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RESUMO

Introdugdo: O carcinoma colorretal (CCR) esta entre as formas de cancer mais
diagnosticadas mundialmente. Nos ultimos anos, diversas classificacoes
moleculares foram desenvolvidas para entender melhor a complexidade do CCR. O
continuo refinamento dessas classificacbes, especialmente com o uso de
tecnologias avangadas, € essencial para capturar a complexidade do CCR e
melhorar as estratégias terapéuticas. O numero crescente de novos marcadores
moleculares no CCR, o desenvolvimento da imunoterapia e a aprovacdo de
tratamentos agnodsticos pelos 6rgéos reguladores, juntamente com a identificagao de
marcadores com valor prognostico e preditivo desempenham hoje um importante
papel no tratamento do CCR. Objetivo: avaliar o perfil de expressao de proteinas
(MLH1, PMS2, MSH2, MSH6, NTRK), o perfil molecular (KRAS, NRAS, BRAF) e o
infiltrado linfocitario do carcinoma colorretal em pacientes atendidos no Hospital de
Clinicas de Porto Alegre, investigando a associagdo destes achados com sexo e
demais dados clinicos. Métodos: foram coletados no AGHUse, resultados da
pesquisa por NGS de mutagdes nos genes KRAS, NRAS e BRAF, da pesquisa por
imuno-histoquimica das proteinas do MMR e dados de prontuario. A expressao de
NTRK foi avaliada por imuno-histoquimica e a avaliagao do infiltrado linfocitario foi
feita através de lamina de H&E. Resultados: As mutagdes em KRAS, NRAS e
BRAF mostraram prevaléncia variavel, com destaque para a mutacdo KRAS G12C
(6,6%). Cerca de 35% dos pacientes ndo apresentaram muta¢cdes nos genes
estudados. A mutacdo BRAF V600E foi mais frequente em mulheres e em tumores
do colon direito. Houve associagao entre dIMMR, BRAF V600E e localizagao tumoral,
sem diferengas significativas na analise de TILs. Apenas uma paciente apresentou
fusdo NTRK, refletindo sua baixa prevaléncia (<1%). Conclusdo: este estudo
contribuiu significativamente para o conhecimento do perfil molecular dos tumores
colorretais em uma populagao especifica de pacientes com carcinoma avangado,
reforcando a importancia da caracterizagdo molecular e imuno-histoquimica

detalhada para definicdo de prognéstico e tratamento.

Palavras chave: carcinoma colorretal, RAS, BRAF, NTRK, mismatch repair.



SUMMARY

Introduction: Colorectal carcinoma (CRC) is among the most commonly diagnosed
forms of cancer worldwide. In recent years, several molecular classifications have
been developed to better understand the complexity of CRC. The continuous
refinement of these classifications, especially with the use of advanced technologies,
is essential to capture the complexity of CRC and improve therapeutic strategies.
The growing number of new molecular markers, the development of immunotherapy
and the approval of agnostic treatments by regulatory bodies, together with the
identification of markers with prognostic and predictive value now play an important
role in the treatment of CRC. Objective: To evaluate the protein expression profile
(MLH1, PMS2, MSH2, MSH6, NTRK), the molecular profile (KRAS, NRAS, BRAF)
and the lymphocyte infiltrate of colorectal carcinoma in patients treated at the
Hospital de Clinicas de Porto Alegre, investigating the association of these findings
with gender and other clinical data. Methods: Results of the RAS test (NGS search
for mutations in the KRAS, NRAS and BRAF genes), the IMUHI test for MMR
(immunohistochemical search for MMR proteins) and medical record data (sex, age)
were collected from AGHUse. The expression of NTRK was assessed by
immunohistochemistry and the lymphocyte infiltrate was evaluated using an HE slide.
Results: Mutations in KRAS, NRAS and BRAF showed variable prevalence, with the
KRAS G12C mutation standing out (6.6%). Around 35% of patients had no mutations
in the genes studied. The BRAF V600E mutation was more frequent in women and in
right colon tumors. There was an association between dMMR, BRAF V600E and
tumor location, with no significant differences in the analysis of TILs. Only one patient
had an NTRK fusion, reflecting its low prevalence (<1%). Conclusion: This study
contributed significantly to the knowledge of the molecular profile of colorectal tumors
in a specific population of patients with advanced carcinoma, reinforcing the
importance of detailed molecular and immunohistochemical characterization for

defining prognosis and treatment.

Keywords: colorectal carcinoma, RAS, BRAF, NTRK, mismatch repair.



INTRODUGAO

O carcinoma colorretal (CCR) esta entre as formas de céncer mais
diagnosticadas mundialmente, sendo o segundo cancer mais frequente em mulheres

e o terceiro em homens (1).

O desenvolvimento do CCR é um processo complexo, com varias etapas, que
ocorre como resultado do acumulo de diferentes alteracées genéticas e epigenéticas
que afetam o processo de regulagao, controle da proliferagao e diferenciagao celular,

apoptose e angiogénese (2).

Técnicas moleculares e estudos de farmacogenémica estdo ajudando a
desenvolver um numero consideravel de novas estratégias terapéuticas. Nos ultimos
30 anos, tem havido um aumento no interesse em fatores progndsticos, clinicos e
moleculares no carcinoma colorretal. A introdugcdo de medicamentos direcionados
molecularmente, como cetuximabe, panitumumabe e bevacizumabe, mudou os
algoritmos de tratamento e a sobrevida dos pacientes com CCR (2,3). A
compreensao molecular abrangente do CCR ofereceu aos médicos uma maior
variedade de opcgdes de tratamento com base na selecdo de biomarcadores, e tem

ampliado as opgdes terapéuticas para um numero maior de pacientes (4).

Desde o final dos anos 1990, o sobrevida global mediana (OS) para pacientes
com CCR metastatico, aumentou de cerca de 12 meses em pacientes tratados com
regimes quimioterapicos a base de 5-fluorouracil (5-FU), a aproximadamente 18
meses com a adi¢cdo de irinotecano e oxaliplatina. Com a adicdo de medicamentos

bioldgicos a quimioterapia, a sobrevida global aumentou para mais de 24 meses (3).

O numero crescente de novos marcadores moleculares no CCR, o
desenvolvimento da imunoterapia e a aprovagao de tratamentos agndsticos pelos
orgaos reguladores, estd moldando um novo cenario para abordagens
personalizadas mais eficientes para a gestdo do CCR que inclui a selegao de terapia

com foco no paciente.

As informacdes sobre a biologia do CCR, juntamente com a identificacéo de

marcadores com valor prognostico e preditivo desempenham hoje um importante
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papel no tratamento de formas iniciais do CCR e na gestdo da doencga avangada,
oferecendo novas ferramentas para estimar a possibilidade de cura e, de forma mais

geral, o desfecho da doenga no paciente.
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BUSCA SISTEMATIZADA NA LITERATURA

1. Estratégias para localizar e selecionar as informagoes

A busca de artigos para a revisao da literatura foi realizada no PubMed, Embase e
LILACS com os seguintes termos:

Busca Pubmed:

Busca 1

("colorectal neoplasm*"[Title/Abstract] OR "colorectal cancer*'[Title/Abstract] OR
"colorectal carcinoma*"[Title/Abstract] OR "colorectal tumor*"[Title/Abstract]) AND
("microsatellite instability*"[Title/Abstract] OR "MMR"[Title/Abstract] OR "mismatch
repair*"[Title/Abstract]) AND ("PD-1"[Title/Abstract] OR "PD-L1"[Title/Abstract] OR
"programmed cell death*™[Title/Abstract]) AND "BRAF"[Title/Abstract] AND
("KRAS"[Title/Abstract] OR "NRAS"[Title/Abstract])

Busca 2

(("colorectal neoplasm*"[Title/Abstract] OR "colorectal cancer*'[Title/Abstract] OR
"colorectal carcinoma*"[Title/Abstract] OR "colorectal tumor*"[Title/Abstract]) AND
("TRK"[Title/Abstract] OR  "NTRK"[Title/Abstract])) AND (review|[Filter] OR

systematicreviewlFilter])

Busca 3

(("colorectal neoplasm*"[Title/Abstract] OR "colorectal cancer*"[Title/Abstract] OR
"colorectal carcinoma*"[Title/Abstract] OR "colorectal tumor*"[Title/Abstract]) AND
("microsatellite instability*"[Title/Abstract] OR "MMR"[Title/Abstract] OR "mismatch
repair*"[Title/Abstract]) AND ("PD-1"[Title/Abstract] OR "PD-L1"[Title/Abstract] OR
"programmed cell death*"[Title/Abstract]) AND "Immunotherapy"[Title/Abstract]) AND

(review[Filter] OR systematicreview[Filter])
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Busca 4

("colorectal neoplasm*"[Title/Abstract] OR "colorectal cancer*"[Title/Abstract] OR
"colorectal carcinoma*"[Title/Abstract] OR "colorectal tumor*"[Title/Abstract]) AND
("tumor microenvironment*"[Title/Abstract] OR "cancer
microenvironment*"[Title/Abstract]) AND ("microsatellite instability*"[Title/Abstract]
OR "MMR"[Title/Abstract] OR  "mismatch  repair*"[Title/Abstract]) = AND
("PD-1"[Title/Abstract] OR  "PD-L1"[Title/Abstract] OR  "programmed cell
death*"[Title/Abstract]) AND "BRAF"[Title/Abstract] AND ("KRAS"[Title/Abstract] OR
"NRAS"[Title/Abstract]).

Busca Embase:
Busca 1:

(‘colorectal cancer'/exp OR 'colorectal cancer') AND ('pd 11 protein'/exp OR 'pd I1
protein') AND (‘braf v600e gene'/exp OR 'braf v600e gene') AND ('kras gene'/exp OR
'kras gene') AND (‘nras gene'/exp OR 'nras gene') AND (‘mismatch repair'/exp OR

'mismatch repair').

Busca 2:

'colorectal cancer' AND 'ntrk protein' AND ‘ntrk’.

Busca 3:

'colorectal cancer' AND 'programmed death 1 receptor' AND 'pd 11 protein' AND

'mismatch repair'
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Busca 4:

‘colorectal cancer' AND 'tumor microenvironment' AND 'braf gene' AND 'kras gene'

AND 'nras gene' AND 'mismatch repair'

Busca LILACS
Busca 1:

(kras) AND (braf) AND (mmr) AND (colorectal) OR (colorretal)

Busca 2:

(ntrk) AND (colorectal) OR (colorretal)

Busca 3:

(mmr) AND (pd-11) OR (immunotherapy) AND (colorectal) OR (colorretal)

Busca 4:

(tumor microrenvironment) AND (colorectal) AND (kras) AND (braf) AND (pd-11) AND

(mmr)



Quadro 1. Busca sistematica no PubMed, Embase e LILACS

Numero de artigos obtidos

Busca Termos relacionados
Pubmed Embase LILACS
1 CCR, MMR, PD-L1, KRAS, NRAS, BRAF 23 0 2
2 CCR, NTRK 28 3 1
3 CCR, MMR, PD-1, PD-L1, Immunotherapy 65 3 3
CCR, tumor microenvironment, PD-1, PD-L1, BRAF, KRAS,
4 NRAS 4 1 0

Foram incluidos 39 artigos na elaboragao do projeto e também webpages do
Instituto Nacional do Céancer (INCA), da American Cancer Society (ASCO), National
Comprehensive Cancer Network (NCCN), e artigos sobre epidemiologia, fatores de
risco, localizagdo anatébmica do tumor e classificagdo histopatolégica do carcinoma

colorretal.

Além desses, na elaboragdo da tese, foram buscados artigos que serviam de
referéncia para as publicagdes consultadas e que foram necessarios para elucidar

pontos importantes que nao estavam suficientemente explorados.
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2. Mapa conceitual

O carcinoma colorretal apresenta variagbes no estadiamento e no
comportamento clinico. Essas variagdes podem ser causadas pela presenca de
alteragcdes em genes de vias de sinalizagdo celular e podem estar associadas a
idade do paciente, sexo, localizagao do tumor (célon ascendente, célon transverso,
célon descendente, sigmoide e reto) e a interagdo do tumor com o microambiente
tumoral. As alteragdes genéticas detectadas no tumor, influenciam no progndstico e

direcionam o tratamento de maneira personalizada.

Carcinoma

colorretal

apresenta

Variacdes no estadiamento

€ comportamento clinico

podem ser causadas dependem da interacédo

'l' podem estar associadas ) l _

KRAS ( AlteracBes em vias | ( )
BRAF d C lzach Idade_ . Microambiente
MMR e sinalizacao Localizacdo do tumor tumoral TiLs
NTRK | celular e reparo Y . Sexo | )
o L vy - ——=z
influenciam influenciam
direcionam
¥ > Imunoterapia ‘
Tratamento personalizado \I
_J
> Terapias alvo ]

KRAS: Kirsten rat sarcoma viral oncogene homolog; BRAF: Oncogene viral de sarcoma murino v-raf homdélogo
B1; MMR: Mismatch Repair; NTRK: Neurotrophic Tyrosine Receptor Kinase; TILs: Tumor-infiltrating lymphocytes.

Figura 1. Mapa conceitual



REVISAO DA LITERATURA

Epidemiologia e fatores de risco

Os carcinomas colorretais (CCR) sdo a terceira forma de cancer mais
diagnosticada globalmente. De acordo com dados do Global Cancer Observatory
(GLOBOCAN) 2022, o cancer de colon é o quarto mais incidente no mundo, e o

cancer de reto ocupa a oitava posicéo (5,6).

No Brasil, em 2023, segundo dados do Instituto Nacional do Cancer (INCA),
estimava-se que o carcinoma colorretal (CCR) seria 0 segundo cancer em novos
casos diagnosticados entre homens (9,2%) e mulheres (9,7%). Para cada ano do
triénio de 2023-2025, estimou-se 21.970 casos de CCR em homens e 23.660 em
mulheres. Esses valores correspondem a um risco estimado de 20,78 casos novos a
cada 100 mil homens e 21,41 para cada 100 mil mulheres. Sem considerar os
tumores de pele ndo melanoma, o CCR em homens ¢é o terceiro mais incidente na
Regido Sul (26,89/100 mil). Para as mulheres, é o segundo mais frequente na
Regiao Sul (26,04 /100 mil). No Rio Grande do Sul, a estimativa para 2023 era de

26,85 casos para cada 100 mil homens e 27,15 casos para cada 100 mil mulheres

(7).

O CCR é entre 3 a 4 vezes mais comum em paises desenvolvidos. Nos EUA,
€ o terceiro cancer mais frequentemente diagnosticado, com um numero estimado
de 145.290 novos casos no inicio de 2004 (8). Na Europa, o carcinoma colorretal € a

terceira causa de mortes por carcinoma em mulheres (9).

As taxas mais altas de incidéncia estdo na Australia e Nova Zelandia,
enquanto as mais baixas estdo na Africa Ocidental. Embora a incidéncia seja maior
nos paises desenvolvidos, nesses paises a mortalidade é consideravelmente menor
(694.000 mortes em ambos os sexos, 8,5% do total). O numero maior de Obitos
decorrentes da doenga (52%) ocorre em regides menos desenvolvidas do mundo,

refletindo um pior prognostico nessas regides (10).
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https://paperpile.com/c/kmkS82/sKqs+cUNA
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A incidéncia aumenta com a idade e, atualmente, mais de 80% dos novos
casos sdo diagnosticados em individuos com 55 anos ou mais. A incidéncia e
mortalidade de carcinoma colorretal em populagbes com mais de 65 anos, sdo mais

elevadas nas mulheres do que nos homens.

A grande maioria dos CCR se desenvolve esporadicamente, e a maioria
surge de lesbes precursoras como o adenoma, transformando-se em

adenocarcinoma (11).

A possibilidade de desenvolver CCR estd em torno de 5% e tem sido
associada a habitos alimentares, estilo de vida e fendtipo. Os habitos alimentares e
estilo de vida podem induzir inflamacéo intestinal e alteracdes na microflora intestinal
facilitando o crescimento do pdlipo através de uma resposta imune. A
hiperproliferagdo e, finalmente, a carcinogénese podem se desenvolver por
mutacdes espontaneas ou hereditarias em genes supressores de tumor e

oncogenes (12).

Classificagao histopatoldgica e anatémica do carcinoma colorretal

Os carcinomas colorretais sédo classificados de acordo com a classificagao
TNM (“Tumor”, “Nodes”, "Metastasis") da UICC (Union for International Cancer
Control): profundidade da invasao local (estagio T), envolvimento dos linfonodos
(estagio N) e presenca de metastases a distancia (estagio M). Esses estagios sao
combinados em uma definicdo de estagio geral, que fornece a base para decisbes

terapéuticas (13).

Embora a classificagdo TNM forneca valiosas informag¢des prognosticas e de
decisdes terapéuticas, a resposta e o resultado individual da terapia ainda n&o pode

ser previsto (14).

No estadiamento patologico, os seguintes parametros devem ser reportados:

grau histologico; extensdo tumoral (profundidade de penetragdo); numero de
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linfonodos avaliados e numero de positivos; status das margens proximal, distal,
radial e mesentérica; invasao linfovascular; invaséo perineural (PNI) e brotamento

tumoral (15).

A carcinogénese colorretal classicamente € descrita como a sequéncia
adenoma-adenocarcinoma, impulsionada pelo acumulo progressivo de varias
mutacdes criticas. Neste modelo, o pélipo adenomatoso (ou adenoma) € o principal
precursor do carcinoma colorretal. Cerca de 90% dos carcinomas colorretais sao
adenocarcinomas e o0s subtipos incluem anel medular, micropapilar, mucinoso,
serrilhado e célula em anel de sinete (16—18). Adicionalmente, o pdlipo serrilhado
também foi reconhecido como lesdo precursora alternativa do carcinoma colorretal,
causando os adenocarcinomas serrilhados que representam cerca 10% de todos os
CCRs (16,17,19). Felizmente, apenas uma pequena porcentagem de polipos
adquirem caracteristicas malignas, e até mesmo para aqueles que o fazem, a
progressao completa de podlipos para cancer geralmente pode levar varios anos ou

mesmo uma década (20).

Existem dois tipos principais de polipos com potencial de se tornarem
malignos: adenomas e polipos serrilhados sésseis (SSPs), cada um associado a
diferentes riscos para o desenvolvimento em CCR. Em geral, a maioria dos
adenomas tem histologia tubular com glandulas pequenas, arredondadas e atipicas,
mas muitas vezes desenvolvem areas de arquitetura filamentosa a medida que
crescem, descritos como vilosos ou tubulovilosos. Por definicdo, adenomas séao

caracterizados por displasia (baixo ou alto grau de atipia celular e estrutural) (17,21).

Adenomas tubulovilosos e vilosos, especialmente aqueles com mais de 25%
de conteudo viloso, sdo normalmente maiores em tamanho e tém um maior
potencial para conter células malignas. Em contraste, os SSPs sao planos e
semelhantes a carpete, com glandulas serrilhadas ou dentadas. SSPs incluem
adenomas sésseis serrilhados, adenomas serrilhados tradicionais e polipos mistos,

todos associados ao desenvolvimento de CCR (Figura 2) (17,21).
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A: Adenoma tubuloviloso; B: Lesdo séssil serrilhada; C: Adenocarcinoma de célon

Figura 2. Tipos de lesdes do célon.

Disponivel em: https://www.pathologyatlas.ca/galleries/digestive-system/

Embora apenas cerca de 10% da maioria dos adenomas avancados
tornem-se cancerosos, 60% a 70% dos CCRs desenvolvem-se de adenomas. Os
restantes, 25% a 35% dos CCRs desenvolvem de SSPs (17,22,23).

Os polipos podem se desenvolver ao longo de todo o comprimento do cdélon e

reto, no entanto, pdélipos que se desenvolvem na regido proximal (lado direito) do


https://paperpile.com/c/kmkS82/rO6P+4M7lz+lkIpx

colon, que inclui o ceco até o célon transverso incluindo a flexura esplénica,
representam 42% de todos os CCRs nos EUA (24). Os pdlipos proximais sao
frequentemente do tipo SSP e podem ser dificeis de detectar, pois sao

frequentemente achatados ou deprimidos e podem n&o sangrar ou ulcerar (21).

Com a proliferacdo das células dentro do pdlipo, o tamanho do pdlipo
aumenta, mutagbes genéticas e mudangas epigenéticas podem comegar a
acumular, refletindo em displasia celular e histolégica. A medida que o dano ao DNA
celular aumenta com o tempo, as caracteristicas de displasia de alto grau podem se

desenvolver, resultando em alto risco de progresséo ao carcinoma invasivo (25).

As caracteristicas moleculares do CCR em coélon direito e esquerdo sio
distintas (Figura 3). O cdlon direito se estende do ceco até o cdlon transverso. O
colon esquerdo se estende do célon transverso distal ao reto. Os tumores do célon
esquerdo (colon descendente, sigmoide e reto) geralmente sdo microssatélites
estaveis (MSS), mas carregam mutacbes em KRAS (26). Por outro lado, os tumores
localizados no colon direito s&o ricos em instabilidade de microssatélites (MSI) e
mutacdes no gene BRAF (27,28). O impacto do lado da localizagdo do tumor no
resultado clinico no CCR foi investigado em vaérios estagios do CCR. Estudos
mostraram diferengas na prevaléncia, taxas de mortalidade e sobrevida de pacientes

com tumores situados no célon esquerdo ou direito. (29-31).

25


https://paperpile.com/c/kmkS82/PodVR
https://paperpile.com/c/kmkS82/VkBMv
https://paperpile.com/c/kmkS82/9hB8i
https://paperpile.com/c/kmkS82/TW4U2
https://paperpile.com/c/kmkS82/AHv1l+sxPI
https://paperpile.com/c/kmkS82/T3zPN+KWPP+bMNL

Patient’s Patient's
. P
right left

Midgut derivative
TWomen

T Sessile serrated lesions
T Mucinous tumours

Hindgut derivative

Transverse colon  Men

Overall worse prognosis* Owverall better prognosis*

Ascending

colon

De:scending

TOMP-high T Mesanchymal {CMS4)
TBRAF colon T Canonical [CMS2), distally
TMSk-high 1TP53

T NSl immune tumours (CM51) TAPC

T Metabalic tumours (CMS3)
[ TEKRAS)

C
E-cum.r, Sigmaoid colon

Rectum

CIMP: Metilagéo das llhas CpG; BRAF: Oncogene viral de sarcoma murino v-raf homélogo B1; MSI: Instabilidade
de Microssatélites; CMS - Subtipos moleculares de consenso; KRAS: Kirsten rat sarcoma viral oncogene
homolog; TP53: tumor supressor protein P53; APC: Adenomatous polyposis coli.

Figura 3. Diferengas no CCR em cdlon do lado direito e lado esquerdo.

Disponivel em: Dekker et al.2019 (32)

Patologia molecular do carcinoma colorretal, progndstico e tratamento

A introducéo de politicas de triagem populacional para o carcinoma colorretal
tem aumentado a compreensdo das lesdes neoplasicas precursoras e das vias

moleculares associadas a cada tipo de tumor.

Em nivel gendmico, apesar de uma gama muito vasta de alteragdes genéticas
individuais, o CCR apresenta dois mecanismos principais de instabilidade genémica
(Figura 4) . Esse modelo de classificacdo de tumores baseado em alteragcdes no
DNA, distingue duas categorias principais: CIN (Instabilidade Cromossémica) e MSI
(Instabilidade de Microssatélites)(33,34).
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APC: Adenomatous polyposis coli; KRAS: Kirsten rat sarcoma viral oncogene homolog; PIK3CA:
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; SMAD4: Mothers against decapentaplegic
homolog 4 gene; TP53: tumor supressor protein P53; CIN: Instabilidade Cromossdmica; CIMP: Metilagdo das
llhas CpG; MMR: Mismatch Repair; MLH1: MutL protein homolog 1; MSH2 - MutS protein homolog 2; BRAF
V600E: Mutagao V600E Gene BRAF; MSI-H: Alta Instabilidade de Microssatélites; MSS - Microssatélites estavel.

Figura 4. Principais vias moleculares no desenvolvimento do CCR .

Disponivel em: Kasi et al. 2020 (35).

Para tumores com instabilidade cromossdémica (CIN) descreve-se o acumulo
de mutagdes em oncogenes e genes supressores de tumores, incluindo APC, TP53
e KRAS. Esta via é caracterizada por um desequilibrio no nimero de cromossomos,
resultado de perdas ou ganhos de por¢des cromossOmicas, por alteragdes em
proteinas de pontos de verificagdo mitéticos (36). De acordo com o modelo classico
de instabilidade cromossémica descrito por Vogelstein (18,37), a inativagdo do gene
APC ocorre primeiro nos epitélios hiper proliferativos, seguida por mutagdes
oncogénicas, mais comumente KRAS e, eventualmente, alteragdes cromossémicas

e inativacdo do gene supressor de tumor, TP53 (34). Tumores com instabilidade
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cromossémica (CIN) compreendem 85% dos CCRs e sdo um grupo heterogéneo.
Porém, de uma maneira geral tumores com CIN s&do diagnosticados principalmente
no célon esquerdo e reto e seu microambiente € pouco imunogénico ou inflamado,

com acentuada infiltracdo estromal (38).

Ja os tumores que apresentam instabilidade de microssatélites (Microsatellite
Instability - MSI) representam cerca de 15% dos CCRs e sdo caracterizados por
instabilidade em sequéncias do DNA conhecidas como microssatélites. Esta
instabilidade tem origem em mutagdes nos genes do MMR (Mismatch Repair) -
MLH1, MSH2, MSH6 e PMS2 ou silenciamento do promotor de MLH1 por
hipermetilagdo (34). Isso porque as proteinas do complexo MMR tém fungédo de
reparo, corrigindo pareamentos errébneos ocorridos apds a replicagdo do DNA.
Portanto, a perda de funcdo destas proteinas leva a um acumulo de erros que é
refletido na instabilidade de microssatélites. Tumores com MSI tendem a surgir na
regido proximal do cdlon, exibir pouca diferenciagéo, células mucinosas e infiltracéo
linfocitica proeminente (34,39). Além disso, o CCR MSI apresenta frequentemente
um fendtipo de metilagao das ilhas CpG (CIMP), caracterizada por hipermetilacdo de
ilhas CpG e, consequente inativagdo de genes supressores tumorais. A via CIMP é
responsavel por cerca de 17% dos CCRs. Embora as vias CIN e MSI sejam
geralmente exclusivas, a via CIMP se sobrepde substancialmente a via MSI. De fato,
os CCRs MSI esporadicos sao quase exclusivamente associados a metilacdo do
promotor do gene MLH1 (rico em sequéncias CpG) (40). Ainda, os tumores da via
CIMP demonstram representar um subconjunto com alta frequéncia de mutagdes no
gene BRAF (34,41). A via CIMP tem uma forte associagdo com a neoplasia
serrilhada. A localizagdo anatémica destes tumores tende a ser no célon proximal e

eles sdo mais comuns em individuos com maior idade, do sexo feminino (34).

O modelo baseado em alteragbes no DNA é capaz de separar grupos
tumorais distintos, identificados por suas caracteristicas de mutagdes e alteragdes
no numero de copias. Contudo, ha uma crescente percepg¢ao de que, mesmo dentro
dessas categorias bem definidas, existe uma heterogeneidade significativa entre os
tumores. Esse fendmeno de heterogeneidade tumoral tem sido o foco de diversas

pesquisas recentes, cada uma propondo novos modelos de classificacdo. Esses
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novos modelos buscam capturar com maior precisdo os sinais transcricionais e os
fendtipos clinicos associados a esses tumores, refletindo a complexidade e

variabilidade existentes dentro das categorias CIN e MSI (33).

Um dos principais objetivos da subtipagem molecular € a geragdo de
biomarcadores moleculares no cancer que podem ser usados para estratificar
tumores de acordo com grupos de risco clinico ou subtipos bioldgicos, que por sua
vez fornecem melhor compreensdo das cascatas de sinalizacdo que sustentam o

desenvolvimento do tumor e resposta ao tratamento (33).

O primeiro modelo de classificacgdo molecular do CCR utilizou dados
multi-6micos (mutacionais, epigenéticos, de mRNA e miRNA) e foi publicado em
2012 como parte do projeto The Cancer Genome Atlas (TCGA). Esse modelo
identificou subtipos moleculares que se alinham com os conceitos de Instabilidade
Cromossémica (CIN) e Instabilidade de Microssatélites (MSI), e também forneceu
uma sub estratificacdo do grupo MSI com base na carga mutacional. Nesse modelo,
o CCR foi dividido em dois grupos principais: canceres hiper mutados, que
apresentam MSI devido a defeitos no sistema MMR (dMMR) e céanceres ultra
mutados, que possuem mutagdes no dominio exonuclease da DNA polimerase
epsilon (POLE), que inativam a fungao de revisdo do DNA (28,33). Por outro lado, os
CCR com taxas de mutacdo mais baixas, que ndo sado hiper mutados e sao
microssatélites estaveis (MSS), apresentam frequentemente mutagdes ou dele¢des
em genes como APC, TP53, KRAS, PIK3CA e SMAD4, além de uma alta frequéncia

de alteragdes no numero de copias somaticas do DNA, alteracdes tipicas da via CIN.

Nos anos seguintes, até os dias de hoje, foram desenvolvidas diferentes
classificagdes do CCR. A classificagdo CMS (subtipos moleculares de consenso)
subdividiu os subtipos moleculares em 4 subtipos moleculares de consenso com
base em dados de sequéncia de RNA em massa: CMS1 (MSI imune), CMS2
(candnico), CMS3 (metabdlico) e CMS4 (mesenquimal) (42), mas nesta classificacao

foi identificada a influéncia do microambiente tumoral nesta classificacao.
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Na tentativa de remover a influéncia do microambiente tumoral e revelar
caracteristicas transcricionais especificas da neoplasia, os subtipos intrinsecos
(CRIS) foram desenvolvidos. A abordagem CRIS identificou cinco novos subtipos,
CRIS-A a CRIS-E (43).

A medida que o sequenciamento single cell se tornou mais rotineiro em
estudos de perfil tumoral, o surgimento da classificagdo molecular a partir desses
tipos de dados teve o potencial de refinar as classificagdes provenientes de dados
tumorais em massa. Usando dados derivados de aproximadamente 50.000 células
epiteliais, Joanito et al. desenvolveram o modelo de classificagdo CMS intrinseco
unicelular (iCMS), que identificou duas classes epiteliais com expressédo génica,

atividade de fator de transcri¢cao e perfis genémicos distintos (44).

Em 2024, Dunne e Arends propuseram a abordagem de classificagdo em
nivel de via de sinalizagdo, subdividindo os tumores em trés grupos Pathway
Derived: PDS1 a PDS3 (33).

Um diagrama que resume os sistemas de classificagdo pode ser visto na

Figura 5.
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dMMR: Deficient Mismatch repair; MSI: Instabilidade de Microssatélites; CIMP: Metilagdo das llhas CpG; MLH1:
MutL protein homolog 1; POLE: DNA polymerase epsilon; POLD: DNA polymerase D; SCNA: DNA somatic copy
number alterations; BRAF: Oncogene viral de sarcoma murino v-raf homologo B1; MSS: Microssatélites estavel;
TILs: tumor infiltrating lymphocytes; CMS: Consensus Molecular Subtypes; KRAS: Kirsten rat sarcoma viral
oncogene homolog; CRIS: Colorectal Intrinsic Subtypes; IGF-2: Insulin-like growth factor 2; EGFR: epidermal growth
factor receptor; EMT: epithelial-mesenchymal transition; TGF-B: Growth transformation factor beta; CMS: Single Cell
Intrinsic; PIK3CA: phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha; APC: Adenomatous
polyposis coli; TP53: tumor supressor protein P53; PDS: Pathway Derived Subtypes; MYC: MYC oncogene, ANXA1:
anexin A1 gene.

Figura 5. Resumo dos sistemas de classificagao da patologia molecular do CCR

Disponivel em: Dunne and Arends, 2024 (33).

Tendo em vista o conhecimento dos mecanismos moleculares da
carcinogénese colorretal, pode-se dizer que o prognostico e tratamento do paciente
€ determinado por um conjunto de fatores que incluem atualmente os biomarcadores
moleculares além dos fatores mais tradicionalmente estudados como a localizagao

do tumor (cdélon, juncao retossigmoide ou reto), subtipo histolégico e estagio TNM.

Atualmente, uma das analises moleculares do CCR é a determinacdo do
status de MMR proficiente ou deficiente, principalmente por imuno-histoquimica,
usando a abordagem de 4 anticorpos. Alguns laboratérios realizam testes MSI no

DNA do tumor, como alternativa a imuno-histoquimica para MMR, ou em
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combinacdo com ela para resolver discrepancias de coloragdo. Para CCR
metastatico, a analise mutacional dos genes RAS e BRAF deve ser realizada. CCR
com a substituigdo V600OE no gene BRAF pode apresentar comportamento agressivo
e pode ser tratado com inibicdo combinada de BRAF e EGFR. Alteragcbes de uma
série de genes criticos no desenvolvimento e progressao dos CCR, como dMMR e

mutacdo em BRAF demonstraram ter influéncia no progndstico (45).

Guidelines de entidades como NCCN (National Comprehensive Cancer
Network), ESMO (European Society for Medical Oncology) e ASCO (American
Society of Clinical Oncology) recomendam a testagem de mutagbes nos genes
KRAS, NRAS E BRAF pela técnica de sequenciamento e a deteccdo de
instabilidade de microssatélites MSI (expressdao de MMR) por imuno-histoquimica
(15).

1.Status de RAS

A via de sinalizacdo através do receptor do fator de crescimento epidérmico
(EGFR) desempenha um papel importante no CCR (Figura 6). As proteinas RAS
pertencem a uma superfamilia de pequenas GTPases que regulam as vias
fundamentais de sinalizagdo intracelular envolvidas na proliferagao, diferenciagao e
sobrevivéncia celular (46). O fator de troca de nucleotideo Grb2-Sos faz com que o
RAS normal mude para seu estado ativo ligado ao GTP, apds a ativagdo de
receptores de membrana como o EGFR (47). A ativacdo de RAS na cascata de
sinalizagdo da MAP quinase constitui parte dos eventos primarios na carcinogénese
colorretal. Anticorpos monoclonais anti-EGFR, como cetuximabe e panitumumabe,
mostraram se ligar ao dominio extracelular de EGFR e bloquear a sinalizagdo da via
downstream RAS /RAF /MEK /ERK. No entanto, se uma molécula de sinalizacéo
downstream sofrer mutacdo, o anticorpo anti-EGFR n&o podera bloquear a via,

resultando em resisténcia (34).

32


https://paperpile.com/c/kmkS82/lzejj
https://paperpile.com/c/kmkS82/bC7tS
https://paperpile.com/c/kmkS82/4ukvB
https://paperpile.com/c/kmkS82/7YGsP
https://paperpile.com/c/kmkS82/Xq4U

O EGF (ligand)

EGFR

Plasma membrane

PI3K
RAS
p 110 ® _— C]D
GRB2 ¥
/ ws @
PTEN AKT
f }@
v
Cytoplasm G @

Gene transcription and
Nucleus cell proliferation

EGFR: Epidermal growth factor receptor; PI3K: Phosphoinositide 3-kinase; AKT: serine/threonine kinase; mTOR:
Mammalian target of rapamycin; RAS: Rat sarcoma viral oncogene homolog; RAF: Oncogene viral de sarcoma
murino; MEK: mitogen-activated protein kinase/ERK kinase; ERK: extracellular-signal-regulated kinase.

Figura 6. A via EGFR

Disponivel em: Harada and Morlote (2019)(34)

Mutagbes de ativagdo no gene KRAS sao observadas em 30% a 50% dos
CCR (34). O status mutacional de RAS (KRAS e NRAS) &€ um marcador preditivo
para decisdes terapéuticas envolvendo terapias cujo alvo seja o receptor do fator de
crescimento epidérmico (EGFR) em CCR metastatico. A testagem deve ser
obrigatoriamente realizada antes do tratamento com os anticorpos monoclonais
direcionados ao dominio extracelular do EGFR, cetuximabe e panitumumabe, e deve
incluir os éxons 2, 3 and 4 de KRAS (codons 12, 13, 59, 61, 117 e 146) e os éxons 2,
3 e 4 (cédons 12, 13, 59, 61 e 117) de NRAS (48,49). O método padrao para o teste

€ o0 sequenciamento de nova geragao (NGS) (15).

A mutacdo KRAS G12C (c.34G>T no éxon 2), que representa a substituicdo
de uma glicina por uma cisteina no cédon 12, ocorre em cerca de 14% dos
pacientes com cancer de pulméo de nado pequenas células e em 3-5% dos CCRs
(50,51). Os primeiros inibidores seletivos de KRAS G12C a obterem sucesso em

ensaios clinicos foram o sotorasibe e adagrasibe, que sao inibidores potentes e
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irreversiveis da isoforma mutante KRAS G12C, disponiveis por via oral, para o
tratamento de tumores sélidos com a mutagdao oncogénica KRAS G12C, incluindo o
cancer do pulmao de células ndo pequenas (NSCLC) e o cancer colorretal (CCR)
(52-55). No ano de 2022 o FDA aprovou a molécula adagrasibe (Krazati, Mirati
Therapeutics, Inc.) (56). Em 2023 a Anvisa aprovou o sotorasibe (LUMAKRAS,
Amgen Biotecnologia do Brasil Ltda.), para utilizagdo em cancer de pulméo nao de

pequenas células(57).
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KRAS: Kirsten rat sarcoma viral oncogene homolog.

Figura 7. Gene KRAS e pontos de mutacgao.

Disponivel em: Parikh et al.2022 (58).

2. Instabilidade de microssatélites (MSI) e Sistema Mismatch Repair (MMR)

Microssatélites sdo pequenas sequéncias repetidas de DNA distribuidas por
todo o genoma humano, tanto em regides codificantes, como nao codificantes.
Devido a sua estrutura de sequéncias repetidas, os microssatélites sdo propensos a
erros de replicacdo do DNA, que sao normalmente reparados pelo sistema Mismatch

Repair (MMR)(59).
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O sistema MMR de reparo de DNA é um processo celular altamente
conservado, que envolve diversas proteinas, resultando na identificacdo e posterior
reparo de bases incompativeis, que tenham surgido durante a replicacédo do DNA,
recombinagcdo ou dano quimico ou fisico. As proteinas do sistema MMR incluem
MLH1, PMS2, MSH2, MSH6, MLH3, MSH3, PMS1 e Exo1, que formam
heterodimeros para realizarem o reparo do DNA. Durante o processo normal de
replicacdo do DNA, pequenos erros sao detectados e vinculados aos dimeros
MSH2/MSH6, enquanto os dimeros MLH1/PMS2 sédo subsequentemente recrutados
para a excisdo e ressintese de uma nova fita corrigida (60). O sistema MMR
deficiente (dAMMR) resulta em um fenétipo de instabilidade de microssatélites (MSI).
MSI é reconhecida como uma das principais vias carcinogénicas do carcinoma
colorretal: representa uma marca molecular da Sindrome de Lynch, geralmente
ligada a uma mutacao da linhagem germinativa em um dos genes MMR; além disso,
é detectado em cerca de 15% dos carcinomas colorretais esporadicos (59,61,62),

mais frequentemente devido a inativagédo epigenética de MLH1 (59,63).

O status do sistema MMR (Mismatch repair) de reparo do DNA pode ter valor
preditivo em alguns contextos clinicos. Dados recentes de biomarcadores
moleculares mostraram a importancia dos testes de instabilidade de microssatélites,
um marcador de deficiéncia no sistema de reparo MMR (dMMR), para selecao de
pacientes para imunoterapia com inibidores de checkpoint imunolégico que exploram
a via PD1/PD-L1 e CTLA-4. A testagem de MMR ¢é recomendada para todos os
pacientes que tenham histérico de carcinoma de célon ou retal (15). Neste contexto,
a imuno-histoquimica detecta a expressao das proteinas do sistema MMR (MLH1,
PMS2, MSH2, MSH6).

3. Imunoterapia x Infiltrado linfocitario x PD1- PDLA

As células neoplasicas tém sido o foco central da pesquisa em cancer durante
décadas, pois permitem que os tumores crescam e sobrevivam de forma autbnoma.

No entanto, as células malignas por si s, estdo longe de ser o quadro completo,
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pois células malignas e ndo malignas cooperam para promover O crescimento
tumoral, resistir a morte celular, induzir angiogénese, invadir tecidos e formar
metastases, evitando a vigilancia do sistema imunoldgico. As células ndo malignas
séo recrutadas de dentro do tecido do estroma e, de outra forma, agiriam para inibir
o desenvolvimento do céncer. As células-chave do estroma incluem fibroblastos
associados ao cancer (CAFs), macrofagos associados a tumores (TAMs) e células
endoteliais vasculares. Essas células interagem entre si e com a matriz extracelular

(ECM) em uma zona conhecida como microambiente tumoral (TME) (64), (65).

O microambiente tumoral possui relevancia clinica, pois pode afetar o
progndstico de um paciente com cancer e potencialmente conferir resisténcia aos

medicamentos, resultando em potencial recidiva e metastase (64).

Atualmente, a imunoterapia vem se tornando uma importante ferramenta de
tratamento dos CCR, além disso, foi demonstrado que o microambiente tumoral esta

envolvido no surgimento e na progressao do tumor (38).

A presenca de linfocitos infiltrando o tumor (TILs) desempenha um papel
relevante na morte das células neoplasicas na imunoterapia. As interagbes entre
varios componentes do microambiente imune tumoral, mediam a execugdo da
resposta imune, estando intimamente relacionado a um progndstico favoravel no
CCR, principalmente quando correlacionados a alta intensidade de TlLs em alguns

sitios anatdbmicos em especial (66).

Dados da literatura associam a presenca e a intensidade de TlLs a uma
deficiéncia no sistema de reparo de incompatibilidade (MMR), devido a maior
expressdo de neo-antigenos causados por erros de replicagdo de DNA nao
corrigidos (67,68).

O ligante de morte programada (PD-L1) € uma proteina transmembrana
localizada principalmente em células neoplasicas, incluindo carcinoma de mama,
colorretal, gastrico e de pulmao. PD-L1 liga-se ao receptor PD-1 expresso nos
linfocitos T para inibir a ativagdo dos linfocitos T, permitindo que as células tumorais

escapem da vigilancia imunolégica, levando ao crescimento do tumor e ao mau
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prognéstico dos pacientes com cancer. As células T inativadas permanecem inibidas

no microambiente tumoral (39).

A via PD-1 / PD-L1 representa um mecanismo de resisténcia imunolégica
adaptativa exercido por células tumorais em resposta a atividade antitumoral imune
enddgena. Imunoterapia com Inibidores direcionados a morte programada PD-1
/PD-L1 tém sido amplamente utilizada no tratamento clinico de uma variedade de

tumores solidos nos ultimos anos (69).

Terapias com anticorpos monoclonais explorando a ligagcdo PD-1 e PD-L1

usadas rotineiramente incluem os seguintes medicamentos:

Pembrolizumabe (Keytruda®), desenvolvido Merck Sharp & Dohme, é um
anticorpo monoclonal humanizado, desenhado para bloquear a interacdo entre a
PD1 e os seus ligantes, PD-L1 e PD-L2. Em agosto de 2021, foi aprovado pela
Anvisa para o tratamento de carcinoma colorretal metastatico com deficiéncia na

expressao das proteinas do MMR (70).

Nivolumabe (Opdivo®), um anticorpo monoclonal totalmente humano
(HuMADb) que se liga ao receptor de morte programada 1 (PD-1) e bloqueia sua

interagdo com PD-L1 e PD-L2, desenvolvido pela Bristol-Myers Squibb (71).

Atezolizumabe (Tecentrig®), da industria farmacéutica Roche, € um anticorpo
monoclonal de imunoglobulina G1 (IgG1) humanizado, que se liga diretamente ao
PD-L1 e promove um bloqueio duplo dos receptores PD-1 e B7.1, gerando a inibigéo

mediada pela via PD-L1/PD-1 da resposta imune (72).

Avelumabe (Bavencio®) da Merck, € um anticorpo monoclonal 1gG1
(imunoglobulina humana G1) completamente humano que age contra o ligante de

morte celular programada 1 (PD-L1) (73) .

Durvalumabe (Imfinzi®), da AstraZeneca € um anticorpo monoclonal 100%
humano de alta afinidade (imunoglobulina G1 kappa [lgG1k]) que bloqueia
seletivamente a interagdo de PD-L1 com PD-1 e CD80 (B7.1) ao mesmo tempo em

que deixa intacta a interacdo de PD-1/PD-L2 (74).
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PD-L1 binds to PD-1 and inhibits
T cell killing of tumor cell

Tumor cell

Blocking PD-L1 or PD-1 allows
T cell killing of tumor cell

Tumor cell
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PD-1: Programmed cell death protein 1; PD-L1: Programmed death-ligand 1.

Figura 8. Mecanismo de agao dos inibidores de checkpoint imunoldgico anti PD-1 ou
PD-L1.

Disponivel em: https://www.teresewinslow.com/cellular-scientific/t3bw66vzpmbaOm mVVWKX:

4. Status de BRAF

A via MAPK/ERK é uma cascata de quinases conservada, envolvida na
regulagcdo da proliferagao, diferenciacdo e sobrevivéncia celular em resposta a

sinalizagao extracelular.

Os genes RAF sdao membros da via MAPK, codificando quinases de
serina/treonina que integram os sinais upstream. Uma vez recrutado na membrana
celular por RAS carregado com GTP, RAF é ativada e subsequentemente fosforila as
quinases downstream, MEKs, que induzem a ativacgao transcricional dos genes alvo
(Figura 6) (47,63).
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O mais potente ativador da MAP/ ERK quinase (MEK) é o oncogene viral de
sarcoma murino v-raf homoélogo B1 (BRAF)(75). A mutacao predominante no gene
BRAF envolve uma troca de timidina para adenosina no nucleotideo 1.799, sendo
responsavel por mais de 90% das mutacdes observadas em BRAF. Isso resulta em
uma mutacao de ativacdo, devido a substituicdo de valina por acido glutdamico no
aminoacido 600, a mutagao V600E (75).

O gene BRAF esta mutado em uma ampla gama de canceres, incluindo 40%
a 70% dos melanomas malignos, cerca 45% do cancer papilar de tireoide e 10% dos
carcinomas colorretais (76) e a mutagao esta localizada no dominio quinase, regiao
3 do exon 15 (77).

A mutacao BRAF V600E é quase exclusivamente observada em tumores MSI
esporadicos que se presume se desenvolverem através da via tumorigénica
serrilhada, sendo raramente descrita na sindrome de Lynch (78). A mutagao
ativadora do gene BRAF esta associada a um elevado nivel de metilagdo global do

DNA e ao silenciamento epigenético do gene MLH1 (79) .

A anadlise mutacional de BRAF V600E (p.(Val600Glu) e c.1799T>A.) deve ser
realizada no CCR objetivando a estratificacdo prognostica. Mutagbes em BRAF
ocorrem em cerca de 8% dos pacientes com doenca avancada e 14% dos pacientes
com doenga localizada, estagio Il ou Ill. As mutagbes em BRAF constituem,
portanto, um conjunto substancial de pacientes com CCR (80). A presencga da
mutacdo BRAF V600E faz com que a resposta ao tratamento com os inibidores de
EGFR panitumumabe ou cetuximab, seja altamente improvavel, por este motivo
deve ser utilizado inibidor de EGFR em conjunto com inibidor de BRAF (76).

5. NTRK

As proteinas do receptor de tropomiosina quinase (TRK) pertencem a uma
familia de receptores tirosina quinase, incluindo TRKA, TRKB e TRKC, codificadas

pelos genes NTRK1, NTRK2 e NTRKS3, respectivamente. Estruturalmente, as
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proteinas TRK contém regides extracelulares e intracelulares separadas por um

unico dominio transmembrana (81,82).

A funcdo normal dos receptores TRK ¢ fisiologicamente importante,
particularmente no desenvolvimento do sistema nervoso central e periférico, porém a
ativagao constitutiva dos receptores TRK contribui para a carcinogénese por causa
da posterior ativagcao da via RAS / MAPK / ERK e da via PI3K / AKT, levando a um

aumento descontrolado na proliferagao celular (82,83).

A evidéncia inicial do papel dos genes NTRK no surgimento do cancer
remonta a mais de 30 anos atras, quando foram relatadas fusdes de NTRK em
tumores colorretais e tireoide (84,85). Atualmente, as fusdes génicas sé&o as
alteragcbes mais bem descritas dentre as alteracbes NTRK que ocorrem em
canceres, sendo resultado de rearranjos intra ou inter cromossémicos (85). Fusdes
génicas sao conhecidas como oncogénicas por promoverem a formacao de tumores
por meio da ativacado constitutiva de vias de crescimento celular e proliferativas. Em
geral, as fusdes génicas NTRK causam oncogénese quando a por¢do 3' do gene
NTRK, que contém o dominio quinase tirosina catalitica, se funde com a porgao 5'
de um gene parceiro, o que estimula a expressao génica e facilita a dimerizagao de

proteinas (81).

Aberracbes em NTRK sao raras na maioria das neoplasias comuns, sendo
encontradas com uma frequéncia inferior a 5%, geralmente variando entre 0,1% e
2%, de acordo com o tipo de tumor (85). Embora as fusbes NTRK em carcinomas
colorretais (CCR) sejam raras (<1%) (86), associa¢gdes moleculares caracteristicas
de CCR NTRK positivos para fusao foram encontradas especificamente em CCR
MLH1-metilado esporadico, MSI-high, e tipo selvagem de BRAF / KRAS (87,88).

Fusbes NTRK podem ser detectadas usando diferentes técnicas, incluindo
imuno-histoquimica (IHC), hibridizag&o in situ por fluorescéncia (FISH), reacdo em
cadeia da polimerase em tempo real (RT-PCR) e sequenciamento de nova geragao
(NGS) baseado em RNA e DNA. A imuno-histoquimica (IHC) pode ser um teste

especifico para detectar alteracbes TRK na maioria dos tecidos, ja que as proteinas
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TRK parecem ser pouco expressas em tecidos normais de adultos, sendo

encontradas apenas em musculos lisos, testiculos e componentes neurais (85,89).

Nos ultimos anos, as fusdes de TRK tém emergido como alvo para tratamento
de diversos tumores. Os inibidores de TRK, larotrectinibe e entrectinibe, foram
recentemente aprovados pela U.S. Food and Drug Administration (FDA) para o
tratamento de tumores de pacientes adultos e pediatricos com NTRK positivo para

fusdo, independentemente do tipo de tumor (90,91).

41


https://paperpile.com/c/kmkS82/XAOFv+VQK5I
https://paperpile.com/c/kmkS82/7YpPw+RwzXH

Tratamento

O tratamento do CCR depende principalmente do tamanho, localizacado e
extensao do tumor e saude geral do paciente. Normalmente cirurgia, radioterapia e
quimioterapia podem ser utilizados nos diferentes casos de CCR. Em relagédo a
quimioterapia, durante os anos 90, o agente citotéxico de escolha era o fluorouracil
administrado por infusdo. Desde entdo, terapias combinadas de fluorouracil com
leucovorina e irinotecano (regime FOLFIRI) ou oxaliplatina (regime mFOLFOX)
foram adotadas para melhorar ainda mais a sobrevida e se tornaram o principais
opcoes de tratamento quimioterapéutico para o carcinoma colorretal. Nos anos
2000, cetuximabe, um anticorpo monoclonal contra a proteina de superficie EGFR
(Epidermal Growth Factor Receptor) foi aprovado para uso em combinagdo com
irinotecano em pacientes com carcinoma colorretal avangado ou metastatico (92).
Desde entdo, novas terapias foram desenvolvidas, explorando alvos moleculares
expressos pelo tumor como marcadores terapéuticos ou de progndstico, o que se

denomina de Medicina de Precisao.
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JUSTIFICATIVA

Os carcinomas colorretais (CCR) sdo a terceira forma de cancer mais
diagnosticada globalmente e a segunda causa de morte por cancer no mundo. No
Brasil, estima-se que anualmente sejam diagnosticados 20.540 casos de cancer de
célon e reto em homens e 20.470 em mulheres. Sem considerar os tumores de pele
nao melanoma, o cancer de coélon e reto em homens € o terceiro mais incidente na

Regido Sul e para as mulheres é o segundo mais frequente.

Até o momento, ndo € do nosso conhecimento outros estudos que tenham
compilado e associado os achados em exames de perfis moleculares e
histopatoldgicos dos CCR, com sexo, idade e regido anatdémica do tumor nos

pacientes do Hospital de Clinicas de Porto Alegre.
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HIPOTESES

Hipotese nula: Nao ha associagédo entre as mutacgdes identificadas nos carcinomas

colorretais entre si, sexo, idade e lateralidade do tumor.

Hipotese alternativa: Ha associagao entre as mutagdes identificadas nos carcinomas

colorretais entre si, sexo, idade e lateralidade do tumor.
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OBJETIVOS

1.0bjetivo geral

O objetivo geral deste estudo foi avaliar o perfil de expressao de proteinas por
imuno-histoquimica (instabilidade de microssatélites - MMR, NTRK), perfil molecular
(KRAS, NRAS, BRAF) e infiltrado linfocitario no carcinoma colorretal em pacientes
atendidos no Hospital de Clinicas de Porto Alegre, investigando a associagao destes

achados com sexo e demais dados clinicos.

2. Objetivos especificos

1) Investigar a associagao entre infiltrado linfocitario, a expressdo das quatro
proteinas do sistema MMR (MLH1, PMS2; MSH2 e MSHG6) e localizagao tumoral no

carcinoma colorretal;

2) Investigar a frequéncia de mutacdes somaticas nos genes KRAS (exons 2, 3
e 4), NRAS (exons 2, 3 e 4), BRAF (exon 15) utilizados como potenciais
biomarcadores preditivos e de prognostico em pacientes diagnosticados com

carcinoma colorretal;

3) Avaliar a presenca de fusdes tropomiosina quinase (NTRK) no carcinoma

colorretal.
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4)  Verificar a associagdo do perfil molecular (mutacbes em KRAS, NRAS e
BRAF) e imuno-histoquimico (sistema MMR, NTRK) do carcinoma colorretal nos
pacientes estudados com seus parametros clinicos: idade e regido anatémica de

localizag&o do tumor.

5) Estratificar, entre mulheres e homens, os objetivos acima descritos, buscando

diferencas na prevaléncia.
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Background: Colorectal carcinoma (CRC) is one of the most frequently diagnosed forms of cancer
worldwide. The RAS (KRAS, NRAS) and BRAF genes encode proteins that are important therapeutic targets
for the treatment of CRC and, together with the mismatch repair (MMR) system, are closely related to
patient prognosis and survival in advanced CRC. Here we evaluate the mutational profile and the frequency
of mutations in the KRAS, NRAS and BRAF genes, along with the expression of MMR in advanced CRC, at
a tertiary hospital in southern Brazil.

Methods: A cross-sectional retrospective study was carried out, where molecular analysis of mutations in
the KRAS, NRAS and BRAF genes was carried out, as well as immunohistochemistry for MMR proteins.
Results: Next-generation sequencing (NGS) analysis of 310 tumors revealed that 202 patients (65.2%)
had mutations. The KRAS gene (53.2%) was the most frequently mutated in our sample, with G12D being
the most frequent, representing 30.5% of the mutations in this gene. The most frequent mutation found in
BRAF was V600E (n=25; 89.3%) and differed significantly in women and in the right colon in patients with
MMR deficiency. Among the 283 patients tested for MMR, the rate of loss of expression was 8.8% (25/283).
Conclusions: Deficiency in the MMR system is associated with the presence of the BRAF V600E
mutation, tumors located in the right colon, and the female sex. In our case series, more than 60% of
patients had at least one mutation in KRAS, NRAS, or BRAF. The presence of mutations in these genes
is closely related to CRC prognosis and helps define the best therapeutic approach in patients with
metastatic CRC.
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Introduction

Colorectal carcinoma (CRC) is one of the most frequently
diagnosed forms of cancer worldwide (1). Excluding non-
melanoma skin tumors, colon and rectal cancer ranks third
among the most common cancer types (1). According to
the National Cancer Institute (INCA), in Brazil, the CRC
is the third most prevalent type. In the southern region, it
is the second most common type of cancer in women and
the third most common in men (2). CRC is observed more
frequently in the left colon than in the right colon. Based
on gene expression data, CRC has been divided into four
consensus molecular subtypes (CMS): CMS1 (microsatellite
instability), CMS2 (canonical epithelial), CMS3 (metabolic),
and CMS4 (mesenchymal)—each subtype reflects significant
biological differences (3). The most frequent clinically
actionable types of CRC currently belong to CMS type 1
[microsatellite instability (MSI), BRAF mutations] and type
3 (KRAS mutations, mixed MSI status) (3,4).

Tumors arising in the left colon and right colon
differ not only in incidence, but also in their biology
and histology, which consequently influences patient

Highlight box

Key findings

* G12D was the most frequent mutation found in the KRAS gene
and the deficient mismatch repair (MMR) system system was
associated with the presence of the BRAF V600E mutation and
absence of the KRAS mutation. Lung metastasis did not present
the V60OE mutation.

What is known and what is new?
® The RAS and BRAF genes encode proteins that are important

therapeutic targets for the treatment of colorectal carcinoma (CRC)
and, together with the MMR system are closely related to patient
prognosis and survival in advanced CRC.

® The deficiency in the MMR system was associated with the presence
of the BRAF V600E mutation, absence of the KRAS mutation,
tumors located in the right colon, and the female sex. The lung
metastasis did not have the V600E mutation and only had a mutation
in exon 2 of the KRAS gene.

What is the implication, and what should change now?

e This study provided results that can contribute to the clinical
diagnosis, establish the prognosis, and improve the treatment of
patients with advanced CRC. We emphasize the relevance of the
investigation into the KRAS G12C mutation, the result of which
opens up another alternative for the treatment of patients with
a mutation in the KRAS gene, in this pioneering study in the far
south of Brazil.
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prognosis (5). Another major challenge is the clinical
management of metastatic CRC (mCRC); more recently,
combined therapies have shown benefits for specific
subgroups (6), and several drugs have been approved for the
treatment of this disease. However, to effectively benefit
patients’ lives, the optimal combination and sequence of
these drugs likely depend on many factors, including the
mutational status of tumor cells (7).

The analysis of the mutational status of RAS and
BRAF genes is becoming increasingly relevant in CRC
treatment, especially for determining the course of
treatment in patients with metastatic CRC. Patients with
KRAS mutations also show a low response to the epidermal
growth factor receptor (EGFR) inhibitors (8), and the
presence of a BRAF gene mutation is an indicator of a worse
prognosis (9). The RAS (KRAS, NRAS) and BRAF genes
encode proteins that play a crucial role in the treatment of
CRC and are closely linked to the outcome and longevity
of patients (10-13). The constitutive activation of the RAS-
RAF-MEK-ERK (MAPK) pathway plays a critical role in
the development and progression of CRC (14). Monoclonal
antibodies against EGFR, such as cetuximab and
panitumumab, have been shown to bind to the extracellular
domain and block the signaling of this pathway (15).

The mutational status of RAS genes (KRAS and NRAS)
is a predictive marker for therapeutic decisions in therapies
targeting EGFR in metastatic CRC (15). The KRAS
G12C mutation (¢.34G>T in exon 2), which represents the
substitution of a glycine for a cysteine in codon 12, occurs
in around 3-4% of CRC (16). The KRAS G12C mutant has
been identified as a potential target for novel therapies (17).
First selective KRAS G12C inhibitors to succeed in clinical
trials were sotorasib and adagrasib, which are potent and
irreversible inhibitors of the mutant KRAS G12C isoform,
available orally, for the treatment of solid tumors with the
oncogenic KRAS G12C mutation, including non-small cell
lung cancer and colorectal cancer (18,19).

Mutations in the key protein BRAF in the MAPK
pathway result in the constitutive activation of this pathway,
which suggests that BRAF mutation plays a crucial role in
CRC (14). The V600E mutation, which is predominant in
the BRAF gene, results from an activating mutation, with
the substitution of valine for glutamic acid at amino acid
600 (20). BRAF mutations occur in about 8% of patients
with advanced CRC and in 14% of patients with localized
CRC, stages II or III (21). Previous studies substantiate the
fact that the combined MSI/BRAF test plays a prognostic
role in colorectal cancer (21,22).
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Another well-known biomarker is MSI, which is present
in tumors with deficient mismatch repair (IMMR) systems.
Mismatched bases that arise during DNA replication,
recombination, or chemical/physical damage are identified
and repaired by proteins of the MMR system, which is a
highly conserved cellular process (21). However, a deficient
MMR system produces a MSI phenotype. The MSI pathway
is widely recognized as an important carcinogenic pathway
in CRC, representing the molecular signature of Lynch
Syndrome, which is often linked to a germline mutation
in the MMR genes and 15% of sporadic CRC, most often
due to the epigenetic inactivation of MLHI1 (23). The
V600E mutational analysis should be performed in dMMR
tumors with loss of MLHI1 to assess Lynch syndrome risk.
The presence of a BRAF mutation is strongly associated
with sporadic pathogenesis. Risk of Lynch syndrome is not
excluded by the absence of the BRAF mutation (24).

The increasing number of molecular markers in CRC, the
development of immunotherapy, and the approval of agnostic
treatments by regulatory agencies, along with the identification
of markers with prognostic and predictive value, currently
play an important role in CRC treatment (25). Therefore,
in the present context, it is important to understand the
epidemiology of CRC in each population in order to better
plan access to new therapeutic possibilities (26,27). The
purpose of this study is to assess the mutational profile
and the frequency of mutations in KRAS, NRAS, and
BRAF, along with the expression of MMR in advanced
CRC, at a tertiary hospital in southern Brazil. We present
this article in accordance with the STROBE reporting
checklist (available at https://jgo.amegroups.com/article/
view/10.21037/jgo-23-1017/rc).

Methods
Study population and sample

This retrospective study used data from a series of cases of
stage III or IV CRC in patients treated at the Hospital de
Clinicas de Porto Alegre (HCPA). Patients included in the
study consented to the use of their samples, which were
obtained from the Surgical Pathology Service and subjected
to molecular analyses by the Personalized Medicine
Program of HCPA from 2018 to 2022. Tumor samples from
310 patients were included in this study. Clinical data were
obtained from a review of patient medical records. The
study was conducted in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
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the Research Ethics Committee of the Hospital de Clinicas
de Porto Alegre, under CAAE (Certificate of Presentation
for Ethical Consideration) number 56230122200005327.

Tumor selection and DNA extraction

The molecular analysis of mutations in the KRAS, NRAS,
and BRAF genes was performed on samples from 310
patients. The paraffin block with the best representation
of the tumor was selected from the corresponding H&E
(hematoxylin and eosin) slide and cut on a microtome
regulated to a thickness of 10 pm. Following the
manufacturer’s recommendations, DNA was extracted
from the samples using the ReliaPrep FFPE gDNA
Miniprep System kit (Promega, Madison, WI, USA). The
fluorescence method was used to quantify DNA samples
after extraction (Qubit 2.0 Fluorometer, Invitrogen,
Carlsbad, CA, USA).

Molecular analysis by next-generation sequencing (NGS)

NGS was used for the molecular analysis of the KRAS,
NRAS, and BRAF genes, with the Ion Torrent™ Ion
GeneStudio™ S5 System, server version 5.0 (Thermo Fisher
Scientific, Waltham, MA, USA), using a customized panel
for the identification of mutations in KRAS (exons 2, 3, and
4), NRAS (exons 2, 3, and 4), and BRAF (exon 15) (13,24,28).
Data were analyzed using the Ion Torrent Suite and Ion
Reporter bioinformatics platform, version 5.0, considering
a minimum coverage of 800x. The NM_0033360.3
(KRAS), MM _002524.3 (NRAS), and NM_004333.4
(BRAF) sequences were used as references. The tests
were conducted using research use reagents with internal
validation. The limit of detection (LOD) for variant allele
frequency (VAF) was 2% VAF.

For NGS analysis, primary and secondary analyses
were performed with the Ion Torrent™ Ion GeneStudio™
S5 System, server version 5.12.3. The Torrent Mapping
Alignment Program was used to map the human reference
genome hgl9. Initial quality control and evaluation
of the coverage of the amplification product for the
regions of interest were carried out using the Torrent
CoverageAnalysis plugin implemented in version 5.12.3
of the Torrent Suite software (Thermo Fisher Scientific,
Waltham, MA, USA). After filtering the uniformity (>85%),
the readings on the target (>60%) and the minimum
mapped readings of 25,000, the regions of interest were
obtained. Ion Reporter version 5.12 (Thermo Fisher

7 Gastrointest Oncol 2024;15(4):1580-1591 | https://dx.doi.org/10.21037/jgo-23-1017

57


https://paperpile.com/c/6qR3YP/kFBv1
https://paperpile.com/c/6qR3YP/frAa0
https://paperpile.com/c/6qR3YP/8jdz
https://paperpile.com/c/6qR3YP/hndYA
https://paperpile.com/c/6qR3YP/4kTgt+akFmR
https://jgo.amegroups.com/article/view/10.21037/jgo-23-1017/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-1017/rc
https://paperpile.com/c/6qR3YP/Gp2Ml+yiHD+8jdz

Journal of Gastrointestinal Oncology, Vol 15, No 4 August 2024

Table 1 Clinical characteristic of patients

Clinical data n %
Sex
Male 153 49.4
Female 157 50.6
Site
Right colon 68 21.9
Left colon 145 46.8
Rectum 89 28.7
Not specified 8 2.6

Age at diagnosis

<60 years 147 47.4
>60 years 163 52.6
Metastasis

Liver 86 27.7
Nodes 51 16.5
Liver + lung 34 11.0
Lung 30 9.7
Peritoneum 22 7.1

Other sites 87 28.0

Scientific, Waltham, MA, USA) was used to identify
variants, with the following somatic parameters: minimum
variant quality of 10, minimum coverage of 100, maximum
chain polarization of 0.95 and minimum variant score of 6.

Mismatch repair (MMR) protein analysis

The preparation of slides for the immunohistochemical
analysis of the MMR system proteins MLHI1, PMS2,
MSH2, and MSH6 was performed on tumor samples from
283 patients using an automated platform (Benchmark
ULTRA Ventana Medical Systems Inc., Tucson, Arizona,
USA). The paraffin-embedded block, which contained
tumor tissue and, when available, tissue devoid of
morphological alterations serving as an internal control,
was chosen based on the corresponding H&E stained
slide. It was then sectioned using a microtome adjusted
to a thickness of 3 pm. This selection was not necessarily
restricted to the same block designated for NGS. The
following antibodies and detection kit were used: MLH1
clone M1 Roche™ USA, PMS2 clone A16-4 Roche™ USA,
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MSH?2 clone G219-1129 Roche™ USA, MSHS6 clone SP93
Roche™ USA, all in ready-to-use format, and the Optiview
Roche™ USA reagent kit. All slides were examined under
an optical microscope and contained a positive control for
each antibody. Internal sample control was also evaluated.
Markers were assessed for positivity in the tumor area,
and samples with brown-stained nuclei were considered
positive. When all four proteins were positive, the tumor
was considered pMMR (proficient MMR), and when the
expression was negative in at least one of the proteins, the
tumor was considered dMMR (deficient MMR).

Statistical analysis

The prevalence of mutations was assessed using absolute
and relative frequencies, with a confidence interval of 95%.
Statistical analyses were conducted using the Statistical
Package for Social Science for Windows (SPSS) version
29. To investigate the association of the molecular profile
with sex, age, and tumor location, researchers performed
the % test or Fisher’s exact test. Results were considered
statistically significant when P<0.05.

Results
Clinical characteristics of patients

This study included 310 patients (157 women and
153 men). The mean age at diagnosis of these patients was
60 years (range, 18-84 years). The tumor was located in
the right colon in 68 cases, in the left colon in 145 cases,
and in the rectum in 89 cases. In eight cases, the tumor
location was not specified. Eighty-six patients (27.7%) had
liver metastasis, 51 (16.5%) had lymph node metastasis, and
34 (11%) had concomitant liver and lung metastasis, while
other patients had metastasis at different sites (1able 1).

Relationship between MMR protein expression and clinical
characteristics

From 310 patients included in this study, 283 were tested
for MMR. The remaining patients did not have a sufficient
sample. The rate of loss of expression was 8.8% (25/283),
and the frequency of loss of expression for each of the four
MMR proteins (MLH1, PMS2, MSH2, MSHG6) was 6.36%
(18/283), 6.36% (18/283), 2.12% (6/283), and 2.47% (7/283),
respectively. The rate of loss of expression of MLHI1 and
PMS2 was significantly higher than that of MSH2 and
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Table 2 Relationship between MMR expression and clinical characteristics

MMR
Clinical data Total dMMR pPMMR $ P
n % n %
Sex 3.864 0.049
Male 138 7 5.1 131 94.9
Female 145 18 124 127 87.6
Site 36.411 <0.001
Right colon 67 19 28.4 48 71.6
Left colon 128 6 4.7 122 95.3
Rectum 83 0 0.0 83 100.0
Not specified 5 0 0.0 5 100.0
Age at diagnosis 0.000 >0.99
<60 years 137 12 8.8 125 91.2
>60 years 146 13 8.9 133 91.1
MMR, mismatch repair; dAMMR, deficient MMR; pMMR, proficient MMR.
pMMR dMMR

MLH1

Figure 1 Mismatch repair immunohistochemistry showing typical patterns of (A) intact MSH2 and (B) loss of MLH1. Original

magnification 200x. The arrows indicate positively stained cells (left) and negatively stained cells (right). pMMR, proficient mismatch repair;

dMMR, deficient mismatch repair.

MSHG6 (P<0.001). Patients with different ages at diagnosis
did not significantly differ in terms of MMR expression
loss (P>0.05) using the cut-off point of 60 years old.
However, a significant difference in expression loss was
observed in women (P=0.049) and in tumors located in the
right colon (P<0.001) (Zable 2). Figure I represents the results
of immunohistochemistry for pMMR and dMMR, for the
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Mismatch Repair System proteins MSH2 and MLHI.

Relationship between mutations in KRAS, NRAS, BRAF,
and clinical characteristics

NGS analyses conducted on 310 tumors revealed the
presence of mutations in 202 patients (65.2%). The
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BRAF
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Absence of
mutation
34.84%

KRAS + NRAS
0.32%

KRAS

53.23% KRAS + BRAF

0.32%

NRAS
2.58%

Figure 2 Frequency of somatic mutations in KRAS, BRAF, and
NRAS in advanced colorectal tumors at the Hospital de Clinicas de
Porto Alegre.
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mutational profile in this sample showed that 167 patients
had mutations in KRAS (53.23%), 27 had mutations in
BRAF (8.71%), eight had mutations in NRAS (2.58%), one
had concomitant mutations in KRAS and NRAS (0.32%),
and one had mutations both in KRAS and BRAF (0.32%). In
108 patients (34.84%), no mutations were detected with the
panel used (Figure 2).

The frequency of mutations in KRAS was 7% higher
in women than in men; however, this difference was not
statistically significant (P=0.26). Most patients who had
no mutations detected by the panel were men, but this
difference between sex was also not statistically significant
(P=0.09) (1able 3). Among the mutations in KRAS, G12D
was the most common, accounting for 30.5% of the
mutations found in this gene, followed by G12V (n=36;
21.6%), G13D (n=25; 15%), and G12C (n=11; 6.6%), all in

Table 3 Relationship between mutational profile in KRAS, NRAS, BRAF genes, and clinical characteristics

KRAS NRAS BRAF V600E
Clinical data Total Wild Mutated Wild Mutated Not mutated Mutated
n % n % : n % n % F n % n % F
Sex 0.26 0.10 0.01
Male 153 76  49.7 77 503 146  95.4 7 4.6 147 96.1 6 3.9
Female 157 67 427 90 57.3 155 98.7 2 1.3 138 87.9 19 1241
Site 0.97 0.70 <0.001
Right colon 68 31 456 37 544 67 98.5 1 1.5 47  69.1 21 30.9
Left colon 145 67 46.2 78 538 141 97.2 4 2.8 141 97.2 4 2.8
Rectum 89 42 472 47 528 85 955 4 4.5 89 100.0 0 0.0
Not specified 8 3 375 5 62.5 8 1000 O 0.0 8 100.0 0 0.0
Age at diagnosis 0.40 >0.99 0.07
<60 years 147 72 490 75 510 143 973 4 2.7 140 95.2 7 4.8
>60 years 163 71 436 92 564 158 96.9 5 3.1 145  89.0 18  11.0
Metastasis 0.045 0.77 0.005
Liver 86 42  48.8 44 51.2 84 97.7 2 2.3 83 96.5 3 3.5
Nodes 51 32 627 19 373 50 98.0 1 2.0 42 824 9 17.6
Liver + lung 34 15 4441 19 559 32 941 2 5.9 32 9441 2 5.9
Lung 30 8 267 22 733 29  96.7 1 3.3 30 100.0 0 0.0
Peritoneum 22 10 454 12 54.6 21 95.5 1 4.5 17 77.3 5 22.7
Other sites 87 36 414 51 58.6 85 97.7 2 2.3 78  89.7 9 10.3
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Table 4 Frequency of different mutations in KRAS, NRAS, and

BRAF genes
Gene name Mutation No. of patients  Frequency (%)
KRAS
Exon 2 144 86.3
G12D 51 30.5
Gi1av 36 21.6
G13D 25 15.0
G12C 11 6.6
G12A 9 5.4
G128 5 3.0
G13C 2 1.2
G12E 1 0.6
G12R 1 0.6
G13V 1 0.6
G12V + G12S 1 0.6
dupG13 1 0.6
Exon 3 13 7.8
Q61H 9 5.4
Q61R 2 1.2
Q61L 1 0.6
S65N 1 0.6
Exon 4 10 6.0
A146T 3.0
K117N 3 1.8
A146V 2 1.2
Total 167 100
NRAS
Exon 2 3 33.3
G12D 2 222
G128 1 11.1
Exon 3 6 66.6
Q61K 2 222
Q61L 3 33.3
Q61R 1 11.1
Total 9 100
BRAF
Exon 15
V600E 25 89.3
D594G 1 3.6
G596V 1 3.6
N581S 1 3.6
Total 28 100

© Journal of Gastrointestinal Oncology. All rights reserved.
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exon 2 of the KRAS gene (Tuble 4). Eight other mutations
were found in exon 2. In exon 3, four different mutations
were detected, and in exon 4, three mutations were found.
The lung metastasis only had mutations in exon 2 of the
KRAS gene, while the liver metastasis had mutations in
exons 2, 3 and 4 (Table 5).

Only nine patients (seven men and two women) had
mutations in the NRAS gene. A total of 28 patients had
mutations in the BRAF gene. The most frequently found
mutation in BRAF was V600E (n=25; 89.3%), but three
patients had mutations D594G, G596V, and N581S
(Tuble 4). Of the 30 CRC that metastasized to the lung,
none had the BRAF V600E mutation (P=0.005). The BRAF
V600E mutation also showed a significant difference by
sex: it was more common in women (P=0.01) and also more
prevalent in the right colon (P<0.001). BRAF V600E was
more frequent in patients aged 60 or over; however, this
difference was not statistically significant (P=0.07) (1able 3).

Association between MMR protein expression and
mutations in the KRAS, NRAS, and BRAF genes

In this study, we found statistically significant differences
when investigating the association between MMR
expression loss and mutations in the KRAS and BRAF
genes. When there was MMR expression loss (AMMR),
the frequency of KRAS mutations was significantly lower
than when there was no MMR expression loss (pMMR)
(P<0.001). In contrast, the frequency of the BRAF V600E
mutation was significantly higher in dMMR MLH1/
PMS?2 than in pMMR. There was no significant difference
between dMMR and the NRAS gene (1uble 6).

Discussion

In this study, we evaluated the mutational profile and the
frequency of mutations in the KRAS, NRAS, and BRAF
genes, along with the expression of MMR system proteins
in advanced CRC, in patients from a tertiary hospital in
southern Brazil, correlating these findings with each other.
Data from the literature demonstrate the importance of
performing a molecular analysis of tumors in patients with
metastatic CRC before initiating treatment, as this leads
to improved overall survival and progression-free survival
in patients with wild-type KRAS treated with anti-EGFR
therapy (13-15). Other studies have extended the analysis to
include testing for mutations in other genes, such as NRAS
and BRAF, which are predictors of treatment failure with
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Table 5 Frequency of KRAS mutations by metastasis site
Most frequent KRAS mutations
Metastasis
G12D G13D G12v G12C Q61H A146T G12A G12S
Liver 13 7 13 2 1 2 0 3
Lung 4 4 4 3 0 0 2 1
Peritoneum 3 1 5 0 2 0 0 0
Nodes 6 5 3 1 1 1 1 0
Liver + lung 8 3 2 0 2 1 1 1
Other sites 17 5 9 5 3 1 5 0
Table 6 Relationship between MMR proteins and KRAS, NRAS, and BRAF genes
MMR
Gene name Total dMMR pMMR P
MLH1/PMS2 (n) MSH2/MSH6 (n) % n %

KRAS <0.001

Wild 135 17 2 141 116 85.9

Mutant 148 1 5 4.1 142 95.9
NRAS 0.19

Wild 275 18 6 8.7 251 91.3

Mutant 8 0 1 12.5 7 87.5
BRAF V600E <0.001

Not mutant 259 7 7 5.4 245 94.6

Mutant 24 11 0 45.8 13 54.2

MMR, mismatch repair; dMMR, deficient MMR; pMMR, proficient MMR.

EGFR inhibitors (12,15,29,30). In our case series, 34.8% of
patients did not have mutations in the studied genes, which
indicates that these patients would be eligible for treatment
with EGFR inhibitors. A portion of the studied population
could benefit from this targeted therapy, which suggests that
this type of testing is justified for potential use in treatment
decisions.

In CRC, the prevalence of mutation rates in the KRAS,
NRAS, and BRAF genes has been reported to range between
15-60%, 2-15%, and 3-10%, respectively (12,31-34).
In Brazil, the study by Gil Ferreira et 4., which analyzed
the frequency of mutations in exon 2 of the KRAS gene
in metastatic CRC in the Brazilian population, found
that the mutation rate in KRAS was 31.9% (35). In the
southern region of Brazil, the same study showed that the
KRAS mutation rate was 32% in metastatic CRC (35).

© Journal of Gastrointestinal Oncology. All rights reserved.

In southeastern Brazil, a study published by Dos Santos
et al. showed that the rates of mutation in KRAS, NRAS,
and BRAF were 52.7%, 4.4%, and 8.8%, respectively (36).
Also in the southeast, Ribeiro et 4l. found a KRAS mutation
rate of 49.2% (37). In the present study, higher frequencies,
compared to Gil Ferreira ez 4l. study of mutations in KRAS
(52.3%) were found, and the reason for this finding could
be the fact that we also analyzed exons 3 and 4 (35). We
are not aware of any other study in the southern Brazilian
population that has evaluated KRAS, NRAS and BRAF
mutations by NGS and associated them with MMR
expression and clinical data. In contrast to KRAS findings,
lower frequencies of NRAS mutations (2.6%) were
observed. Among KRAS mutations, G12D (Gly12Asp) was
the most frequent, which is also in line with previous studies

(33,34,37-39). The frequency of the G12C (Gly12Cys)
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mutation was 6.6% (11/167), which is especially interesting
given the use of the drugs adagrasib and sotorasib which
specifically target this mutation, opening up another
alternative for treating patients with a mutation in the
KRAS gene (40-43).

The frequency of BRAF mutations (8.7%) we found is
in line with the data from Dos Santos et 4l., as well as the
fact that the BRAF V600E mutation was the most common
(89.3%) (36). In our study, the BRAF V600E mutation
showed a significant difference by sex, being predominant in
women, and by tumor location, occurring more commonly in
the right colon, a fact already reported in the literature (44,45).
Among metastasis, BRAF V600E was more frequent in CRCs
that metastasized to the lymph nodes, while this mutation
was not observed in exclusive lung metastasis. A previous
study indicated that colorectal tumors located in different
sites have completely different therapeutic results and specific
biomolecular characteristics (44). The knowledge about
the different rates of BRAF V600E mutation in distinct
tumor sites can be useful in the development of treatment
therapies for CRC located in different tumor sites (14).
In CRC, the presence of the BRAF mutation is associated
with lower survival time and resistance to standard
therapeutic approaches (46). CRC with a BRAF mutation is
an aggressive subpopulation of metastatic CRC (47). The
therapeutic approach to CRC when there are mutations
in the BRAF gene is challenging due to resistance, and
this treatment does not achieve the same success as that
of BRAF inhibitors that revolutionized the treatment of
BRAF V600E mutated metastatic melanomas. In part, this
can be explained by the fact that metastatic CRC is as a
more complex disease compared to melanoma. The use of
regimens combining targeted therapy and chemotherapy
is the most suitable strategy to overcome resistance (48).
Some guidelines recommend targeted therapy for patients
with metastatic CRC and BRAF mutations. This subgroup
seems to benefit from anti-VEGF therapies, although the
available data are still limited and inconclusive (49,50).

Regarding the expression of MMR proteins, we observed
that the loss of MLHI1 and PMS2 was significantly higher
than that of MSH2 and MSHG6, which is in line with the
literature (4). The dMMR status was more common in
women (12.4%) than in men (5.1%) (P=0.049). Patients
with tumors located in the right colon were found to be
more likely to have dMMR and the BRAF V600E mutation
than patients with tumors in the left colon and rectum.
These results are consistent with those of previous studies

© Journal of Gastrointestinal Oncology. All rights reserved.
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(31,36). A meta-analysis (14) demonstrated an association
between the BRAF V600E mutation and high microsatellite
instability, corroborating the findings of this study. When
evaluating the group of patients with dMMR, it was
observed that most of these patients did not have mutations
in the KRAS gene. During the BRAF analysis, we found that
the BRAF V600E mutation was significantly more common
in patients with dMMR. This mutation is quite common
in these tumors and has prognostic value, being associated
with worse survival (51). The site of origin of the tumor is
considered an independent prognostic factor that affects
treatment response. In this sense, tumors differ in various
aspects, including histology and mutational profile (52).
Studies have shown that CRC located in the right colon
is more common in women, whereas tumors located in
the left side are more common in men (45,53-56). Other
studies have shown that overall survival is higher in patients
with stage I, III, and IV CRC located in the left side than
in those affected by this disease in the right side (57-60).
Right-sided tumors carry many adverse characteristics,
including MST and a higher rate of BRAF V600E mutations
(52,53,56), and are associated with worse clinical outcomes
in patients with metastatic CRC (60,61).

Despite our findings, this study has some limitations;
the main limitation of this study is that we do not have data
on the clinical treatment, prognosis, and survival of these
patients, and therefore we cannot explain the association
of the study findings with the performance of treatment in
patients. A methodological limitation is that only the exons
recommended for defining the prognosis and treatment
of the disease according to the National Comprehensive
Cancer Network and other guidelines were sequenced. This
approach did not allow us to observe other rare or as yet
unreported alterations.

Conclusions

This study analyzed the frequency of mutations in the
KRAS, NRAS, and BRAF genes, as well as the loss of
expression in the MMR system. We found that deficiency
in the MMR system is associated with the presence of
the BRAF V600E mutation, tumors located in the right
colon, and the female sex. In our case series, more than
60% of patients had at least one mutation in KRAS, NRAS,
or BRAF. The presence of mutations in these genes is
closely related to CRC prognosis and helps define the best
therapeutic approach in patients with metastatic CRC.
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Abstract

Background: Colorectal carcinoma (CRC) is a leading cause of cancer-related deaths
globally, ranking second in mortality rates. Cancer progression is influenced not only
by genetic mutations in tumour cells but also by the surrounding tumour
microenvironment, which can promote tumour growth or dampen the host’'s immune
response. Microsatellite instability tumours often exhibit a high presence of
tumour-infiltrating lymphocytes (TILs), including cytotoxic T cells. TILs are
increasingly recognised as important biomarkers across various cancer types, and
the mismatch repair (MMR) status is particularly relevant in determining patient
eligibility for immunotherapy, especially with immune checkpoint inhibitors in
advanced disease. In the present study, we evaluated the presence and intensity of
lymphocytic infiltrate in patients with advanced CRC at a tertiary hospital in southern

Brazil.

Methods: A cross-sectional retrospective study was conducted to analyse the
presence and intensity of TILs and their association with clinical data, as well as
alterations in KRAS, NRAS, BRAF, NTRK, and MMR.

Results: Analysis of the presence and intensity of TILs in 241 tumours revealed that
70 (29.1%) were TIL+ and 171 (70.9%) were TIL-. Only one tumour was NTRK+; this
tumour was in a female patient, located in the right colon, TIL-, and deficient in
MLH1/PMS2. There were no significant differences in the associations between the
presence and intensity of the infiltrate and the clinical characteristics and molecular

alterations studied.

Conclusions: The data from our study differed from those reported in the literature in
that we found no association between a higher frequency and intensity of TILs and
MMR deficiency. Associations with the molecular profiles of the KRAS, NRAS, and

BRAF genes also showed no statistically significant differences.

Keywords: Colorectal carcinoma, TILs, MMR, molecular status.
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Introduction

Colorectal carcinoma (CRC) is one of the most commonly diagnosed cancers
worldwide, ranking second in cancer mortality (1). Cancer progression is influenced
not only by genetic alterations within tumour cells but also by the surrounding
environment, which can provide factors that either promote cancer growth or reduce
the host’'s immune surveillance (2). The microsatellite instability (MSI) pathway is
recognised as a carcinogenic pathway in CRC and is found in 15% of sporadic
colorectal tumours (3,4). MSI is a phenotype caused by mutations or epigenetic
silencing of the mismatch repair (MMR) system genes. Because the MMR system’s
repair proteins correct errors during DNA replication, MSI tumours with MMR
deficiency (dMMR) exhibit a high mutational tumour burden and a high number of
neoantigens, which are recognised by the immune system (5). These tumours are
generally characterised by an increased number of tumour-infiltrating lymphocytes
(TILs), including cytotoxic T cells (6-8). By contrast, MMR-proficient colorectal
tumour cells have low immunogenicity and are infiltrated by a limited number of
immune cells, making it difficult to elicit an adequate immune response (9).
Therefore, immune checkpoint blockade (ICB) therapy is ineffective in such patients.
To enhance the sensitivity of immunotherapy, combination treatments are needed to
boost tumour immunogenicity. The presence of TILs is increasingly recognised as an
important biomarker in multiple cancer types (10), and the MMR status is gaining
attention as a biomarker for determining patients’ eligibility for immunotherapy with
immune checkpoint inhibitors, especially for those with advanced disease (7).
Generalised TIL density is a strong prognostic marker for survival in patients with
colorectal cancer (10). ICB therapy works by inhibiting interactions between
molecules such as cytotoxic T-lymphocyte associated protein 4 and programmed
death-1 (PD-1), which normally suppress T cell activation and function (2). Tumours
with a high mutational load and therefore increased immune infiltration respond
favourably to ICB (11). ICB has provided certain patients with long-lasting benefits
and a significantly improved disease prognosis. However, inhibition of PD-1 or
programmed cell death-ligand 1 (PD-L1) therapy has shown limited effects in the
treatment of colorectal cancer.In 2017, the first anti-PD-1 drug, pembrolizumab, was
approved by the Food and Drug Administration as a second-line treatment for

patients with metastatic CRC who have MSI-high (MSI-H) tumours. However, only a
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small proportion of patients have dMMR/MSI-H tumours (approximately 15% of
patients with colorectal cancer and 4% of those with metastatic CRC), and some of
these patients develop immune resistance. In this study of patients with advanced
CRC at a tertiary hospital in southern Brazil, we evaluated the presence and intensity
of intratumoural lymphocytic infiltrate (i.e., TILs) in relation to the mutational status of
KRAS, NRAS, and BRAF. We also examined protein alterations detected by
immunohistochemistry of the NTRK and MMR status and histopathological features
of advanced CRC.

Methods

Study Population and Sample

This retrospective study utilised data from a series of patients with clinical stage Il or
IV CRC treated at the Hospital de Clinicas de Porto Alegre. Samples were obtained
from the Surgical Pathology Service between 2018 and 2022, with patient consent for
their use. Primary site tumour samples were collected from surgical specimens and
biopsies, and 241 patients were included in this study. Clinical and pathological data
were obtained through a review of original patient medical records. The study was
approved by the Research Ethics Committee of the Hospital de Clinicas de Porto
Alegre under CAAE number 56230122200005327.

Evaluation of TILs

The evaluation and semi-quantification of TILs were performed with the same
haematoxylin—eosin slides used in the histopathological diagnosis. Briefly,
formalin-fixed, paraffin-embedded samples were cut on a microtome set at 3 ym, and
haematoxylin—eosin staining was carried out using automated equipment (VENTANA
HE 600 system; Ventana Medical Systems Inc., Tucson, AZ, USA). TIL evaluation in
the surgical sections was conducted in two regions: the centre of the lesion and the
margin. For biopsies, the tumour infiltrate at its specific location was considered for
analysis. Microscopic evaluation was performed initially at 100x magnification,
increasing to 400x%, and the results were reported in four intensity levels: absent,
weak (rare lymphocytes), moderate (focal infiltrate), and strong (diffuse infiltrate),

according to Liu et al. (12). After semi-quantification, the results were categorised as

71


https://paperpile.com/c/IwRUge/jteX

negative TILs (absent or weak lymphocyte infiltrate) and positive TILs (moderate or

strong lymphocyte infiltrate).

V600E, KRAS, NRAS and MMR status

The patient tumour tissue specimens in this study were analysed for their molecular
status, including the BRAF V600E mutation and KRAS and NRAS mutations (exons
2, 3, and 4), by next-generation sequencing. The MMR status was assessed by

immunohistochemistry as previously described by Remonatto et al. (13).

Evaluation of NTRK expression

NTRK expression was analysed by immunohistochemistry using a Roche monoclonal
anti-pan-TRK antibody, clone EPR17341, which recognises proteins resulting from
the fusion of NTRK genes. This was performed on an automated BenchMark ULTRA
Ventana® platform, using material from the primary tumour site. For the surgical
specimen samples, tissue microarray (TMA) blocks were created based on the
anatomical examination of each patient’s specimen. Each TMA block contained 60
tumour cylinders of 2 mm, with duplicate tumours for each patient. For the biopsy
blocks, a TMA was not constructed, and a single slide was prepared for each patient.

The results were reported as either positive or negative for NTRK.

Statistical Analysis

Statistical analyses were conducted using SPSS for Windows, version 18 (IBM Corp.,
Armonk, NY, USA). To investigate the association of TlLs with sex, age, tumour
location, molecular status, MMR status, histological grading, and mucinous
component, the x2 test or Fisher's exact test was performed. Results were

considered statistically significant when P < 0.05.

Results

Clinicopathological Characteristics of Patients
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The present study involved 241 patients (124 women and 117 men). The tumour was
located in the right colon in 56 patients, the left colon in 115, and the rectum in 66. In
four patients, the tumour location was not specified. The mean age at diagnosis was
59 years, with a median of 61 years (range: 18-84 years). Forty-one (17%) patients
had tumours with a mucinous component, and 81.7% were moderately differentiated
(Table 1).

Table 1. Clinicopathological characteristics of patients

Clinical data n %
Sex

Male 117 48.5
Female 124 515
Site

Right colon 56 23.2
Left colon 115 47.7
Rectum 66 27.4
Mot specified 4 1.7
Age

Under 30 years 7 2.9
31-40 years 9 3.7
41-50 years 38 15.8
51-60 years 60 24.9
61-70 years 75 311
71-80 years 45 19.9
Owver 80 years 4 1.7
Histological grading

Undifferentiated 1 0.4
Poorly differentiated 26 10.8
Moderately differentiated 197 81.7
Moderately to poorly differentiated 1 0.4
Well differentiated 11 4.6
Mot informed 5 21
Mucinous component

Positive 41 17.1
MNegative 200 82.9

Evaluation of TILs
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When assessing the intensity of TILs, 54 (22.4%) samples showed no infiltrate, 117
(48.5%) showed a weak infiltrate, 62 (25.7%) showed a moderate infiltrate, and 8
(3.3%) showed a strong infiltrate (Figure 1). In the stratification between TIL+ and
TIL-, 70 (29.1%) tumours were TIL+ and 171 (70.9%) were TIL- (Figure 2).

Figure 1. Assessing of TIL intensity in th center and at the invasive margin of the tumor.

TIL TIL TIL TiL.
absent weak moderate strong

Tumor
center

Tumor
invasive margin

Levels of intensity A and B absent, C and D weak (rare lymphocytes), E and F moderate (focal infiltrate), G and H strong
(diffuse infiltrate). Magnification of 100x.

Figure 2. Frequency of tumor lymphocyte infiltration by intensity
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Relationship Between TILs and Clinicopathological Characteristics

The evaluation of TILs and patient characteristics did not reveal a statistically
significant difference in any of the variables analysed (Table 2). The primary site with
the highest percentage of TIL+ was the rectum, with 34.9%. Patients under the age
of 30 years had 42.9% of TIL+ tumours (3 of 7 tumours).
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Table 2. Relationship between TIL and clinicopathological characteristics

Clinical data - Tik —
Megative Paositive
Total n % n % P
Sex
Male 117 85 72.6 32 274 0.674
Female 124 85 69.4 33 30.6
Site
Right colon 56 40 714 16 28.6 0.649
Left colon 115 85 73.9 a0 26.1
Rectum 66 43 65.1 23 34.9
Mot specified 4 3 75 1 25
Age at diagnosis
Under 30 years 7 4 571 42,9 0.712
31-40 years 9 7 77.8 22,2
41-50 years 38 25 65.8 13 34.2
51-60 years 60 41 68.3 19 31.7
61-70 years 75 57 76 18 24
71-80 years 45 35 72.9 13 27.1
Owver 80 years 4 2 50 2 50
Histological grading
Undifferentiated 1 1 100 0 0.513
Little differentiation 26 21 80.8 19.2
Moderately differentiated 197 138 70.1 59 29.9
Moderately to poorly differentiated 1 0 0 1 100
Well differentiated 11 8 72.7 3 27.3
Mot informed 5 3 60 40
Mucinous component
Megative 200 139 69,5 61 30,5 0.363
Paositive 41 32 78.1 8 21.9

TIL: Tumor infiltrating lymphocytes

Relationship Between TILs and Molecular Status

Of the 241 patients included in this study, 239 were tested for MMR and 235 for
NTRK. The remaining patients did not have a viable sample. The results are

presented in Table 3. When analysing TILs and the molecular status, no statistically

significant differences were observed.

Regarding the association between TILs and MMR, most tumours deficient in
MLH1/PMS2 were TIL-, while the majority of tumours deficient in MSH2/MSH6 were

TIL+ (Figure 3).
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Table 3. Relationship between TIL and molecular status

Molecular status i
MNegative Positive
Total n % n % =
KRAS
wild 118 84 70.6 35 29.4 1.000
Mutated 122 a7 71.3 35 28.7
NRAS
wild 232 166 71.5 i 28.5 0.246
Mutated 9 5 33.5 4 44.5
BRAF
wild 219 155 J0.8 G4 29.2 1.000
Mutated 22 16 7.7 G 27.3
MMER
Deficient 23 17 73.9 G 26.1 0.909
Proficient 216 152 70.4 G4 29.6
NTRK
MNegative 234 164 70.1 7o 29.9 0.702
Positive 1 1 100 0 0
TIL: Tumor infiltrating lymphocytes
Figure 3. Frequency of tumor Ilymphocyte infiltration by type of MMR deficiency
MSH2/MSHB MLH1/PMS2

mTIL- mTIL+

TIL: Tumor infiltrating lymphocytes

Discussion

This study evaluated the presence and intensity of TILs and associated the findings

with clinicopathological characteristics and mutational profiles in patients with

advanced CRC at a hospital in southern Brazil.

&

m TIL-

mTIL+
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Specific features of the tumour microenvironment, including TILs, the Immunoscore,
and PD-L1 expression, may predict responses to ICB (14).Research is increasingly
highlighting the importance of tumour immune infiltration, which involves various
immune cells such as T cells, B cells, natural killer cells, macrophages, dendritic
cells, and neutrophils, and underscoring significant variability between patients
(15,16). The first description in CRC of the prognostic value of tumour-infiltrating T
cells, specifically the density and location of CD8+ cytotoxic T cells and Th1 cells,
was reported by Galon et al. in 2006 (17). Based on these findings, the concept of
the Immunoscore as a more effective prognostic factor than pathological tumour
progression (T-stage), tumour invasion (N-stage), tumour metastasis (M-stage), TNM
staging, and the MSI status was proposed (18). Colorectal cancer has long been
considered immunogenic and challenging to treat with immunotherapy (15,16).
However, advancements in the molecular characterisation of tumour-associated
antigens and methods for detecting antigen-specific T-cell responses have shifted
this perspective within the scientific community. The presence of TILs in tumours has
been associated with improved clinical outcomes. In 2018, Mlecnik et al.
demonstrated that in the metastatic context, response to treatment and prolonged
survival were significantly associated with high immune infiltration (19).However, the
type and function of TILs, as well as the localisation of different TILs within the
tumour microenvironment, are crucial for determining whether tumour control or
progression occurs (20). In our study, when evaluating the frequency and intensity of
TILs, we observed that of the 241 tumours tested, 70 showed moderate to strong

infiltration, characterising TIL+ samples according to Liu et al. (12).

Literature data associate the presence and intensity of TILs with a deficiency in the
MMR system due to the increased expression of neoantigens resulting from
uncorrected DNA replication errors (8,15). In our study, we found that patients with
MSH2/MSH6 deficiency had more TIL+ than TIL- tumours, unlike what was
observed in tumours deficient in MLH1/PMS2. This finding could suggest that
MSH2/MSH6 dMMR tumours may attract more TILs, although this association was
not statistically significant. We also found no statistically significant association
between TILs and MMR overall. This may have been due to the small number of
dMMR patients evaluated, likely because only patients at an advanced clinical stage

were included in the study (21).
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When we analysed the association between TlLs and KRAS mutations, we found
that the proportion of TIL+ was the same in mutated KRAS as in wild-type KRAS.
This finding is consistent with the literature (22). In the analysis of TILs and the
NRAS gene, we observed that of the 9 patients with mutated NRAS, 4 had TIL+ and
5 had TIL-. Because our previous study showed an association between dMMR and
the BRAF V600E mutation, we expected some form of association with TILs as well.
However, because we did not find any association between dMMR and TILs, the

same result was observed when we analysed the BRAF gene.

With regard to the NTRK analysis, of the 235 patients analysed, only one was
NTRK+ (0.42%). This is consistent with the very low prevalence of NTRK fusions in
CRC (<1%) (23,24). This sample belonged to a woman who was 66 years old at the
time of her CRC diagnosis. The tumour was poorly differentiated, lacked a mucinous
component, and was located in the right colon. It was dMMR (MLH1/PMS2),
wild-type KRAS, wild-type NRAS, and wild-type BRAF, with a weak lymphocytic
infiltrate (TIL-). This patient could be eligible for treatment with ICB drugs such as
pembrolizumab and TRK inhibitors like entrectinib and larotrectinib (15,25-27).
Literature data support the relationship between dMMR and NTRK fusions,

consistent with our findings (28,29).

The main limitations of this study are the low number of IMMR patients analysed and
the lack of data on clinical treatment, prognosis, and patient survival. A
methodological limitation was the absence of immunohistochemical characterisation

of the lymphocytes that make up the infiltrate.

Although our findings did not reveal a statistical association between the variables
analysed, the study has some strengths. These include the ability to associate
TIL-related findings with the molecular status of KRAS, NRAS, and BRAF, as well as

the immunohistochemical characterisation of MMR and NTRK.

Conclusions

This study analysed the frequency and intensity of TILs and investigated associations
between these data and the molecular and immunohistochemical profile of advanced

CRC. Our findings differed from those reported in the literature in that we found no
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association between a higher frequency and intensity of TILs and MMR deficiency,
which may be attributed to the small number of dMMR patients in our cohort.
Similarly, the associations with the molecular profiles of the KRAS, NRAS, and BRAF
genes in this study also showed no statistically significant differences. Based on the
data obtained from our study population of patients with advanced CRC, it was not

possible to associate the presence of TlLs with tumour molecular characteristics.
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CONSIDERAGOES FINAIS

Este estudo nos permitiu conhecer melhor o perfil dos tumores de pacientes com
carcinoma colorretal avangado, tratados em um hospital terciario no sul do Brasil. Os
dados obtidos corroboram a literatura, mostrando que a prevaléncia das mutag¢des nos
genes KRAS, NRAS e BRAF pode variar de acordo com a populagédo estudada. Em
nossa série de casos, 34,8% dos pacientes ndo apresentavam mutagées nos genes
estudados, o que indica que esses pacientes seriam elegiveis para tratamento com
inibidores de EGFR ou inibidores de EGFR em conjunto com inibidores de BRAF. A
detecgao da mutacdo G12C em KRAS, com uma frequéncia de 6,6%), destaca-se pela
sua relevancia terapéutica, dado o desenvolvimento de farmacos especificos para essa

alteracéo.

A mutagcdo BRAF V600E apresentou maior prevaléncia em mulheres e em
tumores localizados no célon direito, caracteristicas que sao consistentes com achados
da literatura e que reforcam a necessidade de uma abordagem terapéutica diferenciada

para esses casos.

Em relacdo a expressdo das proteinas MMR, o estudo confirmou a associagao
entre o status dAMMR, a mutacdo BRAF V600E e a localizagao tumoral no célon direito,

resultados que tém implicagdes progndsticas importantes.

Quanto a pesquisa da frequéncia e intensidade de TILs, ndo observamos
diferencas estatisticamente significativas nas associa¢gdes de maior intensidade de TILs

em tumores dMMR ou outras mutacoes.

Em relagao a pesquisa de NTRK, somente uma paciente apresentou resultado
positivo, 0 que constituiu uma importante limitagcdo, muito embora este resultado esteja

consoante com a literatura, que relata que menos de 1% dos CCR sao NTRK+.

Este estudo apresenta limitagdes, como a auséncia de dados clinicos sobre

tratamento, progndstico e sobrevida dos pacientes, o que impediu uma analise mais
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aprofundada da associagao entre os achados moleculares e os desfechos clinicos. A
principal limitagdo metodologica, é que somente foram incluidos pacientes em estagio

clinico avancado que realizaram os exames moleculares para KRAS, NRAS e BRAF.

Os resultados obtidos reforcgam a importancia da caracterizagdo molecular
detalhada dos tumores colorretais, tanto para o entendimento das suas caracteristicas
biolégicas quanto para o desenvolvimento de estratégias terapéuticas mais eficazes e

personalizadas.
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PERSPECTIVAS

Com base nos achados deste estudo, as perspectivas apontam para a
necessidade de uma investigagdo mais abrangente que inclua uma analise longitudinal
dos dados clinicos, incluindo tratamento, prognodstico e sobrevida dos pacientes. Além
disso, identificamos que seria importante realizar a caracterizagdo imuno-histoquimica
do infiltrado linfocitario utilizando os anticorpos anti CD3 e anti CD8, bem como a
avaliagao digital das imagens e a realizacdo do calculo do immunoscore, que
atualmente representa uma ferramenta mais acurada para a analise do microambiente

tumoral.
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APENDICES

Apéndice 1. Checklist STROBE artigo Journal of Gastrointestinal Oncology

STROBE Statement—checklist of items that should be included in reports of observational studies

Section/item ltem Recommendation Reported on Reported on
No Page Section/Paragraph
Number/Line
Number
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the abstract 2/ 41-43 Abstract/ methods
(b) Provide in the abstract an informative and balanced summary of what was done and what was found 2 Abstract
Introduction
Background/ 2 Explain the scientific background and rationale for the investigation being reported 3-4/ 58-124 Introduction
rationale
Objectives 3 State specific objectives, including any prespecified hypotheses 4/ 124-128 Introduction
Methods
Study design 4 Present key elements of study design early in the paper 4/131-132 Methods/ Study
population and sample
Setting 5 Describe the setting, locations, and relevant dates, including periods of recruitment, exposure, follow-up, and 4/ 133-140 Methods/ Study
data collection population and sample
Participants 6 (a) Cohort study —Give the eligibility criteria, and the sources and methods of selection of participants. 4/133-136 Methods/ Study
Describe methods of follow-up population and sample
Case-control study—Give the eligibility criteria, and the sources and methods of case ascertainment and
control selection. Give the rationale for the choice of cases and controls
Cross-sectional study—Give the eligibility criteria, and the sources and methods of selection of participants
(b) Cohort study —For matched studies, give matching criteria and number of exposed and N/A

unexposed Case-control study—For matched studies, give matching criteria and the number of
controls per case
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Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and effect modifiers. Give 4-5/141-190 Methods/ Tumor
diagnostic criteria, if applicable Selection and DNA
Extraction, Molecular
Analysis by
Next-generation
Sequencing (NGS),
Mismatch Repair
(MMR) Protein Analysis
Data sources/ 8* For each variable of interest, give sources of data and details of methods of assessment (measurement). 4-5/141-190 Methods/ Statistical
measurement Describe comparability of assessment methods if there is more than one group analysis
Bias 9 Describe any efforts to address potential sources of bias N/A
Study size 10 Explain how the study size was arrived at 4/133-137 Methods/ Study
population and sample
Quantitative 11 Explain how quantitative variables were handled in the analyses. If applicable, describe which groupings N/A
variables were chosen and why
Statistical 12 (a) Describe all statistical methods, including those used to control for confounding 6/191-197 Methods/ Statistical
methods analysis
(b) Describe any methods used to examine subgroups and interactions N/A
(c) Explain how missing data were addressed N/A
(d) Cohort study—If applicable, explain how loss to follow-up was addressed N/A
Case-control study—If applicable, explain how matching of cases and controls was addressed
Cross-sectional study —If applicable, describe analytical methods taking account of sampling
strategy
(e) Describe any sensitivity analyses 6/191-197 Methods/ Statistical
analysis
Results
Participants 13* (@) Report numbers of individuals at each stage of study—eg numbers potentially eligible, examined for 6/ 200 Results

eligibility, confirmed eligible, included in the study, completing follow-up, and analysed
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(b) Give reasons for non-participation at each stage 6/ 208-209 Results
(c) Consider use of a flow diagram N/A
Descriptive data 14~ (a) Give characteristics of study participants (eg demographic, clinical, social) and information on exposures 6/ 200-206 Results/Clinical
and potential confounders Characteristics of
Patients
(b) Indicate number of participants with missing data for each variable of interest 6/ 208-209 Results/Clinical
Characteristics of
Patients
(c) Cohort study —Summarise follow-up time (eg, average and total amount) N/A
Qutcome data 15* Cohort study—Report numbers of outcome events or summary measures over time N/A
Case-control study—Report numbers in each exposure category, or summary measures of exposure N/A
Cross-sectional study —Report numbers of outcome events or summary measures 6-7/199-253 Results
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their precision (eg, N/A
95% confidence interval). Make clear which confounders were adjusted for and why they were included
(b) Report category boundaries when continuous variables were categorized N/A
(c) If relevant, consider translating estimates of relative risk into absolute risk for a meaningful time period N/A
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity analyses N/A
Discussion
Key results 18 Summarise key results with reference to study objectives 7-9/ 254-336 Discussion
Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. Discuss both 9/ 337-344 Discussion
direction and magnitude of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, multiplicity of analyses, 7-9/ 254-344 Discussion
results from similar studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 9/ 346-352 Conclusion
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Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if applicable, for the original
study on which the present article is based

9/ 354-355

Acknowledgments

*Give information separately for cases and controls in case-control studies and, if applicable, for exposed and unexposed groups in cohort and cross-sectional studies.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published examples of transparent reporting. The STROBE
checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www. annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.strobe-statement.org.

Updated on April 13,2020
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TCLE ligacao telefénica

Paciente:

Contato:

Bom dia/Boa tarde, estou falando do Hospital de Clinicas, 0 meu nome € _(nome

do pesquisador)_, poderia falar com o/a Sr/Sra _(nome do paciente) ?

Faco parte de uma pesquisa que esta sendo realizada aqui no Hospital de Clinicas,
para avaliar as alteragdoes genéticas nos casos de cancer de intestino e se existem

diferengcas entre tumores de mulheres e homens.

Gostaria de solicitar a sua autorizagao para o acesso ao seu prontuario, aos
resultados dos seus exames relacionados ao seu diagnéstico e o uso do seu
material que ja esta arquivado no Servigo de Patologia. Nenhuma cirurgia ou
biopsia a mais sdo necessarias. As pessoas nao serao identificadas, e ndao havera

mudanca no seu diagnéstico nem no seu tratamento.

Caso o Sr/ a Sra nao autorize, isto ndo interfere em nada no seu atendimento ou nas

consultas e exames ja agendados.

O Sr/ a Sra autoriza?: () Sim
( )N

Se estiver de acordo, perguntar em qual contato de preferéncia gostaria de receber o
Termo de Consentimento Livre e Esclarecido do projeto, onde constam as informagdes

detalhadas.

Contato para envio do TCLE (email/WWhatsapp/mensagem):

Se néo aceitar, agradecer pelo tempo e atencéo.



Perguntar se a pessoa possui mais alguma duvida e ressaltar que os contatos dos

pesquisadores e do CEP estardo no Termo enviado.

Pesquisador: Gabriela Remonatto

Contato disponibilizado: (51) 981179714

Dados a serem preenchidos pelo pesquisador depois da ligagao:

Participante:

12 tentativa: Dia da ligagao:

Hora da ligagao:

22 tentativa: Dia da ligacao:

Hora da ligagao:

32 tentativa: Dia da ligagéao:

Hora da ligagao:

42 tentativa: Dia da ligagéo:

Hora da ligagao:

52 tentativa: Dia da ligagao:

Hora da ligagao:

Gravacgao da ligagao () Sim () Nao

Pesquisador que realizou a ligagao:

Assinatura do Pesquisador (se impresso):
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

CAAE 56230122.2.0000.5327

Titulo do Projeto:
Caracteriza¢ao do perfil molecular e de expressao imuno-histoquimica no carcinoma

colorretal de mulheres e homens do Hospital de Clinicas de Porto Alegre

Vocé estd sendo convidado(a) a participar de uma pesquisa cujo objetivo é fazer

um levantamento dos casos de cancer de intestino, as alteracSes genéticas que ele

apresenta e se existe diferenca entre mulheres e homens. Esta pesquisa esta sendo
realizada no Servico de Patologia do Hospital de Clinicas de Porto Alegre (HCPA).

N3o serd necessario nenhum tipo de coleta de material bioldgico. Se vocé aceitar o

convite, sua participacdo na pesquisa envolvera:

- autorizar a utilizagdo de uma pequena fragao dos blocos de parafina de suas
amostras obtidas na cirurgia ou bidpsia, que estao arquivadas no Servico de
Patologia, para investigacdes de alteracbes genéticas que possam ter

relevancia no diagnostico ou tratamento de futuros pacientes.

- autorizar a utilizagdo das laminas dos seus exames anatomopatoldgicos que

estdo arquivadas no Servico de Patologia.

- autorizar o acesso ao seu prontuario para coleta de dados como sexo, idade e

resultados de exames realizados no material obtido em cirurgia ou bidpsia.

O risco associado a participacdo na pesquisa é a possibilidade de quebra da
confidencialidade dos dados. Contudo, os pesquisadores tomardo o cuidado para que

isto ndo ocorra, utilizando sempre um cddigo para identificacdo dos participantes.

Pagina 1 de 3
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

A utilizagao das suas amostras arquivadas no Laboratério de Patologia para a
presente pesquisa nao acarretard em gasto ou consumo do material, ndo havendo
nenhum tipo de prejuizo para quaisquer novas pesquisas, exames ou investigacoes
para os quais seja necessario uso do mesmo, permanecendo este a disposicdo do

paciente e seu médico assistente.

Sua participacdo na pesquisa nao trard beneficios diretos a vocé e aos outros
participantes, porém, podera contribuir para o aumento do conhecimento sobre as
manifestacdes do cancer de intestino e a importancia dos exames, podendo beneficiar
futuros pacientes. Os resultados obtidos na pesquisa ndo terdo influéncia sobre a

conduta terapéutica adotada pela equipe assistencial.

Sua participagdo na pesquisa € totalmente voluntdria, ou seja, ndo é
obrigatdria. Caso vocé decida ndo participar, ou ainda, desistir de participar e retirar
seu consentimento, ndo havera nenhum prejuizo ao atendimento que vocé recebe ou

possa vir a receber na instituicao.

Ndo esta previsto nenhum tipo de pagamento pela sua participagdo na pesquisa

e vocé ndo terd nenhum custo com respeito aos procedimentos envolvidos.

Os dados coletados durante a pesquisa serdo sempre tratados
confidencialmente. Os resultados serdo apresentados de forma conjunta, sem a
identificacdo dos participantes, ou seja, o seu nome ndo aparecerd na publicacdo dos

resultados.

Caso vocé tenha duvidas em relagdo a esta pesquisa ou a este Termo, vocé podera
entrar em contato com o pesquisador responsavel: Lucia Maria Kliemann, pelo telefone
(051) 3359-8313, ou com Comité de Etica em Pesquisa do Hospital de Clinicas de Porto
Alegre (HCPA), pelo e-mail cep@hcpa.edu.br, telefone (51) 3359-6246 ou Av. Protasio
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TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

Alves, 211 - Portdo 4 - 52 andar do Bloco C - Rio Branco - Porto Alegre/RS, de segunda a
sexta, das 8h as 17h.

Este Termo foi enviado aos participantes por meio eletronico. Os pesquisadores
armazenardo registro eletrénico (arquivo, imagem ou audio) da concordancia em
participar do estudo.

Sugere-se que os participantes armazenem este arquivo eletrénico (salvar imagem ou
arquivo em pdf) ou ainda imprimam este Termo.
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PARECER CONSUBSTANCIADO DO CEP

DADOS DO PROJETO DE PESQUISA

Titulo da Pesquisa: Caracterizacédo do perfil molecular e de expresséo imuno-histoquimica no carcinoma
colorretal de mulheres e homens do Hospital de Clinicas de Porto Alegre

Pesquisador: Lucia Maria Kliemann

Area Temética:

Verséo: 2

CAAE: 56230122.2.0000.5327

Instituicdo Proponente: Hospital de Clinicas de Porto Alegre
Patrocinador Principal: Hospital de Clinicas de Porto Alegre

DADOS DO PARECER

NUmero do Parecer: 5.336.340

Apresentacédo do Projeto:

As informacdes elencadas nos campos "Apresentacdo do Projeto”, "Objetivo da Pesquisa" e "Avaliacdo dos
Riscos e Beneficios" foram retiradas do arquivo do projeto e das Informac¢des Béasicas da Pesquisa
PB_INFORMACOES_BASICAS_DO_PROJETO_ 1870239, de 30/03/2022.

Introducao:

O carcinoma colorretal (CCR) esta entre as formas de cancer mais diagnosticadas mundialmente, sendo a
segunda causa de morte por cancer em mulheres e a terceira em homens. O desenvolvimento do CCR e um
processo complexo, com varias etapas, que ocorre como resultado do acumulo de diferentes alteracoes
geneticas e epigeneticas que afetam o processo de regulacao, controle da proliferacao e diferenciacao
celular, apoptose e angiogenese. Pelo menos tres vias de carcinogenese molecular foram identificadas: via
de instabilidade cromossomica (CIN) com acumulo de mutacoes em APC, P53, KRAS e BRAF; via de
instabilidade de microssatelites (MSI), com mutacoes nos genes do MMR (Mismatch Repair) - MLH1, MSH2,
MSH6 e PMS2 ou silenciamento do promotor de MLH1 por hipermetilacao; e via de metilacao das ilhas CpG
(CIMP). Tecnicas moleculares e estudos de farmacogenomica estao ajudando a desenvolver um numero
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consideravel de novas estrategias terapeuticas. Nos ultimos 30 anos, tem havido um aumento no interesse
em fatores prognosticos, clinicos e moleculares no carcinoma colorretal. A introducao de medicamentos
direcionados molecularmente, como cetuximabe, panitumumabe e bevacizumabe, mudou os algoritmos de
tratamento e a sobrevida dos pacientes com CCR. A compreensao molecular abrangente do CCR ofereceu
aos medicos uma maior variedade de opcoes de tratamento com base na selecao de biomarcadores, e tem
ampliado as opcoes terapeuticas para um numero maior de pacientes.Desde o final dos anos 1990, a
sobrevida global mediana (OS) para pacientes com CCR metastatico, aumentou de cerca de 12 meses em
pacientes tratados com regimes quimioterapicos a base de 5-fluorouracil (5-FU), a aproximadamente 18
meses com a adicao de irinotecano e oxaliplatina. Com a adicao de medicamentos biologicos a
guimioterapia, a sobrevida global aumentou para mais de 24 meses. O numero crescente de novos
marcadores moleculares no CCR, o desenvolvimento da imunoterapia e a aprovacao de tratamentos
agnosticos pelos orgaos reguladores, esta moldando um novo cenario para abordagens personalizadas
mais eficientes para a gestao do CCR que inclui a selecao de terapia com foco no paciente. As informacoes
sobre a biologia do CCR, juntamente com a identificacao de marcadores com valor prognostico e preditivo
desempenham hoje um importante papel no tratamento de formas iniciais do CCR e na gestao da doenca
avancada, oferecendo novas ferramentas para estimar a possibilidade de cura e, de forma mais geral, o
desfecho da doenca no paciente.

Hipotese:

Hipotese nula: Nao ha associacao entre as mutacoes identificadas nos carcinomas colorretais entre si e com
o genero feminino. Hipotese alternativa: Ha associacao entre as mutacoes identificadas nos carcinomas
colorretais entre si e com o0 genero feminino.

Metodologia Proposta:

Buscando avaliar o perfil de expressao de proteinas por imuno-histoquimica, perfil molecular e do
microambiente tumoral do carcinoma colorretal em pacientes atendidos no Hospital de Clinicas de Porto
Alegre, sera realizado um estudo transversal.Metodos:1) Pesquisa de prevalencia de mutacoes em BRAF,
NRAS, KRAS - coleta de dados no AGHUse.Serao coletados no AGHUse, dados dos exames ja realizados
em nosso Hospital para pesquisa das mutacoes dos genes BRAF, NRAS, KRAS, em resultados nos laudos
de NGS (Next Generation Sequencing) emitidos pelo Programa de Medicina Personalizada desde 2018.
Para o diagnostico de mutacoes, o Programa de Medicina Personalizada do HCPA utiliza o metodo de
sequenciamento de nova geracao (lon Torrent - PGM,
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Thermo Fischer Scientific, servidor versao 5.0) utilizando painel customizado para identificacao de mutacoes
nos exons 18 a 21 do gene EGFR, KRAS (exons 1 e 2), NRAS (exons 1 e 2) e BRAF(exon 15). Os dados
sao analisados na plataforma de bioinformatica lon Torrent Suite e lon Reporter versao 5.0, considerando
uma cobertura minima de 800x. As sequencias NM_005228.3 (EGFR), NM_0033360.3 (KRAS),
MM_002524.3 (NRAS)e NM_004333.4 (BRAF) sao utilizadas como referencia. Os testes sao realizados
utilizando reagentes RUO (research use only), com validacao interna. Os resultados coletados serao
compilados em planilha propria e serao reportados como: ausencia de mutacao ou presenca de mutacao
(descreve a mutacao) no gene ( descreve o gene), no exon (descreve o exon).2) Pesquisa de MMR - coleta
de dados no AGHUseOs dados da pesquisa de MMR serao obtidos atraves da consulta aos laudos dos
exames de imuno-histoquimica executados assistencialmente no Servico de Patologia, onde e descrita a
expressao ou perda da expressao (mutacao) nas quatro proteinas do sistema MMR (MLH1,PMS2, MSH2 e
MSH®6). O Servico de Patologia utiliza plataforma automatizada Benchmark ULTRA Ventana® para a
realizacao dos protocolos imuno-histoquimicos com os seguintes anticorpos: anti-PMS2 cloneA16-4
Ventana®, anti-MLH1 clone M1 Ventana®, anti-MSH2 clone G219-1129 Ventana® e anti-MSH6 clone SP93
Ventana®. Para o estudo, o resultado da pesquisa nos laudos sera registado e reportado como: expressao
normal ou perda de expressao em cada uma das quatro proteinas do sistema MMR.3) Pesquisa de PD-L1 -
experimental no Servico de Patologia do HCPAA pesquisa de PD-L1 sera realizada por imuno-histoquimica
com anticorpo monoclonal anti PD-L1 clone SP263 Ventana®, na plataforma automatizada BenchMark
ULTRA Ventana®. Para tal, serao confeccionados na Unidade de Pesquisa Laboratorial do CPE, blocos de
TMA (Tissue Microarray) a partir dos blocos do exame anatomopatologico de cada paciente. Cada bloco de
TMA comportara 36 cilindros tumorais de 3mm, contendo triplicata de tumor para cada paciente. Desta
maneira, cada bloco de TMA tera capacidade de 11 pacientes, alem de um controle positivo para PD-L1 ,
um controle positivo para NTRK ( mencionado a seguir) e mais o controle negativo. Os resultados serao
reportados em intensidade de expressao: ausente, fraca, moderada, forte.4) Pesquisa de NTRK -
experimental no Servico de Patologia do HCPACom o mesmo bloco de TMA, serao analisadas, tambem por
imuno-histoquimica em plataforma automatizada BenchMark ULTRA Ventana®, a presenca de fusoes
NTRK, utilizando o anticorpo monoclonal anti pan-TRK, clone EPR17341, da marca Abcam. Os resultados
serao reportados como positivo ou negativo para fusoes NTRK.5) Analise do infiltrado linfocitario -
experimental no Servico de Patologia do HCPAA presenca e a intensidade do infiltrado

Endereco: Avenida Protasio Alves 211 5° andar Bloco C Portdo 4

Bairro: Rio Branco CEP: 90.440-000
UF: RS Municipio: PORTO ALEGRE
Telefone: (51)3359-6246 Fax: (51)3359-6246 E-mail: cep@hcpa.edu.br

Pagina 03 de 09

102



HOSPITAL DE CLINICAS DE
PORTO ALEGRE DA ¢ Emmm
UNIVERSIDADE FEDERAL DO ¥
RIO GRANDE DO SUL - HCPA
UFRGS

Continuacéo do Parecer: 5.336.340

linfocitario serao analisadas atraves das laminas da coloracao HE (Hematoxilina-Eosina) preexistentes no
exame anatomopatologico original de cada paciente. Os resultados serao reportados em 4 niveis de
intensidade: ausente, fraca, moderada, forte.

Criterio de Inclusao:

Serao incluidos casos de pacientes com diagnhostico de CCR que ja tenham realizada pesquisa imuno-
histoquimica de MSI (MMR) e testes moleculares para KRAS, NRAS e BRAF no HCPA no sitio primario do
tumor.

Criterio de Exclusao:

Pacientes cujo resultado de quaisquer das pesquisas nao seja conclusivo ou adequado serao excluidos e
menores de 18 anos.

Metodologia de Analise de Dados:

Visando contemplar o objetivo principal, sera realizada analise descritiva das variaveis categoricas, atraves
de frequencias absolutas e relativas, com respectivos intervalos de confianca de 95%.

Para investigar a) a associacao entre infiltrado linfocitario, a expressao das quatro proteinas do sistema
MMR, a expressao de PD-L1 e a localizacao tumoral (objetivo especifico 1) e b) a associacao do perfil
molecular e imuno-histoquimico com seus parametros clinicos: idade, estadiamento tumoral e regiao
anatomica de localizacao do tumor (objetivo especifico 4), sera realizado teste de qui-quadrado de Pearson
ou teste exato de Fisher.

Os demais estudos de prevalencia (objetivos especificos 2, 3, 5 e 6) serao realizados atraves de frequencias
absolutas e relativas.

Desfecho Primario:

O estudo pretende, atraves de um melhor conhecimento da doenca e seu perfil de expressao na populacao
local, auxiliar na tomada de decisoes nas acoes de diagnostico e tratamento, beneficiando os pacientes
usuarios do Hospital de Clinicas de Porto Alegre.

Objetivo da Pesquisa:

Objetivo Primario:

O objetivo geral deste estudo e avaliar o perfil de expressao de proteinas por imuno-histoquimica
(instabilidade de microssatelites - MMR, PD-L1, NTRK), perfil molecular (KRAS, NRAS, BRAF) e do
microambiente tumoral do carcinoma colorretal em pacientes homens e mulheres atendidos no Hospital de
Clinicas de Porto Alegre, investigando a associacao destes achados com genero e
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demais dados clinicos.

Objetivo Secundario:

1) Investigar a associacao entre infiltrado linfocitario, a expressao das quatro proteinas do sistema MMR
(MLH1, PMS2; MSH2 e MSH6), expressao de PD-L1 e localizacao tumoral nas amostras de carcinoma
colorretal;2) Investigar a frequencia de mutacoes somaticas nos genes KRAS (exons 2, 3 e 4), NRAS (exons
2, 3 e 4), BRAF (exon 15) utilizados como potenciais biomarcadores preditivos e de prognostico em
diagnosticados com carcinoma colorretal;3) Avaliar a presenca de fusoes tropomiosina quinase (NTRK) nas
amostras de carcinoma colorretal.4) Verificar a associacao do perfil molecular (mutacoes em KRAS, NRAS e
BRAF) e imuno-histoquimico (sistema MMR, PD-L1, NTRK) das amostras de carcinoma colorretal dos
pacientes estudados com seus parametros clinicos: idade, estadiamento tumoral e regiao anatomica de
localizacao do tumor. em mulheres e homens.5) Descrever a prevalencia das demais mutacoes identificadas
atraves da plataforma de bioinformatica lon Torrent Suite e lon Reporter versao 5.0 e nao reportadas em
laudo.6) Estratificar, entre mulheres e homens, os objetivos acima descritos, buscando diferencas na
prevalencia.

Avaliacdo dos Riscos e Beneficios:
Riscos:
O estudo tem como principal risco a quebra de sigilo e confidencialidade.

Beneficios:
Ao investigar a populacao local, o estudo pode colaborar com a construcao de protocolos e politicas
publicas para o fornecimento de exames e tratamento dos pacientes com diagnostico de carcinoma
colorretal.

Comentérios e Consideragdes sobre a Pesquisa:
Ver conclusoes ou pendencias e lista de inadequacoes.

Consideragdes sobre os Termos de apresentacdo obrigatoria:
Ver conclusoes ou pendencias e lista de inadequacoes.
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Recomendacbes:
Ver conclusoes ou pendencias e lista de inadequacoes.

Conclus8es ou Pendéncias e Lista de Inadequagdes:
Analise das respostas dos pesquisadores:

1) Nao fica claro no projeto de que forma os pesquisadores terao acesso ao banco de dados do servico de
Patologia e do Programa de Medicina Personalizada. Esse banco e de acesso restrito? Quem tera acesso a
esse banco? Essas informacoes devem estar mais claras.

RESPOSTA DOS PESQUISADORES: O banco e de acesso restrito. Apos consultoria, conforme sugerido
no parecer, foi seguida a orientacao de contatar as chefias das unidades usuarias das planilhas e obter um
documento de concordancia deste acesso para consulta e extracao de dados para essa pesquisa (anexos 5
e 6). A pesquisadora Gabriela Remonatto e a unica pessoa do projeto que tera acesso ao banco de dados,
acesso esse que ja existe pelo fato de ela ser contratada no HCPA e vinculada as duas unidades.
Informamos ainda que as informacoes sobre o acesso ao banco de dados foram acrescentados a
metodologia do projeto e os dados estao destacados no texto.

ANALISE: Pendéncia atendida.

2) Os autores propoem dispensa de TCLE, em virtude de pouco acesso a estes pacientes e do possivel
maleficio que o contato com esses pacientes traria. Entretanto, a resolucao do CFM No 2.169/2017,
considera que "os laudos anatomopatologicos sao parte integrante do prontuario medico e que as laminas e
os blocos histologicos dos mencionados procedimentos diagnosticos sao propriedade do paciente,
obrigados a arquivamento por cinco anos no servico, em conformidade com a Resolucao CFM no 1.472, de
10 de marco de 1997, e o Parecer CFM no 13/1994". Sendo assim, para utilizacao de material arquivado no
servico de Patologia para exames com fins exclusivos de pesquisa nos ultimos 5 anos, deve-se obter
necessariamente o TCLE dos participantes da pesquisa. Sugere-se aos pesquisadores modificacoes nos
metodos.

RESPOSTA DOS PESQUISADORES: os metodos foram modificados e adequados as orientacoes do CEP.
- O screening de possiveis participantes para este projeto de pesquisa se dara, atraves de um pedido de
Query pelo Qualitor a CGTIC, apos a aprovacao do projeto neste CEP. A Query tera os
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parametros: a) filtros a serem aplicados: 1) Pacientes que realizaram os exames RAS e AKN a partir de
2018; 2) Pacientes que concordaram em ser contatados atraves do termo da LGPD no HCPA. . b) Colunas a
serem recuperadas: 1) numero de prontuario, 2) nome do paciente, 3) contato (preferencialmente telefone
para que possamos atraves de ligacao convidar os participantes para a pesquisa e realizar o processo de
consentimento livre e esclarecido para o presente projeto) e 4) informacao sobre obito.

- O convite para a participacao neste projeto se dara de duas maneiras. 1) Para pacientes cuja inclusao sera
prospectiva, 0s pacientes serao convidados presencialmente durante consulta assistencial e nesta ocasiao
assinarao o TCLE (Anexo 3). 2) Para pacientes que nao estao vindo ao HCPA o contato sera realizado
atraves de ligacao telefonica seguindo o roteiro (Anexo 4), nestes casos 0 paciente que aceitar participar
podera optar por qual meio deseja receber o TCLE (email ou whatsapp).

- Encaminhamos para avaliacao do CEP/HCPA a dispensa de TCLE em caso de obito do paciente e
tambem para aqueles em que for caracterizada a perda de seguimento. Sera considerada perda de
seguimento aqueles pacientes cujo telefone esteja desatualizado e por este motivo nao for possivel contatar
e agueles pacientes, cujo contato telefonico foi tentado pelo pesquisador por 5 vezes em turnos e dias
diferentes e nao foi possivel realizar o convite.

ANALISE: Pendéncia atendida.

Consideragdes Finais a critério do CEP:

- Diante do exposto, o Comité de Etica em Pesquisa do Hospital de Clinicas de Porto Alegre, de acordo com
as atribuicdes definidas na Resolucdo CNS N.° 466/2012 e na Norma Operacional CNS/Conep N.°
001/2013, manifesta-se pela aprovacdo do projeto de pesquisa proposto.

- O projeto esté aprovado para inclusdo ou revisdo de registros de 359 participantes neste centro.
- Deverdo ser apresentados relatérios semestrais e um relatério final.
- Os projetos executados no HCPA somente poderao ser iniciados quando seu status no sistema AGHUse

Pesquisa for alterado para “Aprovado”, configurando a aprovacéo final da Diretoria de Pesquisa.
- Textos e anuncios para divulgacédo do estudo e recrutamento de participantes deverdo ser
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submetidos para apreciacdo do CEP, por meio de Notificacdo, previamente ao seu uso. A redacao devera
atender as recomendacdes institucionais, que podem ser consultadas na Pagina da Pesquisa do HCPA.

- Eventos adversos deverdo ser comunicados de acordo com as orientagdes da Comisséo Nacional de Etica

em Pesquisa - Conep (Carta Circular N.° 13/2020-CONEP/SECNS/MS). Os desvios de protocolo também
deverdo ser comunicados em relatérios consolidados, por meio de Notificacéo.

Este parecer foi elaborado baseado nos documentos abaixo relacionados:

Tipo Documento Arquivo Postagem Autor Situacéo
Informacdes Basicas| PB_INFORMACOES _BASICAS DO_P | 30/03/2022 Aceito
do Projeto ROJETO 1870239.pdf 17:58:16
TCLE / Termos de |TCLE_apos_ligacao_telefonica.pdf 30/03/2022 | Gabriela Remonatto | Aceito
Assentimento / 17:57:32
Justificativa de
Auséncia
TCLE / Termos de | TCLE_presencial.pdf 30/03/2022 |Gabriela Remonatto | Aceito
Assentimento / 17:57:16
Justificativa de
Auséncia
Outros Roteiro_ligacao_telefonica.pdf 30/03/2022 | Gabriela Remonatto | Aceito

17:53:14
Projeto Detalhado / |Projeto_versao_2.pdf 30/03/2022 | Gabriela Remonatto | Aceito
Brochura 17:34:39
Investigador
Outros Carta_resposta_pendencias CEP_HCP | 30/03/2022 |Gabriela Remonatto | Aceito
A.pdf 17:31:39
Folha de Rosto FOLHADEROSTO_LUCIA_20220031.pd] 25/02/2022 |Lucia Maria Kliemann| Aceito
f 12:42:04
Outros LGPD.pdf 23/02/2022 |Lucia Maria Kliemann| Aceito
17:04:38

Situacao do Parecer:

Aprovado

Necessita Apreciacdo da CONEP:
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Néo

PORTO ALEGRE, 07 de Abril de 2022

Assinado por:
Témis Maria Félix
(Coordenador(a))

Endereco: Avenida Protasio Alves 211 5° andar Bloco C Portdo 4

Bairro: Rio Branco CEP: 90.440-000
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