invasion,
and LVSI was 13.3%, 62.8%, 18.3%, and 11.1%, respectively. Considering modified ESMO
classification, 126 patients (70%) had no modification. Among the remain 54 patients (30%),
24 (44.4%) had downstaging and 30 (50.6%) had upstaging. The 5-year DFS in patients who
had upstaging was 86.7% and in patients who had no modification in stage was 88.0% (p =
0.77). Seventeen recurrence and 34 non-recurrence patients had their RNA evaluated, two of
which were excluded due to the low quality of RNA (1 recurrence and 1 non-recurrence). The
expression profile showed 12 genes differentially expressed between the two groups. The ROC
curve for each gene was performed and all of them presented AUC higher than 0.7. After
backward stepwise logistic regression, four genes were highlighted: FN1, DUSP4, LEF1 and
SMADSY. RRS was calculated leading to a ROC curve of the 4-gene model with an AUC 0.93,
sensitivity of 100% and specificity of 72.7%.

CONCLUSION: Despite the differences in the reports reassessed by expert gynecological
pathologists and the risk classification modification (30%), there was no difference in their
DFS. We also identified a four-gene signature that predicts risk of recurrence in patients with
low and intermediate-risk endometrial cancer.

KEYWORDS: Low and intermediate-risk endometrial cancer; specialized anatomopathological
review; anatomopathological discrepancies; molecular classification; gene expression profile;

recurrence risk score.



1 INTRODUCAO

1.1 Epidemiologia

O cancer ginecoldgico representa um grave problema de saude em todos os paises,
tendo, porém, situacdes peculiares de acordo com o status socioecondmico de cada nacgao.
Nos paises do hemisfério norte, os chamados paises desenvolvidos, a estatistica mostra que
os tumores do corpo uterino sdo os mais prevalentes e o segundo em termos de mortalidade
dentre os tumores ginecoldgicos. Ja nos paises em desenvolvimento, o cancer de colo de Utero
é o que apresenta maior prevaléncia e mortalidade dos tumores do trato genital feminino. 2

Dados da estimativa anual americana do SEER (Surveillance, Epidemiology, and End
Results Program) de 2021 mostram que o cancer do corpo do Utero serd responsdvel por mais
de 66000 casos novos de cancer, representando quase 60% de todos os tumores ginecolégicos
esperados para o presente ano neste pais.! Quando analisamos as curvas das ultimas décadas,
hd um aumento de novos casos deste tumor, ndo sé na populacdo negra, fato visto ha
décadas, como também na populagdo branca. A explicagdo para o aumento na incidéncia de
casos de cancer de endométrio possivelmente correlaciona-se com os habitos alimentares dos
americanos e o niumero cada vez maior de obesos naquele pais.? Além disso, houve uma
inversao na curva de mortalidade relacionada com esta doenga, com um aumento de mortes
desde o inicio dos anos 2000.

No Brasil, os dados estatisticos de cancer sdo escassos. Dados da estimativa 2020 do
Instituto Nacional do Cancer (INCA), contemplando o biénio 2020-2021, mostram que o cancer
de corpo de Utero é responsavel por aproximadamente 6500 casos novos por ano, sendo o 82
tumor mais prevalente no sexo feminino e o 32 tumor ginecolégico mais frequente.
Independente de qual regido geografica do pais, o cancer de colo de Utero é mais prevalente
gue o de endométrio, sendo a regido sudeste a que mais se aproxima do cenario dos paises
desenvolvidos. 4 Duas publicacdes recentes atualizaram o cendario do cancer ginecoldgico no
Brasil. Paulino et al. publicaram analise epidemioldgica referente aos tumores ginecoldgicos
mais prevalentes no pais no periodo entre 2000 e 2015, perfazendo um total de 382932
pacientes avaliadas. O cancer de endométrio representava 15,9% dos diagndsticos (60830
casos) neste periodo dentre todos os tumores ginecolégicos avaliados, sendo que pouco mais
de 45% dos casos foram diagnosticados com doenca localmente avancada ou metastatica.®

Estes mesmos autores demonstraram que assim como nos paises desenvolvidos, espera-se



um aumento na incidéncia do cancer de endométrio no Brasil nas préximas décadas, baseado
no envelhecimento da populagdo brasileira e também na epidemia de obesidade presente

inclusive nos paises em desenvolvimento.®

1.2 Fisiopatologia e fatores de risco

Os tumores do corpo uterino podem ter sua origem de duas linhagens celulares
principais, a saber: 90% deles sdo de origem epitelial (os chamados carcinomas de
endométrio) e os 10% restantes desenvolvem-se do componente mesenquimal do Utero. Com
isso ha uma subdivisdio que compreende os carcinomas endometriais (incluindo os
carcinossarcomas) e os sarcomas uterinos.”

Os fatores de risco do cancer de corpo de Utero estdo atrelados diretamente a grande
exposicdo de estrogeno por parte da paciente durante toda sua vida. As situacdes vivenciadas
pelas mulheres que aumentam a exposi¢cdo do estrégeno sdo: idade precoce da menarca;
menopausa tardia; baixa paridade; terapia de reposicdo hormonal com estrégeno isolado;
sindrome plurimetabdlica (obesidade, diabetes mellitus, dislipidemia, hipertensao arterial);
presenca de tumores secretores de estrogénio; longos periodos anovulatdrios. Outro fator de
risco importante deste tumor é a idade, sendo que apenas 15% dos diagndsticos acontecem
abaixo dos 50 anos e somente 5% abaixo dos 40 anos.® O uso de contraceptivos hormonais é
um fator de protecdo visto que regulariza os ciclos menstruais diminuindo a exposicdo da

mulher a ciclos anovulatdrios com alta exposi¢do de estrégeno.®

1.3 Classificagao classica do cancer de endométrio (clinico-patoldgica)

O conceito tradicional do cancer de endométrio divide esta doenca em dois grandes
grupos: tipo | (endometridide) e tipo Il (serosos e células claras). Estes dois grupos apresentam
mecanismos de desenvolvimento distintos, com diferentes lesGes precursoras, diferentes
anormalidades genéticas e moleculares e como consequéncia diferentes resultados clinicos.
Este modelo dualistico na pratica clinica ndo representa uma boa correlacdo com o
progndstico e com os tratamentos adjuvantes a serem realizados.*?

O tipo | compreende 80% dos diagndsticos de cancer de endométrio tendo como
protétipo o adenocarcinoma endometridide moderadamente ou bem diferenciado. Acomete
mulheres na menopausa e normalmente estd associado a sindrome plurimetabdlica

(obesidade; diabetes mellitus; dislipidemia). Apresentam baixo potencial de invasividade do



miométrio e alta expressdo de receptores de estrégeno, cursando com um melhor
progndstico.!!

O tipo Il corresponde a 10-20% dos carcinomas endometriais, sendo o subtipo seroso o
mais prevalente dentro deste grupo heterogéneo de tumores. Esta associado a atrofia
endometrial, baixa expressdo de receptores hormonais e maior potencial de invasdo

linfovascular e metastases a distancia.l!

1.4 Classificagao morfoldgica do cancer de endométrio

A classificacdo do cancer de endométrio em dois grupos mutuamente exclusivos esbarra
em um segundo problema que é a reprodutibilidade dos diagndsticos.'> 13 O patologista avalia
as seguintes caracteristicas morfoldgicas, dentre outras: subtipo histoldgico (endometridide,
mucinoso, seroso, células claras, adenoescamoso, indiferenciado, carcinoma misto);
profundidade de invasdao miometrial do tumor (diferencia-se assim os tumores em estadio IA
e IB); grau histolégico tumoral (grau 1 — bem diferenciado; grau 2 — moderadamente
diferenciado; grau 3 — pouco diferenciado ou indiferenciado); presenca ou auséncia de invasao
linfovascular (ILV) na peca tumoral.

A avaliacdo de segunda opinido de patologistas é uma pratica didria em servicos de
oncologia com o intuito de se confirmar um diagnéstico previamente definido. A avaliagcdo do
impacto desta consulta é dificil de se mensurar. Estudo retrospectivo da Universidade de lowa
com mais de 5600 avaliagdes de segunda opinido tentou quantificar as mudancas nos laudos
prévios em 3 grupos: nenhuma discordancia diagndstica; discordancia diagndstica minima;
discordancia diagndstica maior. Houve discordancia geral nos laudos em pouco mais de 11%
dos casos, sendo que 2,3% foram discordancias maiores. Avaliando por grupos de patologia,
a que apresentou maior taxa de discordancia foi a do trato reprodutivo feminino (24%).12

O estudo multicénctrico PORTEC-3 incluiu 686 pacientes com diagndstico de carcinoma
de endométrio de alto risco (estddio IB — carcinoma endometridide grau 3 com ou sem ILV;
estadio Il ou lll do tipo endometridide; estadio | a Ill com histologia serosa ou células claras)
gue foram randomizadas para tratamento combinado de quimioterapia + radioterapia ou
radioterapia exclusiva.'* Para tanto, os resultados anidtomo-patoldgicos eram revisados
centralmente antes das pacientes serem incluidas no estudo com o intuito de se confirmar um
carcinoma de alto risco. Dois centros europeus que participaram deste estudo (Holanda e

Inglaterra) enviaram 1226 amostras de pacientes supostamente classificadas como de alto



risco para serem avaliadas, porém apenas 329 pacientes (26,8%) tiveram a confirmacado deste
diagnodstico. Aproveitando o extenso banco de dados formado, avaliou-se a discrepancia dos
laudos dos patologistas regionais que fizeram o primeiro diagndstico com os dos patologistas
do time central do estudo PORTEC-3. As varidveis analisadas no laudo andatomo-patoldgico
foram: tipo histoldgico; grau tumoral; profundidade de invasdo miometrial; distancia tumoral
até a serosa; invasdao linfovascular (ILV); envolvimento do estroma cervical; envolvimento de
anexos e/ou ovarios; envolvimento linfonodal. Houve uma taxa de discrepdncia em pelo
menos um dos itens avaliados de 43%, demonstrando assim a dificuldade de reprodutibilidade

do diagndstico de um carcinoma de endométrio por dois patologistas diferentes.'3

1.5 Avaliagdo molecular

Nas ultimas duas décadas, varios estudos com o objetivo de melhorar a caracterizacao
molecular do carcinoma endometrial tém demonstrado que a complexidade da fisiopatologia
deste tumor é muito maior do que o modelo dualistico acima descrito.'> 1® As mutacdes mais
prevalentes em cada um dos dois grandes subgrupos tradicionais sdo: tipo | (PTEN; MSI; via
da PIK3CA); tipo Il (TP53; PPP2R1A; amplificacdo do Her-2).17 18

Apds a caracterizacao gendmica do cancer de endométrio realizada em 2013, quatro
grupos genéticos foram definidos: polimerase E (POLE) ultramutado; instabilidade de
microssatélite (MSI-H); nimero de cdpias somaticas baixas e niUmero de cdpias altas (serous-
like). Esta classificacdo é dificil de ser colocada em pratica devido a necessidade da
caracterizacdo genémica dos tumores.'® Desde entdo outras classificacdes tém sido realizadas
no intuito de aperfeicoar a classificacdo progndsticas destas pacientes e proporcionar
possiveis tratamentos complementares (quimioterapia e/ou radioterapia e/ou cirurgias mais

extensas) visando beneficios em termos de sobrevida.

1.5.1 TCGA (The Cancer Genome Atlas)

Através de um consodrcio internacional, 373 pacientes com diagndstico de cancer de
endomeétrio (306 do subtipo endometridide, 53 serosos de alto grau e 13 de histologia mista)
tiveram suas amostras tumorais e DNA germinativo correspondente analisados. Foi realizado
uma primeira analise em 363 pacientes quanto ao nimero de altera¢gGes em cépias somaticas,

sendo identificado 4 grupos com as seguintes caracteristicas:*°



Cluster 1: composto por tumores quase que desprovidos de alteracdes no
numero de copias somaticas (< 0,5% de alteracdo do genoma) e sem
apresentar eventos recorrentes significativos.

Cluster 2: composto basicamente por tumores endometridides com baixa
amplificacdo no braco 1q, o que lhes conferiram um melhor progndstico em
termos de recidiva.

Cluster 3: também composto praticamente por tumores endometridides,
porém com alta amplificagdo no brago 1q, o que diminuiu a sobrevida livre de
progressao quando comparado aos clusters 1 e 2.

Cluster 4: composto por quase todos os tumores serosos de alto grau (50
pacientes) e de histologia mista (8 pacientes), além de tumores
endometridides de grau 3, caracterizado por alto grau de alteragdes no
nimero de coépias somaticas, amplificacdo de oncogenes (MYC, ERBB2 e

CCNE1) e mutagdo do TP53.

Na sequéncia foi realizado o sequenciamento do exoma completo de 248 pacientes.

Baseado nas andlises genéticas descritas, houve a classificacdo dos tumores de endométrio

em 4 grupos:

Polimerase E (POLE) ultramutado: grupo composto por tumores com alto
numero de mutagdes restrito a um Unico nucleotideo localizado no dominio da
exonuclease POLE (proteina catalitica da subunidade da DNA polimerase
épsilon responsavel pelo reparo e replicacdo do DNA nuclear); grupo de melhor
progndstico.

Instabilidade de microssatélite (MSI-H): grupo composto por tumores com alta
taxa mutacional (delecdao frameshift no gene RPL22 e mutagdes ndo sindbnimas
no gene KRAS) e com presenca de instabilidade de microssatélite (sobretudo
hipermetilacdo do promotor MLH1).

Numero de copias somaticas baixas: tumores com alta frequéncia de mutacao
no gene CTNNB1; considerado um grupo com estabilidade de microssatélite.
Numero de copias altas (serous-like): a maioria dos tumores apresentando

mutacdo no gene TP53 e alta frequéncia de mutacdes nos genes FBXW7 e



PPP2R1A; grupo composto basicamente por tumores serosos e endometridides
de grau 3; grupo de pior progndstico.

A anadlise genética completa demonstrou a presenca de 48 genes com diferentes
frequéncias entre os grupos acima mencionados. As principais diferencas vistas
correlacionando os genes expressos e 0 subgrupo sdo: mutacdo do gene ARIDBS5 e
insercdo/delecdo do gene RPL22 sao vistos com maior frequéncia no grupo da instabilidade
microssatélite; mutacdo no TP53 é quase que exclusiva no grupo numero de cépias altas
(serous-like); mutag¢dao do gene TP53 quando ocorre nos tumores endometridides vém
acompanhada da mutacdo do gene PTEN.??

Houve também a anadlise da expressdao dos RNA mensageiros, das proteinas codificadas,
dos microRNA e da metilagdo do DNA. Ao se considerar a expressao dos RNA mensageiros,
trés grupos foram definidos correlacionando-os com os 4 grupos previamente descritos:

mitético, hormonal e imunorreativo.

1.5.2 Classificagdes moleculares pragmaticas (ProMisE e Leiden/TransPORTEC)

Com o advento da classificacdo molecular realizada pelo sequenciamento genético no
TCGA, ficou claro a nova realidade do diagndstico do cancer de endométrio. Por outro lado,
ha uma dificuldade de se implementar na pratica didria a metodologia desta nova
classificacao.

Fez-se necessario o desenvolvimento de tecnologias de mais facil reprodutibilidade e ao
mesmo tempo com a mesma acurdcia alcancada nos estudos do genoma do endométrio.
ProMisE (Proactive Molecular Risk Classifier for Endometrial Cancer) e Leiden/TransPORTEC
foram metodologias desenvolvidas com o intuito de se determinar uma classificacdo
molecular pragmatica e simplificada.?% 2!

Na metodologia do grupo de Vancouver (ProMisE) foram descritos 4 grupos: deficiéncia
nas proteinas do reparo ao dano do DNA (mismatch repair proteins — MMR); mutacdo no
dominio exonuclease da polimerase-¢ (POLE); deficiéncia ou ndo na proteina 53 (p53).2% 22 A
primeira etapa desta classificacado realiza a pesquisa das proteinas de reparo ao dano do DNA
(MMR). Através da técnica de imuno-histoquimica, pesquisa-se a presenca ou auséncia de 4
proteinas relacionadas ao reparo do DNA: MLH1; MSH2; MSH6; PMS2. O tumor apresenta
danos ao reparo do DNA quando uma das quatro proteinas acima descritas esta ausente nas

células tumorais com controle interno positivo das células ndo tumorais. Nos casos em que



ndo ha deficiéncia nas proteinas de reparo ao DNA, é realizado o sequenciamento do dominio
exonuclease do gene POLE (éxons 9-14). Extrai-se o DNA tumoral dos blocos de parafina e pela
técnica de PCR (reacdo em cadeia da polimerase) detecta-se a presenca de mutacdes neste
referido gene. A terceira e Ultima etapa consiste em avaliar através da imuno-histoquimica se
a proteina tumoral 53 (p53) apresenta-se com sua expressdo normal. E considerada normal
(wild-type) quando a reagdo da IHQ resulta em um score 1+ e anormal quando esta mesma
reacao determina um score 0 ou 2+. Score O representaria mutacdo com perda de funcdo e
score 2, mutagdo com ganho de fun¢do/missense. Estes dois resultados sdo agrupados em
conjunto considerando a p53 como ausente.

Com isso 4 grupos progndsticos foram definidos com uma estreita correlagao com os 4
grupos previamente descritos pelo TCGA: POLE ultramutado semelhantes em ambas as
classificacOes; deficiéncia nas proteinas de reparo ao DNA correlacionando com o grupo da
instabilidade microssatélite (MSI-H); p53 normal/wild-type correlacionando com o grupo
nimero de copias somaticas baixo; p53 ausente/anormal correlacionando com o grupo
numero de cépias altas (serous-like).?% 2% 23

Ja na metodologia do grupo holandés (Leiden/TransPORTEC), foram realizados testes de
imuno-histoquimica e sequenciamento para p53, sequenciamento e imuno-histoquimica para
determinacdo de instabilidade de microssatélite e sequenciamento do gene POLE. Foram
também identificados 4 grupos progndsticos, a saber: p53 mutado (imuno-histoquimica
validado por sequenciamento); instabilidade de microssatélite (sequenciamento validado por
imuno-histoquimica); POLE mutado (sequenciamento genético); grupo sem um perfil
molecular especifico (NSMP).?! Esta metodologia foi posteriormente validada em uma coorte
com 947 pacientes, sendo possivel andlise de sobrevida e progndstico nas pacientes com

diagndstico de cancer de endométrio endometridide e estadio 1.24

1.6 Outros marcadores prognodsticos e tratamentos relacionados

Estudos recentes demonstraram a correlacdo da proteina de adesdo LICAM como fator
de mau progndstico independente para os tumores de endométrio iniciais.?®> Esta molécula é
uma glicoproteina de membrana da superfamilia das imunoglobulinas ligada ao processo de
neurogénese. O potencial neopldsico desta proteina é sua relacdo com a proliferacdo celular,
migracdo, invasdo e potencial de metastatizacdo através da ativacdo da via ERK (extracelular

signal-requlated kinase) que induz a expressdo de genes produtores da motilidade e da



invasividade celular.?® Esta molécula é detectada através de técnica de imunohistoquimica,
facilmente reprodutivel nos laboratdrios de patologia.?’

Uma nova classificacdo dos carcinomas de endométrio do subtipo endometridide foi
publicada levando-se em conta a presenca da instabilidade de microssatélite. Os
pesquisadores demonstraram quatro subgrupos: normal; defeito epigenético, mutacdo
provavel; instabilidade de microssatélite baixa.?® A instabilidade de microssatélite reflete a
inativacdo dos genes do reparo ao DNA (MMR), genes responsaveis por eliminar erros no
pareamento das bases nitrogenadas ou erros de inser¢ao-delecdo de loops que podem surgir
durante a replicacdo do DNA.?° Para o bom funcionamento deste mecanismo de auto
regulacdo de defeitos na duplicacdo do DNA, sdo necessarias seis diferentes proteinas: MSH2;
MSH3 ou MSH6; MLH1; MLH3; PMS2 e EXO1. A pesquisa da presenca de instabilidade de
microssatélite é feita através da expressdo dos genes que codificam as proteinas acima
descritas ou através da metilagdo do MLH1.3°

O entendimento da carcinogénese dos tumores e por consequéncia o tratamento dos
mesmos sofreu mudancas nos uUltimos anos a partir da descoberta do papel que o sistema
imune tem de eliminar e controlar o crescimento tumoral inicial.3!

Apesar dos avangos da imunoterapia com novas perspectivas de tratamento para cancer
de pulmado, melanoma, rim e bexiga, dentre outros, os tumores ginecoldgicos apresentam
resultados mais modestos, com uma taxa de resposta objetiva variando entre 11-15%.3% 33
Estudos recentes no cancer de endométrio conseguiram demonstrar beneficio da
imunoterapia independentemente do perfil de expressio do MMR (proficientes ou
deficientes).3*

Os diferentes perfis mutacionais e vias moleculares estdo associados a caracteristicas
distintas do cancer de endométrio, no entanto, ndo existe um painel génico que possa realizar

uma estratificacdo molecular das pacientes.

1.7 Estadiamento e estratificagcdo de risco do carcinoma de endométrio

Os sistemas de estadiamento de cancer em geral tentam agrupar pacientes com
progndsticos similares com o objetivo de definir a melhor estratégia terapéutica. Os grupos
de estadiamento baseiam-se no sitio tumoral primario (T), no envolvimento linfonodal

regional (N) e na presenca de metdastases a distancia (M).®



O estadiamento atual da FIGO (Federacdo Internacional de Ginecologia e Obstetricia)
divide o cancer de endométrio em cinco grandes grupos de acordo com o progndstico:
tumores com invasdo mdxima restrita ao miométrio (estddio IA e IB); tumores com
comprometimento do estroma cervical confinados ao Utero (estadio Il); tumores que se
estendem além do Utero mas permanecem confinados na pelve verdadeira (IlIA e IlIB);
tumores que apresentam comprometimento linfonodal pélvico e/ou para-aédrtico (llIC1 e
[11C2); tumores metastéticos (IVA e IVB).3637 A diferenciacdo entre estadio IA e IB é a
profundidade de invasdo miometrial do tumor, sendo que invasdao miometrial menor que 50%
é classificado como IA e invasdo maior ou igual a 50% como |B.38

Além da estratificacdo de risco realizada pelo estadiamento tumoral, outras varidveis
sao importantes na definicdo progndstica do cancer de endométrio. Restringindo apenas ao
estadio |, podemos subdividir estas pacientes em trés grupos progndsticos ao avaliar o grau
tumoral: baixo, intermediario e alto.3%*! Ao associar a presenca de ILV com o estadiamento e
grau tumoral, define-se um quarto grupo a esta subdivis3o: intermediario-alto.*?

Avaliando a presenca de ILV, dois estudos demonstraram que a sobrevida de pacientes
com estadio inicial foi influenciada pela presenca desta varidvel no espécime tumoral.*3 44
Considerando tumores em estadio | em geral (44% de tumores estadio I1B; 25% grau 3), hd um
risco de comprometimento extrauterino da ordem de 20%.%

Outros fatores ainda ndo muito bem definidos em estudos prospectivos podem
influenciar a sobrevida das pacientes com carcinoma de endométrio estadio I: oito ou mais
figuras de mitose por 10 campos de grande aumento (CGA) e auséncia de receptores de
progesterona no tumor.*

A expectativa de vida cancer especifica desta populacdo de baixo risco (carcinoma
endometridide estadio IA grau 1 ou 2) em 5 anos é de 97,3%% e o risco de metdstase
linfonodal desta mesma populacdo varia de menos de 5% para os tumores grau 1 até 5-9%
para os tumores grau 2 ou 3.2 J& nas pacientes de risco intermedidrio (carcinoma
endometridide estadio IB grau 1 ou 2 ou estadio IA grau 3), a porcentagem de

comprometimento linfonodal pélvico e/ou para-adrtico ultrapassa 20%.%® 4°

1.8 Perfil de expressao génica
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A medida que o entendimento das varias cascatas responsaveis pelo desenvolvimento

>0 novas tecnologias vém sendo

dos tumores foi sendo melhor compreendida e descrita,
desenvolvidas no intuito de elucidar e baratear os custos destas descobertas.

A NanoString nCounter™ é uma tecnologia relativamente nova que pode gerar com
acuracia informacdes genOmicas a partir de pequenas quantidades de tecidos fixados de
bidpsias de pacientes. Esta plataforma usa cddigos de barras digitais codificadas por cores
(codigo baseado em combinacdes de seis sequéncias com quatro cores distintas), permitindo
a quantificacdo da expressdo do RNA mensageiro (mRNA).>1>2

Algumas aplicacdes com esta tecnologia ja foram publicadas: possiveis candidatos a
biomarcadores no cancer gastrico>3, cancer de pulmao neuroenddcrino®*, cdncer de mama*?,
entre outros; deteccdo de marcadores preditivos e progndsticos em estudos placebo-
controlados®® ou estudos de fase 3 com quimioterapia®’; detec¢do in vitro de moléculas
imunomoduladoras expressas de acordo com resposta a tratamentos alvo em determinados
tumores.>®

A literatura cientifica é ainda escassa ao avaliar a aplicabilidade da plataforma

NanoString no carcinoma de endométrio, independente dos cendrios estudados.>?-6!
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2 JUSTIFICATIVA

O diagndstico histopatolégico do carcinoma de endométrio é de dificil
reprodutibilidade, mesmo quando realizado por patologistas especialistas em
oncoginecologia. E reconhecido que os tumores do trato genital feminino s3o os que possuem
maior discordancia no diagndstico histopatoldgico, tanto em laudos inter-examinadores
quanto em laudos intra-examinadores.*? 3

A classificagdo molecular do carcinoma de endométrio em quatro subgrupos
determinou uma maior acuracia na definicdo do progndstico de cada paciente, minimizando
os equivocos intra e interobservadores que ocorriam. A possibilidade de realiza-la em quase
sua totalidade por técnicas de imuno-histoquimica (necessdrio apenas o sequenciamento
genético do gene POLE) determina uma expectativa que logo esteja disponivel para o uso
didrio do oncologista.?% 22

Os adenocarcinomas de endométrio de risco baixo (carcinoma endometridide estadio
IA grau 1 ou 2) e de risco intermedidrio (carcinoma endometridide estadio IB grau 1 ou 2;
carcinoma endometridide estadio IA grau 3) considerando a classificacdo de risco modificada
da ESMO* apresentam excelente progndstico, com expectativa de vida em cinco anos de
aproximadamente 90%.°> O tratamento ¢ cirlrgico, variando de histerectomia e
salpingooforectomia bilateral até a necessidade de linfadenectomia pélvica e/ou para-adrtica
associada.®3% Além disso, em alguns casos, hd a necessidade de complementacdo de
radioterapia adjuvante, sobretudo braquiterapia.®®%8 Porém se uma paciente for classificada
erroneamente em um estddio de melhor progndstico, ela podera ter suprimido um
tratamento adjuvante que aumentaria sua chance de cura, assim como se a mesma for
diagnosticada em um estadio de pior progndstico, podera receber um tratamento que ndo era
necessario e todas as consequéncias de seus efeitos colaterais.

Faz-se necessario avaliar através de patologistas especialistas em oncoginecologia a
porcentagem de discordancia entre os diagndsticos anteriormente firmados. Dentro deste
grupo de pacientes de risco baixo e intermediario que tiveram seus casos revistos por
patologistas especialistas, fizemos um estudo de caso-controle onde comparamos as
pacientes que recidivaram com dois controles que ndo apresentaram recidiva através da
expressao de RNA e pela classificacdo atual em 4 grupos de acordo com muta¢dao do gene

POLE, perfil de instabilidade de microssatélite e da mutacdo ou ndo do gene TP53.
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3 OBIJETIVOS

Avaliar a discrepancia existente nos laudos de patologia de pacientes com diagndstico
de adenocarcinoma de endométrio de risco baixo e intermedidrio quando comparado a laudos
feitos por dois patologistas especialistas em oncoginecologia (Estudo 1).

Realizar uma classificagdo molecular simplificada e pragmadtica utilizando
sequenciamento genético e técnicas de imuno-histoquimica em pacientes com diagndstico de
adenocarcinoma de endométrio de risco baixo e intermediario, comparando pacientes que
apresentaram recidiva com dois pares de pacientes que nao recidivaram (Estudo 2 — Parte A).

Avaliar a expressdo do RNA tumoral das pacientes que apresentaram recidiva
comparando com seus pares que nao recidivaram e com isso determinar um novo perfil de
expressao génica nos pacientes com diagndstico de carcinoma de endométrio de risco baixo

e intermediario (Estudo 2 — Parte B).
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4 MATERIAL E METODOS

Ap6s aprovagdo do Comité de Etica e Pesquisa do Hospital de Cancer de Barretos em

fevereiro de 2017, com parecer n? 1.909.061 do protocolo 1330/2017, realizou-se um estudo

de coorte retrospectivo com o intuito de detectar todas as pacientes com diagndstico de

carcinoma de endométrio de risco baixo e intermediario tratadas no Departamento de

Ginecologia Oncoldgica do Hospital de Cancer de Barretos no periodo entre janeiro de 2009 a

dezembro de 2014. As pacientes foram dispensadas do termo de consentimento livre e

esclarecido (TCLE) em razdo desta pesquisa apresentar cardter retrospectivo com riscos

minimos para as participantes.

Foram coletados:

dados clinico-demograficos: idade ao diagndstico; raga; altura; peso; calculo do
indice de massa corpdrea (IMC); escala de desempenho (ECOG — Eastern
Cooperative Oncologic Group); comorbidades clinicas (hipertensdo arterial
(HAS); diabetes mellitus (DM); outras); numero de gestacdes; status quanto ao
habito de fumar; status hormonal (menopausa ou menacme);

dados cirurgicos: data da cirurgia; tipo de cirurgia (histerectomia total +
salpingooforectomia bilateral (HTA + SOOB); HTA + SOOB + linfadenectomia
pélvica; HTA + SOOB + linfadenectomia pélvica e retroperitoneal; HTA + SOOB +
pesquisa do linfonodo sentinela (PLS); histerectomia simples); via de acesso
cirdrgico (laparotomia; laparoscopia; robdtica; vaginal);

dados anatomo-patolégicos: localizagdo do tumor (fundo uterino; segmento
uterino inferior); grau histoldgico (1, 2 ou 3); tamanho do tumor; presenca de
invasdo da endocérvice; presenca de ILV; subtipo histoldgico (endometrioide;
endometrioide com focos de diferenciacdo escamosa); estadiamento cirdrgico
(IA ou IB — de acordo com a profundidade de invasdao miometrial); numero de
linfonodos dissecados;

dados de tratamento complementar e desfecho clinico: adjuvancia com
radioterapia (externa; braquiterapia de alta taxa de dose (HDR); externa + HDR);
presenca ou auséncia de recidiva; local da recidiva; tratamento realizado apéds a

recidiva (quimioterapia, cirurgia, radioterapia, cuidados paliativos exclusivo).
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Com os dados coletados, montou-se um banco no REDCap (Research Electronic Data

Capture).®®

4.1 Delineamento e fator em estudo
Estudo 1:

Estudo de coorte retrospectivo em pacientes previamente diagnosticadas com
adenocarcinoma de endométrio de risco baixo (carcinoma endometridide estadio IA grau 1
ou 2) e intermediario (carcinoma endometridide estadio IB grau 1 ou 2; carcinoma
endometridide estadio IA grau 3) considerando a classificacdo de risco modificada da ESMO#?
com o objetivo de quantificar a porcentagem de discordancia de laudos histopatolégicos
existentes com novos resultados dados por dois patologistas especialistas em oncoginecologia
e correlacionar o impacto desta reclassificacdo histopatoldgica com a sobrevida das pacientes.

Estudo 2 (Parte A e B):

Estudo de caso-controle com inclusdo 2:1 (2 ndo-recidivas / 1 recidiva) pareando por
idade e estadiamento com o intuito de se comparar a expressao do RNA tumoral pela técnica
do Nanostring e avaliar os subgrupos moleculares com diferentes progndsticos baseados no

sequenciamento genético.

4.2 Desfecho clinico

Reclassificagdo histopatolégica de uma coorte de pacientes com diagndstico de
carcinoma de endométrio de risco baixo e intermediario e sua correlacdo com a sobrevida
dessas pacientes (Estudo 1); tracar um novo perfil de expressdao génica através do RNA
tumoral pela plataforma NanoString e comparar com subgrupos moleculares com
progndsticos distintos avaliando possiveis diferengas entre pacientes recidivadas com seus

pares que ndo recidivaram (Estudo 2 — Parte A e B).

4.3 Critérios de Inclusao

Pacientes com diagndstico de carcinoma de endométrio de risco baixo (carcinoma
endometridide estadio IA grau 1 ou 2) e intermedidrio (carcinoma endometridide estadio IB
grau 1 ou 2; carcinoma endometridide estadio IA grau 3) considerando a classificacdo de risco

modificada da ESMO%*? tratadas por cirurgia no Hospital de Cancer de Barretos entre 01 de
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janeiro de 2009 até 31 de dezembro de 2014 que tenham material bioldgico armazenado no

departamento de patologia da referida instituicdo.

4.4 Critérios de exclusao
e Pacientes que tiveram seu laudo histopatoldgico revisado e ndo confirmaram um
carcinoma de endométrio endometridide estadio IA grau 1 ou 2; carcinoma
endometridide estddio IB grau 1 ou 2; carcinoma endometridide estadio IA grau
3;
e Pacientes que ndo possuiam amostra histopatoldgica suficiente para o estudo
imunohistoquimico e genético realizado neste protocolo;

e Pacientes que ndo possuiam follow-up minimo de dois anos.

4.5 Local do estudo

O estudo foi realizado através da coleta de dados das pacientes tratadas no Hospital
de Cancer de Barretos que tiveram diagndstico de carcinoma de endométrio risco baixo e
intermediario. O Departamento de Patologia do referido hospital realizou as reac¢des de
imuno-histoquimica e o Centro de Pesquisa em Biologia Molecular (CPOM) realizou a extracao

dos materiais genéticos (DNA e RNA) para sequenciamento.

4.6 Descrigao das etapas do estudo

Estudo 1 — Reavaliagdo anatomo-patolodgica

Todas as pacientes da coorte retrospectiva tiveram seus diagndsticos histopatoldgicos
revisados por dois patologistas especialistas em oncoginecologia do Departamento de
Patologia do Hospital de Cancer de Barretos de maneira independente e cega (VDS e GMM).
Tais patologistas fazem parte da subdivisdo em oncoginecologia deste departamento desde
2014 quando foi implementada a segmentacdo em especialidades na patologia. Possuem
experiéncia em oncoginecologia de outros servicos como na cadeira de oncoginecologia da
Pontificia Universidade Catdlica do Rio Grande do Sul. Na sequéncia houve uma reunido de
consenso entre ambos para que um novo laudo histopatolégico contemplando quatro
variaveis fosse feito: subtipo histolégico; grau histolégico; invasdo miometrial; ILV.

Estas quatro varidveis foram confrontadas com os laudos prévios de cada paciente.

Determinamos a porcentagem de discordancia existente entre cada uma delas. Utilizando a
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Estratificacdo de Risco Modificada da ESMO?*?, comparamos a classificacdo inicial onde as
pacientes eram de risco baixo, intermedidrio ou intermediario alto com os novos laudos dados

pelos especialistas.

Estudo 2 - Classificagdo molecular e Nanostring (Parte A e B)

Apds a avaliagdo feita pelos patologistas especialistas em oncoginecologia, foram
encontrados 17 casos que apresentaram recidiva e que permaneceram como carcinoma
endometridide de risco baixo e intermediario (na coorte inicial tinhamos 22 casos recidivados,
porém 5 foram reclassificados como de alto risco e excluidos desta analise). Os 17 casos
recidivados foram pareados por idade e estadiamento com 34 pacientes ndo recidivadas (2
controles para cada caso).

Antes do inicio das andlises genéticas, realizamos andlise de imuno-histoquimica (IHQ)
das 51 amostras acima descritas. Os seguintes marcadores foram utilizados para as reagoes:
receptor de estrégeno (RE), receptor de progresterona (RPg), p16, p53, PTEN, Beta-catenina,
ARIAD1a, L1CAM e PD-L1. Todo material foi preparado no Setor de Pesquisa do Departamento
de Patologia do Hospital de Cancer de Barretos sob a supervisdo de trés técnicas de
laboratério exclusivas deste setor.

Foram realizados cortes histoldgicos em laminas silanizadas com a espessura de 4um.
A seguir estas laminas foram fixadas e desparafinizadas em estufa a 65°C durante 1h. As
reacOes de IHQ para a detecgao das proteinas RE, RPg, p53, PTEN e Beta-Catenina foram
realizadas em plataforma de automacao Autostainer Link 48 — Dako™ (Capinteria, EUA). Foi
utilizado método de deteccao indireto, composto por um anticorpo primario anti-proteina de
interesse, sendo esse anticorpo primario ligado a um anticorpo secundario acoplado a um
polimero de HRP (Horse Radish Peroxidase). O Kit de detec¢do utilizado foi Envision Flex+, High
pH (LINK) — Ref.: K800021-2.

As especificagOes para cada reagdo encontram-se na Tabela 1.

Tabela 1. Protocolo para deteccdo de RE, RPg, p53, PTEN e Beta-Catenina (Dako, Agilent).

Anticorpo Ref. Incubacdo Diluicao Recuperacdo Controle Sistema de
(Clone) (Min) Antigénica Visualizagdo
RE (EP1) IR8461-2 20 Ready-to-use  TRS High pH  Endométrio Flex

RPg (RPg) IR06861-2 20 Ready-to-use  TRS High pH  Endométrio Flex +

Mouse Linker
p53 (DO-7) IR61661-2 20 Ready-to-use  TRS High pH Carcinoma Flex

de Célon
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PTEN (6H2.1) M362729- 40 Concentrate, TRS High pH GIST Flex

2 1/100
Beta-Catenina  /R70261-2 20 Ready-to-use TRS High pH Apéndice Flex +
(8-Catenin-1) Mouse Linker

Fonte: Laboratério de IHQ — Hospital de Amor de Barretos, 2021; RE — receptor de estrégeno; RPg — receptor de
progesterona; p53 — proteina do gene TP53; PTEN — proteina do gene PTEN; Beta-Catenina — proteina do gene
CTNNBI1; TRS — target retrieval solution; GIST — tumor do estroma gastrointestinal; min — minutos.

A recuperacdo antigénica foi realizada em um sistema fechado de aquecimento, PT
Link, Pre-treatment module for Tissue Specimens — Dako™, por 20 minutos a 95°C. Apds a
realizacdo das reagdes, as laminas foram submetidas a contra-coloracdio na mesma
plataforma, utilizando-se o Envision Flex Hematoxilin Link — Dako, Ref.: K800821-2Il por 5
minutos. Em seguida as laminas foram retiradas do equipamento e desidratadas em um
gradiente crescente de etanol (70%, 95% e 2 vezes 100%) e lavadas em xilol para recebimento
do meio de montagem. Para montagem utilizou-se laminulas e meio organico (Dako Mounting
Medium — Dako, Ref.: C5703), sendo aplicada 1 gota por lamina e adicionada a laminula. Apds
a secagem, as laminas foram visualizadas em microscopia éptica coonvencional. A avaliacao
de express3o do p53 foi realizada de acordo com Kébel et al.”%, dos RE e RPg foram adaptados
do estudo publicado em 2006 por Reid-Nicholson e colaboradores’? e a avalia¢cdo do PTEN e
da Beta-catenina baseou-se na 52 Edicdo do E-book Diagnostic Immunohistochemistry.”?
Para as reacOes de deteccdo das proteinas p16, ARIAD1a e LICAM foram feitos cortes
histolégicos em laminas silanizadas (carregadas positivamente) com espessura de 4um, sendo
gue na sequéncia estas laminas foram fixadas e desparafinizadas em estufa a 65°C durante
1h. As reac¢des de IHQ foram realizadas em plataforma de automacao BenchMark Ventana
Ultra™, sendo utilizado método de deteccdo indireto composto por um anticorpo primario
anti-proteina de interesse, sendo esse anticorpo primario ligado a um anticorpo secundario
acoplado a um polimero de HRP. Os kits de deteccdo utilizados foram Ultra-View DAB IHC
Detection Kit, Ref.: 05269806001 e Optiview DAB IHC Detection Kit, Ref.: 06396500001.
As especificacdes para cada reacdo encontram-se na Tabela 2.

Tabela 2. Protocolo para deteccdo de p16, ARIAD1a e L1CAM (Ventana, ROCHE).

Tipo de Procedimento Ultra-View DAB IHC Detection Optiview DAB IHC Detection

. 60 min, 65°C (Estufa de Aquecimento) 60 min, 65°C (Estufa de Aquecimento
Desparafinizacao
4 min, 70°C (Ventana Ultra) 4 min, 70°C (Ventana Ultra)

. R 64 minutos a 97°C. 64 minutos a 97°C.
Recuperagao antigénica
ULTRA Cell Conditioning Solution 1 ULTRA Cell Conditioning Solution 1



(Condicionador Celular /

Identificacdo Antigenos)

Enzima (Protease)

Anticorpo Primario

Amplificacdo

Corante de Contraste

Pd&s-Corante de Contraste

(ULTRA CC1)”, Ref.: 05424569001.

Ndo se aplica

Anti-CINtec p16 Histology (E6H4)
Mouse monoclonal primary antibody,
Ref.: 0669548001;

Diluicdo: Ready-to-use

Incubagdo: 32 min.

Anti-ARID1A (EPR13501),
Rabbit monoclonal antibody,
Ref.: ab182560;

Dilui¢do: 1/250;

Incubagdo: 32 min.

N3o se aplica

Hematoxilina I, 8 minutos

(Coloragdo azulada) Bluing Reagent,

4 min.
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(ULTRA CC1)”, Ref.: 05424569001

Ndo se aplica

Anti-L1CAM (Poly),

Rabbit polyclonal primary antibody,
Ref.: STJ94355;

Dilui¢do: 1/100;

Incubacgdo: 32 min.

Ndo se aplica
Hematoxilina I, 8 minutos

(Coloragdo azulada) Bluing Reagent,

4 min.

Fonte: Laboratério de IHQ — Hospital de Amor de Barretos, 2021; min — minutos.

Apds a coloragdo realizada em plataforma de automacgao, as laminas foram secas e
passadas em xilol para recebimento do meio de montagem organico (Dako Mounting Medium
— Dako, Ref.: CS703), sendo aplicado 1 gota por lamina e adicionado a laminula. Apds a
secagem as laminas foram visualizadas em microscopia dptica convencional. A avaliacdo da
expressdo do p16 baseou-se estudo publicado em 2006 por Reid-Nicholson e colaboradores’?,
a avaliacdo do L1CAM seguiu as recomendacdes do estudo publicado em 2013 por Zeimet et
al.?> e do ARIAD1a o artigo publicado em 2018 por Khalique e colaboradores.”?

O ensaio para avaliacdo da expressao do PD-L1 utilizou o kit PD-L1 IHC 22C3 PharmDx
— FDA Aproved. As laminas foram aquecidas a 60°C e em seguida um procedimento 3 em 1 foi
realizado: desparafinizacdo, reidratacdo e recuperacdo de antigeno. Esta etapa utilizou a
solucdo Dako EnVision FLEX Target Retrieval, low pH (fornecida como solu¢do tamponada
baseada em citrato a pH 6,1), no Dako PT Link (cédigo Dako PT100). As laminas foram coradas
usando a plataforma Dako Automated Link 48. O anticorpo PD-L1, clone 22C3 é “ready-to-
use”. O kit de deteccdo é composto por varios reagentes que sdo utilizados apenas na
deteccdo do PD-L1 e composto por: Peroxidade-Blocking Reagent, Negative Control Reagent,
Linker, Anti-mouse, Visualization Reagent-HRP, DAB (Chromogen + Substrate Buffer), DAB

Enhancer. O EnVision FLEX Wash Buffer foi usado durante os passos de lavagem. Além disso,
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o kit utiliza controle celular. No final do processo as laminas foram contra-cortadas com
hematoxilina, enxaguadas em agua destilada, desidratadas em etanol e apuradas em xileno.

A intensidade de coloracdo membranosa das células foi graduada em 1+ (intensidade
baixa), 2+ (intensidade moderada) ou 3+ (intensidade forte). Utilizando-se microscépio em
baixa ampliacdo foi certificado que existiam pelo menos 100 células tumorais vidveis na
amostra. Em ampliagGes de 10x, 20x, e 40x, foram observadas todas as areas tumorais com e
sem coloracdo da membrana celular. Esta etapa do processo, de ampliacdo multipla,
envolveu: (a) a distingdo das células tumorais de células imunes, compostas por linfécitos e
macréfagos; (b) determinagdo das areas tumorais positivas e negativas; (c) determinacgdo da
coloracdo parcial e completa da membrana 2 1+. Foi entdo calculada a porcentagem de células
tumorais e inflamatdrias positivas para PD-L1 em relacdo a todas as células tumorais vidveis
presentes na amostra. O tumor foi classificado em uma dentre trés categorias de acordo com
a expressdo de PD-L1 como demonstrado na Tabela 3.74

Tabela 3. Niveis de expressdo e padrdes de coloracdo PD-L1.

Nivel de Expressao % células N N
Padrdo de coloracao
PD-L1 expressando PD-L1
Coloracdo parcial
Ndo expressor de <1 ou completa (> 1+) -
PD-L1 em < 1% das : .
células tumorais
Coloracgao parcial
ou completa (> 1+)
Expressor de PD-L1 1-49
em > 1-49% das
células tumorais
Coloracgao parcial
Alto expressor de 550 ou completa (= 1+)
PD-L1 - em > 50% das

células tumorais

PD-L1 — proteina de morte celular programada 1.
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a) Classificagao Molecular:
Diferentemente da metodologia ProMisE, para a definicao da classificagdo molecular
das pacientes, realizamos 3 etapas de sequenciamento genético na seguinte ordem: avaliacao
da pesquisa de instabilidade de microssatélite (MSI), sequenciamento do gene POLE e

avaliacdo da mutacdo do TP53.

1. Pesquisa de instabilidade de microssatélite (MSl):

Realizamos no material parafinado a macrodissec¢do da area tumoral, utilizando kits
de extracdo de DNA da Qiagen, de acordo com protocolos estabelecidos pelo nosso grupo.”
76 Foi realizado uma reacdo em cadeia da polimerase (PCR) utilizando um painel com seis
mononucleotideos quase monomorficos (NR21, NR24, NR27, BAT25, BAT26 e HSP110), sem a
necessidade de um DNA de referéncia.”” Um par de primers forward e reverse para cada
marcador foi adicionado a reac¢do, sendo que um deles (forward ou reverse) foi conjugado a
moléculas fluorescentes da seguinte forma: NR21 — FAM(6-carboxyfluorescein); NR24 — NED
(2,7,8-benzo-5-fluoro-2,4,7-trichloro-5-carboxyfluorescein); NR27 — VIC (2'-chloro-7'-phenyl-
1,4-dichloro-6-carboxyfluorescein); BAT25 — VIC (2'-chloro-7'-phenyl-1,4-dichloro-6-
carboxyfluorescein); BAT26 — FAM(6-carboxyfluorescein); HSP110 — PET® (ThermoFisher).
Utilizamos o kit da Qiagen Multiplex PCR, com 0,5 pl de DNA a 50 ng/ul. Foram realizadas
termociclagens sucessivas com as seguintes temperaturas: 95°C, 55°C e 72°C.7®

A presencga de dois ou mais marcadores com instabilidade classificou a amostra como
instabilidade de microssatélite alta (MSI-H). A presenca de um marcador com instabilidade
determinou a amostra como instabilidade de microssatélite baixa (MSI-L). Nenhum marcador

com instabilidade definiu a amostra como estavel (MSS).””

2. Sequenciamento do gene POLE
Para a andlise das variantes no gene POLE (dominio de exonuclease — éxons 9, 10, 11,
12, 13 e 14), utilizamos o sequenciamento direto de Sanger como descrito por Briton et al em
2019.7% O sequenciamento restringe-se a estes 6 éxons por se tratar de regido hotspot
patogénica.”” O DNA tumoral foi extraido dos blocos fixados previamente em parafina
utilizando o kit de extracao da Qiagen. Para determinar o status somatico da mutacao, DNA

normal foi também extraido dos blocos de parafina de tecido ndo tumoral local. A sequéncia
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dos primers utilizados, assim como as condi¢des de ciclagem e o tamanho dos fragmentos
gerados, estao descritos na Tabela 4.

Inicialmente, amplificamos cada regido de interesse com a rea¢do em cadeia da
polimerase (PCR), com um volume final de 15 puL para cada amostra, sendo: 5,6 uL de H.O
Milli-Q, 7,2 uL de HotStarTaq Master Mix (Qiagen), 0,6 uL de MgCl, (5 mM, Invitrogen), 0,3 pL
de primers forward e reverse (10 uM, Sigma-Aldrich) e 1,0 uL de DNA a 50 ng/uL. Para
confirmacdo de amplificacdo da regido de interesse, realizou-se eletroforese em gel de
agarose a 2,0%, por 30 minutos a 120 volts. Posteriormente, purificou-se 7,0 uL do produto
de PCR com 3,0 uL de ExoSAP-IT (Thermo Fisher Scientific) durante 15 minutos a 37°C, seguido
de 30 minutos a 80°C para inativacdo enzimatica. Para a reacdo de sequenciamento, utilizou-
se 0,5 uL de BigDye Terminator v3.1 Ready Mix (Applied Biosystems), 2,0 uL de BigDye
Terminator v3.1 Sequencing Buffer (Applied Biosystems) e 1,0 uL dos primers M13 universais
forward e reverse (3,2 uM, Sigma-Aldrich). As condi¢des para a reagdao de sequenciamento
consistiram em 30 ciclos de dez segundos a 96°C, cinco segundos a 50°C e quatro minutos a
60°C. Em seguida, a reacao de sequenciamento foi novamente purificada com a adi¢dao de 35
uL de SAM Solution (Applied Biosystems) e 10 uL de Xtterminator Solution (Applied
Biosystems), seguido de agitacdo a 1500 rpm por 30 minutos e posterior centrifugacdo a 2000
rom por dois minutos. As amostras purificadas foram submetidas a eletroforese capilar no
sequenciador 3500XL Genetic Analyzer (Applied Biosystems) e os resultados analisados com o
auxilio do software SeqScape v2.7 (Applied Biosystems).

Tabela 4. Sequéncia dos primers utilizados para amplificacdo do gene POLE (éxons 9, 10, 11,

12, 13 e 14) e condic¢des para realizacao do sequenciamento.

Gene Sequéncia dos primers Fragmento Ciclagem
96°C — 15 min
Forward
96°C — 45 seg

POLE 5- TGTAAAACGACGGCCAGTTGGGGAGTTTAGAGCTTGGC -3’
223 pb 58°C—-45seg  40x

(Exon 09) Reverse

72°C—45 seg
5'- CAGGAAACAGCTATGACCTCCCAGGAGCTTACTTCCCA -3’
72°C—-10 min
Forward 96°C — 15 min
POLE 5 1GTAAAACGACGGCCAGTCTGACTTGTGCTGATTGCTAATG .
3 241 pb 96°C — 45 seg
(Exon 10) )

40x
58°C-45
Reverse €8
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5’- CAGGAAACAGCTATGACAGATCCACATGTCCGTTCTTC -3’ 72°C—45 seg
72°C—10 min
Forward 96°C — 15 min
5’- TGTAAAACGACGGCCAGTACTGCTGTGACTTGGGTTCA -3’ 96°C — 45 seg
POLE
Reverse 174 pb 58°C—45seg  40x
(Exon 11)
5'- 72°C—45 seg
CAGGAAACAGCTATGACCCCAGTTACTCATAGAGAAGACACAG
A-3 72°C-10 min
96°C — 15 min
Forward
96°C — 45 seg
POLE 5- TGTAAAACGACGGCCAGTTGTCTGTCCTCTTTCCAACC -3’
197 pb 58°C—45seg  40x
(Exon 12) Reverse
72°C—45 seg
5’- CAGGAAACAGCTATGACCCTGCTCTGTGGCCCCTAC -3’
72°C-10 min
96°C — 15 min
Forward
96°C — 45 seg
POLE 5’- TGTAAAACGACGGCCAGTTCTGTTCTCATTCTCCTTCCAG -3’
210 pb 58°C—45seg  40x
(Exon 13) Reverse
72°C—45 seg
5’- CAGGAAACAGCTATGACCCGGGATGTGGCTTACGTG -3’
72°C—10 min
96°C — 15 min
Forward
96°C — 45 seg
POLE 5’- TGTAAAACGACGGCCAGTGACCCTGGGCTCTTGATTTT -3’
242 pb 58°C—-45seg  40x
(Exon 14) Reverse
72°C—45 seg
5’- CAGGAAACAGCTAGACCTGAGGAGGCCAGGGTG -3’
72°C—-10 min

pb: pares de base; min — minutos; seg — segundos.

3. Sequenciamento do gene TP53

O DNA das amostras foi obtido a partir da macrodissec¢ao da area tumoral selecionada

por um patologista experiente, garantindo > 60% das células tumorais e <20% de necrose.

Utilizamos o kit QlAamp DNA Micro (Qiagen) de acordo com as instru¢des do fabricante. A

qualidade do DNA foi verificada no NanoDrop 2000 UV-Vis Espectrofotémetro (Thermo Fisher

Scientific) e a concentracdo no Qubit Fluorometric Quantitation (Thermo Fisher Scientific)

seguido de armazenamento a -20°C até a andlise molecular.
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Aintegridade das amostras foi testada através da reacdo de PCR multiplex para o gene
GAPDH que gera produtos amplificados de diferentes tamanhos: 100, 200, 300 e 400 pares de
bases. Essa analise prévia direcionou a selecdo de amostras com o tamanho minimo dos
fragmentos necessdrios para amplificar as bibliotecas de sequenciamento. A andlise de
mutacdo baseada em NGS foi realizada usando o Illlumina TruSight Tumor 15 (TST15) no
instrumento MiSeq de acordo com as instru¢gdes do fabricante (//lumina). O painel de
sequenciamento TST15 avalia 15 genes que sdao comumente mutados em tumores sélidos
(AKT1, GNA11, NRAS, BRAF, GNAQ, PDGFRA, EGFR, KIT, PIK3CA, ERBB2, KRAS, RET, FOXL2,
MET, TP53). O presente estudo analisou apenas o gene TP53 devido sua relevancia clinica na
subclassificacdo do cancer endometrial. O alinhamento de leitura e a chamada de variantes
foram realizados com BaseSpace BWA Enrichment (lllumina) e software Sophia DDM® versdo
5.7.3 (Sophia Genetics SA, Suica). A identificacdo de variantes patogénicas ocorreu apds a
aplicacdo de filtros para remover variantes de baixa qualidade. Inicialmente, as variantes com
profundidade de leitura <500 vezes e VAF <10% foram filtradas. Em seguida, variantes
intrénicas, intergénicas, 3' UTR e sindnimas foram excluidas. A partir destes resultados, foram
retiradas as variantes que se apresentavam com polimorfismos em frequéncia maior que 1%
na base de dados GnomAD (aquelas que ndo possuiam informacao de frequéncia populacional
seguiram nas andlises). Finalmente, as variantes restantes foram verificadas nas bases de
dados (ClinVar, IARC TP53, COSMIC e CGI) quanto a sua patogenicidade.% 8!

Apds a filtragem, um total de 8 variantes foram retidas no gene TP53. Elas foram
classificadas como altamente e potencialmente patogénicas de acordo com Sophia DDM.

(Figura 1)
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Figura 1. Localizagdo das mutagdes na sequéncia do gene TP53 no cancer endometrial
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b) NanoString
A metodologia NanoString (NanoString Technologies) se baseia em um dispositivo
automatizado que requer pouco tempo dispensado as atividades de bancada podendo
processar até 12 amostras distintas simultaneamente. De acordo com o painel escolhido,
pode-se avaliar os niveis de expressdo de centenas de genes (NanoString Technologies). Ela é
composta por 3 etapas principais: hibridizacdo; purificagdo e imobilizacdo; contagem e
andlise.?? (Figura 2)

10 dia Y :
20 dia 20 dia

[ - Reporter Probe
" - Capture Probe

- RNA amostral
- Buffer —
7 — =
1 = =
| —
Hybridization ——
Overnight
nCounter prep station nCounter digital
analyzer:

Figura 2. Esquema ilustrativo das 3 etapas principais da técnica Nanostring.

Este sistema captura e conta um cédigo baseado em combinacdes de 4 cores (color-
code ou barcode), correspondendo cada combinacdo a um gene distinto, conforme
demonstrado na figura 3.8 Cada probe especifico possui um sequéncia de pares de bases
complementares ao alvo de interesse (RNA no nosso estudo) e barcodes moleculares
fluorescentes unicos. O processo de ligacdo da probe ao alvo de interesse chama-se
hibridizacdo, sendo que a probe que carrega o barcode é chamada de Reporter. Uma segunda
probe conhecida como Capture contém biotinas que permitem que estes complexos (RNA +

probes) sejam imobilizados no cartucho para avaliacdo dos dados. (Figura 3a e 3b)



25

a
mMRNA Probes Reporter e
de Captura

a superficie do cartucho
Hibridizacao 5..%.."’:“?- ‘
NSl
/;2\ 7,
oo™

" E"‘t*- 1
Imagens s3ao geradas e o

Cc e

padrdo de Barcode é identificado
t/“/tf\r Id Padr3o Nr

\L<— Lavagem .

\VARVE =
VARVE
VARVE
Y d Os complexos sao ligados
b

3

¢

Figura 3. Esquema ilustrativo dos barcodes moleculares (sonda de captura especifica e sonda
reporter codificada por cores) determinando correlagdo com gene especifico.

O painel escolhido foi o nCounter® PanCancer Pathways, que conta com a avaliacdo de
770 genes envolvidos em 13 vias de sinalizacdo celular e sabidamente conhecidas por seu
envolvimento na patogénese de diferentes tipos de tumores tais como MAPK, RAS, Notch,

Wnt, Hedgehog, PI3K entre outras (www.nanostring.com/pancancer).>® A escolha deste

painel baseou-se no fato que a analise da expressao génica de diferentes vias de sinalizagao


http://www.nanostring.com/pancancer
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permite identificar alteragdes em grupos distintos conforme o nosso estudo (recidiva versus

ndo-recidiva).

ranscriptional
Regulation

Chromatin A .
Modification poptosis

Cell Cycle

Figura 4. Vias de sinalizacdo celular avaliadas pela metodologia Nanostring.

Uma lamina de hematoxilina-eosina (HE) de cada uma das 51 amostras usadas para
esta etapa do projeto (17 recidivas e 34 ndo-recidivas) foi avaliada pelos patologistas (VD e
GM) para demarcacdo da area tumoral. A partir disso, trés laminas de 10 um foram
confeccionadas no departamento de patologia e as areas marcadas foram raspadas
manualmente para extracdo do RNA das amostras.

De acordo com o protocolo do kit Recover All Total Nucleic Acido Isolation (Ambion by
Life Technologies, Austin, TX, USA), sdo necessarias 6 etapas para extracdo do RNA das
amostras: desparafinizacdo; digestdo/lise celular; purificagdo/isolamento; separacdo do RNA
do DNA; quantificacdo do RNA; diluicdo do RNA.

e Desparafinizagdao: foram realizados dois banhos com 1 ml de Xilol 100% intercalados
com incubagao em termobloco por 3 minutos a 50°C seguido por centrifugagdo (14000
rpm/5 minutos) obtendo o pellet de células; em seguida, remocdo do Xilol por meio de
dois banhos com 1 ml de Alcool 100% seguido de centrifugagdo (14000 rpm/5
minutos); apds remoc¢do do sobrenadante, o pellet de células foi submetido a secagem
a vacuo no SpeedVac Concentrator (Thermo Scientific, Asheville, NC, USA) a 45°C por

10 minutos.



27

e Digestdo/Lise Celular: foram adicionados 4 pl de protease e 200 pl de tampao de
digestdo sendo incubados por 3 horas a 50°C seguido por inativacdo da protease com
elevacao da temperatura até 80°C por um periodo de 15 minutos.
e Purificagdo/Isolamento: foram utilizadas colunas de silica com afinidade para acido
ribonucleico sendo realizadas duas passagens sucessivas do lisado adicionado com
solucdo tampao (550 ul de etanol 100% (Merck) + 240 ul de aditivo de isolamento =
790 ul de solugdo), seguido de duas lavagens com 700 pl de Wash 1 seguido de
centrifugacdo (10000 rpm/30 segundos) e com 700 ul de Wash 2 seguido de
centrifugacdo (10000 rpm/30 segundos).
e Separacao do RNA do DNA: foi adicionada a enzima DNAse para degrada¢ao do DNA
da amostra (4 pl enzima DNAse + 6 pl de 10x DNA buffer 50 ul de dgua nuclease free)
e incubadas por um periodo de 30 minutos em temperatura ambiente com lavagens
sucessivas sequenciais (solucdo Wash 1 uma vez; solucdo Wash 2 duas vezes);
acrescentado entdo 30 pl de agua livre de RNAs para eluicdo da amostra que foi
incubada por 1 minuto em temperatura ambiente seguido por centrifugacdo (14000
rom/1 minuto).
e Quantificagdo do RNA: a quantificacdo foi realizada tanto por NanoDrop ND-200
espectrofotémetro (NanoDrop Products, Wilmington, DE, USA), quanto com Qubit
Fluorometric Quantitation.
e Diluicdo do RNA: solugdes padrdes de 20 ng/ul em 5 pl de volume final foram feitas,
utilizando-se as concentracdes obtidas por Qubit Fluorometric Quantitation.
Iniciou-se entdo a fase de hibridizagdo com duracdo de 21 horas a 65°C. O protocolo
do kit nCounter Gene Expression 12 Assays determina a adicdo de 130 pl do buffer de
hibridizacdo em um microtubo que contém a sonda Reporter fornecida pelo kit. Em seguida,
20 pl deste master mix é adicionado em um microtubo e na sequéncia adiciona-se 5 pul de RNA
total e 5 pl da sonda Capture.

Completada as 21 horas da hibridizacdo, as amostras foram transferidas para a
PrepStation, uma estacdo automatizada que purifica e prepara os cartuchos (nCounter®
Cartridge), sendo removidos os excessos de probes e alinhados/imobilizados os complexos

probes/alvos. Estes cartuchos sdo revestidos por estreptavidina que se liga a biotina das
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probes de captura permitindo sua contagem digital. Esta etapa teve duracdo de 3 horas e 30
minutos.

A ultima etapa consistiu na contagem e analise dos cartuchos acima descritos. Este
procedimento ocorre na nCounter Digital Analyzer (NanoString Technologies) que realiza a
leitura de 280 até 555 campos de visdo (FOVs) para cada amostra de acordo com o padrado de

fluorescéncia determinado pelos barcodes na superficie dos cartuchos.



5 ANALISE ESTATISTICA E DE BIOINFORMATICA

Os dados coletados na ficha previamente definida e padronizada (Plataforma
REDCap)®° foram tabulados no programa SPSS 21.0 for Windows ®.

A estatistica descritiva foi utilizada para a caracterizacdo da amostra. As varidveis
quantitativas foram descritas através de média e desvio padrdao ou mediana e valores minimo
e maximo, conforme sua distribuicdo. As varidveis qualitativas foram descritas através de
frequéncias absolutas e relativas. A analise estatistica para comparagdes entre grupos utilizou
o Teste de McNemar para as amostras ndo paramétricas.?3 Para varidveis categdricas, o Teste
de Qui-quadrado ou Exato de Fisher foi usado para comparar as proporcdes entre grupos.®* A
analise univariada dos fatores progndsticos do estudo caso-controle com caracteristicas
clinicas e anatomopatoldgicas utilizou o Teste U de Mann-Whitney ou o Teste Exato de Fisher.
Os parametros com p < 0,2 na analise univariada foram inseridos na andlise de regressao
logistica e modelos de regressao logistica backward stepwise foram construidos na avaliacdo
dos fatores progndsticos dessa avaliacdo.®

Para a comparacdo dos itens de revisdo do anatomo-patoldgico foi utilizado o valor
xappa de Cohen e para interpretar este valor a escala proposta por Landis e Koch.8®

Andlise do modelo de regressao multivariada de Cox foi utilizada com o objetivo de
interpretar informagdes progndsticas que podiam complementar a classificagdo molecular
(idade, IMC, subtipo histoldgico, grau histoldgico, invasdo miometrial, I1LV).8”

O nivel de significancia adotado nos passos acima foi de 5%.

A avaliagao dos dados relacionados a expressao do RNA tumoral utilizando o
NanoString nCounter™ foi realizada através do programa nSolverAnalysis Software v4.0®
(NanoString Technologies), o qual permite uma avaliagao de varios parametros técnicos de
qualidade da corrida como controles positivos, densidade de ligacdo e limite de detecgao.

Os dados foram normalizados e analisados no ambiente estatistico-matematico R (R-
project (v3.6.3); The R Foundation, Viena, Austria). Previamente foi utilizado Quantro package
(v1.18.0) no ambiente R para uma avaliacdo interna dos cartuchos analisados (5 cartuchos no
total) para auxiliar na escolha do método de normalizacdo.2® A normalizacdo dos dados tem
como objetivo corrigir possiveis variacdes experimentais das amostras como eficiéncia da
hibridizacdo, purificacdo ou ligacdo. Os arquivos em formato RCC foram convertidos para o

formato x/sx e importados na plataforma Galaxy-HCB, uma versao customizada e de facil
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acesso da ferramenta NanostringNorm (v1.2.1.1).2° O objetivo desta ferramenta é a avaliacdo
dos controles positivos e negativos da rea¢do e também a normalizagdo e analise da expressao
diferencial dos dados.

A inspecao dos controles positivos e negativos foi realizada por meio da relagdao entre
as contagens observadas em escala log2 pela concentracdo esperada em log2 (fM) dos
mesmos. Os dados de expressao génica foram normalizados pelo método quantil
implementado no pacote NanoStringNorm e transformados em escala de log2. A expressao
diferencial avaliou a diferenca de expressdao dos RNAs para grupos distintos (no presente
estudo recidivas de cancer de endométrio de risco baixo e intermedidrio e ndo-recidivas com
o mesmo diagndstico). Para a construcdo dos heatmaps com os genes diferencialmente
expressos foi utilizado o pacote ComplexHeatmap (v2.0.0)

(http://www.bioconductor.org/packages/release/bioc/html/ComplexHeatmap.html) dentro

do ambiente R através da correla¢do de Pearson.*®

As analises estatisticas utilizaram o Teste t com nivel de significancia de p £0.01 e Fold
change de 2.0 (quantas vezes o gene estd expresso em relagdao ao outro grupo amostral
comparado no estudo). Os resultados para todos os genes foram disponibilizados em formato
Volcano plot.

Apds a deteccdo dos genes com alta ou baixa expressao dos seus respectivos RNAs,
avaliamos através da Curva ROC a sensibilidade e especificidade deles comparando com o
risco de recidiva ou ndo na populacao estudada. Definimos o maior valor de sensibilidade e
especificidade simultdaneos na definicdo da Curva ROC. Esta ferramenta estatistica auxilia na
quantificacdo do poder discriminatério de um teste ou biomarcador, sendo considerado
aceitdvel uma AUC acima de 0,7 para diferenciac3o entre dois grupos.®> 2 Utilizamos o pacote
ROC R 1.0-11 para a analise das curvas ROC individuais e o pacote EPI 2.40 para a analise das

curvas ROC em conjunto.


http://www.bioconductor.org/packages/release/bioc/html/ComplexHeatmap.html
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6 RESULTADOS

Entre janeiro de 2009 a dezembro de 2014, 195 pacientes com diagndstico de
carcinoma de endométrio de risco baixo e intermediario foram operadas no Hospital do
Cancer de Barretos.

A idade média ao diagndstico foi de 61,1 anos (31,0 a 88,0). O tempo médio decorrido
entre o diagndstico realizado na cidade de origem e a primeira consulta no hospital oncolégico
terciario foi de 48,6 dias (7,0 a 195,0).

Na Tabela 5 descrevemos as caracteristicas demograficas da populagdo em estudo.
145 pacientes (74,4%) apresentavam diagndstico estadio IA e mais de 95% das pacientes
tinham ECOG 0 ou 1. Como é caracteristica do cancer de endométrio, sobretudo o subtipo
endometridide, mais da metade das pacientes apresentavam algum grau de obesidade
(57,4%). Além disso, 129 pacientes (66,2%) apresentavam diagndstico de HAS e 47 pacientes
(24,1%) de DM. A imensa maioria das pacientes ja se encontravam em menopausa no
momento do diagndstico (85,1%).

O valor médio do CA-125, um marcador tumoral epitelial sanguineo muito utilizado no
acompanhamento do tratamento dos tumores ginecoldgicos, sobretudo no cancer de ovario
e endométrio, no momento do diagndstico foi 29,57 U/ml (1,10 a 615,2). Em até 60 dias apds
o procedimento cirdrgico, os valores cairam em média para 12,06 U/ml (3,12 a 90,7).

Tabela 5. Caracteristicas clinicas da populagao.

Variavel Categoria N %
Estadio 1A 145 74,4
IB 50 25,6
ECOG 0 75 38,5
1 109 55,9
2 11 5,6
Raga Branca 147 75,4
Negra 8 4,1

Parda 40 20,5
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IMC (Kg/m2) Normal (18.5-24.99) 28 14,4
Sobrepeso (25.0-29.99) 53 27,2
Obesidade | (30.0-34.99) 49 25,1
Obesidade 11 (35.0-39.99) 28 14,4
Obesidade Il (= 40.0) 35 17,9
ND 2 1,0
Paridade Nao 23 11,8
Sim 170 87,2
ND 2 1,0
Tabagismo Fumante 21 10,8
Ex-fumante 9 4,6
Nunca fumou 165 84,6
Comorbidades HAS 129 66,2
DM 47 24,1
Obesidade 112 57,4
Outras 80 41,0
Status Hormonal Menacme 28 14,4
Menopausa 166 85,1
ND 1 0,5

ECOG - Escala de desempenho (Eastern Cooperative Oncology Group); IMC — indice de Massa Cérporea; Kg — kilograma; m?
—metro quadrado; HAS — hipertensdo arterial; DM — diabetes mellitus; ND — ndo disponivel.

As Tabelas 6 e 7 descrevem as caracteristicas cirurgicas e anatomo-patolégicas. Como
a inclusdo das pacientes ocorreu entre os anos de 2009 e 2014, ha uma nitida curva de
aprendizado das técnicas minimamente invasivas, sendo que a laparoscopia representou
pouco mais de 65% dos casos nesta série. Do ponto de vista anatomo-patoldgico, 62,1% das
pacientes apresentavam grau 1, 13,8% das pacientes apresentavam invasao da endocérvice e
mais de 90% dos casos tinham componente endometridide tipico. O tamanho tumoral médio

foide 4,7 cm (0,1 a 11,5 cm) e o nimero médio de linfonodos ressecados foi de 19 linfonodos
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(2 a 56), sendo que 45 pacientes (23,1%) foram submetidas a linfadenectomia pélvica e 47
pacientes (24,1%) a linfadenectomia pélvica e para-adrtica.

Tabela 6. Caracteristicas cirurgicas da amostra.

Variavel Categoria N %

Tipo de Cirurgia HTA + SOOB 94 48,2
HTA + SOOB + LND pélvica 45 23,1
HTA + SOOB + LND pélvica + retroperitoneal 47 24,1
HTA + SOOB + PLS 4 2,1
HTA 5 2,6

Via de Acesso Laparotomica 55 28,2
Laparoscopica 129 66,2
Vaginal 11 5,6

HTA - histerectomia total; HTA + SOOB — Histerectomia total + salpingooforectomia bilateral; HTA + SOOB + LND —
Histerectomia total + salpingooforectomia bilateral + linfadenectomia; HTA + SOOB + PLS — Histerectomia total +
salpingooforectomia bilateral + pesquisa do linfonodo sentinela.

Tabela 7. Caracteristicas anatomopatoldgicas dos espécimes.

Variavel Categoria N %
Localizacdo do tumor Fundo uterino 148 75,9
Segmento uterino inferior 7 3,6
Fundo + segmento uterino inferior 40 20,5
Grau histolégico Grau 1 121 62,1
Grau 2 70 35,8
Grau 3 4 2,1
Invasdo endocérvice N3ao 168 86,2
Sim 27 13,8
Caracteristica Morfologica Endometridide 180 92,3
Endometridide + diferenciacdo escamosa 14 7,2

Outro 1 0,5



34

Invasao linfovascular N3o 173 88,7

Sim 22 11,3

Avaliando o tratamento adjuvante, 72,3% das pacientes receberam radioterapia,
sendo que 91,5% dos casos receberam HDR exclusiva, corroborando o perfil de risco baixo e
intermediario da populacdo em estudo. O tempo médio para inicio da radioterapia foi de
68,82 dias (20 a 237) contados a partir da data do procedimento cirurgico.

Tabela 8. Caracteristicas do tratamento de radioterapia adjuvante.

Variavel Categoria N %

Tratamento Adjuvante Nao 54 27,7
Sim 141 72,3

Tipo de tratamento HDR 129 91,5
Radioterapia externa + HDR 10 7,1
Radioterapia externa 2 1,4

HDR — braquiterapia de alta taxa de dose.

Das 195 pacientes avaliadas, 22 (11,3%) apresentaram recidiva (o follow-up de todas
as pacientes foi atualizado em meados de 2019). O sitio mais prevalente de recidiva foi o
pulmdo com 7 casos (23,3%) seguido da cupula vaginal com 5 casos (16,7%), como
demonstrado na Tabela 9. Uma mesma paciente pode ter apresentado mais de um sitio de
recidiva, justificando 30 sitios em 22 pacientes avaliadas. O valor médio do CA-125 na recidiva
foi 196,27 U/ml (5,50 a 1636,0).

A maioria das pacientes recebeu quimioterapia como tratamento paliativo (37,9%),
porém por se tratar de carcinoma endometridide, 6 pacientes (20,8%) receberam
hormonioterapia no manejo das metdstases. A mesma paciente pode ter recebido duas
modalidades terapéuticas concomitantes e/ou sequenciais, justificando 29 abordagens
terapéuticas nesta populacdo. (Tabela 9)

Tabela 9. Caracteristicas dos sitios de recidiva da populagao.

Variavel Categoria N %

Recidiva Nao 173 88,7
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Apdés um follow-up mediano de 6,38 anos (0,4-10,88), 175 pacientes (89,7%)

permanecem vivas, sendo que 11 destas (6,3%) seguem em tratamento da recidiva do cancer

de endométrio, conforme demonstrado na Tabela 10. Vinte pacientes faleceram (10,3%),

sendo 11 (5,6%) em decorréncia da progressao do cancer de endométrio e 9 (4,7%) de varias

causas nao relacionadas a esta neoplasia (3 Sepse; 2 IAM; 1 Esclerose Multipla; 1 Cancer de

Célon; 1 Cancer de Estdmago).

Tabela 10. Status atual das pacientes.

Variavel Categoria N %

Vivo Total 175 89,7
Sem doenca 164 84,1
Com doenca 11 5,6

Morte Total 20 10,3



Doenga relacionada

Causas diversas

11 5,6

9 4,7
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Ainda sem um follow-up atualizado (realizado em meados de 2019), realizamos um

estudo caso-controle com os dados clinico-patolégicos das pacientes. A época, tinhamos 21

pacientes com recidiva e escolhemos 3 controles pareados por idade e estadiamento para

cada uma destas pacientes. Analise univariada das varidveis em estudo estd sumarizada na

Tabela 11.

Tabela 11. Analise univariada para avaliacao do risco de recorréncia.

Variaveis Casos (n=21) Controles Valor p
(n=63)
Idade (mediana, min-max)? 64 (46-77) 64 (46-78) 0,873
. IA 14 (66,7) 42 (66,7)
o/\b ’ )] >
Estadiamento FIGO (%) B 7(33.3) 21(33.3) 0,99
-1 2 2 1
ECOG Performance Status(%)® 02 (1J 222) ) 62 8'62';3) >0,99
. Branco 18 (85,7) 45 (71,4)
E %)° g ’ 251
tnia (%) Outros 3(14,3) 18 (28,6) 0,25
31,64 32,65 0,339
. e a 7 7 ’
IMC (mediana, min-max) (19,78-48,62) (21,93-52,71)
. Sim 2(9,5) 4(6,3)
T %)° 7
abagismo (%) N3o 19 (90,5) 59 (93,7) 0,63
Sim 21 56 (88,8)
o/\b ’
Menopausa (%) N3o 0 7(11.2) 0,184
Gravidezes (mediana, min-max)? 4(1-7) 4 (1-20) 0,725
. . Grau l 9(42,9) 44 (69,8)
histol %)° ,037
Grau histolcgico (%) Grau 2 ou 3 12 (57,1) 19 (30,2) 0,03
Endometridide 15(71,4) 60 (95,2)
Caracteristica Morfoldgica (%)® Endometridide com 6(28,6) 3(4,8) 0,007
diferenciacdo escamosa
4.0 4.0 0,597
. . _ a 7
Tamanho (mediana, min-max) (16,0-115,0) (1.0-105,0)
- Corpo uterino 14 (66,7) 47 (74,6)
o/\b
Localizagdo do tumor (%) Segmento uterino inferior 7 (33,3) 16 (25,4) 0,574
. . Sim 6 (28,6) 8(12,7)
o/\b
Invasdo endocervical (%) N3o 15 (71,4) 55 (87,3) 0,103
Sim 5(23,8) 9 (14,3)
LV (%)° 2
ILV (%) N3o 16 (76,2) 54 (85,7) 0,324

HDR — Braquiterapia de alta taxa de dose; HTA + SOOB — Histerectomia total + salpingooforectomia bilateral; IMC — indice de
massa corporea; ECOG — Escala de desempenho (Eastern Cooperative Oncology Group); FIGO — Federagdo Internacional de
Ginecologia e Obstetricia; ILV — invas3o linfovascular; IMC — indice de massa corpdrea; min — minimo; max — maximo.

a_Teste Mann-Whitney; b_ Teste Exato de Fisher.

Todas as variaveis que apresentaram um p < 0,2 participaram da analise multivariada de

regressao logistica: grau histolégico, caracteristica morfoldgica e invasdao endocervical
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(menopausa foi retirada pois um dos grupos nao tinha representante). Utilizando a técnica
backward stepwise de regressao logistica, o seguinte modelo foi construido. (Tabela 12)

Tabela 12. Andlise multivariada para avaliacdo de risco de recorréncia.

Variaveis Odds Ratio (IC —95%) Valor p
Graul 1
Grau histolégi 0,080
rati nIstologlco Grau 2 ou 3 2.66 (0,89-7,96) ’
Endometridide 1
Caracteristica Morfologica Endometridide com 5.65(1,17-27,17) 0,031
diferenciagao escamosa
Nao 1
| a d ical 0,168
nvasdo endocervica Sim 2.55 (0,67-9,66) )

Constant=-1.939 (P = 0.0001)

Das trés varidveis acima avaliadas, apenas a caracteristica morfolégica foi
estatisticamente significativo (p: 0,031), demonstrando que a chance de recidiva para
pacientes com cancer de endométrio endometridide de risco baixo e intermedidrio com
diferenciacdo escamosa é 5,6 vezes superior quando comparado com pacientes com cancer

de endométrio endometridide de risco baixo e intermediario.?3

6.1 Resultados Estudo 1 — Reavaliagdo anatomo-patoldgica

Dos 195 casos revisados por dois patologistas especialistas em oncoginecologia, 15
foram excluidos desta analise: 9 devido auséncia de tumor nas laminas avaliadas; 5 tiveram
resultado de hiperplasia atipica; 1 paciente foi definida como pélipo endometrial.

A grande maioria das pacientes eram estadio |IA (74,4%), com idade mediana ao
diagndstico de 61 anos. Como esperado na populagdao com cancer de endométrio, a mediana
do IMC foi de 32,8. Apés um follow-up mediano de 6.38 anos (0,4-10,88), 22 pacientes
apresentaram recidiva. (Tabela 13)

Tabela 13. Caracteristicas clinicas e demograficas das pacientes.

Variaveis® Casos (n=195)
Idade (mediana, min-max)? 61 (31-88)
i IA 145 (74,4)
E %)P )
stadiamento FIGO (%) B 50 (25,6)
-1 1
ECOG Performance Status(%)° 02 ii ng‘é;l)
. Branco 147 (75,4)
Et o/\b ’
nia (%) Outros 48 (24,6)
32,8
. - a ,
IMC (mediana, min-max) (18,7-62,8)
Sim 30(18,2)

. o/ \b
Tabagismo (%) N3o 165 (81,8)
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. Sim 166 (85,1)
Menopausa (%) N3o 29 (14,9)
Tamanho mm (median, min-max)? 40
’ (1-115)
Graul 121 (62,1)
Grau histoldgico (%)° Grau 2 70 (35,9)
Grau 3 4(2,0)
L - Endometridide 181 (92,8)
Caracteristica Morfolégica (%)° Endometridide com diferenciagdo escamosa 14 (7,2)
N b Corpo uterino 148 (75,9)
Localizagdo do tumor (%) Segmento uterino inferior 47 (24,1)
. b Sim 27 (13,9)
Invasdo endocervical (%) N3o 168 (86,1)
. Sim 22 (11,3)
ILV (%) N3o 173 (88,7)
HTA + SOOB 94 (48,2)
HTA + SOOB + linfadenectomia pélvica 45 (23,1)
Cirurgia (%)° HTA + SOOB + linfadenectomia pélvica e para- 47 (24,1)
adritca
HTA + SOOB + pesquisa linfonodo sentinela 4(2,0)
Histerectomia simples 5(2,6)
Laparotomia 55 (28,2)
Via de acesso cirtrgico (%)° Laparoscopia 129 (66,2)
Vaginal 11 (5,6)
N3o 54 (27,7)
Radioterapia adjuvante (%)® HDR 129 (66,2)
Radioterapia pélvica externa 2 (1,0)
HDR + Radioterapia pélvica externa 10(5,1)
. b Sim 22 (11,3%)
Recorréncia (%) No 173 (88,7%)

HDR — Braquiterapia de alta taxa de dose; HTA + SOOB — Histerectomia total + salpingooforectomia bilateral; IMC — indice de
massa corporea; ECOG — Escala de desempenho (Eastern Cooperative Oncology Group); FIGO — Federagdo Internacional de
Ginecologia e Obstetricia; ILV — invasdo linfovascular; IMC — indice de massa corpérea; min — minimo; max — maximo.
a—Teste Mann-Whitney;  — Teste Exato de Fisher; & — Todos os resultados relacionados ao diagndstico inicial sem revisdo do
especialista

Apds a avaliacdo dos patologistas especialistas em oncoginecologia, a frequéncia de
mudan¢a no laudo anatomo-patoldgico das varidveis caracteristica morfoldgica, grau
histolégico, invasdao miometrial e ILV foi respectivamente: 13,3%, 62,8%, 18,3% e 11,1%. Das
113 pacientes (62,8%) que tiveram alteragdes do grau histolégico, apenas 3 (2,6%)
apresentaram downstaging na nova classificacdo. Na analise dos especialistas, 7 (3,9%)
diagndsticos de carcinoma seroso foram dados. Das 33 pacientes (18,3%) que tiveram
mudangas na invasdo miometrial, apenas 3 (7,0%) apresentaram upstaging na nova
classificacdo. (Tabela 14 e Figura 5)

Tabela 14. Distribuicao da caracteristica morfoldgica, grau histoldgico, estadiamento, ILV e

estratificacdo de risco apds anadlise de patologistas especialistas em oncoginecologia.

Variavel Diagnéstico inicial Revisio Concordancia
N % N % N %

Caracteristica Morfolégica
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Endometridide 172 95,5 158 87,8 153/172 88.9
Endometridide com diferenciagdo 8 4,5 15 8,3 3/8 37,5
escamosa
Seroso 0 0 7 3,9 - -
Total - - - - 156/180 86,7
Grau histolégico
Graul 110 61,1 17 9,4 15/110 13,6
Grau 2 66 36,7 142 78,9 49/66 74,2
Grau 3 4 2,2 21 11,7 3/4 75
Total - - - - 67/180 37,2
Invasdao Miometrial
Menos que 50% 131 72,8 158 87,8 128/131 97,7
Mais que 50% 49 27,2 22 12,2 19/49 38,8
Total - - - - 147/180 81,7
ILV
Sim 160 88,9 154 85,6 147/160 91,9
Nao 20 11,1 26 14,4 13/20 65,0
Total - - - - 160/180 88,9
Estratificacdo de Risco
Baixo 118 65,6 129 71,7 105/118 89,0
Intermediario 39 21,7 11 6,1 10/39 25,6
Intermediario Alto 23 12,7 29 16,1 11/23 47,8
Alto 0 0 11 6,1 - -
Total - - - - 126/180 70,0
ILV —invasdo linfovascular.

Tipo Histologico Grau Histclogico
endometrode (N=172) |G crau1in=110) [
Endometriocecom

ditererciacinecamosa N= ||| G crau2(h=63) [
8)
0% 20% 203 50% 80% 100% Grau 3 (N=2) _
m Endometricide
m Cndometridide com diferenziacdo escamcsa e 20% 8% 100%
mSaooso HMGrsul WMGraul mGrade3

Invasio Miometrial

< 50% (N=131!

> 50% (N=43]

0% 20% 40% 60% 80% 100%

W<50% m>:0%

Invasao linfovascular

o rss0) |
sm =20,
0% 20% 40% 60% 80% 100%

E N3 ESm

Figura 5. Distribuicdo da caracteristica morfoldgica, grau histoldgico, estadiamento e ILV apds

anadlise de patologistas especialistas em oncoginecologia.
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Considerando a Estratificacdo de Risco Modificada da ESMO do laudo inicial realizado
pelos patologistas generalistas, 65,6% das pacientes eram de risco baixo, 21,7% de risco
intermediario e 12,7% de risco intermedidrio alto. Apds avaliacdo por parte dos patologistas
especialistas, 11 pacientes (6,1%) foram classificadas como de risco alto. 126 pacientes (70%)
nao tiveram mudanca em relacdo a classificacdo inicial e das 54 pacientes restantes (30%), 24
(44,4%) tiveram downstaging e 30 (55,6%) tiveram upstaging em suas classificagdes de risco.
(Tabela 15 e Figura 6)

Tabela 15. Mudangas na Estratificagdo de Risco Modificada da ESMO apds analise por

patologistas especialistas em oncoginecologia.

Estratificacdo de Risco Final

Estratificacdo de Risco Inicial Baixo Intermediario  Intermediario Alto Alto Total

N (%) N (%) N (%) N (%) N (%)
Baixo 105 (89)? 1(0,9)¢ 9(7,6)° 3(2,5)¢ 118(65,6)
Intermediario 19 (48,7)° 10 (25,6)2 9(23,1)° 1(2,6)¢  39(2L,7)
Intermedidrio Alto 5(21,7)P ob 11 (47,8)2 7(30,4)¢  23(12,7)
Total 129 (71,7) 11 (6,1) 29 (16,1) 11 (6,1) 180

a_ Nenhuma mudanca; ®— Down-staging; ¢ Up-staging

Estratificacdo de Risco

B (N=11)
Intermediario (N=39) |
Intermediario Alto (N=23) | NN

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

H Baixo Intermedidrio Intermediario Alto Alto

Figura 6. Distribuicdo na Estratificacdo de Risco Modificada da ESMO apéds analise de
patologistas especialistas em oncoginecologia

Utilizando o coeficiente de xappa para avaliar a concordancia entre os laudos iniciais
dos patologistas generalistas e os laudos finais feitos em conjunto por dois patologistas
especialistas em oncoginecologia, os resultados mostraram alta variabilidade na comparacao
destes laudos para as 4 variaveis analisadas: tipo histoldgico (k = 0.154), grau histoldgico (k =
0.035), invasdo miometrial (x = 0.441) e ILV (k = 0.503). As mudancas nas variaveis descritas

levaram a uma alta variabilidade na Estratificacdo de Risco Modificada da ESMO (k = 0.396).
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A sobrevida global e a sobrevida livre de doenca em 5 anos da coorte estudada foi de
94,7% e 89,3% respectivamente. Comparando a sobrevida livre de progressao em 5 anos das
pacientes que tiveram um upstaging apds avaliacdo dos patologistas especialistas em
oncoginecologia com as pacientes que nao tiveram mudanga no laudo realizado por estes
mesmos profissionais, ndo houve diferenca estatisticamente significativa influenciada pelo

novo laudo dado pelos especialistas (86,7% vs 88,0%, p = 0.77). (Figura 7)

Disease-free survival (DFS)

1.0
— .
H -mul—l-"_
0.8
E 0.56=
=
w
L
[ ]
0.4=
02— Risk Stratification
Unchanged
— Up-staging
— Unchanged-censored
i~ Up-staging-censored p-value = 0.770
0.0 T - | . ;
u] 2 4 5] ] 10

Years

Figura 7. Curva de Kaplan—Meier entre pacientes sem mudancas na estratificacdo de risco e

gue apresentaram up-staging apds revisao patoldgica.

6.2 Resultados Estudo 2 - Classificagdo molecular e Nanostring

Das 22 pacientes que apresentaram recidiva, 5 tiveram diagndstico de tumor de alto grau
(serosos) apods revisdo feita pelos patologistas especialistas em oncoginecologia e foram
excluidas da presente analise. O grupo das pacientes que apresentaram recidiva foi numerado
de 1 a 17. O grupo de pacientes que ndo apresentaram recidiva foi numerados como 1a/1b
até 17a/17b.

Realizamos rea¢Ges de imuno-histoquimica com os seguintes marcadores: receptor de
estrogeno (RE); receptor de progesterona (RPg); p16; p53; PTEN; Beta-Catenina; ARIAD1a;
L1CAM; PD-L1. (Tabela 16)
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Tabela 16. Painel de Imuno-histoquimica das 51 amostras (17 recidivas; 34 nao-recidivas)

Pacientes RE RPg pl6 p53 PTEN Beta-Catenina ARIADla L1CAM PD-L1
Recidivas

1 - - - Inc - + - 1-5% 0

2 - - - Inc - + - 0 0

3 - + + Inc + - - 1-2% 0

4 + + + - - + + 0 0

5 + - + - - + + 0 0

6 - + - - + + + 0 0

7 - - + + - + + 0 0

8 - - - + - - - 0 0

9 - + o+ - - + - 1-2% +
10 + + - - - + + 0 0
11 - + + - - + + 0 0
12 + - + - + + - 1-3% +
13 + + + - + + - 0 0
14 - - - - + + + 0 0
15 + + + - - + + 0 0
16 + + - - - + + 0 0
17 - + + - + + + 1-2% 0

Nao-recidivas

la - - - - - + + 0 0
1b + - + - + + + 0 0
2a - - - - - + - 0 0
2b + - + - + + - 0 0
3a + + + - - + + 1-2% 0
3b - - - - - + - 0 0
43 + - + - + + - 0 0
4b + + - - - + + 0 0
5a - - - - + + - 0 0
5b - - + - - + + 0 0
6a + + - - - + + 0 0
6b + + - - + + + 1-2% 0
7a + + - - - + + 0 0
7b - - + Inc + + - 1-10% 0
8a - - + - - + - 0 0
8b - - + - - + - 0 0
9a - - - - - + - 0 0
9b - - + - - + + 0 0
10a - - + - - + + 0 0
10b + + - - - + - 0 0
11a - + + - - + + 0 0
11b + + + - + + + 0 0
12a + + - - + + + 0 0
12b - - + + - + + 1-5% 0
13a + + + - - + - 1-10% 0
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13b - + + - - + + 0 0
14a + + - - + + + 0 0
14b + + + + - + - 0 0
15a - - + Inc - + + 0 0
15b - - + Inc + + - 0 0
16a + - + - + + - 0 +
16b - - - - - + + 0 +
17a - - - Inc - - - 0 0
17b + + - - + + + 0 0

Tivemos problemas analiticos nestas reag¢Ges (amostras muito homogéneas
relacionadas sobretudo ao p53, Beta-Catenina, LICAM e PD-L1) possivelmente por tratar-se
de amostras antigas e que podem ter sido mal fixadas a época do diagnéstico.

Realizamos andlise estatistica para cada um dos marcadores (Teste de Qui-quadrado
ou Exato de Fisher) comparando o grupo de pacientes com recidiva com o grupo nao
recidivado e para nenhum dos marcadores de imuno-histoquimica houve diferenca entre os
mesmos: RE (p = 0.69); RPg (p = 0.23); p16 (p = 0.84); p53 (p = 0.58); PTEN (p = 1.00); Beta-
Catenina (p = 0.26); ARIAD1a (p = 0.84); LLCAM (p = 0.24); PD-L1 (p = 0.59).

6.2.1 Resultado Classificagdo Molecular

O resultado do sequenciamento do gene POLE mostrou apenas uma amostra mutada
no Exon 9 (c.857C>G; p.(Pro286Arg)). Das 51 amostras avaliadas, 23 (45,1%) foram
descartadas devido baixa qualidade nos respectivos DNAs. Das 28 amostras validas, 27 eram
wild type (96,4%).

Das 51 amostras que foram sequenciadas para avaliacdo de instabilidade de
microssatélite, apenas uma apresentou resultado inconclusivo (Tabela 17). Das 50 amostras
restantes, 12 apresentaram instabilidade de microssatélite (24%) e 38 estabilidade de
microssatélite (76%). Das 16 pacientes recidivadas (1 amostra excluida devido resultado
inconclusivo), 4 tiveram resultado de instabilidade microssatélite (25%) e 12 de estabilidade
de microssatélite (75%). Das 34 pacientes ndo recidivadas, 8 apresentaram instabilidade de
microssatélite (23,5%) e 26 estabilidade de microssatélite (76,5%).

Tabela 17. Avaliagao de Instabilidade de Microssatélite.

Pacientes Resultado
Recidivas
1 Inconclusivo

2 Estabilidade de microssatélite



Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Instabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Instabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Instabilidade de microssatélite
Estabilidade de microssatélite
Instabilidade de microssatélite

N3o-recidivas

1a
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6b
7a
7b
8a
8b
9a
9b
10a
10b
11a
11b
12a
12b
13a
13b
14a
14b
15a
15b
16a

Instabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite

Instabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite

Instabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite

Instabilidade de microssatélite

Instabilidade de microssatélite
Estabilidade de microssatélite

Instabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite

Instabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
Estabilidade de microssatélite
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16b
17a
17b

Estabilidade de microssatélite
Instabilidade de microssatélite
Estabilidade de microssatélite
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Realizamos sequenciamento genético para o gene TP53 nas 51 amostras, sendo que 31
(60,8%) foram descartadas devido baixa qualidade dos respectivos DNAs. Das 20 amostras
restantes, 5 (25%) apresentaram pelo menos uma variante mutada de acordo com a
metodologia do estudo, sendo que duas delas carregavam mais de uma mutagdo patogénica.
Uma dessas variantes (¢.1136 G> A) foi comum a 2 casos distintos. Os tipos de mutagdo foram
6 missense (75,0%), 1 nonsense (12,5%) e 1 frameshift (12,5%). Cinco variantes foram descritas
nas trés bases de dados e previstas pelo CGl (Cancer Genome Interpreter). Apenas a variante
frameshift nao foi encontrada nas bases de dados pesquisadas. (Tabela 18)

Tabela 18. Andlise da mutacdo do TP53 baseada em NGS.

ID amostra Tipo de mutagao Exon c.DNA Proteina

5 frameshift 10 c.1020_1021dup p.(Phe341Cysfs*5)

5 missense 11 c.1136G>A p.(Arg379His)

8 missense 10 c.1025G>A p.(Arg342GIn)
6b missense 9 c.949C>A p.(GIn317Lys)
7a missense 11 c.1136G>A p.(Arg379His)
13a missense 7 c.733G>A p.(Gly245Ser)
13a nonsense 6 c.586C>T p.(Arg196*)
13a missense 5 c.472C>T p.(Arg158Cys)

Compilando os resultados das 3 andlises acima descritas (sequenciamento do gene
POLE, pesquisa da instabilidade microssatélite e sequenciamento do gene TP53), tivemos o
resultado da classificagdo molecular (Tabela 19).

Tabela 19. Resultados da Classificacao Molecular.

Pacientes Resultado
Recidivas POLE Instabilidade de TP53 Grupo
Microssatélite

1 Inconclusivo Inconclusivo Inconclusivo Inconclusivo
2 Inconclusivo Estavel Inconclusivo Inconclusivo
3 Inconclusivo Estavel Inconclusivo Inconclusivo
4 Wild type Estavel Wild type Grupo 3
5 Wild type Estavel Mutado Grupo 4
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6 Inconclusivo Estavel Inconclusivo Inconclusivo

7 Inconclusivo Estavel Inconclusivo Inconclusivo

8 Inconclusivo Estavel Mutado Grupo 4

9 Wild type Instavel Wild type Grupo 1
10 Wild type Estavel Wild type Grupo 3
11 Inconclusivo Estavel Inconclusivo Inconclusivo
12 Wild type Instavel Inconclusivo Grupo 1
13 Wild type Estavel Inconclusivo Inconclusivo
14 Wild type Estavel Inconclusivo Inconclusivo
15 Wild type Instavel Wild type Grupo 1
16 Inconclusivo Estavel Inconclusivo Inconclusivo
17 Inconclusivo Instavel Inconclusivo Grupo 1

Nao-recidivas

la Wild type Instavel Inconclusivo Grupo 1
1b Wild type Estavel Inconclusivo Inconclusivo
2a Mutado Estavel Inconclusivo Grupo 2
2b Wild type Estavel Inconclusivo Inconclusivo
3a Wild type Estavel Wild type Grupo 3
3b Inconclusivo Instavel Inconclusivo Grupo 1
43 Inconclusivo Estavel Inconclusivo Inconclusivo
4b Wild type Estavel Wild type Grupo 3
5a Wild type Instavel Wild type Grupo 1
5b Wild type Estavel Inconclusivo Inconclusivo
6a Wild type Estavel Inconclusivo Inconclusivo
6b Wild type Estavel Mutado Grupo 4
7a Inconclusivo Estavel Mutado Grupo 4
7b Wild type Estavel Inconclusivo Inconclusivo
8a Wild type Instavel Wild type Grupo 1
8b Inconclusivo Instavel Inconclusivo Grupo 1
9a Inconclusivo Estavel Inconclusivo Inconclusivo
9b Inconclusivo Instavel Inconclusivo Grupo 1
10a Inconclusivo Estavel Wild type Inconclusivo
10b Wild type Estavel Wild type Grupo 3
11a Inconclusivo Estavel Inconclusivo Inconclusivo
11b Wild type Instavel Wild type Grupo 1
12a Wild type Estavel Inconclusivo Inconclusivo
12b Inconclusivo Estavel Inconclusivo Inconclusivo
133 Wild type Estavel Mutado Grupo 4
13b Wild type Estavel Wild type Grupo 3
14a Inconclusivo Estavel Inconclusivo Inconclusivo
14b Wild type Estavel Wild type Grupo 3
15a Inconclusivo Estavel Inconclusivo Inconclusivo
15b Inconclusivo Estavel Inconclusivo Inconclusivo
16a Wild type Estavel Wild type Grupo 3
16b Wild type Estavel Wild type Grupo 3
17a Inconclusivo Instavel Inconclusivo Grupo 1
17b Inconclusivo Estavel Inconclusivo Inconclusivo
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Grupo 1 —instabilidade de microssatélite; Grupo 2 — POLE ultramutado; Grupo 3 — p53 wild-type; Grupo 4 — p53
anormal

Das 51 amostras analisadas, 24 (47,1%) tiveram resultado inconclusivo em decorréncia
da baixa qualidade do DNA extraido para sequenciamento dos genes POLE e TP53. As 27
amostras restantes (52,9%) foram divididas em 4 grupos: grupo 1 (instabilidade de
microssatélite) — 12 pacientes (23,5%); grupo 2 (POLE ultramutado) — 1 paciente (2%); grupo
3 (p53 wild-type) — 9 pacientes (17,6%); grupo 4 (p53 anormal) — 5 pacientes (9,8%). (Tabela
20)

Tabela 20. Classificagdo Molecular entre recidivas e nao-recidivas.

N (%) Casos Controle
Grupo 1 12 (23,5) 4 8
Grupo 2 1(2,0) 0 1
Grupo 3 9(17,6) 2 7
Grupo 4 5(9,8) 2 3
Inconclusivo 24 (47,1) 9 15

Através do Teste Exato de Fisher, avaliamos se houve diferenca entre os 4 grupos citados
e a chance aumentada de recidiva destas pacientes. Ndo houve diferenca entre a
probabilidade da paciente estar alocada em algum dos 4 grupos e ela ter apresentado ou nao

recidiva (p = 0,823).

6.2.2 Resultado Nanostring
A andlise da expressao do RNA foi realizada nas 51 amostras do estudo. As amostras
no programa de software nSolver sdio nomeadas com a letra “S”. As amostras SO1 até S17
representam as pacientes com recidiva e as amostras S18 até S51 as nao recidivados. Duas
destas amostras foram excluidas (S01 — recidiva; S50 — ndo recidiva) devido a baixa qualidade
do RNA. Esta avaliacdo aconteceu através de controles de qualidade do software nSolver.
Utilizamos para as amostras do estudo leitura com 280 FOVs.

O resultado da analise da normalizacdo das amostras estd demonstrado na Figura 8. O
intuito foi detectar a existéncia de Batchs de cartucho (problemas técnicos dentro do mesmo
cartucho ou entre eles). Também nesta etapa da andlise ndo foram detectados erros de
contagem amostral (flags) que evidenciariam problemas no nSolver (ja haviam sido excluidas

as 2 amostras devido baixa contagem de RNA).
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Figura 8. Amostras do experimento (eixo X) divididas nos 5 cartuchos (cores verde escuro,
marrom, violeta, rosa e verde claro) demonstrando os logs das contagens dos genes (eixo Y).

Uma segunda analise do controle dos resultados foi realizada através dos controles
positivos e negativos das amostras no pacote NanoStringNorm. O grafico da Figura 9
demonstra que os controles positivos em cada amostra tém um aumento linear do nivel de
contagem da expressdao de RNA e os controles negativos ficam agrupados abaixo da linha

ascendente do grafico demonstrando uma baixa expressao.
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Figura 9. Andlise do controle de qualidade do experimento com controles positivos em

ascensdo e controles negativos agrupados abaixo da linha ascendente.
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Realizamos a técnica quantil para normalizacdo dos dados, ndo sendo detectadas flags,

conforme demonstrado nas Figuras 10 e 11.
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representadas no eixo X e o log, da contagem dos genes no eixo Y.

Apds a etapa da normalizacdo das amostras, procedemos a realizacdo da analise da

do RNA comparando o grupo das pacientes que recidivaram com o grupo das

expressao

pacientes que nao recidivaram. Assumindo um p £0.01 e um Fold change de 2.0, encontramos

12 genes com expressdo de RNA estatisticamente significativa: HISTIH3G, SIX1, TNF, IL8 (baixa
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expressdo nas recidivas); LEF1, PLA2G4A, DKK1, BMP4, FGF19, FN1, SMAD9 e DUSP4 (alta

expressao nas recidivas). (Figura 12)
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Figura 12. Heatmap dos RNAs diferencialmente expressos entre pacientes que apresentaram
recidiva (rosa) em relacdo aos que nao recidivaram (azul). No eixo X estdo representadas as
amostras do estudo e no eixo Y a direita os genes enddgenos codificadores do RNA
diferencialmente expressos (em cor vermelha estdo os genes com maior expressdo e na cor
azul os com menor expressao).

A figura 13 demonstra as vias da carcinogénese que pertencem estes genes
diferencialmente expressos. Dos 4 genes com baixa expressdo nas pacientes recidivadas, 3
fazem parte da via da Regulagdo Transcricional (HIST1H3G, SIX1, IL8). J4 as vias mais hiper-
expressas das pacientes recidivadas sdao MAPK (PLA2G4A, FGF19 e DUSP4), Wnt (LEF1, DKK1),
RAS (PLA2G4A, FGF19), PI3K (FGF19, FN1) e TGF-8 (BMP4, SMADS9).

nano . . r . . 9 nCounter Pan-Cancer Pathways Panel - Gene to Pathway Summary

TECHNOLOGIES

Groups TGF-B MAPK JAK-STAT PI3K RAS CC+Apop

HH;TGF-B

DKK1 Wnt - + -

DUSP4  MAPK - - - - - . . +

FGF19 MAPK;PI3K;RAS - - - - - - - + -
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FN1 PI3K - - - - - - - - - -

HISTIH3G TXmisReg - - - - +

IL8 TXmisReg - - - - +

PLA2G4A  RAS;MAPK - - - - - - = - -

SIX1 TXmisReg - - - - +
SMAD9 TGF-B - - - - - - +
TGF-B;
TNF MAPK;CC+Apop - - + + +

Figura 13. Tabela com os 12 genes diferencialmente expressos e as vias de sinalizacdo
relacionadas a cada um deles.

Correlacionando os 12 genes que expressaram diferentemente seus RNAs entre os dois
grupos estudados (recidiva vs ndo-recidiva) com a classificagdo molecular que realizamos no

presente estudo, temos o seguinte grupamente hierargquico. (Figura 14)
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Figura 14. Heatmap dos RNAs diferencialmente expressos entre pacientes que apresentaram
recidiva (rosa) em relacdo aos que ndo recidivaram (azul escuro), correlacionando com a
classificacdo molecular (laranja — MSI; rosa claro — POLE ultramutado; azul piscina — p53 wild-
type; verde — p53 anormal; cinza — inconclusivo). No eixo X estdo representadas as amostras
do estudo e no eixo Y a direita os genes enddgenos codificadores do RNA diferencialmente
expressos (em cor vermelha estdao os genes com maior expressao e na cor azul os com menor

expressao).
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Realizamos curvas ROC individuais dos 12 genes acima descritos para avaliar a
sensibilidade e especificidade de cada um deles relacionados ao risco de recidiva de pacientes
com cancer de endométrio de risco baixo e intermediario. (Tabela 22) (Figuras 15 e 16)

Tabela 21. Curvas ROC individuais dos genes codificadores de RNA diferencialmente

expressos.
Grupos Genes Sensibilidade Especificidade Cutoff* AUC?
Nao-recidivas
HIST1H3G 0,7575 0,8125 5,807 0,8219
TNF 0,7272 0,6875 3,17 0,7613
SIX1 0,7272 0,75 2,322 0,7575
I8 0,6363 0,6875 5,285 0,7045
Recidivas
FN1 0,8125 0,8181 6,644 0,8532
DKK1 0,6875 0,7575 2,0 0,7821
DUSP4 0,75 0,6969 5,524 0,7784
PLA2G4A 0,6875 0,8484 5,044 0,7575
LEF1 0,8125 0,7272 5,248 0,7547
FGF19 0,75 0,7272 1,0 0,7537
SMAD9 0,6875 0,8181 5,672 0,7348
BMP4 0,75 0,6363 3,322 0,7121

! Cutoff — ponto de corte
2AUC — Area sob a curva

H1_Roc ORK1_ROC PR —

TR ror1e_mOC

SMADS_ROC
N BMPa_ROC

Figura 15. Curvas ROC individuais dos genes codificadores de RNA diferencialmente expressos

— recidivas.
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Figura 16. Curvas ROC individuais dos genes codificadores de RNA diferencialmente expressos
— ndo-recidivas.

Como todas as curvas ROC individuais apresentaram uma AUC = 0,7, realizamos uma
curva ROC combinada com os 12 genes identificados através de regressao logistica. Utilizando
a técnica backward stepwise de regressao logistica do pacote MASS (Modern Applied Statistics
with S) em ambiente R, foram selecionados 4 genes com melhor performance: FN1, DUSP4,
LEF1 e SMAD9 (genes com alta expressdo do respectivo RNA nas recidivas). (Tabela 23)
Tabela 22. Genes selecionados através da regressdo logistica (backward stepwise) para

determinacdo da Curva ROC combinada.

Coeficiente Erro padrao Valor p
Constante (b0) -21,1399 6,0792 0,000506
Genes
FN1 1,0188 0,4941 0,039
DUSP4 1,0663 0,4962 0,031
LEF1 0,6211 0,4399 0,157
SMAD9 0,8832 0,4531 0,051

O escore de risco de recorréncia (RRS) foi calculado através da férmula obtida por
regressao logistica (logit da regressdo): RRS=-21,14 + 1,02*FN1 + 1,07*DUSP4 + 0,6211*LEF1
+ 0,8832*SMAD9. A combinacdo dos 4 genes expressos definiu uma AUC da curva ROC

combinada de 0,93 com uma sensibilidade de 100% e uma especificidade de 72,7% para
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identificar através da expressdao do RNA o risco de recidiva de pacientes com cancer de

endométrio de risco baixo e intermedidrio. (Figura 17)
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Figura 17. Curva ROC combinada dos genes codificadores de RNA diferencialmente expressos

gue podem influenciar no risco de recidiva.
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7 DISCUSSAO

O cancer de endométrio é uma doenca heterogénea e cada vez mais prevalente na
populacdo mundial, sobretudo em paises desenvolvidos como Estados Unidos e Unido
Europeia devido a epidemia de obesidade que estes paises presenciam.! Avaliar os fatores
progndsticos do cancer de endométrio para definir o melhor tratamento adjuvante
complementar para estas pacientes é essencial. Além do estadiamento cirurgico tradicional,
outras variaveis anatomopatoldgicas influenciam o progndstico destas pacientes como grau
tumoral, ILV e tipo histolégico.*> Com a revolucdo do entendimento da carcinogénese deste
tumor a partir da publicacdo do TCGA consortium?®® e de novas metodologias mais facilmente
reprodutiveis como a ProMise?® e/ou Leiden/TransPORTEC?!, mais complexo tornou-se a
definicdo progndstica e o tratamento adjuvante adequado. Como exemplo podemos citar o
estudo de Léon-Castillo et al.** que demonstrou que pacientes com expressdo anormal ou
ausente da p53 por imuno-histoquimica seriam as que mais se beneficiariam de tratamento
combinado de quimioterapia e radioterapia quando comparado a radioterapia isolada. Estudo
prospectivo PORTEC 4a também avaliard o melhor tratamento adjuvante de acordo com a
classificacdo molecular destas pacientes.®>

Grupos internacionais tém estudado a constru¢do de modelos progndsticos que
poderiam mensurar o risco de recidiva das pacientes com cancer de endométrio através de
perfis de expressao génica. Deng et al. avaliaram através do banco de dados do TCGA a
expressdo do RNA de 496 pacientes correlacionando com os respectivos dados clinicos.”®
Destas 496 pacientes, 100 foram excluidas de maneira randémica por serem o grupo de
validacdo e das 396 pacientes restantes, 33 tiveram o tecido paratumoral também analisado
sendo considerado o grupo controle do estudo. Das 12 variaveis clinicas avaliadas, duas (grau
tumoral e estadiamento) foram selecionadas para o modelo. Do ponto de vista molecular, 17
RNAmM (RNA mensageiro), 8 RNAmi (micro RNA) e 3 RNAInc (RNA longo de ndo codificacdo)
foram diferencialmente expressos e selecionados para o modelo matematico. A associacdo do
modelo clinico com o modelo de expressdo de RNA resultou numa AUC 0,932 em predizer o
progndstico das pacientes, superior aos modelos clinicos ou de expressdao de RNA sozinhos.
Outros dois estudos avaliaram assinaturas preditoras de progndstico associadas a genes
relacionados a autofagia.’” %8 Zhang et al. demonstraram que 4 genes (CDKN2A, PTK6, ERBB2

e BIRC5) relacionados a via da sinalizacdo da apoptose intrinseca foram fatores independentes
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de mau progndstico na evoluc¢io do cancer de endométrio.” Correlacionaram entdo o modelo
matemadtico descrito com a classificagdo molecular do cancer de endométrio do TCGA e
pacientes com numero de cdpias altas tinham os maiores score, sendo que para o grupo POLE
ultramutado, MSI-H e numero de cépias baixas ndo houve diferenga estatisticamente
significativa. Eles validaram ainda através de IHQ a expressao das proteinas destes 4 genes e
os resultados mostraram maior expressao no tecido tumoral quando comparado com tecido
normal ao redor.®” J4 no estudo de Wang et al., a avaliacdo ocorreu através de RNAInc. Foram
encontrados 5 RNAInc (LINC01871, SCARNA9, SOS1-IT1, AL161618.1 e FIRRE) que estavam
diferentemente expressos, sendo que dois RNAInc (FIRRE e SOS1-IT1) apresentavam alta
expressao e trés RNAInc (LINC01871, SCARNA9 eAL161618.1) apresentavam baixa expressdo
no grupo de pior progndstico. Cruzando estes resultados com critérios clinicos progndsticos
(idade, grau tumoral, estadiamento), houve correlacdo dos mesmos de acordo com grupos de
pior progndstico.’® Um outro estudo avaliou o comportamento da expressdo de RNA tumoral
em dois cenarios evolutivos distintos do cancer de endométrio: desenvolvimento de ILV e
metdastase linfonodal. Foram avaliados quatro grupos distintos: controle normal; ILV
negativo/linfonodo negativo; ILV positivo/linfonodo negativo; ILV positivo/linfonodo positivo.
Vias da angiogénese e da adesdo imune celular apresentavam alta expressdao para o
desenvolvimento da ILV enquanto durante a progressao da ILV para acometimento linfonodal
ha um silenciamento da via da adesao imune celular e uma alta expressao das vias de hipoxia,
stress metabdlico, remodelamento da matriz e via de metdastases.®!

No presente estudo utilizamos a técnica do NanoString para avaliarmos a diferenciacdo
da expressao do RNA tumoral entre dois grupos distintos: pacientes recidivadas e nao
recidivadas com diagndstico de carcinoma de endométrio de risco baixo e intermediario.
Trata-se de uma técnica extremamente sensivel, comparavel a PCR em tempo real e mais
sensivel que o método de microarranjos, sem a necessidade de reacdes enzimaticas e
amplificacdo. Por utilizar um método de contagem, n3do apresenta problemas de
sequenciamento, hibridizacdo e amplificacdo de acidos nucléicos. Além disso, esta técnica é
capaz de detectar fragmentos pequenos provenientes de amostras com alto grau de
degradacdo (amostras derivadas de tecido parafinado, por exemplo) e ndo necessita validacao
por outro método.?*>-101
O painel utilizado foi o nCounter Pan-Cancer Pathways Panel, onde 13 vias candnicas do

cancer sao avaliadas através da andlise do RNA transcrito de 730 genes: Notch, Whnt,
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Hedgehog, Chromatin modification, Transcriptional reqgulation, DNA damage control, TGF-8,
MAPK, STAT, PI3K, RAS, Cell cycle, Apoptosis.'®? A descricdo sumdria a respeito de cada uma
destas 13 vias canénicas encontra-se no Anexo 3.%2

Avaliando os resultados encontrados, ha no grupo das pacientes recidivadas a super-
expressao de 8 genes (LEF1, PLA2G4A, DKK1, BMP4, FGF19, FN1, SMAD9 e DUSP4) agrupados
em 5 vias de sinalizacdao (MAPK (PLA2G4A, FGF19 e DUSP4), Wnt (LEF1, DKK1), RAS (PLA2G4A,
FGF19), PI3K (FGF19, FN1) e TGF-8 (BMP4, SMAD?9)) e a baixa expressdo de outros 4 genes
(HIST1IH3G, SIX1, TNF, IL8) agrupados em 3 vias de sinalizacdao (Regulagdo Transcricional
(HIST1IH3G, SIX1, IL8), TGF-8 (TNF) e Ciclo celular (TNF)). Dentre os genes e vias acima
demonstrados, possivelmente a via Wnt seja a que possui dados mais robustos relacionados
a carcinogénese do cancer de endométrio. Estudo de caso controle avaliando marcadores
moleculares em cancer de endométrio estadio | e grau histolégico 1 publicado em 2019 por
Moroney et al. demonstrou que pacientes recidivados apresentavam maior prevaléncia da
mutacdo do gene CTNNB1, um gene pertencente a via Wnt.1%3 O papel da superexpressio das
proteinas LEF1 e DKK1 na carcinogénese do cancer de endométrio pode estar relacionado
tanto com a modulacdo de proteinas de adesdo da superficie celular'® quanto com a via de
sinalizac3o do estrégeno!®, influenciando no progndstico em ambas as situacdes. Um estudo
de bancada com ratos knockout para a proteina LEF1 demonstrou a importancia dela na
evolucdo da carcinogénese do cancer de endométrio nestes animais. A proteina LEF1 é
primordial na formacado glandular uterina e sua superexpressao possivelmente influencia o
crescimento desordenado das células glandulares e a formac3o do cancer neste 6rgdo.% A
proteina DKK1 inibe os niveis nucleares da B-catenina levando a inativacao da via Wnt. Ha um
favorecimento do desenvolvimento/progressdo tumoral ao aumentar a taxa de migracdo,
invasdo e metastases das células.'®” Estudo publicado em 2009 por Jiang et al. demonstrou
gue niveis séricos elevados da proteina DKK1 estava associado a pacientes com diagndstico
de cancer de colo de Utero e cancer de endométrio quando comparado a populagao normal,
além de se correlacionar com o estadiamento destas pacientes.!®® Outros estudos
demonstraram um “efeito protetor” da expressdo da DKK1 no cancer de endométrio, seja por
inativacdo de culturas de células tumorais tratadas com RNA silenciadores (siRNA)% ou pela
demonstracdo de menores niveis da expressdo da DKK1 nas células tumorais do cancer de

endométrio quando comparado com tecido endometrial benigno.*1°
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Duas vias que apresentam um importante crosstalk na carcinogénese de varios tumores
é da MAPK e PI3K, inclusive com terapia alvo direcionada.'! No presente estudo temos 4
genes relacionados a essas duas vias (PLA2G4A, FGF19, DUSP4 e FN1). Alguns poucos estudos
ja mencionaram a relagdo destes genes com o cancer de endométrio. Estudo conduzido pela
Universidade de Bergen na Noruega em parceria com o M.D. Anderson Cancer Center avaliou
um modelo preditor de acometimento linfonodal no cancer de endométrio com 399
pacientes. Além da constatacdo que a alta expressdo de ciclina D1, fibronectina e o grau
tumoral eram importantes marcadores de acometimento linfonodal, este modelo
demonstrou que a expressdao aumentada do RNAm dos genes FN1 e CCND1 correlacionava
com maior potencial de invasdo mesenquimal.1*2 Um estudo recente publicado em 2020 por
Raglan et al. avaliou dados protedmicos de 560 pacientes com cancer de endométrio do banco
de dados do TCGA e demonstrou que em pacientes obesas ainda sem diagndstico de cancer
de endométrio havia uma regulacdo positiva das proteinas Mcl-1, DUSP4 e do receptor-b da
insulina. Tais proteinas estdo envolvidas em vias da carcinogénese e progressdo tumoral
através de atividades mitogénicas e antiapoptoéticas.t'® O gene FGF19 estaria implicado no
desenvolvimento e progressdo de tumores do trato gastrointestinal alto, como esé6fago,
estbmago, pancreas e hepatocarcinoma, sendo que até o presente momento nenhuma
evidéncia cientifica estd disponivel deste gene relacionado ao carcinoma de endométrio.'*%
115 J3 os estudos de maior impacto referente ao gene PLA2G4A fazem correlacdo do mesmo
com piora na sobrevida global de pacientes diagnosticados com leucemia mieloide aguda.!®
117

Considerando os outros 2 genes (BMP4 e SMAD9) superexpressos nas pacientes
recidivadas, temos poucas evidéncias na literatura correlacionando os mesmos com o
progndstico do cancer de endométrio. Estudo publicado por Hsu et al. em 2013 demonstrou
gue a hipometilacdo dos genes da familia BMP, dentre os quais esta o gene BMP4, confere
um pior progndstico tanto pelo aumento da taxa de recorréncia quanto em termos de menor
sobrevida livre de doenca.'® J4 o SMADSY, outro gene pertencente a via do TGF-8, ndo tem
nenhuma evidéncia cientifica até o presente momento que possa correlacionar com a
carcinogénese do cancer de endométrio. Este gene estaria implicado no mau progndstico do
adenocarcinoma de pulm3o.*?
Avaliando os genes com baixa expressdao nas pacientes recidivadas, temos trés

(HIST1H3G, SIX1, IL8) que participam da via da Regula¢ao Transcricional e o TNF relacionado



59

com a via do TGF-8 e Ciclo celular. Existem poucas evidéncias cientificas até o momento
correlacionando estes quatro genes com o carcinoma de endométrio. Quatro estudos
correlacionam a expressdo do gene SIX1 com a carcinogénese do cancer endometrial.120-123
Diferentemente do nosso experimento onde a alta expressdo do RNA deste gene estd
relacionado com menor chance de recidiva em pacientes com cancer de endométrio de risco
baixo e intermediario, trés estudos demonstram que o SIX1 participa da progressao do cancer
de endométrio associado a via da hiperexposi¢do ao estrogeno*?? 122 ou a via ERK/AKT.*29 Em
contrapartida, o estudo publicado por Li et al. demonstrou que a inibicdo do SIX1 através da
ligacdo do RNAmI-23 prejudica o desenvolvimento deste tumor.?*> Um dos mecanismos que
influenciam a carcinogénese do cancer de endométrio é um estado inflamatério cronico das
pacientes obesas. Uma das citocinas relacionadas a este estado pré-inflamatdrio seria a TNF-
o, citocina secretada pelo gene TNF, porém estudo de caso-controle com aproximadamente
600 pacientes ndao demonstrou que altas taxas de TNF-a estaria associado a um maior risco

1240 gene IL8, que codifica a proteina Interleucina 8 (IL-8),

de cancer de endométrio.
importante na resposta inata imune-mediada por célula, poderia influenciar o
desenvolvimento do cancer de endométrio como uma citocina pré-inflamatéria para células
adiposas'?®> ou interferindo na angiogénese e invasdo miometrial deste tumor.'?® O gene
HIST1IH3G, que codifica a proteina histona H3.1, ndo apresenta correlacgdio com a
carcinogénese do cancer de endométrio até o presente momento.*?’

Apesar da ampla mudanga no entendimento do cancer de endométrio da ultima década
relacionados a biologia molecular deste tumor, a avaliagdo anatomopatoldgica realizada por
um especialista continua primordial no manejo desta doenca.'?® Na pesquisa por nds
realizada, dois patologistas especialistas em oncoginecologia revisaram os laudos de 195
pacientes e ao confrontarmos com os laudos iniciais avaliando quatro varidveis (subtipo
histoldgico; grau histolégico; invasdao miometrial; invasdo angiolinfatica) tivemos uma taxa de
discordancia de 13,3%, 62,8%, 18,3% e 11,1%. Como em outras séries previamente
publicadas,? 1%° o grau histoldgico é a varidvel onde as maiores taxas de discordancia s3o
encontradas. A discrepancia do grau tumoral entre a bidpsia/curetagem endometrial e
histerectomia estda bem documentada na literatura. Leitdo e colaboradores em 2008
avaliaram retrospectivamente 490 casos diagnosticados como adenocarcinoma endometrial

grau 1 por bidpsia e mostraram uma discrepancia de 14,7% no resultado patolégico final da

histerectomia.’3® Dois outros estudos retrospectivos mostraram uma discrepancia entre a
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bidpsia inicial e a histerectomia final, variando entre 40,9% a 50,5%. Quando os autores
avaliaram apenas a mudanca de grau 1 para 2 ou 3, as taxas chegaram a 55%.3% 132 A diferenca
histopatoldgica entre os tumores de grau 1 e grau 2 é ténue e subjetiva. Quando temos até
5% do padrao de crescimento sélido ndo escamoso (ndo morular), este tumor é classificado
como grau 1 e quando esse padrao de crescimento é encontrado entre 5% e 50% de glandulas,
ele é classificado como grau 2.133 Ao avaliar as classificagdes de risco para cancer de
endométrio, a maioria dos estudos ndo determinou diferenciacdo progndstica entre tumores
de grau 1 ou 2,'3% 135 exceto o estudo PORTEC-1,%” onde os tumores de baixo risco eram
considerados estadio IA grau 1 (Tabela 23). Alguns autores discutem a mudanga na
classificacdo histopatoldgica em relacdo ao grau histoldgico e sugerem agrupar tumores de
graus 1 e 2 em uma Unica categoria para diferenciar dos tumores de grau 3.13% 137

Tabela 23. ClassificacOes de risco para cancer de endométrio.

Baixo Intermediario Intermedidrio-Alto Alto
PORTEC-1 GraullA Grau 11B Idade > 60 anos; IB; grau Grau 3B
Grau 2 |A-IB 1-2 [I-IV endometridide
Grau 3 IA Idade > 60 anos; IA; grau3 Nao endometridide
GOG-9913* Graul-21A I1Ac/IM, IBoull: IAc/IM, IBou ll: n-1v
confinado ->70anos;s/FR  ->70anos; 1 FR endometridide
ao -50-69 anos; 1 FR - 50-69 anos; 2 FR Ndo endometridide
endométrio -<50anos; 2 FR ->18anos; 3 FR
ESMO 2016%® Graul-2;1A Grau1l-2;I1Bs/ILV Grau3;lAc/ous/ILV Grau 3; IB ¢/ ou s/
Sem ILV Grau 1-2; IAou IB ¢/ ILV ILV
[I-1ll endometridide
N3do endometridide
ESMO Grau1-2; 1A Grau1l-2;IAc/ILV Grau3;IAc/ILV Grau 3; 1B ¢/ ILV
modificada®* Sem ILV Grau 3; 1A s/ ILV Grau 1-2; IB ¢/ ILV [I-1ll endometridide
Grau 1-2;IBs/ILV  Grau 3;IBs/ ILV N3o endometridide
Risco de <6% 6-10% 20-27% 35-64%
Recidiva

FR — Fatores de risco GOG-99: grau 2-3; ILV; invasdo do tergo externo do miométrio; IM —invasdo miométrio
Optamos em nosso estudo pela Classificacdo de Risco Modificada da ESMO, que foi
definida ap6s a publicacdo do estudo prospectivo multicéntrico de banco de dados que incluiu
496 pacientes demonstrando a influéncia da ILV no progndstico das pacientes com cancer de
endométrio em estadio inicial.*? A classificacdo vigente da ESMO baseia-se no consenso de
especialistas publicado em 2016 e tem como maior diferenca para a classificacdo adotada no
presente estudo por considerar que toda paciente com ILV deva ser classificada no minimo

como risco intermedidrio-alto.3® 13 Apds os novos laudos dados pelos patologistas
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especialistas em oncoginecologia, encontramos um aumento na classificacdo de risco para 30
pacientes, das quais 11 mudaram para alto risco, diferente dos critérios de inclusdo do nosso
estudo. Manion et al. em 2008 avaliaram discrepancias nos laudos histopatoldgicos em
tumores gerais e demonstraram 9,0% de discordancias menores e 2,3% de discordancias
maiores nos novos laudos. Os tumores ginecolégicos foram os que apresentaram maiores
discrepancias, correspondendo a 24,2% do total.!? Outra série exclusiva de tumores
ginecolodgicos demonstrou 33% de alteragdes em relagdo aos laudos iniciais, com
discordancias maiores em 12% dos casos. O tumor ginecoldgico que apresentou as maiores
alteracdes nesta série foi o cdncer endometrial com 40 casos (65,5%) dos 63 descritos.?? Em
uma populagdo de carcinoma endometrial de alto risco, diferente do presente estudo, Boer
et al. demonstraram uma mudanga de 43% nos itens reavaliados por patologistas
especialistas, com 8% consideradas alteracdes importantes que excluiram as pacientes da
participacdo no estudo PORTEC-3.13

Apesar da revisdo anatomopatoldgica realizada por especialistas ja ter sido bastante
avaliada conforme a literatura descrita, em nenhum dos estudos foi realizada uma correlagao
entre as discrepancias dos laudos histopatolégicos e o risco de recorréncia ou morte devido a
possiveis alteracdes na classificagcao de risco do cancer de endométrio. No presente estudo,
0s pacientes que tiveram um upstaging ap6s reanalise dos patologistas especialistas em
oncoginecologia foram comparados em termos de risco de recorréncia com aqueles pacientes
gue nao tiveram alteragdo ou que tiveram um downstaging. Os dados do presente estudo nao
demostraram diferenca no risco de recorréncia entre estes dois grupos. O progndstico de
pacientes com cancer de endométrio de risco baixo e intermediario é excelente o que pode
influenciar nos desfechos que avaliamos. Além disso a amostra de 195 pacientes pode ser
insuficiente para demonstrar diferencas de sobrevida numa populagao de bom prognéstico.

Avaliando outras varidveis histopatoldgicas, demonstramos que pacientes com
carcinoma de endométrio com diferenciacdo escamosa de risco baixo e intermediario
apresentam risco de recorréncia 5,6 vezes maior quando comparado com pacientes com
diagndstico de carcinoma de endométrio.’® A diferenciacdo escamosa mimetiza areas de
tumores sdlidos, porém ndo entra na diferenciacdo do grau tumoral no estadiamento FIGO
(grau 1 — menos de 5% da neoplasia é organizada como um crescimento sélido; grau 2 —5% a
50% das neoplasias sao organizadas em agrupamentos sdlidos; grau 3 — mais de 50% das

neoplasias formam massas sdlidas).’3® Antigamente dividia-se em dois grupos o que
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denominamos hoje diferenciacdo escamosa: adenoacantoma (diferenciacdo escamosa bem
diferenciada) e carcinoma adenoescamoso (diferenciacdao escamosa indiferenciada). Abeler et
al. publicaram uma coorte com 1985 casos com carcinoma de endométrio endometrioide, dos
quais 255 apresentavam diferenciacdo escamosa.*® Os autores dividiram os tumores com
diferenciacdo escamosa nos dois grupos acima descritos. A sobrevida global em cinco anos
para todos os pacientes foi de 83,5%. O subgrupo de adenoacantoma apresentou 91,2% de
taxa de sobrevida global em cinco anos e o subgrupo adenoescamoso 64,9%, confirmando um
pior progndstico. Os dados na literatura sdo muito conflitantes a respeito do progndstico da
diferenciacdo escamosa no cancer de endométrio, com alguns estudos confirmando pior
progndstico para este subtipo histoldgico'* 142 e outros ndo confirmando este risco.'43 144

O presente estudo apresenta algumas limitagdes. Trata-se de um estudo retrospectivo
e o material selecionado para analise esteve acondicionado por mais de uma década o que
influenciou sobremaneira o resultado da imuno-histoquimica e da extracdo de DNA para
sequenciamento do gene POLE, TP53 e analise da instabilidade de microssatélite. Com os
resultados falhos, ndo foi possivel correlacionar a classificagdo molecular ou os marcadores
de imuno-histoquimica com a analise de expressao do RNA via metodologia NanoString
avaliada em nosso estudo. Outra limitacdao é o baixo niumero de pacientes recidivadas, o que
pode ser explicado pelo bom progndstico que pacientes com cancer de endométrio de risco
baixo e intermedidrio apresentam. Faz-se necessario validar numa coorte prospectiva o escore
do risco de recorréncia da assinatura de quatro genes demonstrado no presente estudo.

Como pontos positivos podemos destacar a robustez da metodologia NanoString que
conseguiu avaliar em material parafinado acondicionado ha aproximadamente 10 anos a
expressao diferencial do RNA de pacientes com ou sem recidiva com cancer de endométrio.
Além disso focamos em uma subpopulacdo de excelente progndstico para definir potenciais
fatores de risco de recorréncia associado. Todas as pacientes tiveram seus anatomo-
patoldgicos revisados por dois patologistas especialistas em oncoginecologia com o intuito de
minimizar os erros diagndsticos inerentes a esta metodologia conforme demonstrado em
varios estudos.'?® 12° Foj ainda um estudo realizado em hospital oncolégico tercidrio com
protocolos bem definidos de tratamento que minimizam o risco de heterogeneidade nas

amostras estudadas.
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CONCLUSOES

Nas pacientes diagnosticadas com carcinoma de endométrio de risco baixo e

intermediario do Hospital de Cancer de Barretos entre janeiro de 2009 e dezembro de 2014

demonstramos:

Auséncia de diferenga na sobrevida livre de doenga entre pacientes que tiveram
mudancas na estratificacdo de risco modificada da ESMO apds terem seus laudos
reavaliados por patologistas especialistas em oncoginecologia quando comparadas
com pacientes que ndo apresentaram mudanca na sua estratificacdo de risco apds
avaliacdo pelos mesmos profissionais (86,7% vs 88,0%; p = 0,77);

12 genes com RNA diferencialmente expressos quando comparados grupos com
recidiva e sem recidiva. Quatro genes foram destacados (FN1, DUSP4, LEF1 and
SMAD9) ap06s regressao logistica pela técnica backward stepwise. O RRS foi calculado
levando a uma curva ROC do modelo de 4 genes com AUC de 0,93, sensibilidade de
100% e especificidade de 72,7%.

Pacientes com cancer de endométrio com diferenciagdo escamosa possuem risco de
recidiva 5,6 vezes maior quando comparado com pacientes sem apresentar

diferenciacdao escamosa nos laudos anatomo-patoldgicos.
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RESUMO:

O cancer de endométrio & a neoplasia ginecolégica mais frequente nos paises desenvolvidos e a segunda
nos paises em desenvolvimento. O principal fator de risco é a grande exposicdo crénica ao estrégeno por
parte da paciente, quer de maneira endogena (sindrome plurimetabdlica, longos periodos anovulatdrios,
menarca precoce, menopausa tardia) ou exdégena (ingestio de estrogénio exdégeno). Tradicionalmente
classifica-se o carcinoma de endométrio em tipo | ou endometridide e tipo |l (serosos e células claras). Este
modelo dualistico de classificacdo apresenta um carater pratico, porém na maioria das vezes ndao se
correlaciona em termos prognosticos ou terapéuticos a serem adotados. Além disso ha uma grande
dificuldade na reprodutibilidade dos resultados anatomo-patoldgicos tanto inter-examinador quanto intra-
examinador. Nos dltimos anos, inimeros estudos estdo sendo realizados no intuito de se descobrir as vias
carcinogénicas implicadas no desenvolvimento do carcinoma de endométrio. A transformacdo do epitélio
normal em neoplasico parece estar relacionada a diversas mutacdes nos genes PTEN, PIK3CA, TP53,
KRAS,
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CTNNB1 e instabilidade de microssatelite. Estudo do sequenciamento genético do carcinoma de endométrio
demonstrou a subdivisdao do mesmo em quatro grandes subgrupos: polimerase E (POLE) ultramutado;
instabilidade de microssatélite (MSI-H); numero de copias baixas; nimero de copias altas (serous-like). Com
o intuito de tornar esta classificagdo mais reprodutivel e menos onerosa, novos estudos conseguiram
classificar o cancer de endométrio em quatro grupos prognasticos, realizando o sequenciamento genético do
dominio exonuclease do gene POLE e o diagnostico por imuno-histoquimica (IHQ) no defeito das proteinas
de reparo ao dano do DNA e da deficiéncia ou ndo da proteina tumoral citoplasmatica 53 (p53). Este estudo
de coorte retrospectiva realizada em pacientes com carcinoma de endométrio de baixo e intermediario risco
objetiva confrontar o diagnostico histologico dado por patologistas especialistas em oncoginecologia e na
sequéncia definir o perfil molecular dos casos recidivados pareando os mesmos por idade e estadiamento
com dois controles que ndo apresentaram recidiva. A analise molecular sera feita através da expressado do
acido ribonucleico tumoral (RNA) pela técnica do nanostring e da extracdo do acido desoxirribonucleico
(DNA) e avaligdes de imuno-histoquimica com o objetivo de definir nestas pacientes a classificacao

molecular pragmatica ja definida na literatura.

INTRODUCAQ:

1.1 Epidemiologia O cancer ginecologico representa um grave problema de saude em todos os paises,
apresentando, poréem, situacdes peculiares considerando-se o status de pais desenvolvido ou
subdesenvolvido. Nos paises do hemisfério norte, os chamados paises desenvolvidos, a estatistica mostra
que os tumores do corpo uterino sdo 0s mais prevalentes e responsaveis pela maior mortalidade no grupo
de tumores ginecologicos. Ja nos paises em desenvolvimento, o cancer de colo de utero & o que apresenta
maior prevaléncia e mortalidade dos tumores do trato genital feminino.1,2 Dados da estimativa anual
americana do SEER (Surveillance, Epidemiology, and End Results Program) de 2018 mostram que o cancer
do corpo do Gtero sera responsavel por mais de 60000 casos novos de cancer, representando quase 60%
de todos os tumares ginecologicos esperados para o presente ano neste pais.1 Quando analisamos as
curvas das ultimas décadas, ha um aumento nitido de novos casos deste tumor, ndo so na populagao
negra, fato visto ha décadas, como também na populagdo branca. A explicagdo para o aumento na
incidéncia de casos de cancer de endométrio possivelmente correlaciona-se com os habitos alimentares dos
americanos e 0 nimero cada vez maior de obesos naquele pais.3 Além disso, houve uma inversao na curva

de mortalidade relacionada com esta doenca, com um aumento de
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martes desde o inicio dos anos 2000. No Brasil, os dados estatisticos de cancer sdo escassos, sendo o
mais confiavel o publicado pelo Instituto Nacional do Cancer (INCA). Dados da estimativa 2018, que
contempla o biénio 2018-2019, mostram que o cdncer de corpo de (tero & responsavel por
aproximadamente 7000 casos novos por ano, sendo o 7% tumor mais prevalente no sexo feminino e o 2°
tumaor ginecologico mais frequente. Independente de qual regido geografica do pais, o cancer de colo de
utero € mais prevalente que o de endomeétrio, sendo a regido sudeste a que mais se aproxima do cenario
dos paises desenvolvidos. 4 1.2 Fisiopatologia e fatores de risco Os tumores do corpo uterino podem ter sua
origem de duas linhagens celulares principais, a saber: 90% deles sao de origem epitelial (os chamados
carcinomas de endométrio) e os 10% restantes desenvolvem-se do componente mesenquimal do Gtero.
Com isso ha uma subdivisdo que compreende os carcinomas endometriais (incluindo os carcinossarcomas)
e 0s sarcomas do estroma endometrial 5 Os fatores de risco do céancer de corpo de (tero estdo atrelados
diretamente a grande exposicdo de estrogeno por parte da paciente durante toda sua vida. As situagdes
vivenciadas pelas mulheres que aumentam a exposi¢gdo do estrégeno sdo: idade precoce da menarca;
menopausa tardia; baixa paridade; terapia de reposicdo hormonal de maneira inadvertida; sindrome
plurimetabalica (ocbesidade, diabetes mellitus, dislipidemia, hipertenséo arterial); presenca de tumares
secretores de estrogénio; longos periodos anovulatorios. Outro fator de risco importante deste tipo de
cancer & a idade, sendo que apenas 15% dos diagndsticos acontecem abaixo dos 50 anos e somente 5%
abaixo dos 40 anos 6 O uso de contraceptivas hormonais & um fator de protec&o visto que regulariza os
ciclos menstruais diminuindo a exposicdao da mulher a ciclos anovulatorios com alta exposicdo de
estrogeno.7 1.3 Classificacdo anatomopatoldgica classica O conceito tradicional do cdncer de endométrio
divide esta patologia em dois grandes grupos: tipo | (endometnioide) e tipo Il (serosos e células claras).
Estes dois grupos apresentam mecanismos de desenvolvimento distintos, com diferentes lesoes
precursoras, diferentes anormalidades genéticas e moleculares e como consequéncia diferentes resultados
clinicos. Este modelo dualistico na pratica clinica n&o representa uma boa correlagao tanto de prognostico
quanto de terapias que devam ser adotadas.8 O tipo | compreende 80% dos diagnosticos de cancer de
endométrio tendo como protdtipo o adenocarcinoma endometridide moderadamente ou bem diferenciado.
Acomete mulheres na menopausa e normalmente esta associado a sindrome plurimetabolica (obesidade;
diabetes mellitus; dislipidemia), com baixo potencial de invasividade do miométrio e alta expressao de
receptores de estrégeno, cursando com um melhor progndstico.9 O tipo |l corresponde a 10-20% dos
carcinomas endometriais, sendo o subtipo seroso de alto grau o mais prevalente dentro deste grupo

heterogéneo de
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tumores. Esta associado & atrofia endometrial, com baixa expressdo de receptores hormonais e maior
potencial de invaséao linfovascular e metastase a distancia 9 1.4 Classificacdo morfologica do cancer de
endometrio A classificagao simplificada do cancer de endométrio em dois grupos mutuamente exclusivos
esbarra em um segundo problema gue é a reprodutibilidade dos diagndsticos.10, 11 O patologista avalia em
seu lado as seguintes caracteristicas morfolégicas, dentre outras: subtipo histolégico (endometridide,
mucinoso, serosopapilifero, células claras, adencescamaoso, indiferenciado, endometrigide com focos de
diferenciacdo escamosa, carcinoma misto); profundidade de invasdo miometrial do tumor (diferencia-se
assim os tumores de estadio |IA do IB); grau histolégico tumoral (grau 1 — bem diferenciado; grau 2 —
moderadamente diferenciado; grau 3 — pouco diferenciado ou indiferenciado); presenca ou auséncia de
invasao linfovascular na pec¢a tumoral. A avaliagdo de segunda opinido de patologistas € uma pratica diaria
em servicos de oncologia com o intuito de se confirmar um diagndstico previamente definido. A avaliagdo do
impacto desta consulta & dificil de se mensurar. Estudo retrospectiva da Universidade de lowa com mais de
5600 avaliagdes de segunda opinido tentou guantificar as mudanc¢as nos laudos prévios em 3 grupos:
nenhuma discordancia diagnostica; discordancia diagnostica minima; discordancia diagnastica maior. Houve
discordancia geral nos laudos em pouco mais de 11% dos casos, sendo que 2 3% foram discordancias
maiores. Avaliando por grupos de patologia, a que apresentou maior taxa de discorddncia fol as do trato
reprodutivo feminino (24%).10 O estudo multicénctrico PORTEC-3 incluiu 686 pacientes com diagnostico de
carcinoma de endométrio de alto risco (estadio IB — carcinoma endometridide grau 3 com ou sem invasdo
linfovascular; estadio Il ou 1l do tipo endometridide; estadio | a lll com histologia serosa ou células claras)
que foram randomizadas para tratamento combinado de quimioterapia + radioterapia ou radioterapia
exclusiva.12 Para tanto, os resultados anatomo -patolégicos eram revisados centralmente antes das
pacientes serem incluidas no estudo com o intuito de se confirmar um carcinoma de alto risco. Dois centros
europeus que participaram deste estudo (Holanda e Inglaterra) enviaram mais de 1200 amaostras de
pacientes supostamente classificadas como de alto risco para serem avaliadas, porém apenas 329
pacientes tiveram a confirmacao de serem de alto risco. Aproveitando o extenso banco de dados formado,
avaliou-se a discrepancia dos laudos dos patologistas regionais que fizeram o primeiro diagnéstico com os
dos patologistas do time central do estudo PORTEC-3. As variaveis analisadas no laudo anatomo-patologico
foram: tipo histolégico; grau tumoral; profundidade de invasdo miometrial; distdncia tumoral até a serosa;
invasao linfo-vascular; envolvimento do estroma cervical, envolvimento de anexos e/ou ovarios;
envolvimento linfonodal. Houve uma taxa de discrepancia em pelo menos um dos itens avaliados de 43%,

demonstrando
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assim a dificuldade de reprodutibilidade do diagndstico de um carcinoma de endométrio por dois
patologistas diferentes.11 1.5 Patologia molecular Nas tltimas duas décadas, varios estudos com o objetivo
de melhorar a caracteriza¢do molecular do carcinoma endometrial tém demonstrado que a complexidade da
fisiopatologia deste tumor € muito maior do que o modelo dualistico acima descrito.13, 14 As mutacdes mais
prevalentes em cada um dos dois grandes subgrupos tradicionais sao: tipo | (PTEN; MSI; via da PIK3CA);
tipo Il (TP53; PPP2R1A; amplificacdo do Her-2).14, 15 Apos caracterizacdo genémica do tumaor de
endométrio realizada em 2013, quatro grandes grupos genéticos foram determinados: polimerase E (POLE)
ultramutado; instabilidade de microssatélite (MSI-H): nimero de copias baixas; niumero de copias altas
(serous-like). Esta classificacao & extremamente dificil de ser colocada em pratica devido a necessidade da
caracterizagdo gendmica dos tumores.16 Desde entdo inUmeras outras classificacdes t&m sido realizadas
no intuito de aperfeicoar o prognostico destas pacientes e proporcionar possiveis tratamentos
complementares (quimioterapia efou radioterapia e/ou cirurgias mais extensas) que beneficiariam as
pacientes em termos de sobrevida. 1.5.1 TCGA (The Cancer Genome Atlas) Através de um consorcio
internacional, 373 pacientes com diagnostico de cancer de endométrio (306 do subtipo endometridide, 53
serosos de alto grau e 13 de histologia mista) tiveram suas amostras tumorais e DNA (acido
desoxirribonucleico) germinativo correspondente analisados. Foi realizado uma primeira analise em 363
pacientes quanto ao nameros de alteragdes em cdpias somaticas, sendo identificado 4 grupos com as
seguintes caracteristicas:16 » Cluster 1: composto por tumores quase que desprovidos de alteracdes no
namero de copias somaticas (< 0,5% de alteragcdo do genoma) e sem apresentar eventos recorrentes
significativos. » Cluster 2: composto basicamente por tumores endometricides com baixa amplificagao no
braco 1q o que lhes conferiram um melhor prognéstico em termos de recidiva. » Cluster 3: também
composto praticamente por tumores endometricides porém com alta amplificacdo no brago 1q o que
diminuiu a sobrevida livre de progressao quando comparado aos clusters 1 e 2. » Cluster 4. composto por
quase todos os tumores serosos de alto grau (50) e de histologia mista (8), além de tumores endometridides
de grau 3, caracterizado por alto grau de alteragdes no nimero de copias somaticas, amplificacdo de
oncogenes (MYC, EREB2 e CCNE1) e mutacao do TP53. Na sequéncia, em 248 pacientes, foi realizado o
sequenciamento do exoma completo. Baseado nestas analises genéticas realizadas, houve a classificacdo
dos tumores de endométrio em 4 grupos assim especificado: » Polimerase E (POLE) ultramutado: grupo
composto por tumores com alto numero de mutagdes restrito a um Unico nucleotideo localizado no dominio
da exonuclease POLE (proteina catalitica da subunidade da DNA polimerase épsilon responsavel pelo

reparo e replicacao do DNA
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nuclear); grupo de melhor prognéstico. « Instabilidade de microssatélite (MSI-H): grupo composto por
tumores com alta taxa mutacional (delec&o frameshift no gene RPL22 e mutacdes ndo sindnimas no gene
KRAS) e com presenca de instabilidade de microssatélite (sobretudo hipermetilacdo do promotor MLH1). «
Niamero de copias somaticas baixas: tumores com alta frequéncia de mutacdo no gene CTNNB1;
considerado um grupo com estabilidade de microssatélite. « Nimero de cdpias altas (serous-like). a maioria
dos tumores apresentando mutacdo no gene TP53 e alta frequéncia de mutacdes nos genes FBXWT e
PPP2R1A; grupo composto basicamente por tumores serosos e endometridides de grau 3; grupo de pior
prognostico. A analise genética completa demonsirou a presenca de 48 genes com diferentes frequéncias
entre os grupos acima mencionados. As principais diferencas vistas correlacionando os genes expressos e o
subgrupo sdo:. mutacdo do gene ARIDBS e insergdo/delecdo do gene RPL22 sdo vistos com maior
frequéncia no grupo da instabilidade microssatélite; mutagdo no TP53 é quase gue exclusiva no grupo
namero de copias altas (serouslike); mutagdo do gene TP53 quando ocorre nos tumores endometridides
vém acompanhada da mutacédo do gene PTEN.16 Houve também a analise da expressao dos RNA (acido
ribonucleico) mensageiros, das proteinas codificadas, dos microRNA e da metilagao do DNA. Ao se
considerar a expressao dos RNA mensageiros, trés grupos foram definidos com correlagdo com os 4 grupos
previamente descritos: mitético, hormonal e imunorreativo. 1.5.2 CLASSIFICACAO MOLECULAR
PRAGMATICA (ProMisE) Com o advento da classificacdo molecular realizada pelo sequenciamento
genetico no TCGA, ficou claro a nova realidade do diagnostico do cancer de endométrio. Por outro lado, ha
uma dificuldade enorme de se implementar na pratica diaria a metodologia desta nova classificacdo. Fez-se
necessario o desenvolvimento de uma tecnologia de mais facil reprodutibilidade e ao mesmo tempo com a
mesma acuracia alcangada nos estudos do genoma do endométrio. ProMiskE (Proactive Molecular Risk
Classifier for Endometrial Cancer) foi a metodologia desenvolvida com o intuido de se determinar uma
classificacdo molecular pragmatica e simplificada.17 Nesta metodologia também foram descritos 4 grupos:
deficiéncia nas proteinas do reparo ao dano do DNA (mismatch repair proteins — MMR); mutacdo no dominio
exonuclease da polimerase- (POLE); deficiéncia ou ndo na proteina 53 (p53).17, 18 A primeira etapa desta
classificagdo & realizar a pesquisa das proteinas de reparo ao DNA (MMR). Através da técnica de imuno-
histoquimica, pesquisa-se a presenca ou auséncia de 4 proteinas relacionadas ao reparo do DNA: MLH1,
MSH2; MSHB; PMS2. O tumor apresenta danos ao reparo do DNA quando uma das quatro proteinas acima
descritas esta ausente nas células tumorais com controle interno positivo das células nao tumorais. Os
casos que ndo apresentaram deficiéncia nas proteinas de reparo ao DNA, realizaram
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0 sequenciamento genético do dominio exonuclease do gene POLE (éxons 9-14). Fez-se a extracdo do
DNA tumoral dos blocos de parafina e pela técnica de PCR (reacao em cadeia da polimerase) detectou-se a
presenca de mutacdes neste referido gene. A terceira e ultima etapa consistia em avaliar atraves da imuno-
histoquimica se a proteina tumoral 53 (p53) apresentava-se com sua expressao normal. Era considerada
normal (wild-type) quando a reagdo da IHQ desse score 1+ e anormal quando esta mesma reacdo desse
score 0 ou 2+, sendo que score 0 representaria mutacdo com perda de func@o e score 2 mutagdo com
ganho de fungdo/missense. Estes dois resultados eram agrupados em conjunto considerando a p53 como
ausente. Com isso 4 grupos prognosticos foram definidos com uma estreita correlacdo com os 4 grupos
previamente descritos pelo TCGA: POLE ultramutado semelhantes em ambas as classificagtes; deficiéncia
nas proteinas de reparo ao DNA correlacionando com o grupo da instabilidade microssatélite (MSI-H); p53
normal/wild-type correlacionando com o grupo nimero de copias somaticas baixo; p53 ausente/anormal
correlacionando com o grupo nimero de coépias altas (serous-like).17-19 1.6 Qutros marcadores
progndsticos e tratamentos relacionados Estudos recentes demonstraram a correlacdo da proteina de
adesdo L1CAM como fator de mau prognéstico independente para os tumores de endométrio iniciais.20
Esta molécula &€ uma glicoproteina de membrana da superfamilia das imunoglobulinas ligada ao processo
de neurogénese. O potencial neoplasico desta proteina é sua relacdo com a proliferacao celular, migracao,
invasdo e potencial de metastatizac&o atraves da ativacdo da via ERK (extracelular signal-regulatedkinase)
que induz a expressdo de genes produtores da motilidade e da invasividade celular.21 Esta molécula &
detectada através de técnica de imunohistoquimica, facilmente reprodutivel nos laboratérios de patologia.22
Uma nova classificacdo dos carcinomas de endométrio do subtipo endometridide foi recentemente publicada
levando-se em conta a presenca da MS|. Os pesquisadores demonstraram quatro subgrupos, levando-se
em conta apenas esta variavel: normal, defeito epigenético, mutacdo provavel; instabilidade de
microssatélite baixa.23 A instabilidade de microssatélite reflete a inativacao dos genes do mismatch repair
(MMR), genes responsaveis por eliminar erros no pareamento das bases nitrogenadas ou erros de insergao-
delecdo de loops que podem surgir durante a replicagao do DNA.24 Para o bom funcionamento deste
mecanismo de auto regulagdo de defeitos na duplicagdo do DNA, sd@o necessarias seis diferentes proteinas:
MSH2; MSH3 ou MSHE; MLH1; MLH3; PMS2 e EXO1. A pesquisa da presenca de instabilidade de
microssatélite & feita através da expressao dos genes que codificam as proteinas acima descritas ou através
da metilacdo do MLH1.25 O entendimento da carcinogénese dos tumores e por consequéncia o tratamento

dos mesmos sofreu uma mudanca brusca nos Ultimos anos a partir da descoberta do
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papel fundamental que o sistema imune tem de eliminar e controlar o crescimento tumoral inicial.26 Apesar
dos avancos da imunoterapia com novas perspectivas de tratamento para cancer de pulmé&o, melanoma, m
e bexiga, dentre outros, os tumores ginecoldgicos apresentam pouco beneficio até o presente momento,
com uma taxa de resposta objetiva variando entre 11-15%.27, 28 A maior taxa de resposta a estas
terapéuticas esta claramente relacionada ao perfil imunogénico do tumor que traduz-se com a maior carga
mutacional que cada subtipo tumoral apresenta.29 Os distintos perfis mutacionais e distintas vias
moleculares estdo certamente associados a um perfil de expressdo génica distinta, no entanto, hoje ndo
existe um painel génico que possa realizar tal estratificacdo molecular das pacientes. 1.7 Estadiamento e
Estratificac@o de Risco do Carcinoma de Endométrio Os sistemas de estadiamento de cancer descrevem a
forma de propagacdo anatdmica do mesmo e tentam agrupar pacientes com prognéstico e possibilidades
terapéuticas no mesmo grupo de estadiamento. Os grupos de estadiamento baseilam-se no tamanho
tumaral primario, na extensao linfonodal e na presenca de metastases a distancia.30 O estadiamento atual
da FIGO divide o cancer de endométrio em seis grandes grupos de acordo com o prognostico: tumores com
invasdo maxima até o miométrio (estadio IA e IB); tumores com comprometimento do estroma cervical
confinados ao Utero (estadio Il); tumores que se estendem além do (tero mas permanecem confinados na
pelve verdadeira (llIIA e IlIB); tumores que apresentam comprometimento linfonodal (llIC); tumores
metastaticos (IVA e IVB).31,32 A expectativa de vida em 5 anos para pacientes com estadio |A & de 88 4%
e para estadio IB de 75,1%.32 A diferenciacdo entre estadio |A e IB é a profundidade de invasdo miometrial
do tumor, sendo que até 50% de invas&@o miometrial & classificado como |A e acima de 50% de invasao
como |B.33 Alem da estratificacdo de risco realizada pelo estadiamento tumoral, outras variaveis sao
importantes na definicdo progndstica do cancer de endométrio. Restringindo apenas ao estadio |, podemos
subdividir estas pacientes em 3 grupos: baixo, intermediario e alto risco.34-36 As duas variaveis implicadas
nesta subdivisdao sao: invasao linfovascular e grau tumoral. 37 Inumeros estudos mostram que a sobrevida
das pacientes com estadio inicial apresenta diferencas unicamente com a presenca de invasdo linfovascular
no especime tumoral 38, 39 Considerando tumores em estadio | em geral (44% de tumores estadio IB; 25%
grau 3), ha um risco de comprometimento extrauterino da ordem de 20%.40 Qutros fatores ainda ndao muito
bem determinados em estudos prospectivos que podem influenciar a sobrevida das pacientes com
carcinoma de endométrio estadio | sdo: oito ou mais figuras de mitose por 10 campos de grande aumento
(CGA) e auséncia de receptores de progesterona no tumor. 41 A expectativa de vida cancer especifica desta
populacdo de baixo risco (carcinoma endometridide estadio |A grau 1 ou 2)
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em 5 anos & de 97,3%42 e o risco de metastase linfonodal desta mesma populacdo varia de menos de 5%
para 0s tumores grau 1 até 5-9% para os tumores grau 2 ou 3.43 Ja nas pacientes de risco intermediario
(carcinoma endometridide estadio IB grau 1 ou 2 ou estadio I1A grau 3), a porcentagem de comprometimento
linfonodal pélvico efou para-adrtico ultrapassa 20%.43, 44 1.8 Assinatura genética A medida que o
entendimento das varias cascatas responsaveis pelo desenvolvimento dos tumores foi sendo melhor
compreendida e descrita,45 inUmeras tecnologias estdo sendo desenvolvidas no intuito de elucidar e
baratear os custos de tais descobertas. A NanoString nCounterTM é uma tecnologia relativamente nova que
pode gerar com grande acuracia informagdes gendmicas a partir de peguenas quantidades de tecidos
fixados de biapsias de pacientes. Esta plataforma usa codigo de barras digitais, codificadas por cores ou por
um conjunto de cddigos marcados por sondas de sequéncia especifica, permitindo a quantificacdo da
expressdo do RNA mensageiro (mRNA).46, 47 Inumeras aplicagGes com esta tecnologia ja foram
publicadas: possiveis candidatos a biomarcadores no cancer gastrico48, cancer de pulmao
neurcendacrinod49, cdncer de mamab0, entre outros; deteccdo de marcadores preditivos e prognosticos em
estudos placebo-controlados51 ou estudos de fase 3 com quimioterapia52; detecgdo in vitro de moléculas
imunomoduladoras expressas de acordo com resposta a tratamentos alvo em determinados tumores 53 Até
o presente momento nenhum estudo foi publicado avaliando esta ferramenta em pacientes com diagnostico

de carcinoma de endomeétrio.

HIPOTESE:

O diagnéstico histopatolégico do carcinoma de endométrio & de dificil reprodutibilidade, mesmo quando
realizado por patologistas especialistas em oncoginecologia. E reconhecido que os tumores do trato genital
feminino sdo os que possuem maior discordancia no diagndstico histopatoldgico, tanto em laudos inter-
examinadores quanto em laudos intra-examinadores.10, 11 A classificacdo molecular do carcinoma de
endométrio em quatro subgrupos determinou uma maior acuracia na definicdo do progndstico de cada
paciente, minimizando os equivocos intra e interobservadores que ocormiam. A possibilidade de realiza-la em
quase sua totalidade por técnicas de imuno-histoquimica (necessario apenas o sequenciamento genético do
gene POLE) determina uma expectativa que logo esteja disponivel para o uso diario do oncologista.17, 18
Os adenocarcinomas de endométrio de risco baixo (carcinoma endometridide estadio |A grau 1 ou 2) e de
risco intermediario (carcinoma endometridide estadio IB grau 1 ou 2; carcinoma endometridide estadio [A
grau 3) apresentam excelente progndstico, com expectativa de vida em cinco anos de aproximadamente

90%.54 O tratamento é cirargico, variando desde histerectomia
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com salpingooforectomia bilateral ate necessidade de linfadenectomia pélvica efou para-adrtica
associada.55-57 Além disso, em alguns casos, ha a necessidade de complementacdo de radioterapia
adjuvante, sobretudo braquiterapia.58-60 Porém se uma paciente for classificada erroneamente em um
estadio de melhor prognostico ela podera ter suprimido um tratamento adjuvante que aumentarna sua
chance de cura, assim como se a mesma for diagnosticada em um estadio de pior progndstico podera
receber um tratamento que ndo era necessario e todas as consequéncias de seus efeitos colaterais. Faz-se
necessano avaliar através de patologistas especialistas em oncoginecologia a porcentagem de discordancia
entre os diagndsticos anteriormente firmados e na sequéncia realizar a classificacdo molecular destas
mesmas pacientes para comparar com os laudos histopatologicos delas fornecidos.

Objetive da Pesquisa:

OBJETIVO PRIMARIO:

- Avaliar a discrepancia existente nos laudos de patologia de pacientes com diagnodstico de
adenocarcinoma de endométrio de risco baixo e intermediario quando comparado a laudos feitos por dois
patologistas especialistas em oncoginecologia.

- Realizar uma classificagao molecular simplificada e pragmatica utilizando sequenciamento genético e
técnicas de imuno-histoguimica em pacientes com diagnostico de adenocarcinoma de endométrio de risco

baixo e intermediario.

OBJETIVO SECUNDARIO:

- Determinar, através de um estudo de caso controle, uma assinatura genética em pacientes com
diagnostico de carcinoma de endomeétrio de risco baixo (carcinoma endometridide estadio 1A grau 1 ou 2) e
intermediario (carcinoma endometridide estadio IB grau 1 ou 2; carcinoma endometridide estadio |A grau 3)

que apresentaram ou ndo recidiva durante sua evolucdo.

Avaliagido dos Riscos e Beneficios:

RISCOS:

Sob o ponto de vista ético, o estudo confere risco minimo, caracterizado pela quebra eventual de sigilo dos
dados do paciente. Entretanto, os pesquisadores se comprometem a ndo divulgar esses dados e manter

total sigilo.

BENEFICIOS:

Enderego: Rua Antenor Duarte Vilela, 1331

Bairro: Dr. Paulo Prata CEP: 14.784-400
UF: 5P Municipio: BARRETOS
Telefone: (17)3321-0347 Fax: (17)3321-6600 E-mail: cep@hcancerbarretos com br
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O estudo ndo trara beneficios diretos aos participantes. Contudo podera descobrir uma assinatura genética
preditora de risco que possa beneficiar determinadas pacientes com diagndstico de carcinoma de
endomeétrio de baixo grau (gquimioterapia adjuvante?, radioterapia adjuvante?; cirurgia profilatica?)

Comentarios e Consideragdes sobre a Pesquisa:
A presente submissédo trata-se de E3 ao projeto para aprovacao dos seguintes documentos:

- Folha_de_Rosto_pdf

- Projeto_Doutorado_Definitivo1_docx

- Emenda_3.docx

- Emenda_3 pdf

-PB_INFORMAGCOES BASICAS 1188996 E3 pdf

JUSTIFICATIVA DA EMENDA:

1. O que se propde a EMENDA apresentada:

- Mudanga do titulo do projeto para: Reclassificacao anatomo-patologica e molecular do cancer de
endométrio de risco baixo e intermediario

- Revisdo da escrita do trabalho como um todo visto mudanga na metodologia

- Retirada de todos os centros colaboradores que haviamos incluido previamente: ICESP; AC Camargo;
Albert Einstein

- Retirada dos colaboradores dos centros retirados: Jesus Paula Carvalho, Glauco Baiocchi Neto e Renato
Maoretti Marques

- Retirada de Gedrgia Fontes Cintra que deixou o projeto por se deligar da Fundacdo Pio XIl.

- Inclusdo do Dr. Ronaldo Luis Schmidt, novo integrante da equipe de oncoginecologia.

2 ltem a ser revisado e onde localiza-lo do Projeto Completo:
- Folha de rosto com mudanca do titulo

- Parte da Introducao

- Justificativa

- Objetivos

- Materiais e Métodos

- Analise Estatistica

Endereco: Rua Antenor Duarte Vilela, 1331

Bairro: Dr. Paulo Prata CEP: 14.784-400
UF: 5P Municipio: BARRETOS
Telefone: (17)3321-0347 Fax: (17)3321-6600 E-mail: cep@hcancerbarretos.com.br
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Consideragoes sobre os Termos de apresentagio obrigatoria:

Todos os termos foram adequadamente apresentados.

Conclusdes ou Pendéncias e Lista de Inadequagdes:

Sem obices éticos.

Consideragdes Finais a critério do CEP:

QRradl

moe

O Comité de Etica em Pesquisa da Fundagdo Pio XIl - Hospital de Cancer de Barretos analisou o(s)

seguinte(s) documento(s) do projeto 1330/2017, e:

- Aprovou a emenda ao estudo, submetida em 20/12/2019;

Apds analise do(s) documento(s) supracitado(s), o Comité faz a seguinte recomendacao:

( x ) O Estudo deve Co

ntinuar;

() O Estudo dever ser Interrompido;
( ) O Estudo esta Finalizado;
(

) Solicita-se Esclarecimento;

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arguivo Postagem Autor Situacdo
Informagdes Basicas|PB_INFORMACOES_BASICAS_118899 20/12/2019 Aceito
do Projeta 6 E3.pdf 16:55:41
Outros Emenda_3.pdf 20/12/2019 |DIOCESIO ALVES Aceito

16:53:38 | PINTO DE
ANDRADE
Outros Emenda_3 docx 20/12/2019 |DIOCESIO ALVES Aceito
16:51:19 |PINTO DE
ANDRADE
Projeto Detalhado / |Projeto_Doutorado_Definitivo1.docx 20/12/2019 |DIOCESIO ALVES Aceito
Brochura 16:49:53 |PINTO DE
Investigador ANDRADE
Folha de Rosto Folha_de_Rosto.pdf 20/12/2019 |DIOCESIO ALVES Aceito
16:49:22 |PINTO DE
ANDRADE
Outros Projeto_de Doutorado Baixo Risco en| 19/04/2018 [DIOCESIO ALVES Aceito
viado_ao CEP_segunda_ mudanca.doc 15:18:15 | PINTO DE
ANDRADE
Enderego: Rua Antenor Duarte Vilela, 1331

Bairro: Dr. Paulo Prata
UF: 8P

Telefone:  (17)3321-0347

Municipio:

CEP: 14.784-400

BARRETOS

Fax: (17)3321-6600 E-mail:

cep@hcancerbarretos.com br
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Outros Emenda_2 docx 19/04/2018 |DIOCESIO ALVES Aceito
15:16:26 |PINTO DE
ANDRADE

Qutros Emenda_2 pdf 19/04/2018 |DIOCESIO ALVES Aceito
15:14:09 |PINTO DE
ANDRADE

QOutros Emenda_oficial pdf 24/11/2017 |DIOCESIO ALVES Aceito
16:14:49 |PINTO DE
ANDRADE

QOutros Projeto_final.doc 24/11/2017 |DIOCESIO ALVES Aceito
16:14:12 |PINTO DE
ANDRADE

Qutros Projeto_mudanca_final.doc 24/11/2017 |DIOCESIO ALVES Aceito
16:12:25 |PINTO DE
ANDRADE

Outros Carta_de_Resposta_pendencias. pdf 03/02/2017 |DIOCESIO ALVES Aceito
11:40:36 |PINTO DE
ANDRADE

Outros Carta_de_ Resposta_pendencias.docx 03/02/2017 |DIOCESIO ALVES Aceito
11:40:12 |PINTO DE
ANDRADE

Qutros Mabin.pdf 03/02/2017 |DIQCESIO ALVES Aceito
08:03:59 |[PINTODE
ANDRADE

Projeto Detalhado / | Projeto_de_Doutorado_Baixo_Risco_en| 26/01/2017 [DIOCESIO ALVES Aceito
Brochura viado_ao CEP_definitivo.doc 08:54:02 |PINTO DE
Investigador ANDRADE

QOutros Ciencia_Estudo.pdf 24/01/2017 |DIOCESIO ALVES Aceito
12:40:01 |PINTO DE
ANDRADE

Qutros Responsabilidade_Pesquisador.pdf 24/01/2017 |DIOCESIO ALVES Aceito
12:39:43 |PINTO DE
ANDRADE

Outros Financiamento pdf 24/01/2017 |DIOCESIO ALVES Aceito
12:39:21 |PINTO DE
ANDRADE

Outros Pesquisador_Externo.pdf 24/01/2017 |DIOCESIO ALVES Aceito
12:38:57 |PINTO DE
ANDRADE

Brochura Pesquisa |Ficha_de coleta_de_dados_enviado_ao| 16/01/2017 |DIOCESIO ALVES Aceito
_CEP.doc 13:39:38 |PINTO DE
ANDRADE

Situagdo do Parecer:

Aprovado

Necessita Apreciagio da CONEP:

Endereco:
Bairro: Dr. Paulo Prata
UF: 3P

Telefone:

Municipio:
(17)3321-0347

Rua Antenor Duarte Vilela, 1331

CEP: 14.754-400
BARRETOS

Fax: (17)3321-6600 E-mail:

cep@hcancerbarretos.com.br
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Assinado por:

Maicon Fernando Zanon da Silva
(Coordenador(a))
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ANEXO 2. Ficha de coleta de dados clinicos, cirdrgicos e patoldgicos.

FICHA DE COLETA DE DADOS

Mumero da Paciente na pesquisa:

Registro HCB:

( )CASO ( )CONTROLE

Data de Nascimento: ___ / /[

Data da Primeira Consulta: __ / /[
Data do diagnostico: __ /  f  f

ldade ao diagnostico:
ECOG:

Raca: ( )Branca ( )MNegra ( )Parda Outra:

Peso: Kg
Altura: cm
IMC (P/A*A):

Calculo: ( ) Baixo Peso (17-18,5) ( ) Normal (18,5-25) ( ) Sobrepeso (25-30)
() Obesidade | (30-35) ( ) Obesidade Il (35-40) { ) Obesidade Il (> 40)
Estado hormonal: menacme () menopausa ()

Paridade: ( JNao ( )Sim G P A

Tabagismo: ( ) Fumante, ( )} Ex-fumante, { ) Nunca fumou

Comorbidades Clinicas: { ) HAC( ) DM ( ) Obesidade { ) Qutros:

Data da Cirurgia: __ / /[

Estadiamento FIGO:

{ )JIA—menos que 50% de invasdo do miométrio

Local da recidiva: ( ) Pulmdes ( )Figado | )SNC ( ) Ossos ( ) PeritGnio

( )Llinfonodos ( )WVagina ( ) OQutros

Anitomo-patolégico:

Localizacdo do tumor: () fundo uterino } segmento uterino inferior
Tamanho do tumor (maior medida — mm):

Invasdo da endocérvice: { JNiao () Sim

Subtipo histoldgico:

Grau histolégico: ( )G1 ( (G2 ( )@G3



Invasdo miometrial
Sem Invasdo  Invasdo < 50%
N¢ linfonodos dissecados:
Pélvico D:
Pélvico E:

Retroperitoneal:

Linfonodo Sentinela ( ) Nao | ) Sim
Se sim, (local e numero)
Pélvico D:
Pélvico E:
Linfonodos comprometidos () Nao ) Sim
Se sim, Numero e Local
Pélvico D:
Pélvico E:
Retroperitoneal:

Invasdo angiolinfatica: () Sim ()} N3o

Anatomo-patoldgico da revisdo:
Localizacdo do tumor: () fundo uterino { ) segmento uterino inferior
Tamanho do tumor (maior medida — mm):
Invasdo da endocérvice: ( JNdo () Sim
Subtipo histoldgico:
Grau histolégico: { )G1 ( )G2 (| )G3
Invasdo miometrial
Sem Invasdo  Invasdo < 50%

Invasdo angiolinfatica: () Sim ( ) Nio

Imunchistoquimica:
Receptor de estrogeno: () Sim ()} Nao %

Receptor de progesterona: ( ) Sim ( ) N&o %

Expressdo de LICAM: ()} Sim ( ) Nao

92



Instabilidade microssatélite: () Sim () Nio

Tratamento:

Tipo de cirurgia:

Via de Acesso: ( ) Laparotomica | ) Laparoscopica ( ) Robotica

Vaginal
Valor do CA 125 ao diagndstico:
Datadarecidiva: __ / [/ [
Local da recidiva:

Pélvica

Local (vaginal)

Figado

Ossos

Peritoneo

Pulmao

Mediastino

Cérebro

Linfonodaos pélvicos

Linfonodos retroperitoneais
Valor do CA 125 na recidiva:
Tratamento realizado para recidiva
Data da ultima avaliacdo:
Status da paciente na Ultima avaliacdo:
{ ) Vivasemdoenca ( ) Vivacom doenca

por qualquer causa

Descrigio genética (NANOSTRING)

(

} Morte por doenca |

()

IMorte

93



ANEXO 3. Tabela com vias de sinalizacdo do NanoString.

Via

Explicacao

Notch

Wnt

Hedgehog

Alteracgdo da
Cromatina

Regulagao
Transcricional

Reparo ao

dano do DNA

TGF-beta

MAPK

JAK-STAT

PI3K

RAS

Ciclo celular

Apoptose

Via de sinalizagdo celular que atua principalmente no desenvolvimento de
células embrionarias, coordenando diferenciacdo celular, proliferagdo celular
e apoptose. Atua por um processo de inibicdo lateral competitiva
possibilitando a diferenciacao de determinadas células e garantindo que suas
vizinhas ndo sigam o mesmo caminho.

Regula diversos fendmenos e eventos durante o desenvolvimento
embrionario (organogénese, diferenciacdo, polarizagdo e migragdo celular).
Tem duas vias: candnica (dependente do Wnt/Beta-Catenina) e ndo candnica.

Responsavel pele desenvolvimento embriondrio normal (crénio/caudal;
direita/esquerda). Participa na regulacdo das células-tronco adultas
envolvidas na manutencao e regeneracao dos tecidos bioldgicos adultos.

Envolvida na regulacdo do processo associado com alteracdo do DNA,
proteinas ou RNA, influenciando na alteracdo da estrutura da cromatina.

Essa via é responsavel pela regulacdo da conversdo do DNA em RNA nas
células.

Responsavel pela integridade do genoma celular (reparo por excisdo de
nucleotideos; reparo por excisdo por base; reparo por quebra de fita de DNA).

Responsavel pela proliferacdo, apoptose, diferenciacdo e migracdo celular
através da secrecao de citocinas.

Via das proteinas quinases ativadas por mitdégenos responsavel pela
proliferagao, diferenciacdo e migragao celular.

Regulada através de interacdes entre proteinas celulares envolvidas nos
processos de imunidade, divisdo celular, morte celular e formag¢do tumoral.

Importante na regulacdo do ciclo celular diretamente relacionada a
transcrigao, translagao, proliferagao, crescimento e sobrevida.

Responsavel com interruptores moleculares para as vias de sinalizagdo
regulando a proliferacdo, sobrevivéncia, crescimento, migracao,
diferenciacdo ou dinamismo celular.

responsavel pelo controle do ciclo celular através de enzimas regulatdrias
chaves conhecidas com quinases dependentes de ciclinas (CDKs).

responsavel pelo controle da morte celular regulando a homeostase do
tecido, sendo compostas por vias extrinseca (Fas e membros da superfamilia
TNFr e ligantes) e intrinseca (associada a mitocondria).
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ANEXO 4. Artigo publicado relacionado a Tese.

Artigo 1 — Squamous differentiation portends poor prognosis in low and intermediate-

@ PLOS|ONE

risk endometrioid endometrial cancer.
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Abstract

Background

Endometrial cancer presents well-defined risk factors: myometrial invasion, histological sub-
type, tumor grade, lymphovascular space invasion (LVSI). Some low and intermediate-risk
endometrioid endometrial cancer patients exhibited unexpected outcomes. This study
aimed to investigate other clinical-pathological factors that might influence the recurrence
rates of patients diagnosed with low and intermediate-risk endometrioid endometrial cancer.

Methods

A case-control study from a cohort refrospective of 196 patients diagnosed with low and
intermediate-risk endometrioid endometrial cancer at a single institution from 2009 to 2014
was conducted. Medical records were reviewed to compare clinical (race, smoking, meno-
pause age, body mass index) and pathological (endometrioid vs endometrioid with squa-
mous differentiation, tumor differentiation grade, tumor location, endocervical invasion,
LVSI) features of patients with recurrence (case) and without recurrence (control) of dis-
ease. Three controls for each case were matched for age and staging.

Results

Twenty-one patients with recurence were found (10.7%), of which 14 were stage |A, and 7
were stage IB. In accordance, 63 patients without recurrence were selected as controls.

There were no significant differences in any clinical characteristics between cases and con-
trols. Among pathological variables, presence of squamous differentiation (28.6% vs. 4.8%,

PLOS ONE| hitps:
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p = 0.007), tumor differentiation grade 2 or 3 (57.1% vs. 30.2%, p = 0.037) and presence of
endocervical invasion (28.6% vs. 12.7%, p = 0.103) were associated with disease recur-
rence on a univariate analysis. On multivariable analysis, only squamous differentiation was
a significant risk factor for recurrence (p =0.031).

Conclusion

Our data suggest that squamous differentiation may be an adverse prognostic factor in
patients with low and intermediate-risk endometrioid endometrial cancer, that showed a 5.6-
fold increased risk for recurrence.

Introduction

Endometrial cancer is the most prevalent gynecological neoplasia in women in the US,
accounting for more than 63,000 cases/year and with a lethality rate close to 18%.[1] In Brazil,
this tumor represents the second most common cause of gynecological cancer due to a high
incidence of cervix tumors.[2] Despite knowledge advances related to genetic alterations of
this neoplasia in the last few years, classification of endometrial cancer into type I (endome-
trioid) or type II (serous or clear cell) continues to be used in clinical practice, mainly to evalu-
ate risk factors in tumor progression. [3]

As in other solid tumors, staging of endometrial cancer is important to define surgical
extension, ranging from hysterectomy with bilateral salpingo-oophorectomy to a pelvic and/or
para-aortic lymphadenectomy. [4] Risk stratification in stage I tumors aims to assess the risk of
lymph node involvement, the recurrence pattern, patient’s prognosis and the best adjuvant
treatment to be performed. (5] Beyond myometrial tumor invasion depth, other clinical-patho-
logical factorshave been evaluated: age; histological subtype; umor differentiation grade and
lymphovascular space invasion (LVSI).[6,7] Besides these features, other immunohistochemis-
try markers, such as L1-cell adhesion molecule (L1CAM) and p53, are also associated with
patient outcome for stage I endometrial cancer, but not yet incorporated in current classifica-
tions.[8,9)

Endometrial adenocarcinoma with squamous differentiation terminology was defined by
Zaino and Kurman in 1988 to replace two previously used nomenclature for uterus neoplasms:
adenoacanthoma and adenosquamous carcinoma.[10] Squamous differentiation consists of
sheets of cells with intercellular bridges and prominent cell membranes with or without kerati-
nization.[11] It is present in about 13-25% of endometrial adenocarcinomas.[10,12] The find-
ing of squamous differentiation in the anatomopathological examination remains
controversial as a risk factor for recurrence in patients with early-stage endometrial cancer.
(13,14]

The aim of this study was to evaluate clinical-pathological features that influenced the
recurrence of patients diagnosed with low and intermediate-risk endometrial cancer, accord-
ing to the ESMO (European Society for Medical Oncology) criteria.[5]

Patients and methods

A case-control study nested in a retrospective cohort of 196 patients diagnosed with low and
intermediate-risk endometrial cancer undergoing surgery at Barretos Cancer Hospital from
January 2009 to December 2014 was conducted. This study was held in accordance with the

PLOS ONE | https:/doi.org/10.1371journal. pone. 0220086 - October 10, 2019 2/9
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principles of the Declaration of Helsinki and it was previously approved by the Ethical Review
Board from Barretos Cancer Hospital in March 2017 (Reference 1.942.488). Cases were
defined as patients who presented systemic or locoregional recurrence at any time of their fol-
low-up. We defined three controls for each recurrence case, matching age (£ 1 year) and FIGO
(International Federation of Gynecology and Obstetrics) staging (IA and IB).

According to ESMO criteria[5], low-risk endometrial cancer is defined as endometrioid
adenocarcinoma stage IA grade 1 or grade 2; intermediate-risk endometrial cancer is defined
as endometrioid adenocarcinoma stage IA grade 3 or endometrioid adenocarcinoma stage IB
grade 1 or grade 2. Three or more of the following four criteria need to be present to define
squamous differentiation: sheet-like growth without glands or palisading, sharp cells margins,
eosinophilic and thick of glassy cytoplasm, and decreased nuclear-to-cytoplasmic ratio com-
pared with foci elsewhere in the same tumor.[11] The amount of squamous differentiation can
vary and in a well-sampled carcinoma the squamous differentiation should comprise at least
10% of the neoplasia. The degree of nuclear atypia, i present, generally reflects that of the glan-
dular cells.[15]

Clinical-pathological data were reviewed from medical records. The diagnoses of low and
intermediate-risk endometrial cancer were confirmed by the surgical histopathologic report.
Patients who did not perform definitive surgical treatment at the institution (for example,
patients who underwent surgery at their region of origin and who were referred to a tertiary
hospital only for adjuvant treatment) were excluded.

The following clinical-pathological criteria were evaluated: ECOG (Eastern Cooperative
Oncology Group) scale of performance status (0-1 vs 2); race/ethnicity (white vs non-white);
body mass index (BMI); hormonal status (menopause vs menacme ); number of pregnancies;
smoking (yes vs no); tumor differentiation grade (1, 2 or 3); histological characteristics (endo-
metrioid vs endometrioid with squamous differentiation); tumor size; tumor location (uterine
corpus vs lower uterine segment); endocervical invasion (yes vs no) and LVSI (yes vs no).

Statistical analysis

Both the data collected and analyses were performed using TBM Statistical Package for the
Social Sciences (SPSS) database version 21.0 (SPS5, Chicago, IL). Descriptive statistical analysis
used median, maximum and minimum value for quantitative variables and percentage for
qualitative variables. Once the above variables were defined, univariate analysis was performed
using Mann-Whitney’s U-test or Fisher's exact test. Parameters with P < 0.2 in univariate
analyses were entered into the logistic regression analysis. Backward stepwise logistic regres-
sion models were constructed. The comparisons were considered statistically significant at

P < 0.05. Study data were collected and managed using REDCap (Research Electronic Data
Capture), electronic data capture tools hosted at Barretos Cancer Hospital.[16]

Results

Of the 196 endometrial cancer patients described in this retrospective cohort, 21 patients
(10.7%) presented recurrence during their evolution (cases), of which 2/3 were stage IA and
1/3 were stage IB, and 63 patients without recurrence were selected as controls (Table 1). The
median age of both groups was 64 years and both groups also exhibit a similar fraction of IA
staging. Moreover, the patient population was obese (median BMI above 30), white and non-
smoker (Table 1). Almost all patients were already in menopause (11.2% of controls were still
in menacme).

Standard hysterectomy with bilateral salpingo-oophorectomy was carried out in 44.4% of
controlsand 57.1% cases; pelvic systematic lymphadenectomy was done in 28.6% of controls

PLOS ONE | https:/doi.or/10.1371 fournal. pone. 0220086  October 10, 2019 3/9
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Table 1. Univariate analysis of predictive recurrence for low and intermediate-risk endometrioid endometrial cancer.

| | Case (n=21) | Control (n=63) |

FIGO staging (% 14 (86.7)
7(33.3) 333)
Race/Ethnicity (%)" 18(85.7) 45(714)
Non-white 3(143) 18 (286)

Smoking history® 2(95) 4(63)
19 (90.5) 59 (937)

Histological subtype (%)° Endomelrioid 15 (71.4) 60 (95.2)

Endometrioid with iiiii differentiation 6 (28.6) 3(48)
Tumor localization” Utering corpus 14 (66.7) 47 (746) 0.574
Lower utering seii 7(33.3) 16 (254)
LVSI (%)° 5(23.8) 9(14.3)
No 16 (76.2) 54(857)

BMI-body mass index; ECOG-Eastern Cooperative Oncology Groups; FIGO-Intemational Federation of Gynecology and Obstetrics; LV SI-lymphovascular space
invasion,

*—Mann-Whitney test;

" Fisher's exact test

hittpsy/doi.org/10.1371/journal. pone.0220086.1001

and 9.5% of cases; retroperitoneal and pelvic lymphadenectomy was performed in 22.2% of
controlsand 28.6% of cases, since there was no statistical difference between the groups

(p 0.38). Lymph node staging was performed in 52.4% of controls and 38.1% of cases, without
a statistical difference (p 0.26).

Adjuvant radiotherapy was performed in 85.7% of controls and 76.2% of cases. Of these,
76.2% of controls and 66.7% of cases received only brachytherapy, without a statistical differ-
ence (p 0.68).

Squamous differentiation appears as solid areas in the middle of glandular tissue. These
areas, although solid, cannot be considered as such for grading purpose (Fig 1a and Lb). A spe-
cific immunohistochemical marker used to evaluate squamous lineage is p63, as shown in the
inset (Fig 1¢).[17]

There were no significant differences regarding race/ethnicity, ECOG performance status,
number of pregnancies, smoking history, tumor size, tumor localization and LVSI between the
group of patients with recurrence (cases) and the group of patients without recurrence (con-

trols) (Table 1).
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Fig 1. Histopathological difference between endometrioid adenocarcinoma with and without squamous transformation. (A) Depicts an
endometrioid adenocarcinoma without squamous transformation. (B) Shows a case with squamous transformation areas highlighted with arrows. (C)
Highlights the squamous transformation areas at a higher magnification (arrows). The inset presents nuclear p63 positivity, a protein antibody used to
demonstrate squamous differentiation by immunohistochemistry in a squamous transformation area.

https J/doi.org/10.1371/journal. pone.0220086 4001

In the univariate analysis, four parameters with P < 0.2 were chosen for the multivariate
logistic regression analysis: hormonal status (menopause), tumor differentiation grade, histo-
logical characteristics and endocervical invasion (Table 1). The variable ‘menopause” had to be
withdrawn from this model since one of its categories did not present participants (no meno-
pause in case group), resulting in a no data conversion to the odds ratio value. Using backward
stepwise logistic regression technique, a new model was constructed with three parameters:
histological subtype with squamous differentiation (28.6% vs. 4.8%, p = 0.007), tumor differen-
tiation grade 2 or 3 (57.1% vs. 30.2%, p = 0.037) and presence of endocervical invasion (28.6%
v5.12.7%, p = 0.103) (Table 1).

In multivariate analysis, only histological subtype (endometrioid vs endometrioid with
squamous differentiation) was associated with recurrence (p = 0.031) (Table 2). Women who
presented squamous differentiation associated with classic endometrioid subtype had a
5.6-fold increased risk for recurrence when compared to the group that does not show this his-
tological finding (Table 2).

Discussion

This case-control study of low and intermediate-risk endometrial cancer demonstrated that
patients with endometrioid squamous differentiation subtype had a greater chance of recur-
rence when compared to patients with typical endometrioid histological subtype. This finding
in the anatomopathological examination remains controversial as a risk factor for recurrence
as published in the international literature (Table 3).

Table 2. Multivariate analysis of predictive recurrence for low and intermediate-risk endometrioid endometrial cancer.
0Odds Ratio (IC- 95%)

Endometrioid 1
Endometrioid with squamous differentiation 5.65 (1.17-27.17)

Constant = -1939 (P= 0.0001)

//doi.org/10.1371/journal. 1002

PLOS ONE | https://doi.or/10.1371/journal.pone.0220086  October 10,2019 5/9



100

@. PLOS | 0 N E Squamous differentiation in endometrioid endometrial cancer

Table 3. Summary of squamous differentiation endometrioid endometrial cancer studies to predict recurrence.

References Year Country N Study design Risk for recurrence
This study 2019 Brazil B4 Case-control Yes
Misidiogh ef al[13] 2012 Turkey 223 Case-control Yes

Jiang et al[21] 2017 China 630 Retrospective cohort Yes

Faino ef al [14] 1991 USA 631 Prospective cohort No
Sturgeon ef al[22] 1998 USA 648 Case-control No

Laxet al[23] 1998 USA 77 Case series Variable
Abeler ef al[12] 1592 Norway 255 Retrospective cohort Variable

hitpsy/doi.org0.1371/journal pone.0220086.1003

FIGO staging classifies endometrial cancer grade into three groups: grade 1 tumors are
those in which less than 5% of the neoplasm is arranged as solid growth; grade 2 tumors are
those in which 5% to 50% of the neoplasms are arranged in solid sheets, and grade 3 tumors
are those in which greater than 50% of the neoplasm form solid masses.[18] The current FIGO
grade system, primarily based on the relative proportion of solid and glandular areas, also con-
siders nuclear atypia, and grading is increased by one if more than 50% severe nuclear atypia
(grade 3 nuclei) is found in the neoplastic glands.[19] Currently, squamous differentiation
does not enter into this classification, although it can mimic solid tumors areas. It can be
found in all forms of endometrial hyperplasia, being more common in atypical endometrial
proliferation. [15] The squamous and glandular components have the same PTEN mutations,

which indicates that they are clonally related.[20]

Some studies showed that squamous differentiation is a risk factor for endometrial cancer
recurrence.[13,21] A retrospective study of 223 patients with early-stage endometrial cancer,
carried out by Misirlioglu ef al, similar to our study, regarding methodological structure,
showed squamous differentiation asa risk factor for recurrence in early-stage endometrial can-
cer.[13] The authors reported 10.31% of recurrence (23 cases), very similar to that found in
our study. Several risk factors were considered positive to increase the chance of recurrence
(age, depth of myometrial tumor invasion, tumor differentiation grade, lymphovascular space
invasion, tumor localization, tumor size), including squamous differentiation, as in our
results.[13] Another retrospective cohort with 630 patients with stage I endometrioid endome-
trial cancer conducted by Jiang et al. evaluated possible risk factors for metastasis in this
tumor. Beyond traditional factors such as tumor size and depth of myometrial invasion, squa-
mous differentiation was also an independent risk factor for the development of pulmonary

metastasis.[21]

On the other hand, there are some studies showing that squamous differentiation does not
pose a worse prognosis. A large study (n = 631) conducted by Gynecologic Oncology Group
(GOG) in the late 1970s and early 1980s, evaluated the prognosis role of the patients with or
without histological squamous differentiation.[ 14] Five-years overall survival was 90% for
patients with squamous differentiation versus 82% for patients without this differentiation
with statistical significance.'[14] A case-control study with 640 patients carried out by Stur-
geon ef al. showed that squamous differentiation is not a poor prognostic factor for patients

diagnosed with endometrioid endometrial cancer. [22]

On account of conflicting results for defining prognosis of tumors, it may be necessary to
classify the squamous differentiation component into low or high degree. An immunohis-
tochemistry study of 77 patients evaluated estrogen (ER) receptor, progesterone (PR) receptor,
p53 and Ki-67, reported that tumors with high-grade squamous differentiation (lack of expres-
sion of ER and PR; high Ki-67 index and p53 expression) have a worse outcome.[23] This
controversy about the prognosis of recurrence in endometrial cancer with squamous

PLOS ONE | htps: /'doi.org/10.1371ournal. pone. 0220086 October 10, 2019
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differentiation may be related to subgroups of its classification. Abeler ef al. published a cohort
with 1985 cases with endometrioid endometrial carcinoma, of which 255 presented squamous
differentiation.[12] In this study, the authors divided tumors with squamous differentiation
into two groups formerly used: adenoacanthoma (for cytologically well-differentiated squa-
mous differentiation) and adenosquamous carcinoma (for poorly-differentiated squamous dif-
ferentiation). Five-year overall survival for all patients was 83.5%. Adenoacanthoma subgroup
had 91.2% five-year overall survival and adenosquamous subgroup had 64.9%, showing differ-
ent prognosis.[12]

Molecular analysis with the aim to discover a biomarker that correlates with squamous dif-
ferentiation in endometrial cancer is even more unclear. Cdx2 isan important gene transcrip-
tion factor in the carcinogenesis of colorectal cancer.[24] The expression of this biomarker can
be present in up to 27% of endometrial cancer but it is never seen in the normal epithelium.
[25] Wani ef al. evaluated Cdx2 expression in endometrial cancer with or without squamonus
differentiation and the expression of the biomarker was more prevalent in patients with this
differentiation.[25] Another biomarker that may be related to squamous differentiation in
endometrial cancer is p16, a tumor suppression protein generally expressed in tumors caused
by the human papillomavirus (HPV).[26,27]

The strengths of our study include the fact that all patients were treated at the oncoginecol-
ogy department from a tertiary cancer hospital where protocols are followed closely. The
pathology department is also divided into subspecialties, surgical specimens description, sam-
pling and reporting are standardized, resulting in high reproducibility of the pathology reports.
Furthermore, the methodology chosen wasa well-matched case-control study by age and
stage, without differences between groups.

Limitations of this study include its retrospective nature, though our rate of recurrence is
consistent with previously published data for low and intermediate- risk stage I tumors.[13]
Creasman et al. reported a relapse-free survival of 92.3% for surgical patients at five years in
stage 1.[ 28] Tumor differentiation grade and endocervical invasion were not statistically signif-
icant in the multivariate analysis model, probably due to this limitation. Other obstacles to this
study were the fact that it has been carried out in a single institution with possible referral bias
and that it did not collect any immunohistochemical data.

In conclusion, this case-control study provides evidence that squamous differentiation in
low and intermediate-risk endometrial cancer had a 5.6-fold increased risk for recurrence.
This finding demonstrates that more detailed histopathological information could contribute
to the analysis of prognosis for the patients.

Supporting information

S1 File. Database case and controls.
(XLSX)
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Background: The molecular profile of endometrial cancer has become an important tool
in determining patient prognosis and their optimal adjuvant treatment. In addition to The
Cancer Genome Atlas (TCGA), simpler tools have been developed, such as the Proactive
Molecular Risk Classifier for Endometrial Cancer (ProMisE). We attempted to determine a
genetic signature to build a recurrence risk score in patients diagnosed with low- and
intermediate-risk endometrial cancer.

Methods: A case-control study was conducted. The eligible patients were women
diagnosed with recurrence low- and intermediate-risk endometrial cancer between January
2009 and December 2014 at a single institution; the recurrence patients were matched to two
nonrecurrence patients with the same diagnosis by age and surgical staging. Following RMNA
isolation of 51 cases, 17 recurrence and 34 nonrecurrence patients, the expression profile
was determined using the nCountar” PanCancer Pathways Panel, which contains 770 genes.

Results: The expression profile was successfully characterized in 49/51 (96.1%) cases. We
identified 12 genes diferentially expressed between the recurrence and nonrecurrence
groups. The ROC curve for each gene was generated, and all had AUCs higher than 0.7.
After backward stepwise logistic regression, four genes were highlighted: FNT, DUSP4,
LEF1, and SMADS. The recurrence risk score was calculated, leadingto a ROC curve of the 4-
gene model with an AUC of 0.93, sensitivity of 100%, and specificity of 72.7%.

Conclusion: We identified a four-gene signature that may be associated with recurrence
in patients with low- and intermediate-risk endometrial cancer. This finding suggests a
new prognostic factor in this poory explored group of patients with endometrial cancer.

Keywords: low- and intermediate-risk endometricid endomefrial carcinoma, genetic signature, recurrence risk
score, blomarkers, Brazi
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INTRODUCTION

Endometrial cancer is the most prevalent gynecological tumor in
developed countries, such as the USA and members of the
European Union (1). The number of cases in the last decade have
increased, possibly due to the increase in obesity in these countries
(2). In Brazl, endometrial cancer is the eighth most commonly
diagnosed cancer in women, with 6,540 new cases in 2020 (3).
When diagnosed at an early stage, these patients have an excellent
prognosis. Countless risk stratifications associate staging with other
variables, such as tumeor grade, lymphovascular space invasion
(LVSI) and histology, to define sequential adjuvant treatments (4).

Traditionally, it has been considered two distingt diseases since
Bokhman's publication in the early 1980s (low-grade endometrioid
adenocarcinomas (type I, “well-differentiated”) and
nonendometrioid cardnomas (type II, “poorly diffierentiated™) (5).
Recently, The Cancer Genome Atlas (TCGA) project changed the
understanding of the carcinogenesis of this tumor, leading to four
molecular subgroups with different prognoses (DNA polymerase
epsilon (POLE) ultramutated, microsatellite instability (MSI)
hypermutated, copy number (CN) low, and CN high) (6). Due to
the complexity (whole genome sequencing, exome sequencing,
microsatellite assays, and CN aberration analysis), costs, and need
for ideally frozen tissue for reproducibility of this classification in
clinical practice, new methodologies have been deveoped. The two
most currently used are the Proactive Molecular Risk Classifier for
Endometrial Cancer (ProMisE) and Leiden/TransPORTEC
classification, in which the four groups with different prognoses
are also described (7, 8). Immunohistochemistry was used to detect
the presence/absence of mismatch repair (MMR) proteins and to
evaluate TP53 mutations, and only one step used genetic sequencing
(next-generation or Sanger sequencing) to identify POLE hotspot
exonuclease domain mutations (7, 8).

Using the TCGA consortium database, some studies have
built prognostic models of endometrial cancer recurrence
according to genetic signatures or evaluated RNA expression
(9, 10). Furthermore, other studies correlate potential genetic
signatures with histopathological markers such as tumor-
infiltrating immune cells (11, 12).

The aim of this study was to determine a genetic signature of
recurrence risk in patients diagnosed with low- and
intermediate-risk endometrial cancer in routine formalin-fixed
paraffin-embedded (FFPE) tissue using a large panel of 770 genes
covering 13 key cancer-related pathways by NanoString, a highly
sensitive and robust methodology for RNA expression of
FFPE samples.

MATERIAL AND METHODS

Patients and Specimens

From a retrospective cohort of 195 patients diagnosed with low-
and intermediate-risk endometrial cancer between January 2009
and December 2014 at Barretos Cancer Hospital (BCH), two
pathologists with oncogynecologic expertise reviewed the initial
report of all patients to confirm their diagnosis. Clinical and
pathological features were obtained from the medical records.

Of the 22 patients who initially presented recurrence, the
diagnosis remained low- and intermediate-risk endometrial
cancer for 17 patients. We define low- and intermediate-risk
endometrial cancer according to the European Society of Medical
Oncology (ESMQ)-modified criteria (4). Based on these results, a
case-control study was carried out. Nonrecurrence patients with
the same histopathological diagnosis were matched to recurrence
cases ina 2:1 ratio by age and FIGO (International Federation of
Gyneocologic and Obstetrics) staging (IA and IB). Overall, 51
patients (17 recurrence and 34 non-recurrence) were analyzed.
This study was conducted following the ethical principles of
the Declaration of Helsinki, and the BCH Ethical Review Board
approved it in March 2017 (Reference number 1.942.488).

DNA and RNA Isolation

DNA and RNA were isolated from 10 pm-thick formalin-fixed
paratfin-embedded (FFPE) tumor samples sectioned on slides, as
previously reported (13). One slide was stained with hematoxylin
and eosin (H&E) and evaluated by experienced pathologists for
identification, sample adequacy assessment, and selection of the
tumor tissue area (minimum of 60% tumor area). DNA and
RNA were isolated using the QiaAmp DNA Micro kit (Qiagen,
Hilden, Germany) and the RecoverAll™ Total Nucleic Acid
Isolation kit (Ambion by Life Technologies, Austin, TX, USA),
respectively. The quality and concentration of DNA and RNA
were measured by both a NanoDrop ND-200 spectrophotometer
(NanoDrop Products, Wilmington, DE, USA) and Qubit
Fluorometric Quantitation (Thermo Fisher Scientific, USA).
The samples were stored at -80°C until molecular analysis.

ProMisE Evaluation

The ProMisE assessment was performed using molecular
methedologies, namely, molecular evaluation of MSI, TP53
mutation analyses by next-generation sequencing, and POLE
hotspot mutations by Sanger sequencing.

To define MSI, we performed hexaplex PCR with six
monomorphic mononucleotide markers (NR21, NR24, NR27,
BAT25, BAT26, and HSP110), followed by fragment analysis in
a 3500XL Genetic Analyzer sequencer (Applied Biosystems, Foster
City, CA, USA), as previously described by our group (14). The
presence of two or more markers with instability classified the
cases as high microsatellite instability (MSI-H), the presence of
one marker with instability was classified as low MSI (MSI-L), and
the absence of any marker with instability as microsatellite stable
(MSS). Presence of MSI was determined only for MSI-H cases.

To evaluate POLE mutations, we used direct Sanger
sequencing, as described by Britton et al. PCR was performed
using targeted primers for the exonuclease domain (exons 9-14) of
POLE (15). The purified samples were subjected to capillary
electrophoresis in a 3500XL Genetic Analyzer sequencer
(Applied Biosystems, Foster City, CA, USA), and the results
were analyzed with SegScape v2.7 software (Applied Biosystems,
Foster City, CA, USA).

TP53 mutations were detected with an NGS-based assay using
the Illumina TruSight Tumor 15 (TST15) on the MiSeq instrument
(Ilumina, San Diego, CA, USA) according to the manufacturer’s
instructions, as previously reported (16). The TST15 panel assesses
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all coding sequences of the TP53 gene. Read alignment and variant
calling were performed with BaseSpace BWA Enrichment version
2.1 (Mumina, San Diego, CA, USA) and Sophia DDM® software
version 5.7.3 (Sophia Genetics SA, Switzerland). The identification
of pathogenic variants occurred after the application of filters to
remove low-quality variants. Variants with < 500X read depth,
VAF <10%, and intronic, intergenic, 3° UTR, and synonymous
variants were excluded. Thereafter, the variants that presented as
polymorphisms, within a frequency >1% in the GnomAD
database, were removed (those that had no population frequency
information followed in the analyses). Finally, the pathogenidty of
variants was checked in the databases ClinVar, IARC TP53,
COSMIC, and CGIL.

NanoString nCounter Analysis

Samples were processed for analysis on the NanoString nCounter
Flex system using the 770 gene nCounter® PanCancer Pathways
Panel (NanoString Technologies, Inc,, Seattle, WA, USA), as
previously reported (17). This panel assesses 13 cancer-associated
canonical pathways related to basic cancer biology (Notch, Wnt,
Hedgehog, Chromatin modification, Transcriptional regulation,
DNA damage control, TGF-B, MAPK, STAT, PI3K, RAS, Cdl
cycle, Apoptosis). Briefly, 100 ng of total RNA, quantified by a
Qubit Fluorometric System (Thermo Fisher Scientific, USA), from
each sample was hybridized for 21 hours at 65°C, followed by
purification and RN A/probe complex immobilization in nCounter
PrepStation (NanoString Technologies, Inc., Seattle, WA, USA)
and cartridge scanning in a digital analyzer (NanoString
Technologies, Inc., Seattle, WA, USA), according to the
manufacturer’s protocol. Reading with 280 field-of-views
(FOVs) was used in the study samples.

Bioinformatics and Statistical Analysis

We used nSolver”™ Analysis Software, version 4.0 (NanoString
Technologies, Inc., Seattle, WA, USA) to assess the quality control
parameters of all amples, Further analyses were performed using the
R language and environment for statistical computing (R-project
(v3.63); The R Foundation, Vienna, Austria) (18). The quantro
package (v1.18.0) wasapplied for cartridge evaluation and to assist in
choosing the normalization method. The gene expression data were
normalized by the gquantile method implemented in the
NanoStringNorm package and transformed into a log2 scale. RNA
differential expression was evaluated in the NanoStringNorm
package considering two different groups (recurrent vs,
nonrecurrent low- and intermediate-risk endometrial cancer) with
asignificance leve of p < 0,01 and fold change of 2.0 (19). Heatmaps
andhierarchical clustering of differentially expressed genes were built
with the ComplexHeatmap package (v20.0) (20). The STRING
database was applied to predict interaction networks from
differentially expressed genes (21).

Through the ROC curves, we evaluated the sensitivity and
specificity of differential RNA expression by comparing patients
with recurrence with those who did not have recurrence using
the pROC package (22). An area under the curve (AUC) above
0.7 was considered acceptable for further gene evaluation. We
used the backward stepwise logistic regression technique within

the MASS package (version 7.3.53) to build a recurrence risk
model according to the RNA expression of the samples.

Data analysis was performed using IBM Statistical Package for
the Social Sciences (SPSS) database version 27.0 (SPSS, Chicago, IL,
USA). Descriptive statistical analysis for quantitative variables used
mean, maximum, and minimum and for qualitative variables used
percentage. Once the variables were defined, univariate analysis was
performed using the chi-square test and Mann-Whitney's U-test.
Variables with a p value < 0.2 in univariate analyses were entered
into the logistic regression analysis. The threshold for statistical
significance was 5%, Study data were collected and managed using
REDCap (Research Electronic Data Capture) electronic data
capture tools hosted at BCH (23).

RESULTS

Patient Features

The clinical and pathological information of the two groups is
summarized in Table 1. More than 96% of patients are ECOG 0-1.
In the recurrence group, we had four patients diagnosed with
endometrial adenocarcinoma with squamous differentiation,
whereas in the nonrecurrence group, we did not have any
diagnosis of this histological subtype (p = 0.01). There was a
higher prevalence of white patients in the recurrence group
(94.1%) than in the nonrecurrence group (70.6%) (p = 0.075).
Other clinical and pathological features were well balanced
between the two groups.

Of the 51 samples that were sequenced for ProMisE, we
observed a high frequency of inconclusive results due to the poor
quality of the DNA obtained, hampering meaningful analysis.
The assessment of MSI was inconclusive in one case, and among
the other 50 cases, 12 (24%) were MSI-H. Of the 39 remaining
samples for POLE sequencing, 18 were inconclusive, and only
one (4.8%) was mutated [exon 9 - ¢.857C>G; p. (Pro286Arg)].
Concerning the 38 samples for TP53 mutation analysis, 10 cases
(66.7%) were wild-type, and five (33.3%) were mutated
{Supplementary Table 1). There was no difference between
the four groups of the ProMisE methodology and the increased
chance of recurrence (p = 0.823).

Gene Expression
Concerning the gene expression profile, 49 of the 51 cases (96%) were
condusive, leading to 16 recurrence and 33 nonrecurrence samples
for further analysis, Two samples were excluded due to low-quality
RNA. The expression profile based on unsupervised clustering
showed 12 genes with differential RNA expression between the two
groups studied (Figure 1). The LEF1, PLA2G4A, DKK1, BMP4,
FGF19, FN1, SMAD®, and DUSP4 genes showed inareased RNA
expression in the recurrence group, while HISTIH3G, SIX1, TNF,
and IL8 were downregulated compared to nonrecurrence group.
We next generated a ROC curve for each of the 12 genes
described above to assess the performance of each gene to
discriminate between the recurrence and nonrecurrence groups
(Table 2). All 12 genes presented an AUC higher than 0.7.
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TABLE 1 | Ginical and pathdogical characteristics of patients with lbw- and intermediate-risk andometrial cancer.

Recurrence (n=17) Nonrecurrence (n=34) P value

Age (meaan)® 62.4 [46-77) 62,8 {51-88) 0.779

FIGO stagig (%) ) 11 {84.7) 22 |B4.7) 1.00
B 6(35.3) 12 {35.3)

ECOG Parformanca Status (967 0-1 16 (94.1) 33 @ro) 1.00

2 1{59) 160

Ethnicity (%) White 16 (94.1) 24 (70.6) 0.075
MNonwhite 1{59) 10 {29.4)

BMI (maan)® 31.42 (19.78-43.29) 33.03 (18.67-52.71) 0.873

Smoking history® Yes 3(17.8) 4(11.8) 0.673
] 14 (82.4) 30 B8.2)

Surgery With ymnphadanactonmy 6(35.3) 16 {7.1) 0.424
Without kmphadanectonmy 11 {84.7) 18 B2.9)

Surgicd route Laparotomic B(47.1) 10 {£29.4) 0233
Laparoscopic 9(52.9) 24 (70.6)

Tummor difeentiation grade® Grada 1 9(52.9) 22 |B4.7) 0.417
Grada 2 B{47.1) 12 {35.3)

Histdogical subtypa (%) Endometriod 13(76.5) 34 (100) 0.010

Endomatricd with squamows diferantiation 4(23.5) 0RO

Tumor siza (mean - cmj® 4.5(22-11.5) 38{1.0-70) 0219

Endooenical invasion (%P Yes 4(23.5) 7 {20.8) 1.00
No 13(76.5) 27 (79.4)

LS (%) Yas a{17.8) 3pas) 0.387
] 14 (82.4) 3.2

BM, body mass ingar ECOG, Eastarn Coopara fve Oncology Group; AGC, infemaliona! Fadaration of Gyneacology and Obslalrics; LVEI, bmphovascular space nvasion.

“Mann-Whitney fast.
BRsher's eact kst
Bola, significant values

To understand the crosstalk among the 12 genes, an interaction
network was constructed and is depicted in Figure 2. Except for the
DUSP4 and HISTIH3G genes, interactions are known among the
differentially expressed genes.

Recurrence Risk Score

Based on the 12 difierentially expressed genes, we applied logistic
regression to build a recurrence risk score (RRS) and improve
predictive performance. Through the backward stepwise logistic
regression modd, four genes with the best performance were sdected:
FNI, DUSP4, LEF1, and SMAD® (increased RNA expression in the
recurrence cases). The RRS was caleulated as the logit from the logistic
regression as follows RRS = -21.14 + LO2'FNI + 1.07*DUSP4 +
0.621T*LEFI + 0.8832*SMAD9 (Supplementary Table 2).

Univariate analysis was performed to calculate the odds ratio
(OR) for each gene and for the final score (Table 3). Cases with
overexpression of the FNI gene had an OR of 3.3 for recurrence
compared to cases without overexpression. In addition, the final
gene score showed an OR of 2.7 for recurrence.

Moreover, the combination of the expression of the four genes
showed an AUC of 0.93, a sensitivity of 100%, and a specificity of
72.7% to identify low- and intermediate-risk endometrial cancer
with recurrence trough the RNA expression (Figure 3).

We performed a logistic regression analysis with the four
differentially expressed genes score and two significant
clinicopathological variables (ethnicity and histological subtype).
The histological subtype variable was withdrawn from this model
since one of its categories did not contain subjects (no endometrioid
with squamous differentiation in the nonrecurrence group), resulting
in no data conversion to the odds ratio value. Using a badiward

stepwise logistic regression technique, a new model was constructed
with two parameters: four differentially expressed genes score (OR:
2.616; p = 0.001) and white ethnicity (OR: 0.299; p = 0.342).

DISCUSSION

In this study, we characterized the expression profile of two
distinet groups (recurrence and nonrecurrence) of low- and
intermediate-risk endometrial cancer. Twelve genes were
differentially expressed. After performed a logistic regression,
four genes remained to define a possible RRS model, exhibiting
an impressive AUC of 093, with a sensitivity of 100% and a
specificity of 73%. To the best of our knowledge, this is the first
study to identify a gene signature associated with recurrence in
low- and intermediate-risk endometrial cancer.

The four genes are assodated with important cancer pathways,
namely, the MAPK/PI3K pathways (FN1 and DUSP4), the Wnt
pathway (LEFT), and the TGF pathway (SMADS).

The Wnt/beta-catenin signaling pathway plays an essential role in
tumorigenesis and recurrence in endometrial cancer. Two studies
demonstrated the role of the beta-catenin/ CTNNBI gene as a poor
prognostic factor in low-risk endometrial cancer (24, 25). First, ina
large study with 342 patients with low-grade and early-stage
endometrial cancer through next-generation sequencing, the worst
recurrence-free and overall survival was demonstrated in patients
with CTNNBI and TP53 mutations (24). In a casecontrol study
similar to ours with recurrent stage I and grade 1 endometrioid
endometrial cancers, Moroney et al. showed that CTNNEI mutations
are present at higher rates in recurrent patients (25).
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FIGURE 1 | Hirarchical clustaring of the 12 BNAs diferentially expressad batwean patints who presented racurrance (pink) companad to those who did not
relapse (purpla). On the right side: gane expression scaling from dark blue {downregulated) to dark red {upregulated).

TABLE 2 | Differentially expressad ganes between the recurmance and
NOMECLITENce QroUps.

Genes Fold Change  Sensitivity’  Specificiy’  AUC?
HISTIH3G 28 0.7575 08125 0.8219
TNF 24 07272 06875 0.7613
Six1 24 0.7272 075 0.7575
s 25 06363 06875 0.7045
N1 30 0.8125 08181 0.8532
DKK1 53 0.8875 07575 0.7821
DUSP4 23 0.75 06980 0.7784
PLAZG4A 23 08875 08484 0.7575
LEF1 21 0.8125 07272 0.7547
FGF19 a7 0.75 07272 0.7537
SMADS 21 08875 08181 0.7348
BMP4 30 0.75 06363 0.7121

’Sma‘!M!}r and specilicily were dalammined by the Youdan noax.
PALIC, area undir he curve.

LEF1 (lymphoid enhancer factor) isa nuclear transcription factor
that interacts with beta-catenin to activate the Wnt pathway (26).
The role of LEF1 protein overexpression in the carcinogenesis of
endometrial cancer may be related to the modulation of cell surface
adhesion proteins, influencing the prognosis of this tumor (27). A
study with LEF] knockout mice demonstrated its importance in
endometrial cancer carcinogenesis. The LEF1 protein is essential in
uterine glandular formation, and its overexpression possibly
influences the disordered growth of glandular cells and the
development of cancer (28).

The MAPK/PI3K pathway is a central pathway in the
tumorigenesis of several tumors, and it is even a target in breast
cancer treatment (29). The role of FN1, which encodes fibronectin,
and DUSP4, which encodes dual-specificity protein phosphatase 4,

in endometrial cancer is not well understood. A recent study by
Raglan et al. evaluated the TCGA proteomic dataof 560 endometrial
cancers and demonstrated that obese patients without cancer had
upregulation of several proteins, including DUSP4 (30). Another
recent study evaluated the predictive model of lymph node
involvement in endometrial cancer using a combined proteomic
and transcriptomic approach. The authors reported that high protein
expression offibronectin, cyclin D1, and tumor grade were associated
with lymph node involvement. Moreover, overexpression of both
ENI and CCNDI (cyclin D1 encoded gene) genes correlated with
greater potential for mesenchymal invasion (31).

The third pathway identified was TGF-p through the
overexpression of the SMAD9 gene. This gene belongs to the
SMAD superfamily (Drosophila mothers against decapentaplegic
protein) made up of important cytokines in the TGE-§ tamily (32).
SMADSY overexpression is associated with the prevalence of
hamartomatous polyposis and is a prognostic factor for lung
cancer (33, 34). So far, no studies have addressed its impact in
endometrial cancer.

Analyzing the clinical and pathological features of this case-
control study, having squamous differentiation in the
histopathological diagnoesis could be a risk factor for recurrence in
this population, according to previously published studies (35, 36).
Related to ethnicity, some studies have already shown less medical
access in the nonwhite population in the USA impacting oncologic
outcomes (37); however, demonstrated a risk due to ethnicity itself.
In this study, there was a higher prevalence of white patients in the
recurrence group.

Despite these notable findings, our study has some limitations,
such as having a small sample size and a retrospective nature. The
small number of cases can be explained by the excellent prognosis
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FIGURE 2 | STRING interaction network of the 12 genes diferentially axpressed in the recurmance and nonmecumance groups of patients [known interactions fight
blua - from curated databases; purple - exparimentaly datemmined); predictad interactions (green, gane neighborhood; red, gena fusions; dark blue, gane
ocooccuranca); othars {yallow, taxt mining; black, coaxpmression; gray, protain homaolbgy)].

TABLE 3 | Saacted genes pradicting mcumence in low- and intemadiate-risk

andomeatrial cancar.
95% Cl
Genes Estimates OR Lower Upper p value
FN1 1.185 3.308 1.628 6.704 0.001
DUSP4 0.960 2613 1.302 5241 0.007
LEF1 0.818 2.266 1.187 4.325 0.3
SMADS 0.831 2.295 1.223 4.309 0.010
Score 1.000 2718 1.545 4.784 0.001
=
=2 4
s 100,0%
@ Spec: 72.7%
a8
z
z o
‘@
S o=
G oS
N
= -
= Area undar the curve: 0,930
[=]

T T | T T T
0.0 0.2 04 0.8 0.8 1.0

1-Speciicity

FIGURE 3 | Raceier oparating characterstic (ROC) curve of the recumence rek
scom (RRS). Sansithity and speciicity wera datamminad by the Youdan indax.

and low risk of recurrence in low- and intermediate-risk
endometrial cancer patients. Therefore, validation of this 4-gene
signature ina larger cohort is needed to confirm its predictive value.
Moreover, it would be interesting to validate these 4 biomarkers by
other methodologies, such as immunohistochemistry. On the other
hand, our study has several strengths. First, the robustness of the
NanoString methodology proved to be effective for gene expression
evaluation in routine samples, even after many years of storage, up
to 10 years in our study (38). Second, we evaluated a restriced
subpopulation of endometrial cancer to detect risk factors for
recurrence in this population. As this is a retrospective study, all
patients who relapsed and their matched controls had their
pathological reports reviewed by expert gynecologic oncology
pathologists to minimize selection bias. Some studies have shown
that gynecologic oncology has one of the highest rates of
disagreement in the expert pathologist’s report compared to the
nonspecialized report (39, 40). In addition, this case-control study
represents the experience of a reference cancer center hospital
where well-defined treatment protocols minimize possible
sample heterogeneity.

CONCLUSION

For the first time, we identified a four-gene signature associated
with recurrence in low and intermediate endometrial cancer.
Additionally, the four genes (FN1, DUSP4, LEF1, and SMAD®)
identified can shed light on the mechanisms of recurrence in
endometrial cancer. This study can pave the way for personalized
approaches of low- and intermediate-risk endometrial cancer.
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Artigo 1 — Early removal of indwelling urinary catheter after radical surgery for early-

stage cervical cancer — A cohort study.
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Abstract

Objective: To evaluate the difference between early and delayed removal of in-
dwelling urinary catheter after radical hysterectomy (RH) or radical trache-
lectomy (RT).

Methods: An ambispective study was conducted in early-stage cervical cancer pa-
tients who underwent RH or RT. Delayed indwelling urinary catheter removal oc-
curred on a postoperative day (POD) 7 in the retrospective group (January 2012-
November 2013), and early removal occurred on POD 1 in the prospective group
(May 2014-June 2017). The postvoid residual (PVR) test was performed after
indwelling catheter removal in both groups.

Results: Our sample included 47 patients in the delayed group and 48 in the early one.
There was no difference in age, body mass index, tumor size, histology, stage, surgical
approach, and intraoperative and postoperative complications. Indwelling urinary ca-
theter reinsertion was needed in 16 (34%) patients in the delayed group and 12 (25%) in
the early group (P = .37), with no statistical difference between the median PVR volumes
-82.5 and 45mL (P=.06), respectively. Seven (14.9%) patients in the delayed group
presented with 30-day urinary tract infection vs two (4.2%) in the early group (P=.09).
Conclusions: Early indwelling urinary catheter removal, in regard to the rate of

catheter reinsertion and PVR volume, does not differ from delayed removal.

KEYWORDS

cervical cancer, radical hysterectomy, urinary catheter, urinary retention

1 | INTRODUCTION

Radical hysterectomy (RH) is the standard treatment for early-stage
cervical cancer.”” The most frequent postoperative complication in
RH invalves the urinary tract.” Cervical cancer survivars can present
different lower urinary tract dysfunctions according to their treat-
ment modality. While storage dysfunction is more prevalent after
concurrent chemoradiation, wvoiding disorders seem to be higher

fallowing RH.”

Some studies confirmed bladder dysfunction after RH by
analyzing questionnaires, objective urodynamic study para-
meters, or both.* 7 Chen et al® reported postoperative detrusor
dysfunction and altered bladder sensation, capacity, and com-
pliance, which persisted beyond & months after surgery. RH with
a non-nerve-sparing technigue, adjuvant radiation therapy,
and voiding with abdominal straining 3 months after surgery were
found to be predictive factors of persistent low bladder

; B
compliance.”

J Surg Oncol. 2020;1-8.
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The duration of postoperative catheterization comprises the
period between the date of surgery and the first postvoid residual
[PVR) test. Urinary catheterization is useful to assess bladder func-
tion recovery after RH; however, the mean duration of postoperative
catheterization varies in the literature” "' Chamberlain et al*!
showed that early removal of indwelling urinary catheter after RH
presented a shorter median duration of postoperative catheteriza-
tion compared to the historical control group (& vs 30 days) with no
increase in postoperative complications. Furthermore, prolonged
postoperative catheterization was associated with urinary tract in-
fection and more extended hospital stay, which can impact post-
operative outcomes, and, consequently, the patient's quality of life.*

This study aims to evaluate whether early removal of indwelling
catheter on the first postoperative day (POD) differs from delayed

removal after radical surgery for early-stage cervical cancer.

2 | MATERIALS AND METHODS

An ambispective study was conducted in early-stage cervical cancer
patients after ethical approval from the institutional review board.
They underwent open or minimally invasive nerve-sparing RH (type B
or type C1, according to Querleu-Marrow classification) or radical
trachelectomy (RT) at the Department of Gynecalogic Oncalagy.”
All patients were clinically staged using the International Federation
of Gynecology and Obstetrics staging system.** Patients with stage
A1 with lymph-vascular space invasion, 1AZ, IB1, or IB2, and with
squamous or adenocarcinoma histology were included. The exclusion
criteria were patients whose data were missing, RH for endometrial
cancer, patients whose RH was aborted, and patients who had been
treated in another oncological center. Data were collected to obtain
patient demographics, surgical data, and clinical outcomes. REDCap
was used for storing patient data.”®

The sample was divided into two groups. The retrospective
group was based on a consecutive sample conducted between
January 2012 and Movember 2013, Patients in this group were
discharged with a Foley catheter, and indwelling urinary catheter
removal occurred, on average, on POD 7, in an outpatient clinic
(delayed removal—historical control). These women were instructed
to ingest liquids for 3 to 6 hours, and, right after spontaneous voiding
or in the absence of voiding, a PVR test (test 1-POD 7) was per-
formed, using an intermittent urinary catheter to measure the PVR
volume. If the PVR volume was less than 100 mL, the voiding function
101421 and the patient remained without

an indwelling catheter. If the patient was not able to spontaneously

was considered satisfactory,

void ar if the PVR volume was greater than 100mL, an indwelling
catheter was reinserted, and additional PVR tests were subsequently
performed at weekly intervals,

The prospective group included patients treated from May 2014
to June 2017 who had indwelling urinary catheter removal on the
POD 1 (eary removal—intervention group). Women were instructed
to ingest liquids for 3 to dhours, and, after spontaneous voiding or in
the absence of voiding, a PVR test (test 1-POD 1) was performed,

using an intermittent urinary catheter to measure the PVR volume. If
PVR volume was less than 100 mL, voiding function was considered
satisfactory.)®**! These women were discharged without an in-
dwelling urinary catheter. Another test (test 2) was performed on
POD 7 at a gynecologic oncology dinic by the same nurse to confirm
whether the urinary residual volume remained less than 100 mL For
patients who were not able to spontaneously void or had PVR
volume greater than 100 mL, an indwelling urinary catheter was re-
inserted and subsequent attempts to remove the catheter with PVR
testing were performed at weekly intervals.

In both groups, weekly evaluations were performed for four
consecutive weeks in patients presenting PVR volume greater than
100mL. i PVR wolume remained greater than 100 mL after this
period, a urodynamic study was indicated to evaluate the necessity of

using clean intermittent catheterization

2.1 | Statistical analysis

The sample was characterized using the median, minimum, and
maximum walues for quantitative variables and cross tables for
qualitative ones. Univariate analysis was performed using the Mann-
Whitney, x°, and Fisher exact tests. In multivariate analysis, a logistic
regression model was adjusted to estimate indwelling urinary
catheter reinsertion predictors, through which we estimated the
corrected relative risk (RR) and the respective 95% confidence in-
terval (95% Cl). The analyses were performed using IBM-SPSS soft-
ware v21.0, A 5% significance level was assumed, and two-tailed

values of P were considered throughout the statistical analysis.

3 | RESULTS

A total of 95 women were included in this study: 47 (495%) in the
delayed removal and 48 (50.5%) in the early removal group. Details
of demographic, clinical, and perioperative characteristics according
to the moment of indwelling urinary catheter removal are shown in
Table 1. The median age in the delayed removal group was 44 (29-64)
years old, while it was 40 (27-72) in the early removal cobort
(P =.08). The duration of postoperative catheterization for the de-
layed removal group was 168 hours (96-336), whereas for the early
removal group it was 18hours (12-24) (P <.001). There was no sig-
nificant difference between the groups regarding body mass index,
tumor size, histology, stage, surgical approach, intraoperative and
postoperative complications, or urinary complications (urinary tract
infection and urinary incontinence).

Regarding PVR valume, there was no significant statistical dif-
ference between the delayed removal and the early removal groups.
The PVR volume in test 1 was 80 (0-900) and 45 mL (0-800),
respectively (P=.06) (Table 2). The PYR volume in test 2 was 60 mL
(0-1200) in the early removal group.

Details of indwelling urinary catheter reinsertion and urodynamic
evaluation in both groups are described in Table 3. At least one
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TABLE 1 Demographic, dinical, and
perioperative characteristics according to
the moment of indwelling urinary catheter
removal

Variable

Agey
BMI {kg/m?)

Duration of postoperative
catheterization, h

Tumor size, mm

Previous perineal surgery”
Mo
Yes

Histology
Squamaous

Adenocarcinoma

Stage
1A1
142
1B1
1B2

Type of procedure
Radical hysterectomy
Radical trachelectomy

Surgical technigue®
Type B
Type C1
Surgical approach
Laparoscopy
Laparotomy

Intracperative complication
Mo
Yes
Type of intraoperative
complication
Bladder lesion
Blood transfusion
Early postoperative
complication (<30d)
No
Yes

Urinary tract infection (<30d)

Mo
Yes

Urinary incontinence (=30 d)
Na

Yes

Delayed (47)
Median (min-max)
N (%)

44 (29-64)
25.43 (18.67-37.86)
168 (96-336)

16 (2-45)

45 (95.7%)
2 (4.3%)

24 (51.1%)
23 (4B.9%)

1(21%)

6 (12.8%)
39 (83.0%)
1(21%)

46 (97.9%)
1(21%)

27 (57.4%)
20 (42.6%)

35 (745%)
12 (255%)

46 (97.9%)
1(21%)

1(100.0%)
0 (0.0%)

39 (83.0%)
8 (17.0%)

40 (85.1%)
7 (14.9%)

46 (97.9%)
1(21%)

"Test not performed due to data distribution.

Early (48)
Median (min-max)
N (%)

40 (27.72)
2663 (2024.46.34)
18 (12.24)

12 (2-50)

46 (97.9%)
1(21%)

33 (68.8%)
15 (31.3%)

3 (6.3%)
7 (14.6%)
36 (75.0%)
2 (41%)

45 (93.8%)
3 (6.3%)

20 (42.6%)
27 (57.4%)

39 (B12%)
9 (18.8%)

47 (97.9%)
1(21%)

0 (0.0%)
1 (100.0%)

45 (93.8%)
3 (6.3%)

46 (95.8%)
2 [42%)

47 (97.9%)
1(21%)

S \1LEY—

08
41

<001

37
99

69

62

22

47

99

A2

09

99

Abbreviations: BMI, body mass index; max, maximum; min, minimum; mm, milimeters; N, number.
“One missing data in prospective group.

114



MENGATTO e a

L wicev-

TABLE 2 Comparison of PVR volume between groups

Postvoid residual volume, mL

Delayed Early

Median (min-max) Median (min-max) P

Test1n 41? 48 06
B0 (0-900) 45 (0-800)

Test2n 16" 45" .09
80 (5-250) 40 (0-1200)

Test 3n 6" B A7
95 (10-300) 55 (0-120)

Test 4 n 2 2 .
115 (110-120) 145 (40-250)

Test 5n 1 1
400 (400-400) 100 (100-100)

Abbreviations: max, maximum; min, minimum; mL, milliliters; PVR,
postvoid residual.

*Missing data six.

"Missing data two.

“Missing data one.

Test not performed due to data distribution.

indwelling catheter reinsertion was reguired in 16 (34.004) patients fram
the delayed removal group and in 14 (29.2%) from the early remaoval
group (P = #6). Catheter reinsertion after the first PVR test (test 1) was
reguired in 16 (34.0%) patients in the delayed removal group vs 12
[25.0%) in the early removal group (P =.37). The reinsertion for two or
more times of indwelling catheter occurred in seven (14.9%) and four
(8.3%) patients in the delayed remowval and early removal groups,
respectively (P=63). A total of 24 (51.1%) patients in the delayed re-
moval group required urodynamic evaluation, while it was necessary in
only 12 (25.0%) patients in the early removal group (P=.011).

Mo predictor of indwelling urinary catheter reinsertion was
found in the delayed removal group's demographic, dinical, and
surgical factors (Table 4). On the logistic regression model, only age
was included, but it remained without statistical significance on the
multivariate analysis (RR: 0.957; 95% CI: 0.91-1.005; P=.08]. Also, in
the early removal, the same demographic, clinical, and surgical fac-
tors were analyzed, and no predictor of indwelling catheter re-
insertion was found (Table 5). As there was no variable with P<.2, it

was not possible to perform the multivariate analysis,

4 | DISCUSSION

This is, to the best of our knowledge, the first study to evaluate the
feasibility of removing indwelling urinary catheter on POD 1 com-
pared to delayed removal after radical surgery for cervical cancer, in
regard to PVR volume, the need for catheter reinsertion, and post-
operative outcomes. The results presented here demonstrate that
PVR volume had no significant statistical difference comparing the
delayed and early catheter removal groups. However, absolute PVR
volume was lower in patients whose catheter removal occurred on
POD 1 in almost all tests. We did not find any difference in PVR
valume on POD 7, comparing delayed and early urinary catheter
removal groups. Indwelling urinary catheter reinsertion rate did not
differ in either group, and there were no predictive factors for ca-
theter reinsertion. Nevertheless, the need for urodynamic evaluation
was significantly higher in the delayed catheter removal group.

The normal volume of urine left in the bladder at the completion
of micturition varies in the medical literature. However, most authors
consider a PVR of 50 to 100 mL to be normal, greater than 200mL
to be abnormal, and between 100 and 200 mL to require clinical

assessment.”>*” Roh et al™ conducted a prospective randomized

TABLE 3 Comparison between indwelling urinary catheter reinsertion in both groups

Variable Category
At least one reinsertion No

Yes
Reinsertion after test 1 No

Yes
Mumber of reinsertions 0

1

z2
Urodynamic evaluation Mo

Yes
Urodynamic result Marmal

Overflow incontinence
Stress incontinence
Urinary retention

Group

Delayed Early

n % n % P
A 66.0% 34 708% b6
16 340% 14 292%

<) | 66.0% 36 750% a7
15 340% 12 250%

K | 660% 34 708% 63
9 19.1% 10 208%

7 149% 4 8.3%

23 48.9% 36 750% 011
24 51.1% 12 250%

11 458% 10 B33% A3
1 42% 0 00%

5 208% 0 00%

7 292% 2 16.7%
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TABLE 4 Predictive factors of indwelling urinary catheter (IUC) reinsertion in delayed removal group

Delayed removal group

IUC reinsertion
No (31) Yes (16)
Variable Median (min-max) M (%) Median (min-max) M () P
Age, y 45 (32-64) 40 (29-64) o7
BMI, kg/m? 2543 (19.29-37.86) 25.68 (18.67-35.84) 48
Parity 2(012) 2(05) A3
C-section 0(0-3) 1(0-3) 82
Abortions 0(0-3) 0(04) B1
Operative time, min 223 (75-410) 210 (160-3560) 61
Tumor size, mm 13 (2-45) 22 (3-40) LiE]
Previous perineal surgery 59
No 30 (96.8%) 15 (93.8%)
Yes 1(3.2%) 1(6.3%)
Histology 76
Squamous carcinoma 15 (48.4%) 9 (56.3%)
Adenocarcinoma 16 (51.6%) 7 (43.8%)
Stage g4
141 1(3.2%) 0(0.0%)
142 5(16.1%) 1(6.3%)
IB1 24 (775%) 15 (93.8%)
B2 1(32%) 0(0.0%)
Type of procedure 99
Radical hysterectomy 30 (95.8%) 16 (100.0%)
Radical trachelectomy 1(3.2%) 0(0.0%)
surgical technique 54
Type B 19 (61.3%) B (50.0%)
Type C1 12 (38.7%) 8 (50.0%)
Surgical approach 99
Laparoscopy 23 (742%) 12 (75.0%)
Laparotomy 8 (25.8%) 4(25.0%)
Intraoperative complication 59
Mo 30 (96.8%) 16 (100.0%)
Yes 1(3.2%) 0(0.0%)

Abbreviations: BMI, body mass index; max, maximumm; min, minimum; mm, millimeters; N, number.

controlled trial involving patients with cervical cancer who under-
went conventional or nerve-sparing RH, in which they considered
bladder recovery when PVR volume was less than 50mlL. Among
patients from the nerve-sparing RH group, the median time taken to
obtain a PVR volume of less than 50mL was 11 days, while in the
conventional RH group, it took 18 days®* Also, in Liang et al's®®
study, PVR volume was less than 50 mL, on average, on POD 7 in
nerve-sparing RH and on POD & in conventional RH. In another
study, it was necessary 14 days, on average, after nerve-sparing RH,
to achieve a PVR volume of less than 50mL** Kavallaris et al®”
evaluated 32 early-stage cervical cancer patients after laparoscopic

nerve-sparing RH with pelvic lymphadenectomy. In their study, all

patients were able to void spontaneously on POD 3, with a median
PVR volume of less than 50mL™ Our study considered voiding
function as satisfactory when PVR volume was less than 100 mL, as
in many other papers published before.’**! In our retrospective
group (delayed indwelling urinary catheter removal), test 1 was
performed, on average, on POD 7 with PVR volume less than 100 mL
in 66.0% of patients, whereas in the prospective group (early in-
dwelling catheter removal), it was performed on POD 1 with PVR
volume less than 100 mL in 75.0% of patients.

Regarding PVR valume on POD 7, Yin et al*® evaluated 27 early-
stage cervical cancer patients, with PVR volume of less than 50 mL in
66.6%, and greater than 200mL only in 7.4% of |:t:|1ienls.2ﬁ A study
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TABLE 5 Predictive factors of indwelling urinary catheter (IUC) reinsertion in early removal group
Early removal group
IUC reinsertion
No (34) Yes (14)
Variable Median {min-max) N (%) Median (min-max) M (%) P
Age,y 40 (27-72) 40 (34-60) .59
BMI (kg/m?)* 26,46 (20.31-46.34) 27.31 (20.24-36.25) .83
Parity 307 3(0-5) .28
C-section 1(0-3) 0(0-3) 62
Abortions 0(0-2) 0(0-3) 79
Operative time, min 237.50 (105.0-360.0 2550 (150.0-325.0) B9
Tumor size, mm 120 (3.0-50.0) 14.5 (2.0-34.0) g1
Previous perineal surgery” .99
No 33 (97.1%) 13 (100.0%)
Yes 1(2.9%) 0 (0.0%)
Histology 74
Squamous carcinoma 24 (70.6%) 9 (64.3%)
Adenocarcinoma 10 (29.4%) 5(35.7%)
Stage B0
1AL 2 (5.9%) 1(7.1%)
1A2 6 (17.6%) 1(7.1%)
181 24 (70.6%) 12 (B5.8%)
1B2 2(5.9%) 0 (0.0%)
Type of procedure .99
Radical hysterectomy 32 (94.1%) 13 (92.9%)
Radical trachelectomy 2 (5.9%) 1(7.1%)
Surgical technique® 99
Type B 14 (41.2%) 6 (46.2%)
Type C1 20 (58.8%) 7 (538%)
Surgical approach .99
Laparoscopy 28 (82.4%) 11 (78.6%)
Laparotomy 6 (17.6%) 3(21.4%)
Intracperative complication 99
No 33 (97.1%) 14 (100.0%)
Yes 1(2.9%) 0 (0.0%)

Abbreviations: BMI, body mass index max, maximum; min, minimum; mm, millimeters; N, number.

*Missing data one in the group without IUC reinsertion.
"Missing data one in the group with IUC reinsertion.

published by Mantasupha and Charoenkwan® voiding function was
considered as adequate when PVR volume became less than 100mL
at least two times consecutively after RH in early-stage cervical
cancer patients. Therefore, PVR volume on POD 7 was 48.2 and
296mlL in patients with and without adequate voiding function,
respectively.’” Yin et al™ considered voiding function as satisfactory
when PVYR volume was less than 50 mL This study was conducted in
two parts: on the first one, indwelling urinary catheter removal was
performed in 27 patients on POD 7; however, due to better resulis

than expected, on the second part, indwelling catheter removal was
performed in 150 patients on POD 4. Reinsertion was necessary for
14.8% of patients from the first group, and all of them had a suc-
cessful catheter removal on POD 14. On the other hand, reinsertion
was required in 26.7% of patients from the second group, 85.0% from
whom the indwelling catheter was successfully removed on POD 14,
The ather six patients needed longer catheterization”® In our find-
ings, there was no difference in the indwelling urinary catheter re-

insertion rate between both groups. In delayed catheter removal
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group (on POD 7), its reinsertion was necessary for 34.0%, whereas it
occurred in 29.2% of patients who had it removed on POD 1.
Raspagliesi et al'” reported a 26% postoperative complication
rate in nerve-sparing Piver Il RH with pelvic lymphadenectomy for
cervical cancer treatment. Two (9%) patients were discharged with
self-catheterization and one recovered voiding function at the first
postoperative visit.” In our study, we evaluated only early post-
operative complications (within 30 days after surgery). In the delayed
indwelling urinary catheter removal group, 17.08 of patients pre-
sented early postoperative complications (seven urinary tract infec-
tions and one urinary incontinence). In contrast, in the early indwelling
catheter removal group, it ocourred in 6.3% of patients (two urinary
tract infections and one urinary incontinence). It is important to em-
phasize that although the difference between the two cohorts was not
statistically significant, the 30-day urinary tract infection rate in the
delayed indwelling urinary catheter removal group was nearly three
times more frequent than in the early catheter removal group.
Nantasupha and Charoenkwan®® demanstrated that, in early-stage
cervical cancer patients, treated with RH, the predictive factors related
to inadequate voiding function on POD 7 were tumor size, tumor ap-
pearance (gross vs microscopic), stage, preoperative chemotherapy,
postoperative urinary tract infection, primary surgeon, prior conization,
length of vaginal and parametrial resection, and parametrial margin
Oda et al® reported that non-nerve-sparing RH, adjuvant radiotherapy,
and voiding with abdominal pressure at 3 months after surgery were
predictive factors for persistent low bladder compliance after RH. Inour
analysis, there were no risk factors for inadequate voiding function nor
the necessity of indwelling urinary catheter reinsertion in any group.
Our study's major weakness is its retrospective nature in the
group with delayed indwelling urinary catheter removal. Bias in data
collection can be implied, since some information may have been
omitted in medical records. Even though absolute data seem to favor
POD 1 catheter removal, nonstatistical differences can be due to the
limited cohort number. The strengths of our study indude the fact
that the early urinary catheter removal group was prospective. Al-
though many studies compare the voiding function between nerve-
sparing and non-nerve-sparing RH, all RH were nerve-sparing in this
cohort. Also, this is the first study to indude RT in the analyses.
Besides that our results are consistent because they originate from a
single reference cancer institution in Brazil, which maintains standard

protocols and routines in patient management.

5 | CONCLUSION

Our study found that indwelling urinary catheter removal can be
accomplished on POD 1 without compromising catheter reinsertion
rate, PVR volume, and 30-day urinary postoperative complications.
Hence, there might be lower cost, less pain, shorter hospital stay, and
less postoperative comorbidities, such as urinary tract infection and
antibiotic use. Besides that, the early removal group was associated
with less need for urodynamic assessment. The possible complica-

tions and comorbidities described above can impair patients’ guality

1 LEY

of life. Considering early-stage cervical cancer overall survival rates,

therefore, it is crucial to minimize morbidity related to RH.
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Abstract. The current study aimed to evaloate the accuracy
of diffusion-weighted imaging and morphological aspects at 3
Tesla (T) and 1. 5T MRI for diagnosing metastatic lymph nodes
(LN) 1n cervical cancer. A retrospective study was conducted
at the Barretos Cancer Hospital A total of 45 patients with
cervical cancer who underwent MRI examination and pelvic
and/or para-aortic lymphadenectomy as part of surgical
procedure were included. Data regarding LN images included
size (short-axis diameters), morphology (usual, rounded or
amorphous), appearance (homogeneous or heterogeneous),
limits (regular, irregular or imprecise), presence or absence
of necrosis, diffusion (normal or greater restriction than
expected for normal tissue) and aspect (suspected, unde-
termined or normal). These findings were compared with
histopathological results. According to histology results,
among the 45 patients, 14 (31.1%) LNs were tested positive for
metastasis and 31 (68.9%) LNs were tested negative. A total
of 41 metastatic positive LNs were detected from a total of
976 resected nodes. Twelve patients from the 45 (26.7%) had
LN classified as metastatic by histology and suspected by
MRI, 26 (57.8%) as negative in both evaluations, 2 (4.4%) as
positive by histology and negative by MRI and five (11.1%) as
negative by histology and positive by MRI. Based on these
resulfs, sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and accuracy were 857, 839,
70.6,92 9 and 84 4% respectively. The Cohen's x test exposed
a general outcome of 0.657 (P<0.05), demonstrating that the
two variables (histology and MRI) have substantial concor-
dance. The « test results between histological and MRI data
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for paraaortic and pelvic LNs were found to be 1 and 0.657,
respectively. Finally, short axis =10 mm, T2 hypointensity,
rounded morphology and greater restriction than expected for
normal tissues are the four most common MRI findings asso-
ciated with metastatic LN. The concordance between MRT and
histology was substantial, indicating that this method using
MRI for diagnosing suspected LN metastasis 1s reliable. The
results of the current study revealed that the most important
aspects to be evaluated in MRI include: Short axis >10 mm,
T2 hypointensity, rounded morphology and greater restriction
than expected for normal tissues. If these four characteristics
are present in MRI, histological evaluation is likely to reveal
positive lymph node metastasis.

Introduction

According to the American Cancer Society, 13,240 new cases
of cervical cancer were registered in the United States in
2018 (1). When regional or distant metastases are detected,
survival rates within four years are 57 and 17% respectively (1).
The involvement of the lymphatic system is one of the most
important predictors of poor prognosis (2) and the standard
method used to determine the presence of lymph node (LN}
involvement with precision 1s histological examination (3).
MRI was subsequently developed for pre-operative evaluation
and post-operative follow-up. Through morphological and
functional tools, LN metastasis can be detected, categorized
and staged using MRI (4,5).

An important tool in MRT 1s diffusion-weighted imaging
(DWT), which randomizes molecular movement and provides
insight into how tumors behave in the tissue environment (6).
DWT uses the apparent diffusion coefficient (ADC) to analyze
the magnitude of diffusion by measuring the diffusion of
water molecules inside the tissue (5). In cancer tissues, ADC 15
normally low due to the high cancer cellularity and abundance
of membranes (2,7-9). As the size, shape, extension of tumor
outside the tissue and presence of necrosis can impact directly
on treatment, these aspects must be evaluated to detect the
existence of metastatic LNs (10,11).

Therefore, 1t 15 important to discriminate which LN has a
higher chance of being metastatic, based on its morphelogical
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and functional aspects, to avoid complications of lymphad-
enectomy as well as to define an optimal radiotherapy plan,
without having to irradiate healthy tissue unnecessarily (12).

The current study evaluated morphological characteristics
and DWT results of pelvic and paraaortic LNs using MRI in
patients with cervical cancer and compared these resulis to
histological analysis. To the best of the authors' knowledge,
previous studies did not successfully compare imaging exami-
nations of metastatic LNs in detail. The current study was
designed to identify metastatic LNs with a higher precision
compared with histopathological findings, and obtain more
specific and sensitive results. The aim of the present study was
to evaluate the accuracy of DWI and morphological features
at 3 Tesla (T) and 1 5T MRI for diagnosing metastatic LNs in
cervical cancer.

Materials and methods

Patient data. The present study was entirely based on the
review of patients' medical records, and no human samples
were used. Approval was obtained from the Ethics Commuittee
of Barretos Cancer Hospital (approval no. 1150/2016; Barretos,
Brazil). All patients consented to the use of their medical
records in the current study. Medical records of patients with
cervical cancer who attended the Gynecologic Oncology
Department between January 2013 and December 2010 were
retrospectively reviewed to obtain patient demographics,
imaging findings, surgical-pathological data and follow-up
information after treatment. The present study included
45 female patients (age range, 20-74 years) with stage 1Al to
IVB who also had Iymph vascular space invasion, who had
an MRT examination for primary local tumor staging. This
group of patients belong to a group that underwent pelvic
and/or paraaortic lymphadenectomy as part of surgical staging
o1 primary treatment. Patients who did not undergo MRI
examination or pelvic and/or paraaortic lymphadenectomy
were excluded from this study. These patients were followed
up after treatment until December 2019.

Recently, the International Federation of Gynecology and
Obstetrics (FIGO) staging systems for cervical cancer have
been revised and two new sub-categories were included to
classify the stage by LN involvement, including ITIC1 (pelvic
LN metastasis) and IIIC2 (para-aortic LN metastasis) (13).
Since the information for the current study was collected
before the update, patients were reclassified according to the
new FIGO recommendations.

Histological analyses. Histological analyses were made on
LNs resected in pelvic and/or paraaortic chains. All the LNs
were cut into 3-mm thickness before they were embedded into
paraffin cubes and cut using microtomes. The final thickness
measured 4 ym and the LNs were visnalized using an optical
microscope.

Image analyses. At the Barretos Cancer Hospital the mferior
abdomen of patients with cervical cancer is evaluated though
MRI scans, since the analysis of tumor and its relation to
adjacent structures using MRI can yield superior visualization
compared with that by abdominal CT. When evaluating pelvis
and its structures, including those of suspected LNs, MRI

scans exhibit superior accuracy compared with CT. However,
renal veins are evaluated using contrasted CT at the Barretos
Cancer Hospital. The public health system in Brazil does not
cover positron emission tomography-CT (PET-CT) analyses
in patients with cervical and endometrial cancer. In addition,
since the Barretos Cancer Hospital 15 a public institution,
CT technology was not available between January 2013 and
December 2018.

The standard protocol performed at The Radiology
Department of Barretos Cancer Hospital to obtain the pelvie
MRI images for cervical cancer included T2-weighted images
(WI) in different planes (axial, sagittal and coronal) and
T1-WI (slice thickness, 3 mm; slice gap, 0.3-mm). Images were
acquired from the superior portion of the antero-superior iliac
spine to the inferior portion of inferior pubic branches. High
resolution T2-WT sequences were taken of the axial plane
at 3 mm slice thickness, which were adjusted by sagittal and
coronal planes (acquired in the same exam), with 3 mm slice
thickness and no gap. The diffusion weighted sequence is
acquired by using the same axial plane and slice thickness in
the T2-weighted sequence with high resolution. This protocol
also includes an additional T2-weighted sequence, with slice
thickness of 3 and 0.3 mm gaps, which were acquired from the
left renal vein until the lower pubic branches. Although these
MRI images were captured to visualize pelvic LNs, the final
sequence in the T2-WT aforementioned, which were taken using
the same protocols, was also used to evaluate paraaortic LNs,
since this sequence has higher cutting thickness and possible
artifacts imaging (for instance intestinal gases and movement),
which could reduce the analysis accuracy of the paraaortic LN.

Lymph node status was classified by the impression of
the radiologists (R R.S and M D.S), according to the chain
removed, including right pelvic (RP), left pelvic (LP) and
paraaortic (PA) and its quality: Diagnostic and non-diagnostic
samples were classified according to the subjective impression
of the radiologists. Non-diagnostic samples were excluded
from the analysis. All images were captured at baseline assess-
ment using Achieva 3.0T (Philips Healthcare) or a Signa™
1.5T HDxT (GE Healthcare). PACS software (version 3.3.30)
inside packages with PixViewer and Viewer MPR (year 2019;
version 19.9.0; Pixeon Medical Systems SA) was used to
visualize the images.

The MRI images were analyzed before surgery by two
experienced radiologists (RRR and MDS) in a blinded manner.
The final report was through consensual analyzes and each
LN was classified as normal or suspect. For correct distribu-
tion, all statistical analyses considered the following criteria
for assessing the signal sequences of the MRI: 1) Appearance,
homogenous or heterogenous; ii) presence of necrosis, yes or
no; and 1) T2 mtensity, low broadcast, areas with low signal or
normal signal. For assessing the morphological aspects using
the conventional sequences of MRI, for following criteria were
used: 1) Size, short-axis diameter >10 mm; ii) morphology,
usual, rounded or amorphous, 1i1) limits, regular, irregular
or imprecise; 1v) diffusion, normal or greater restriction than
expected for normal tissue; and v) aspect, suspected or normal.
Patients with =1 LN classified as suspect using MRI were
considered positive, since the chain analyzed in MRI was the
same chain that was removed in posterior surgery and then
identified as positive by histology.
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Figure 1. Number of patients exhibiting concordance and discordance
according to FIGO staging and the presumed FIGO staging by MRI analysis.

Statistical analysis. Statistical analyses were performed using
the SPSS software (version 21; IBM Corp). Quantitative
criteria (symmetric and non-symmetric) were presented as the
mean + standard deviation and categorical data were presented
as n (%) 1 tables. The « and concordance test were used to
evaluate if the variable MRI had a link with histopathology
results, where values closer to 1 was considered to indicate
higher degrees of concordance between the MRI and histopa-
thology data. P<0.05 was considered to indicate a statistically
significant difference. Sensitivity (5), specificity (E), positive
predictive value (PPV) and negative predictive value (NPV)
were used to determine the accuracy of MRI images. Study
data will be collected and managed using Redcap software
version 9514 (Research Electronic Data Capture) electronic
data capture tools hosted at MD Anderson (Texas) (14).

Results

General results. A total of 45 patients with cervical cancer who
underwent pelvic and/or paraaortic lymphadenectomy were
included in the current study. The median age was 50 years
(age range, 20-74). Among these 45 patients, 34 (75.6%) had
squamous carcinoma, 8 (17.8%) had adenocarcinoma and
3(6.6%) had other histological subtypes. According to the
revised FIGO staging system 4 patients (8.9%) were catego-
rized as IA1, 1 (2.2%) as IA2, 10 (22.2%) as IBL, 8 (18.8%)
asIIB, 1 (2.2%) as ITTA, 3 (67%) as I1IB, 9 (20.0%) as IIIC1,
5(111%) as IIIC2, 1 (2.2%) as IVA and 3 (6.7%) as IVB. In
addition, FIGO stage diagnoses obtained by physical exami-
nation were compared with the FIGO stage prediction made
using MRI before surgery. A total of 27 patients (60%) were
concordant and 18 patients (40%) were discordant comparing
histological FIGO stage and presumed FIGO stage by MRI,
respectively. The number of concordant and discordant
patients was determined at each FIGO stage (TIA1-IVB; Fig. 1).

The MRI evaluated was before surgery (median, 43 days;
range, 3-163 davs). Among 45 patients, 14 (31.1%) and 31
(68.9%) had metastatic and negative LNs by histology,
respectively. Among these 14 metastatic patients, 9 (64.3%)
had positive LNs in both pelvic (RP and LP) and PA chains,
4 (28.0%) in PA and 1 (7.1%) in RP and PA. Among the
14 (31.1%) patients with positive LNs, § (57.2%) had no
recurrence after treatment at the Barretos Cancer Hospital.
However, recurrence was recorded in 6 (42.8%) patients.

These recurrences were diagnosed by MRI. Two patients
(33.3%) had recurrence in pelvic organs, 2 (33.3%) in the
abdomen, 1 (16.7%) in pelvic LNs and 1 (16.7%) pelvic LNs
and lungs. Recurrence in the same lymphatic chain that had
prior lymphadenectomy was observed in 3 patients (50%).
Among the 31 patients with negative LNs, 26 (83.8%) had no
recurrence, whereas 5 (16.2%) had recurrence. A total of 4
(80%) of these patients were diagnosed only by MRI and one
(20%) by MRI and tomography. Among the 5 patients with
recurrence, 3 (00%) were 1n the abdomen, 1 (20%) in liver and
Iungs, and 1 (20%) in pelvic organs.

Comparison between data obtained using histology and MRI.
Comparing between histology and MRI findings, 12 patients
(26.7%) had suspected LN metastasis by MRI and were tested
positive by histological analysis, 26 (57.8%) were tested nega-
tive for LN metastasis by both MRI and histology, five (11.1%)
were tested negative by histology and positive by MRI and two
(4 49%) were tested positive by histology and negative by MRI
(Table I). Based on these results, further analysis revealed
the sensitivity, specificity, PPV, NPV and accuracy to be 837,
839 706,929 and 84 4%, respectively. The « test exposed a
general outcome of 0.657 (P<0.03), suggesting that the data
obtained using histology and MRI have substantial concor-
dance. According to the « test, the value for data obtained
using histology and MRI was calculated to be 1 for paraaortic
LN and 0.657 for pelvic LN (both P<0.053).

To identify possible errors, the false negative and false
positive cases were analyzed further to verify the concordance
between data obtained by histological and MRI examinations.
A total of two false negative cases were found, of which one
(50%) did not reveal suspected LN metastasis by MRI and was
subsequently admitted for pelvic and paraaortic lymphadenec-
tomy. This patient had an important difference in the short axis
diameter by pre-operative MRI (6 mm) compared with that
revealed by histological analysis (23 mm), possibly due to the
41-day gap between MRI to surgery. The other false negative
case had suspected LN metastasis in the bilateral pelvic chains
as revealed by MRI and was admitted for paraaortic lymph-
adenectomy 15 days after MRI. Among the five false positive
cases, three (60%) had suspected bilateral pelvic LN metas-
tasis as revealed by MRI, one (20%) metastasis was detected
in the right pelvic LN and one (20%) 1n the left pelvic LN All
five patients were admitted for pelvic and paraaortic lymphad-
enectomy. The MRI method used to analyze paraaortic LN is
a one-sequence scan that was performed without good resolu-
tion and therefore could be the reason for underdiagnosis. The
medical records of the five false positive cases were reviewed
to examine the follow up status up until October 2019, In total,
four (80%) patients wete alive without disease and one (20%)
died in 2015 as a result of cervical cancer.

Among the 12 true positive cases, four (33.3%) had
suspected bilateral pelvic LN metastasis by MRI and were
admitted for pelvic and paraaortic surgery, three (25.0%) had
suspected right pelvic LN metastasis and received pelvic and
paraaortic surgery, two (16,7%) had suspected bilateral pelvic
and paraaortic LN metastasis and received paraaortic surgery,
one (8.3%) had suspected right pelvic LN metastasis and was
admutted for right pelvic and paraaortic surgery, one (8.3%)
had suspected left pelvic LN metastasis and received pelvic
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Table I. Patients with suspect and non-suspect lymph nodes by MRI comparing to histopathological results.

Positive by histological analysis Negative by histological analysis Total
MRI N (%) N (%) N (%)
Positive for suspected metastasis 12267 5(11.1) 17(37.8)
Negative for suspected metastasis 2044 260(57.8) 28020
Total 14(31.1) 31 (68.9) 45 (100)

Table II. Distribution of number of analysis regarding number of Iymph nodes encountered, according to Ivmphadenectomy

performed and pre-operative MRI evaluation.

MRI=histology MRI = histology MRI < histology Total

Chain N (%) N (%) N (%) N (%)
False positive

LP 1(6.7) 4(267) 0(00) 5(333)

RP 1(6.7) 4(26.7) 0(0.0) 5(333)

PA 4(26.7) 0(0.0) 167 5(333)

Sub. Total 04000 8§(533) 167 15 (100.0)
False negative

LP 0(0.0) 1{16.7) 1(16.7) 2(333)

RP 1(16.7) 1{16.7) 0(0.0) 2(333)

PA 1(16.7) 0(0.0) 1(16.7) 2(333)

Sub. Total 2(333) 2(333) 2(333) 6 (100 0)
True positive

LP 9(250) 3(83) 0(00) 12(333)

RP 5(139) 4(11.1) 3(83) 12(333)

PAs §(222) 0(0.0) 4(11.1) 12(333)

Sub. Total 22(61.1) T(194 T(194) 36 (100.0)
Total 30(52.0) 17(298) 10(17.3) 57 (100)

LP, left pelvie; RP, nght pelvie; PA, paraaorta; MRI=histology, number of analyses equal in both evaluations; MRI > histology, number of
analyses higher in MRI than histology; MRI < histology, number of analyses smaller in MRI than histology.

and paraaortic surgery, one (8.3%) had suspected paraaortic
LN metastasis and had paraaortic surgery.

As aforementioned, five cases (11.1%) were considered
false positive, two (4.4%) as false negative and 12 (26.7%) as
true positive, totaling 19 patients. These 19 patients had three
possible outcomes comparing both MRI and histological
analyses: 1) The number of LN metastases encountered by
MRI were equal to that by lustology; 1) MRI revealed more
LN metastases compared with histology; and ii1) MRT encoun-
tered less LN metastases compared with histology. Therefore,
a total of 57 possible analytical combinations were found for
these 19 patients. This combination was subsequently divided
according to the three groups as listed above and to the asso-
ciated lymphadenectomy chains (LP, RP and PA) Of the 57
possible combinations, there were 30 (52.6%) cases in which
had MRI and histology revealed an equal number of meta-
static LNs, 17 (29.8%) cases where MRI diagnosed a greater
number of LN metastases and 10 (17.5%) cases in which MRI
diagnosed a lower number of LN metastases compared with
histology (Table IT).

Among all lymphadenectomies (pelvic and/or para-aortic)
performed, a total of 976 LNs were resected. Of these, 41
(4.2%) were confirmed to be positive by histological analysis
for metastasis whilst 935 (95.8%) were considered negative by
histology. Further analysis revealed that from the 41 positive
LNs, three (7.3%) were encountered in the LP, 10 (24.4%) in
the RP, 18 (43.9%) in the PA, four (9.8%) in both LP and RP
and six (14.0%) in pelvic (LP and/or RP) and PA.

MRI analyses. In terms of exam quality, examination of all
45 patients (100%) resulted in a successful diagnosis. A total
of 44 LNs were analyzed using MRI, of which 42 (95.5%)
were suspected to be metastatic by MRI and two (4.5%) were
considered to be negative for metastasis. Among the 44 cases,
two (4.5%) were found in the LP, eight (18.2%) in the RP, two
(4 5%) in the PA, 19 (43 2%) in both LP and RP, and 13 (29 5%)
in pelvic (left and/or right) and PA_

The morphological characteristics of the 42 (95.5%)
suspected LN metastases as determined by DWI in MRIs
were then compared against their corresponding histology
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Table III. Association between suspect lvmph nodes in
morphological and functional features revealed using MRI
that were subsequently found to be positive for metastasis by
histological analysis.

Metastasis-positive lymph

nodes by histology

MRI finding N (%)
Short-axis >10 mm 38(90.5)

T2 hipointensity 34810
Rounded morphology 33(78.6)
Greater restriction than one 32(76.2)
would expect

Heterogeneous appearance 29 (69.0)
Presence of necrosis 200478
Trregular limits 17 (405)

data, which 1s considered to be the golden-standard. It was
found that those with short axes >10 mm had an major impact
in determining the probability of an LN being metastatic in
subsequent histological analyses, as 90.5% of the metastatic
LNs found vsing MRI that were >10 mm were subsequently
found to be metastatic in histological analysis. LN metastases
with T2 hypointensities had an association of 81 0%, rounded
morphology had an association of 78 6%, greater restriction than
one would expect for this tissue had an association of 76.2%,
heterogenous appearance had an association of 69%, presence
of necrosis had an association of 476% whilst LN metastases
with irregular limats had an association of 40.5% (Table III).
When investigating the smallest diameter of the short axis
in suspected metastases in LNs using MRI, it was concluded
that the median size of all suspected mefastases in LNs was
16.8 mm (5-50 mm), with a standard deviation of 0.96.

A representative case of a true positive patient with a
metastatic LN as diagnosed by MRI and histological analysis,
both in the RP chain 15 shown in Fig. 2. Morphological and
functional characteristics that were associated with metastatic
status were short-axis diameter measuring 21 mm, presence
of necrosis associated with liquid level, areas with greater
restriction than would be expected for this tissue, presence of
round morphology and heterogenous appearance and irregular
limits. For comparative purposes, a representative case of a
false positive exam was also shown (Fig. 3). This patient was
tested positive for LN metastasis in the RP by MRI and but
negative by histological analysis. The morphological and
functional characteristics that were associated with this image
are short-axis diameter measuring 14 mm, areas with greater
restriction than one would expect, rounded morphology,
homogenous appearance and regular limits.

Discussion

In the present study the accuracy of MRI in diagnosing LN
metastasis in patients with cervical cancer was compared
against that of histological amalysis, with emphasis on
common morphological and funetional (DWT) characteristics.
By analyzing the combined morphological and functional

characteristics of LN metastases, it was found that a substantial
concordance between the data obtained using pre-operative
MRI and histology can be achieved with high sensitivity and
specificity. In addition, it was found that short axis =10 mm,
T2 hypointensity, rounded morphology and greater restriction
than one would expect were the most common characteristics
encountered in metastatic LNs, which can be used as a diag-
nostic tool. A technical pelvic exam, performed in all steps with
proper technique by a trained specialist, can also be used to
predict FIGO staging, since the majority of the patients included
i the present study exhibited concordant results between those
obtained by physical and MRI examinations, especially for the
presence of pelvic and para-aortic LN metastasis. Additionally,
MRI was able to correctly identify the number of suspected
LN metastases, specifically in =50% of the possible candidates
for lymphadenectomy. These results potentially underline the
important role of MRI in diagnosing LN metastasis, especially
in the presence of the features aforementioned.

‘When comparing the number of patients tested positively
for suspected LN using MRI, the present study revealed a
sensitivity of 85.7% and NPV of 92 9%, when other previous
studies (3,15,10) yielded 92, 80 and 92.1% for sensitivity
and 982, 84 and 100% for NPV, respectively. Previous
studies (2,17) also compared the importance of MRI images
using DWI for diagnosing metastatic LN, resulting in
values of 833 and 95.7% being deduced for sensitivity and
747 and 96.5% for specificity, respectively. Although the
total number of patients in the present study was considered
low, concordance with the current literature exist in terms
of outcomes, as 857% was found for sensitivity and 83 9%
was found for specificity in the present study. A previous
meta-analysis performed by Liu ef al (18) compared 67 studies
which investigated MRI performance in diagnosing suspected
LN metastasis in cervical cancer. The average of sensitivity
and specificity were found to be 54 and 93%, respectively.
Chou et al (19) showed that the moderate false-negative and
false-positive rates found for MRI 1s due to some patients
being staged as TA2-TTA which can explain some lower sensi-
tivities observed (19,20). Therefore, it 1s essential do use the
ADC maps to address this issue (21-24).

It is generally considered that MRT exhibits higher degrees
of diagnostic accuracy in patients with advanced disease, since
the associated LNs are larger in size and has clearer defined
features such as necrosis (25). Therefore, patients with early
stage metastatic disease may be underdiagnosed using this
method (25). This aspect may be considered to be a limitation
in the results from the present study, combined with the low
resolution in the paraaortic sequences.

Lymph node metastasis is one of the most important
features to be categorized i cervical cancer, which serves as
an important prognostic factor for patients with this disease.
Therefore, it is important to differentiate healthy LNs from
suspected metastatic LNs. Generally, healthy LNs tend to be
ovoid in shape, homogenous in appearance, with intermediate
signals in T2-weighted sequences and high signals in DWI
sequences (20). In the present study, it was found that the
four most common morphological and functional character-
1stics associated with the higher risk of malignancy in pelvic
and/or para-aortic LN metastasis as diagnosed by MRI are,
in decreasing order, short axis >10 mm, T2 hypointensity,

124



6 DEZEN eral: ACCURACY OF MRIFOR DIAGNOSING LYMPH NODE METASTASIS IN CERVICAL CANCER

Figure 2. Representative images of a 39-year-cld patient with squamous cell cervical cancer, at FIGO stage [A] and grade IT of differentiation. One histological
Iymph node metastasis was found i the night pelvic chain. MRI images with (A) T2-weighted imaging, (B) diffusion weighted imaging and (C) the apparent
diffusion coefficient map are shown. The short-axis diameter was measured 21 mm. Red arrows indicate the location of the night pelvic LN with presence of
necrosls assoclated with liquid level and areas with reater restriction than one would expect for this tissue. In addition, a round merphelogy and heterogenous
appearance was neted. Yellow arrows indicate the location of irregular limits in the posterior edge.

Figure 3. Representative images of a 39-year-old patient with squamous cell carcinoma, at FIGO stage IVA and prade IIT of differentiation. No lymph nodes
metastases were found. MRI images with (A) T2-weighted imaging, (B) diffusion weighted imaging and (C) the apparent diffusion coefficient map are shown.
The short-axis diameter measured 14 mm. Red arrows the location of the right pelvic LN with the shert axis =10 mm, areas with greater restriction than one
would expect for this tissue, a rounded morphology, homogenous appearance with regular limits.

rounded morphology followed by greater restriction than one
would expect. It became clear that the combination of these
features using MRI can predict suspected LN metastasis with
high probability. These findings highlight the benefit of having
a protocol to ensure the early and safe diagnosis of metastasis
in lymph nodes.

Exner ef al (4) hypothesized that the most important
predictor for the probability of malignancy 1s the size of
the LN By contrast, Hawnaur ef al (27) demonstrated a LN
to be malignant when the short-axis was calculated to be
>10 mm. However, other authors claimed that size alone
15 not a sufficiently adequate prognostic indicator whilst
highlighting the necessity for including morphological data
into the analysis, including limits, morphology and the pres-
ence of necrosis (11,12,28); all of which were included in
the present study in addition to functional aspects (DWTI).
Indeed, diagnostic accuracy can be improved by combining
morphological and functional data found using MRI,
especially short axis =10 mm, T2 hypointensity, rounded
morphology and greater restriction than one would expect.
However, when patients are exposed to radiation and/or

chemotherapy, morphology and diffusion can alter the tumor
tissue, increasing the difficulty in obtaining parameters of
the tissue itself without any interference. Liyanage ef al (29)
previously confirmed that when the specificity and sensitivity
for the standard criteria as aforementioned 1s low (29-80%).
the difficulty in detecting micro-metastases in normal sized
LNs increases.

The importance of using PET-CT for pre-operative
examinations of potential LN metastases to detect anatomical
and metabolic deviations from healthy LNs should also be
recognized (30). Lin et al (31) evaluated the use of PET-CT in
pre-operative assessments of patients with squamous cervical
cancer associated with positive pelvic LN metastasis, which
showed the sensitivity, specificity, PPV and NPV to be 44,
99, 95 and 78%, respectively. A meta-analysis performed
by Yu et al (32) investigated sensitivity and specificity for
patients with cervical cancer and positive for para-aortic LN,
which were found to be 71 and 95%, respectively. The present
study yielded the sensitivity, specificity, PPV and NPV for
using MRI obtained for diagnosing pelvic and para-aortic
LN metastasis to be similar to those obtained from PET-CT
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analysis in previous studies: 857, 839, 70.6, 929 and 84 4%,
respectively. Therefore, focusing on short axis =10 mm, T2
hypointensity, rounded morphology and greater restriction
than one would expect using MRI can increase the accuracy
of early diagnosis. Some of these aspects were mentioned
in previous studies with PET-CT (30) and the present study
demonstrated that these same aspects can also be applied in
MRI examinations without compronusing accuracy.

The strength of the present study was that the morpholog-
ical features of the LN metastases obtained using MRI were
evaluated in several categories, which were then analyzed
1n association with DWT and histopathological results. The
limitation of the present study is the low sample number of
patients. However, the patients included in this study required
nodal commitment and were admitted to receive systematic
Iymphadenectomy. In addition, it should be recognized that
MRI alone 1s insufficient for providing correct evaluations of
metastasis in the paraaortic chain. Novel studies to confirm the
results obtained from the present study is strongly encouraged.
However, since the results performed in the present study
were concordant with the current literature, it can serve as an
template that can be replicated in a subsequent study involving
larger cohorts of patients.

In conclusion, to the best of the authors' knowledge, the
present study was the first to evaluate LN metastasis by using
a number of morphological and functional categories. It was
found that the most important features found i LN metastases
using MRT are short axis =10 mm, T2 hypointensity, rounded
morphology and greater restriction than one would expect. If
these four categories are combined in MRT, the likelihood of
the LN in question harboring a metastatic tumor by subse-
quent histological examination 15 high. This can potentially
guide the decision-making process in the types of surgery or
even types of therapeutic intervention required. If PET-CT is
not available, the use of DWT to obtain morphological data
in defining LN metastasis is recommended for pre-operative
examinations.
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Abstract Objective To describe a series of cases of ovarian SertoliLeydig cell tumors (SLCTs).
Methods Retrospective review of 12 cases of SLCT treated at the Hospital do Cancer de
Barretos, Barretos, state of Sao Paulo, Brazil, between October 2009 and August 2017.
Results The median age of the patients was 31 years old (15-71 years old). Atotal of 9
patients(75.0%) presented symptoms: 8 (66.7%) presented with abdominal pain, 5(41.7%)
presented with abdominal enlargement, 2 (16.7%) presented withvirilizing signs, 2 (16.7%)
presented with abnormal uterine bleeding, 1 (8.3%) presented with dyspareunia, and 1
(8.3%) presented with weight loss. The median preoperative lactate dehydrogenase (LDH)
was 504.5 UJL (138-569 U|L), alphafetoprotein (AFP) was 2.0 ng{ml (1.1-113 ng/mil),
human chorionic gonadotropin (B-hCG) was 0.6 mUIfml (0.0-2.3 mUI/ml), carcinoem-
bryonic antigen (CEA) was 0.9 ng/ml(0.7-3.4 ng{ml), and cancerantigen 125 (CA-125) was
26.0 U/ml (19.1-147.0 U/ml). All of the tumors were unilateral and surgically treated.
lymphadenectomy was performed in 3 (25.0%) patients, but none of the three patients
submitted to lymphadenectomy presented lymph node involvement. In the anatomopa-
thological exam, 1 (8.3%) tumor was welldifferentiated, 8 (66.7%) were moderately

Keywords differentiated, and 3 (25.0%) were poorly differentiated. A total of 5 (55.6%) tumors
= ovarian neoplasms were solid-cystic, 2 (22.2%) were purely cystic, 1(11.1%) was cystic with vegetations, and 1
= Sertoli-Leydig cell (11.1%) was purely solid, but for 3 patients this infoermation was not available. The median

tumor lesion size was 14.2 cm (3.2-23.5 cm). All of the tumors were at stage IA of the 2014

= oncologic prognosis  classification of the International Federation of Gynecology and Obstetrics (FIGO). A total of
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Introduction

Ovarian Sertoli-Leydig Cell Tumors  Castro et al.

2 (16.7%) patients received adjuvant treatment; 1 of them underwent 3 cycles of paclitaxel
and carboplatin every 21 days, and the other underwent 4 cycles of ifosfamide, cisplatinand
etoposide every 21 days. None of all of the patients had recurrence, and one death related
to complications after surgical staging occurred.

Conclusion Abdominal pain was the most frequent presentation. There was no
ultrasonographic pattern. All of the SLCTs were at stage 1A, and most of them were
moderately differentiated. Relapses did not occur, but one death related to the surgical
staging occurred.

Objetivo Descrever uma série de casos de tumores de células de Sertoli-Leydig
(TCSLs) ovarianos.

Métodos Revisdo retrospectiva de 12 casos de TCSL tratados no Hospital de Cancer
de Barretos entre outubro de 2009 e agosto de 2017.

Resultados A mediana de idade foi 31 anos (15-71 anos). Um total de 9 pacientes
(75,0%) apresentaram sintomas: 8 (66,7%) apresentaram dor abdominal, 5 (41,7%)
apresentaram aumento abdominal, 2 (16,7%) apresentaram virilizacao, 2 (16,7%)
apresentaram sangramento uterino anormal, 1 (8,3%) apresentou dispareunia, e 1
(8,3%) apresentou emagrecimento. A mediana de desidrogenase lactica (DHL) foi
504,5 U/L (138-569 U/L), alfafetoproteina (AFP) foi 2,0 ng/ml (1,1-11,3 ng/ml),
gonadotrofina coridnica humana (-hCG) foi 0,6 mUI/ml (0,0-2,3 mUI/ml), antigeno
carcinoembrionario (CEA) foi 0,9 ng/ml (0,7-3,4) ng/ml, e antigeno cancerigeno 125
(CA-125) foi 26,0 Ufml (19,1-147,0 U/ml), todos pré-operatdrios. Todos os tumores
foram unilaterais e tratados cirurgicamente. Realizou-se linfadenectomia em 3 (25,0%)
pacientes, porém, nenhuma das trés apresentou acometimento linfonodal. No exame
anatomopatolégico, 1 tumor (8,3%) era bem diferenciado, 8 (66,7%) eram moderada-
mente diferenciados, e 3 (25,0%) eram pouco diferenciados. Um total de 5 (55,6%)
turnores eram solido-cisticos, 2 (22,2%) eram puramente cisticos, 1(11,1%) era cistico
com vegetacdes, e 1 (11,1%) era puramente solido, mas para 3 pacientes estas
informacdes ndo estavam disponiveis. A mediana da dimensdo da lesao foi 14,2 cm
(3,2-23,5 cm). Todos os tumores eram estddio IA de acordo com a classificacao de
2014 da Federacao Internacional de Ginecologia e Obstetricia (FICO, na sigla em
inglés). Duas (16,7%) pacientes receberam adjuvancia; uma realizou 3 ciclos de
paclitaxel e carboplatina a cada 21 dias, e a outra 4 ciclos de ifosfamida, cisplatina e
etoposide a cada 21 dias. Dentre todas as pacientes, nenhuma apresentou recidiva e
houve um obito relacionado a complicacdes apds estadiamento cirdrgico.
Conclusdo Dor abdominal foi a apresentacdo mais frequente. Todos os TCSLs eram
estadio IA e a maioria era moderadamente diferenciada. Nao ocorreram recidivas, mas
ocorreu um obito relacionado ao estadiamento cirdrgico.

hormone by tumor cells or to the peripheral conversion of
testosterone produced by the tumor to estrogen through

Ovarian Sertoli-Leydig cell tumors (SLCTs) are part of the
sexual cord neoplasms and represent < 0.5% of all ovarian
tumors,! This type of tumor predominates in the 2™ and 3"

decades of life and usually presents with hormonal changes,
including signs of virilization, such as amenorrhea, hirsutism,

acne,and male pattern ufpiliﬁcaticln.z'g These characteristics

are due to anincrease in androgen production by tumor cells.

In rare cases, signs of hyperestrogenism may also occur, such
as postmenopausal bleeding and endometrial hyperplasia.""'*J
This increase in estrogen levels may be due to secretion of the

the action of aromatase. In patients without hormonal
manifestations, the typical presentation of the disease
consists of abdominal pain and increased abdominal circum-
ference, usually with a palpable adnexal mass at physical
examination.'” Some authors suggest that the preoperative
diagnosis in patients without association of signs of viriliza-
tion and palpable abdominal mass would be practically
impclssible.‘2

Micoswpically, SLCTs canbe divided into well-, moderately,
and poorly differentiated, with or without heterologous
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clements and/or retiform pattern.*'" Along with staging,
the degree of histological differentiation represents some of
the prognostic factors described in the literature. ' The malig-
nant potential in well-differentiated tumors is practically null
and increases substantially in those with lower degrees of
differentiation'* Bhatet al® reported a relationship between
staging and degree of histological differentiation. In the present
study, 85.7% and 75.0%, respectively, of the well- and moder-
ately differentiated tumors corresponded to stage [A, whereas,
of the poory differentiated, > 50.0% of the cases were stage IC
or more advanced.”

Most of the ovarian SLCTs are unilateral, and their treatment
is preferably surgical *51415 Unilateral salpingo-oophorectomy
is the procedure of choice for patients that want to preserve
their fEI'tility.s'?'E'“ For patients without fertility preservation,
as well as in advanced stages, total hysterectomy and bilateral
salpingo-oophorectomy (BSO) or cytoreductive surgery should
be recommended*’ As lymph node metastases are rare in
ovarian SLCTs, lymphadenectomy can be omitted as part of the
surgical staging in these patients.'®" In addition, relapse is
uncommon in SLCTs, and adjuvant chemotherapy should be
reserved for patients with risk factors such as moderately or
poorly differentiated tumors, patients with advanced stages, or
in recurrence.*

The low incidence of this type of ovarian neoplasia
explains the paucity of data about the clinical behavior of
SLCTs and their oncology outcomes. Thus, the purpose of the
present study is to describe a series of ovarian SLCT cases
managed in a tertiary cancer center.

Methods

Research Design

After approval from the institutional review board of the Pio
Xl Foundation - Hospital do Cancer de Barretos (HCB)
number 1511/2017, an observational retrospective study
was conducted based on the analysis of a convenience
sample of all of the patients diagnosed with ovarian SLCTs
treated at the Department of Gynecology Oncology of the
HCB between October 2009 and August 2017,

Population

Allof the patients with a diagnosis of ovarian SLCT treated at
the Department of Gynecology Oncology of the HCB between
October 2009 and August 2017 were included. There were no
exclusion criteria, because we included a series of cases
within the time frame.

Research Variables

In the present study, we evaluated epidemiological, clinical,
and prognostic data related to ovarian SLCTs. The data were
collected through the review of the medical records of
patients with ovarian SLCTs, including age, date of birth,
signs and symptoms, comorbidities, hormonal profile, serum
tumor markers, imaging examination, type of surgery
performed, degree of histological differentiation, staging,
adjuvant treatment, length of follow-up, and occurrence of
relapses or deaths. Tumor staging was based on the Interna-
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tional Federation of Gynecology and Obstetrics (FIGO)
classification of 2014."% The length of follow-up was calcu-
lated from the date of the first surgery until the date of the
last medical record information.

Statistical Analysis

Descriptive statistics were used to characterize the sample.
Initially, quantitative variables were described by mean and
standard deviation (SD) or median and 25-75 percentiles
according to their distribution. Then, qualitative variables
were described using absolute and relative frequencies. To
collect data, Research Electronic Data Capture {REDCap;
Vanderbilt University, Nashville, TN, USA) was used, and
IBM SPSS Statistics for Windows, Version 21.0 {IBM Corp.,
Armonk, NY, USA) was used for the analyses.w

Results

Sample Characterization and Clinical Features

Atotal of 12 ovarian SLCT patients were treated or referred to
the HCB between October 2009 and August 2017. The
median age was 31 (15-71) years old at diagnosis, while
the median body mass index {BMI) was 26.7 (14.9-35.9) kg/
m>. A total of 3 (25.0%) patients were asymptomatic; how-
ever, 8 (66.7%) patients reported abdominal pain, 5 (41.7%)
presented with abdominal distention, 2 (16.7%) presented
with signs of virilization, 2 (16.7%) presented with abnormal
uterine bleeding during the menacme, 1 (8.3%) presented
with dyspareunia, and 1(8.3%) presented with weight loss. It
is important to note that some patients presented > 1
symptom at admission to the HCB, as detailed in ~Table 1.
The only sign of virilization reported in the present sample
was hirsutism, with no cases of clitoromegaly, of voice
alteration, or of weight gain. Amenorrhea occurred in 3
(25.0%) patients; however, this classification did not apply
to 4 patients, because at the time of diagnosis 2 of them were
pregnant, and 2 were already at menopause. Thus, regarding
the hormonal profile, 10 (83.3%) patients were in the men-
acme, and 2 (16.7%) in the menopause. A total of 4 (33.3%)
patients used hormonal contraceptives, and 1 (8.3%) had
hormone replacement therapy. One (8.3%) patient was a
smoker; however, there were no alcoholics in the sample.
Two (16.7%) patients had a family history of gynecological
cancer, Seven (58.3%) patients had physical exam abnormal-
ities, whichwere: 5(41.7%) with palpable abdominal mass, 1
(8.3%) with hirsutism, and 1 (8.3%) with acne.

Preoperative Tumor Markers

Preoperative tumor markers were measured in 6 patients
(=Table 2). The median dose of lactate dehydrogenase (LDH)
was 504.5 U[L (138.0-569.0 U/L), alpha-fetoprotein (AFP)
was 2.0 ng/ml {1.2-11.4 ng/ml), human chorionic gonado-
tropin (B-hCG) was 0.6 mUlfml {0.0-2.4 mUl/ml), carci-
noembryonic antigen (CEA) was 0.9 ng/ml (0.8-3.4 ng/ml),
cancer antigen 125 (CA-125) was 26.0 Ufml (19.1-147.0 U{f
ml), total testosterone was 3.5 ng/ml (3.5-3.5 ng/ml) and
dehydroepiandrosterone sulfate (DHEAS) was 224.0 pg/dl
(224.0-224.0 pg/dl).
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Preoperative Image Exams

Abdominal evaluation data were obtained from 8 patients
(=Table 2). This evaluation was performed by magnetic reso-
nance imaging (MRI), computed tomography (CT) of the
abdomen, transabdominal ultrasound and/or transvaginal
ultrasound. In all of the patients with reviewed preoperative
examinations, thelesions wereunilateral, 3 (37.5%) to the right
side, and 5 (62.5%) to the left side. Lesion morphology was
described in 7 patients, and 3 (42.8%) had cystic lesions, 2
(28.6%) had solidlesions, and 2 (28.6%) had solid-cystic lesions.
The median lesion size was 13 cm (4-24 cm). There were no
cases of suspicious lymph nodes.

Treatment

The initial treatment consisted of surgery for all patients. A
total of 5 (41.7%) patients underwent primary surgery at the
HCB, 5(41.7%) patients were managed at another hospital and
then were referred for follow-up at the HCB, and 2 (16.6%)
patients were managed at another service and subsequently
underwent surgical staging at the HCB. The time elapsed
between the surgery in another service and the surgical
staging at the HCB of these 2 patients was of 155 and
328 days. The surgical approach was laparotomic in 7
(70.0%) cases, and laparoscopic in 3 (30.0%) cases, with no
conversions. It is important to mention that in 2 patients
managed by surgeryin another hospital, the surgical approach
was not described in their medical records. Unilateral oopho-

132

rectomy, unilateral salpingectomy, unilateral salpingo-oopho-
rectomy, BSO, and total hysterectomy (TH) were some of the
surgical procedures performed, which are described individu-
ally in =Table 3. In addition, eventually, other surgical proce-
dures were performed to complement staging, such as:
omentectomy in 4 (33.3%) patients, pelvic or para-aortic
lymphadenectomy in 3 (25.0%) patients, peritoneal biopsy in
2(16.6%) patients and peritonealwashing in6 (50.0%) patients.
Two (16.6%) patients had intraoperative complications, which
were hepatic cyst bleeding, controlled with electrocautery,
and removal of the epiploic appendix with arterial bleeding. It
is important to highlight that 2 (16.6%) patients were pregnant
atthe time of diagnosis. One of them was submitted to a right
salpingo-oophorectomy during a cesarean section in another
hospital, and then underwent surgical staging at the HCB. The
other patient was submitted to excision of a left ovarian cyst
during a cesarean section and then underwent surgical stag-
ing. Both surgeries were performed in another hospital. All of
the surgical procedures performed are described in =Table 3.

Histopathological Features

All of the tumors were confined to one ovary and were at stage
IA(=Table 3). Macroscopic analysis wasavailablefor 9 patients,
of whom 5 (55.6%) had solid-cystic components, 2 (22 2%) had
only cystic compenents, 1(11.1%) had cystic components with
vegetation, and 1 (11.1%) had only solid components. The
median tumor size was 14.2 cm (3.2-23.5 cm), with 2 cases

Table 3 Histopathological and treatment features of 12 patients diagnosed with ovarian Sertoli-Leydig cell tumors

N* Surgery Histopathol ogy
Locality | Surgical Surgery performed Degree of Tumaor Characteristics | Mitotic Staging
approach differentiation | dimension rate
(mm) (| 10HPF)
1 HCE - Left oophorectomy, G2 5.50 - 18 [
peritoneal washing
2 Other Laparotomy RS0, ome ntectomy G2 - Cystic with - [
vegetations
3 Other Laparotomy 150 G2 - - [
4 Other Laparotomy 1] G2 4.00 Solid-cystic - 1A
5 Other Laparotomy Right oophorectomy C3 14.20 Solid-cystic 15 1A
6 Other| Laparoscopy | TH, BSO, omentectomy, G2 15.60 Solid-cystic 6 1A
HCE peritoneal washing
7 Other/ Laparotomy LSO, para-aortic G2 17.00 Solid-cystic - [
HCE lymphadenectomy,
peritoneal biopsy,
peritoneal washing
8 HCE Laparotomy LSO, omentectomy, C3 16.50 Solid-cystic 30 1A
pelvic lymphadenectomy,
peritoneal biopsy,
peritoneal washing
9 HCE Laparoscopy | BSO, peritoneal washing C2 3.20 Solid - 1A
10 | HCB Laparoscopy | RSO, left salpingectomy o3 10.20 Cystic - [
11 HCE Laparotomy 150, cholecystectomy G2 2350 Cystic - [
12 | Other - TH, BSO, omentectomy, ol - - - 1A
lymphadenectomy,
appendectomy

Abbreviations: BSO, bilateral salpingo-oophorectomy; G1, well-differentiated; G2, moderately differentiated; G3, poorly differentiated; HCB, Hospital do
Cincer de Barretos; HPF, high-power fields; LSO, left salpingo-oopharectomy; RSO, right salpingo-oophorectomy; TH, total hysterectomy.
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presenting < 5 cm, 6cases > 10 cm, and only 1 case between
5 and 10 cm. One (83%) tumor was well-differentiated, 8
(66.7%) were moderately differentiated, and 3 (25.0%) were
poory differentiated. One case presented heterologous
elements, such as atypical proliferative mucinous tumor
(borderline), but no case in the present series showed a
retiform pattern. The mitotic rate was measured in 4 patients,
being 6/10 high-power fields (HPF), 15/10 HPF, 18/10 HPF, and
30/10 HPF. In the present sample, there were no cases of lymph
node orofomental involvement, neither of peritoneal carcino-
matosis. In addition, abdominal cytology was negative in 100%
of the cases.

Adjuvant Treatment and Follow-Up

Two {16.7%) patients received adjuvant treatment. One of
them had a poorly differentiated tumor and underwent 3
cycles of paclitaxel and carboplatin every 21 days, and the
other was strongly symptomatic at admission to the HCB and
received 4 cycles of ifosfamide, cisplatin and etoposide every
21 days. Information about follow-up was available for all
12 patients in this series (=Table 4). The length of follow-up
varied between 1.6 and 65.0 months, with a median of
19.5 months. There were no cases of tumor recurrence.
Atotal of 10(83.4%) patients were alive and with no evidence
ofdisease, and 1 (8.3%) was alive and was receiving adjuvant
treatment. One (8.3%) patient presented mesenteric torsion
2 months after the surgical staging and underwent an
exploratory laparotomy with segmental enterectomy and
laterolateral anastomosis at the HCB. On the 3™ postopera-
tive day, this patient died after developing a septic and
hemorrhagic shock. Thus, this death was considered related
to the surgical staging, because there was no evidence of
disease in the final pathology report.

Discussion

In the present study, the median age at the time of diagnosis
ranged from 15 to 71 years old, and abdominal pain was the

Ovarian Sertoli-Leydig Cell Tumors Castro et al.

most prevalent symptom in the present sample. A palpable
abdominal mass was the predominant clinical sign in the
physical exam. All of the tumors were at stage |A and were
surgically treated. Regarding the histopathelogical features,
most of the tumors were solid-cystic and moderately differ-
entiated. Two patients received adjuvant chemotherapy;
however, there were no cases of tumor recurrence, and
one death related to surgical staging occurred.

Xiao etal® divided the clinical manifestations found in their
series of ovarian SLCTs into three categories: feminization,
defeminization, and virilization. Manifestations of feminiza-
tion induded irregular vaginal bleeding, menorrhagia, or
postmenopausal bleeding. Amenorrhea corresponded to a
manifestation of defeminization, whereas facial pilification
and clitoromegaly would be manifestations of virilization.®
In our study, the patients fitinto all three categories described
by this author: we had cases of feminization, exemplified by
two patients with abnormal uterine bleeding; amenorrhea
occurred in three patients, representing the manifestations of
defeminization; hirsutism was the sign of virilization evi-
denced in the physical examination of one patient.

The age group most affected by this type of tumor corre-
sponds to the 2™ and 3™ decades of life, predominantly, as
evidenced in our study, whose median age at diagnosis was
31 years old %1120 |n addition, the signs and symptoms are
diverse and, associated with the low incidence of this type of
neoplasia, the clinical diagnosis is also difficult. In our study, half
of the patients had no hormonal manifestations, and the disease
presented asymptomatic or only with abdominal pain, palpable
mass or abdominal distension; in second place, androgenic
manifestations appeared, suchas amenorrhea, oligomenorrhea,
hirsutism, voice alterations, laryngeal protuberance or clitoro-
megaly, and a minority of patients had estrogenic manifesta-
tions, such as abnormal uterine bleeding. Thus, when these
manifestations appear in the clinical practice, ovarian SLCTs
should be considered at least as a differential diagnosis, so that
these tumors are not neglected and that the correct treatment
can be implemented (=Table 5).

Table 4 Follow-up of 12 patients diagnosed with ovarian Sertoli-Leydig cell tumors

N | Adjuvant treatment Recurrence | Length of follow-up (months) | Status

1 | No No 1.60 Alive, no evidence of disease
2 | No No 13.50 Alive, no evidence of disease
3 | No No 10.10 Alive, no evidence of disease
4 | No No 28.00 Alive, no evidence of disease
5 | No No 65.00 Alive, no evidence of disease
6 | No No 36.60 Alive, no evidence of disease
7 | Ifosfamide + cisplatin + etoposide | No 12.50 Death related to surgical staging
g8 [ No No 31.50 Alive, no evidence of disease
9 | No No 31.70 Alive, no evidence of disease
10 | Paclitaxel + carboplatin No 3.40 Alive, but in treatment

11 | No No 12.30 Alive, no evidence of disease
12 | No No 25.60 Alive, no evidence of disease
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Table 5 Review of published studies about ovarian Sertoli-Leydig cell tumors

Study Median age No hormonal Androgenic Estrogenic Sample
(years old) manifestations (%) manifestations (%)® manifestations (%)° size

Roth et al2 24.5 15 (44.12) 15 (44.12) 4(11.76) 34

Gui et al* 28 9 (22.50) 25 (62.50) 6 (15.00) 40

Nam et al® 31 7 (63.63) 3(27.27) 1(9.10) 11

Zhang et al?’ - 3(18.75) 7 (43.75) 6 (37.50) 16

Present case series 31 6 (50.00) 4(33.30) 2 (16.70) 12

“asymptomatic or only abdominal pain, palpable mass or abdominal distension.
®amenorrhea, oligomenorrhea, hirsutism, voice alterations, laryngeal protuberance, ditoromegaly.

“abnormal uterine bleeding.

Alpha-fetoprotein consists of a glycoprotein detected at
low levels in the blood of healthy adults. The liver and the
yolk sac are its main sources. When present at serum levels
above the standard value, it may be evidence of hepatocar-
cinoma or of germ cell tumors, such as the ovary and the
testis. This glycoprotein is already a well-established tumor
marker, being very useful in the diagnosis and in the follow-
up ofoncologic patients.22 In astudy developed by Schneider
etal,Pa high proportion of AFP-secreting ovarian SLCTs was
observed. Sigismondi et al'* measured serum AFP values in
13 patients, and the tumor marker was elevated in 3 of them.
In our study, the AFP dosage was available for five patients,
and was elevated in one of them. These data suggest that
ovarian SLCTs should be included in the clinical investigation
of physicians as a differential diagnosis of AFP-secreting
tumors, since when diagnosed in more advanced stages
they are difficult to treat.

The treatment of ovarian SLCTs still remains controversial
due to the paucity of cases described and to the limitation of
the knowledge about the clinical behavior, the management,
and the prognosis of this disease. Colombo etal®® suggested
surgery as the standard primary treatment for this type of
ovarian tumor. Because most SLCTs are unilateral and re-
stricted to the ovary, fertility-preserving surgery with uni-
lateral salpingo-ocophorectomy and staging in patients who
want to keep their fertility potential with no extraovarian
disease are possible. The author also emphasizes the impor-
tance of endometrial evaluation to exclude concomitant
endometrial neoplasia

Colombo et al® also suggested that for women in the
postmenopausal period, with a more advanced stage of
disease or with a bilateral tumor, hysterectomy and BSO
should be performed, as well as a meticulous surgical
staging. Besides that, exploration of the abdominal cavity,
collection of fluid for cytological analysis, multiple peritone-
al biopsies, omentectomy and dissection of pelvic and para-
aortic lymph nodes need to be performed. Efforts should be
expended for complete tumor cytoreduction. However, the
role of surgical staging is controversial, considering the
benefits of detailed surgical staging and the morbidity
associated with high complexity procedures. Brown et al'®
demonstrated that lymphadenectomy may be omitted from
the surgical staging of patients with ovarian sex cord-stromal
tumors, because lymph node metastases are rare and do not
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Jjustify the potential surgical risk. In our sample, one patient
underwent staging surgery with left salpingo-oophorecto-
my, para-aortic lymphadenectomy, peritoneal biopsy and
peritoneal washing and developed mesenteric torsion
2 months later. This patient required further surgery with
segmental enterectomy and died on the 3 postoperative
day due to a septic and hemorrhagic shock. Thus, the type of
surgical staging has o be discussed and individualized in
order to reduce the morbidity and mortality associated with
extensive surgical procedures.

Regarding adjuvant treatment, Colombo et al?? conclud-
ed that chemotherapy should be considered for poorly
differentiated ovarian SLCTs, with heterologous elements
or in advanced stages. In our study, adjuvant treatment was
performed in two patients, in whom the tumors were
poorly and moderately differentiated; however, none of
them had heterologous elements in histopathology. Also,
in the study by Schneider et al,”* out of 24 tumors at stage
1A, including well-, moderately, and poorly differentiated,
only 1 received adjuvant treatment, and none had recur-
rence. In our study, in our three patients with poorly
differentiated tumors, only one received adjuvant treat-
ment; however, all of them were at stage IA, and there
Was no tumor recurrence.

However, for the correct indication of adjuvant treatment,
it is necessary to understand the prognostic factors of this
disease. The low incidence of ovarian SLCTs makes it difficult
to perform randomized studies evaluating the role of adju-
vant treatment in more advanced tumors, as well as in
patients at stage | with poor prognostic factors. In addition,
the rarity of this type of tumor hinders the complete under-
standing of its prognostic factors.

\"cnungoatal3 discussed some prognostic factors forovarian
SLCTs. The findings of the authors show that the mitotic rate
can predict a poor prognosis when = 15/10 HPE In the
present series, 3 patients had a mitotic rate = 15/10 HFF;
however, there was no evidence of recurrence throughout
the whole length of the follow-up, whose median was of
19.5 months. It is also worth noting that in ovarian SLCTs,
recurrences usually appear early, with 70% of the cases
occurring in the 1% year after treatment, and only 7% after
5 years.!

The degree of histological differentiation was also
reported as a prognostic factor in ovarian SLCTs.2* Ina group



of 207 cases, Young et al* showed that the malignancy
potential was 0%, 11%, and 59% for well-, moderately, and
poorly differentiated tumors, respectively, and 19% for those
with heterologous elements. Stage was another prognostic
factor reported in the literature. In the MITO study, 70% of the
patients with advanced stage had a disease-related death,
whereas the 5-year survival rate was 92.3% for those at
stage 1."* As mentioned previously, in the study by Roth
et al? age and degree of histological differentiation were
statistically significant as risk factors.

Our study is limited by the small sample number, consid-
ering the low incidence of this type of tumor, as well as by the
retrospective characteristic, which implies a possible bias of
data collection, since some information may not be
contained in the medical records of the patients. However,
our results are derived from a single institution, which is a
reference in cancer treatment in Brazil and, thus, has
standard procedures and routines in the management of
the patients.

Conclusion

In our series of 12 cases of ovarian SLCTs, abdominal pain
was the most common clinical presentation and, in the
physical examination, the presence of a palpable abdomi-
nal mass was the most frequent finding. All of the tumors
were unilateral and there was no ultrasonographic pattern.
Surgery was the treatment of choice for all patients, all of
the cases were stage 1A at the time of diagnosis, and most
of the tumors were moderately differentiated. Two patients
received adjuvant treatment and there were no recur
rences. There was only one death, which was related to
the surgical staging and not directly related to the ovarian
neoplasia, since there was no evidence of residual disease
in the final pathology. It is important to emphasize that
new researches need to be developed to try to better
understand the diagnosis, the staging and the prognosis
of this rare disease and, thus, to try to better define
therapeutic strategies.
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