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RESUMO

Silva VS. lIdentificagdo e correlagdo molecular e dinamica de proteinas relacionadas a
resisténcia ao tratamento neoadjuvante em células tumorais circulantes de pacientes com

cancer de reto localmente avangado. [Tese]. Sdo Paulo; Fundag¢do Anténio Prudente; 2021.

INTRODUCAO: A quimiorradioterapia neoadjuvante (QRTN) consolidou-se como a principal
estratégia para o tratamento do cancer de reto localmente avancado (CRLA). No entanto,
respostas heterogéneas sao observadas com o tratamento neoadjuvante, com apenas 15-20%
dos pacientes com resposta patoldgica completa (RPC). Diante da necessidade de estratificar
os pacientes em respondedores e ndo respondedores a QRTN antes do seu inicio, com o
objetivo de aprimorar a selecdo daqueles com maior probabilidade de obter uma RPC, varios
estudos avaliam a identificacao de possiveis biomarcadores. O objetivo primario deste estudo
prospectivo foi analisar se a auséncia da expressdao do homaélogo B de RAD23 (RAD23B) e da
timidilato sintase (TYMS) nas células tumorais circulantes (CTCs) se correlacionaria com a RPC
para os pacientes submetidos a QRTN e, assim, identificar possiveis respondedores ao
tratamento. Os desfechos secunddrios foram avaliar a cinética das CTCs antes (C1) e apds
QRTN (C2), além da correlacdo da expressao de marcadores de resposta imune, como o Tumor
Growth Factor B Receptor | (TGF-BRI) e Programmed Death ligand-1 (PD-L1) com a sobrevida
livre de doenca (SLD) e sobrevida global (SG). METODOS: Entre 2016 e 2020, 63 pacientes com
CRLA (cT3/T4 e/ou N+) submetidos a QRTN foram incluidos no estudo. As CTCs foram isoladas
por ISET® e avaliadas por imunocitoquimica. A expressdo de RAD23B, TYMS, PD-L1 e TGF-BRI
foi avaliada nesta ordem de prioridade de acordo com o objetivo primdrio do estudo em cada
momento de coleta e a disponibilidade de células (contagem de CTCs > 0) na amostra.
RESULTADOS: Em C1, RAD23B foi detectado em 54,1% dos pacientes sem RPC e sua auséncia
em 91,7% dos pacientes com RPC (p = 0,014); Na segunda coleta, dos 13 pacientes com RPC,
10 n3o apresentaram expressdo de RAD23B nas CTCs. Para os pacientes que nao obtiveram
RPC com QRTN, 51,7% apresentavam a expressdao de RAD23B em CTC em C2 (p = 0,06). Na
anadlise univariada (OR =0,077;IC 95%, 0,009-0,661; p = 0,019) e multivariada (OR= 0,064;ClI
95%, 0,006-0,75; p = 0,029) para RPC, observamos que a expressao de RAD23B foi associado



com menor chance de resposta em comparacdo com os pacientes com a auséncia da
expressao do RAD23B na C1. A auséncia da expressao da TYMS foi observado em 90% dos
pacientes com RPC e sua expressao em 51,7% sem RPC (p = 0,057). Na avaliagdo da cinética
da CTCs pacientes com CTC2> CTC1 (cinética desfavoravel) tiveram pior SLD (p = 0,00025) e
SG (p = 0,0036) em comparacdo com aqueles com CTC2 <CTC1 (cinética favordvel). A
expressao de TGF-BRI em qualquer momento das coletas correlacionou-se com pior SLD (p =
0,059). CONCLUSAO: Demonstramos uma possivel correlacdo entre a auséncia de expressio
de RAD23B e TYMS nas CTCs com a RPC, sendo um resultado importante para identificar os
respondedores ao tratamento neoadjuvante, ajudando individualizar a abordagem
terapéutica. Além disso, a cinética desfavoravel e a expressdo de TGF-BRI nas CTCs se

correlacionaram com pior sobrevida.

Descritores: Neoplasias Retais/terapia. Terapia Neoadjuvante/efeitos adversos. Bidpsia

Liquida. Células Neoplasicas Circulantes



ABSTRACT

Silva VS. [Molecular and dynamic evaluation of proteins related to resistance to neoadjuvant
treatment with chemoradiotherapy in circulating tumor cells of patients with locally

advanced rectal cancer]. [Tese]. Sdo Paulo; Fundacdo Antonio Prudente; 2021.

INTRODUCTION: Neoadjuvant chemoradiotherapy (NCRT) has established itself as the main
strategy for the treatment of locally advanced rectal cancer (LARC). However, heterogeneous
responses are observed with neoadjuvant treatment, with only 15-20% of patients with
complete pathological response (pCR). Given the need to stratify patients into responders and
non-responders to NCRT prior to its initiation, in order to improve the selection of those most
likely to obtain a pCR, several studies have assessed the identification of potential biomarkers
capable of stratifying and monitoring the patient's response. The primary objective of this
prospective study was to analyze whether the absence of RAD23 homolog B expression
(RAD23B) and thymidylate synthase (TYMS) in circulating tumor cells (CTCs) would correlate
with pCR for patients undergoing NCRT and thus identify possible responders to treatment.
The secondary outcomes were to evaluate the kinetics of CTCs before (C1) and after NCRT
(C2), in addition to the correlation of the expression of immune response markers, such as
Tumor Growth Factor B Receptor | (TGF-BRI) and Programmed Death ligand- 1 (PD-L1) with
clinical outcomes such as disease-free survival (DFS) and overall survival (OS). METHODS:
Between 2016 and 2020, 63 patients (pts) with LARC (¢T3 / T4 or N +) submitted to NCRT were
included in the study. CTCs were isolated by ISET® and evaluated by immunocytochemistry
(protein expression). The expression of RAD23B, TYMS, PD-L1 and TGF-BRI was evaluated in
this order of priority according to the primary objective of the study at each time of collection
(C1, C2 and C3) and the availability of cells (CTC count> 0) in the sample. RESULTS: In C1,
RAD23B was detected in 54.1% of patients without pCR and its absence in 91.7% of patients
with pCR (p = 0.014). In the second collection, of the 13 patients with pCR, 10 did not show
RAD23B expression in the CTCs. For patients who did not obtain pCR with NCRT, 51.7% had
RAD23B expression in CTC in C2 (p = 0.06). In the univariate (OR = 0.077; 95% Cl, 0.009-0.661;
p = 0.019) and multivariate (OR = 0.064; 95% Cl, 0.006-0.75; p = 0.029) logistic regression



models for pCR, we observed that the expression of RAD23B was associated with a lower
chance of response compared to patients with the absence of RAD23B expression in C1. The
absence of TYMS expression was observed in 90% of patients with pCR and its expression in
51.7% without pCR (p = 0.057). In the evaluation of CTCs kinetics patients with CTC2> CTC1
(unfavorable kinetics) had worse DFS (p = 0.00025) and overall survival (OS) (p = 0.0036)
compared with those with CTC2 <CTC1 (favorable kinetics). TGF-BRI expression at any time of
the collections was correlated with worse DFS (p = 0.059). CONCLUSION: We demonstrated a
possible correlation between the absence of RAD23B and TYMS expression in CTCs with pCR,
being an important result to identify respondents to neoadjuvant treatment, helping to
individualize the therapeutic approach. In addition, the unfavorable kinetics and expression

of TGF-BRI in CTCs correlated with worse survival.

Keywords: Rectal Neoplasms/therapy. Neoadjuvant Therapy/adverse effects. Liquid Biopsy.
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1 INTRODUCAO

1.1 EPIDEMIOLOGIA

O cancer colorretal (CCR) é uma doencga de importancia mundial devido a sua alta
incidéncia e mortalidade. De acordo com dados do GLOBOCAN 2018, o CCR é o terceiro cancer
mais incidente e o segundo de maior mortalidade no mundo, enquanto o cancer de reto (CR)
é o oitavo mais incidente e juntos compreendem cerca de 11% de todos os canceres
diagnosticados no mundo. No ano de 2018 tivemos mais de dois milhdes de novos casos e 1
milhdo de mortes relacionadas ao CCR (Bray et al. 2018; Araghi et al. 2019; Sharma 2020).

Os canceres do reto e da jungao retossigmoide sdo responsaveis por 30% de todos os
CCR diagnosticados (Feeney et al. 2019). Determinar a mortalidade especifica para o CR é
dificil devido ao grande niumero de mortes sendo erroneamente classificado como cancer de
colon (Recio-Boiles et al. 2021).

Segundo dados do Instituo Nacional de Cancer-INCA o numero de casos novos de CCR
estimado para o Brasil para cada ano do triénio de 2020-2022 é de 20.520 casos em homens
e de 20.470 em mulheres (Ministério da Saude 2019). Sem considerar os tumores de pele ndo
melanoma, o CCR em homens é o segundo mais frequente na regido Sudeste e Centro-oeste
e o terceiro na regido Sul. Nas regides Nordeste e Norte ocupa a quarta posicdo. Para as
mulheres, é o segundo mais frequente nas regides Sudeste e Sul. Nas regides Centro-Oeste,
Nordeste e Norte, é o terceiro mais frequente.

Dentre os fatores de risco relacionados ao desenvolvimento da neoplasia, estdo o
tabagismo, sedentarismo, dieta inapropriada, obesidade e ingestdo de dlcool, mas o maior
fator de risco é a idade (Binefa et al. 2014). Caracteristicas populacionais relacionadas a baixo
desenvolvimento sécio-econdmico estdo associadas a maior incidéncia de adenocarcinoma
colorretal (Doubeni et al. 2012), o que se traduz nas diferencas geograficas encontradas com
gradientes distintos entre os niveis do indice de desenvolvimento humano (IDH) (Rawla et al.
2019; Sun et al. 2020).

O CCR é uma doenca molecularmente heterogénea, causada pela interacao de fatores

genéticos e ambientais. As modificagdes da mucosa colbnica sao graduais e lentas, duram



aproximadamente de 10 a 15 anos, tempo em que a deteccdo se faz necessaria, antes da
progressdo de adenoma para carcinoma invasivo (Binefa et al. 2014). Os sintomas mais
frequentes do estdgio avancado do CCR sdo: sangramento, desconforto abdominal, mudanca
do habito intestinal, perda de peso e anemia. Quanto mais tarde for diagnosticada a doenca,
pior é o progndstico (Saha et al. 2002; Habr-Gama 2005).

Aproximadamente metade dos pacientes diagnosticados com CCR eventualmente
desenvolverd metastase. Os principais drgdos envolvidos em metastases sdo o figado (75%),
pulmdes (15%), ossos (5%) e sistema nervoso central (5%). Cerca de 20% dos pacientes sdo
diagnosticados com metastase hepatica sincronica (Vatandoust et al. 2015; Wang et al. 2020).

Tem-se observado uma reducdo na mortalidade relacionada ao CCR atribuida aos
métodos de rastreamento e deteccdo precoce da doenca (Cotterchio et al. 2005; Shaukat et
al. 2013), porém sdo necessarios estudos que possibilitem melhoria no tratamento oncolégico

destes pacientes.

1.2 ANATOMIA E PATOLOGIA

Apesar do fato de o termo CCR ter sido usado por muito tempo para identificar
tumores do intestino grosso, evidéncias crescentes sugerem que o cancer de cdélon (CC) e o
CR sdo entidades tumorais distintas. A compreensao das diferencas embrionaria, anatémica,
microbiota e histopatoldgica se torna fundamental para o melhor manejo terapéutico dos
pacientes (Paschke et al. 2018).

A anatomia do reto é geralmente dividida em trés porcdes. A determinacdo da
localizagdo e os limites anatémicos entre o reto e o sigmdide sdo importantes para a definicdo
terapéutica. O terco superior do reto é revestido anterior e lateralmente por periténio, mas é
retroperitoneal posteriormente, sem nenhum revestimento de serosa. O terco médio e
inferior sdo completamente extra peritoneais. A auséncia de revestimento peritoneal na
maior parte do reto é o motivo pelo qual ocorrem maiores taxas de faléncia locorregional apds
tratamento cirurgico do que no CC. O mesorreto é uma camada gordurosa envolvendo o reto
e que contém vasos sanguineos, linfaticos e linfonodos perirretais. A excisdo total do
mesorreto (ETM) é importante para melhor controle local da doenca (Libutti et al. 2011).

Uma determinacdo precisa da distancia do tumor até a borda anal é crucial para a

estratificacdo do paciente, porém com divergéncias na literatura. A Sociedade Europeia de



Oncologia Médica (ESMO) classifica o CR em terco superior (10-15 cm), médio (5-10 cm) e
inferior (<5 cm) (Schmoll et al. 2012). Por outro lado, a Unido para o Controle Internacional do
Cancer (UICC) define diferentes valores de corte em 12-16 cm como alto, 6-12 cm como médio
e <6 cm como baixo CR (Attenberger et al. 2020).

A maioria das neoplasias do reto sdo adenocarcinomas (de 93 a 95%). Carcinoma
espinocelular primario do reto é extremamente raro e geralmente é tratado de maneira

similar ao carcinoma espinocelular do canal anal (Glimelius et al. 2013).

1.3 ESTADIAMENTO

O estadiamento do CR segue o estadiamento TNM da American Joint Committee on
Cancer (AICC) e é realizado com anamnese e exame fisico completo, hemograma, func¢ao renal
e hepatica e dosagem sérica do antigeno carcinoembrionario (CEA). Colonoscopia completa é
indicada para exclusdo de tumores sincrénicos em pacientes nao obstruidos. Radiografia de
térax ou preferencialmente tomografia computadorizada de térax para exclusdao de metdstase
pulmonar, tomografia computadorizada ou ressonancia magnética (RNM) de abdome com a
finalidade de excluir doenca hepatica e ou peritoneal. Para avaliacdo locorregional, a RNM da
regido pélvica ou o ultrassom endoscépico retal tem maior acurdcia para o estadiamento e
planejamento terapéutico cirurgico e pré-operatério (Engelen et al. 2013; Curvo-Semedo
2020).

A RNM da pelve é particularmente util, pois ndo sé fornece informacdes sobre o
tamanho e a localizagao do tumor no reto, mas também é util para identificar o envolvimento
potencial de linfonodos, invasdo extramural e a extensdo da doencga circunferencial. Os
tumores do estagio T1 estdo confinados a submucosa, os tumores do estagio T2 se estendem,
mas nao além, da muscular prdpria, os tumores do estagio T3 se estendem além da muscular
prépria para a gordura mesorretal e os tumores do estagio T4 envolvem 6rgaos adjacentes ou
o peritonio (Beets-Tan et al. 2004; Kaur et al. 2012; Curvo-Semedo 2020).

O PET-CT ndo é um exame padrdo no estadiamento no cancer de reto, porém possui
sensibilidade maior na detec¢do de metdstase a distancia, especialmente acometimento
linfonodal abdominal (Libutti et al. 2011; Glimelius et al. 2013; Kijima et al. 2014).

Os tumores iniciais sdo aqueles TINO ou T2NO, para os quais o tratamento cirurgico

com margens negativas é geralmente curativo, uma vez que as chances de recorréncia local



sdo baixas. Os tumores mais avancados, T3, T4 ou N positivos necessitam de uma abordagem

multimodal para melhores resultados (Glimelius et al. 2013).

1.4 TRATAMENTO DO CANCER DE RETO

1.4.1 Tratamento cirurgico

O tratamento cirdrgico é o principal tratamento curativo para o CR. As modalidades
cirdrgicas incluem a ressecc¢do transanal que pode ser endoscépica ou cirurgica e a ressec¢ao
abdominoperineal, a depender da extensao e localizacdo da doenca (Ptok et al. 2007; Kim et
al. 2014). O objetivo da resseccdo é a retirada do tumor com margens adequadas, bem como
da drenagem linfatica e linfonodos regionais. No reto, o mesorreto é a estrutura gordurosa
que contém vasos sanguineos, linfaticos e linfonodos perirretais (Libutti et al. 2011;
Delibegovic 2017).

A ETM refere-se a excisdo do reto e do tumor em bloco com sua drenagem vascular e
linfatica e foi estabelecida como o padrdo ouro para o tratamento cirdrgico do CR em 1986,
quando o Professor RJ Heald descreveu pela primeira vez o procedimento como um meio de
remover os depdsitos tumorais descontinuos no mesorreto que sao mais provaveis de causar
falha do tratamento local (Heald et al. 1986).

A resseccao abdomino-peritoneal é um procedimento que remove o reto por inteiro
bem como o complexo esfincteriano. Promove baixas taxas de recidiva local, porém resulta
em colostomia definitiva (Campelo et al. 2016).

Por fim, o tratamento multimodal pré-operatério associado a melhores técnicas
cirargicas proporcionaram melhores resultados funcionais pés-operatdrios e reducdao das

chances de recidiva (Sun et al. 2020).

1.4.2 Tratamento com quimiorradioterapia no pré-operatorio versus no pds-operatorio

O tratamento de quimiorradioterapia (QRT) inicialmente era realizado no pOds-
operatdrio. Em 2004, foi publicado um estudo alemdo comparando o tratamento de QRT no
pré-operatério com o realizado no pds-operatodrio (Sauer et al. 2004). Foram randomizados
421 pacientes com adenocarcinoma de reto estadios Il ou lll para tratamento pré-operatdrio
de QRT e 402 pacientes para tratamento pds-operatério. Em pacientes avaliados antes da

neoadjuvancia como possiveis candidatos a cirurgia abdomino-perineal pelo cirurgido, a taxa



de cirurgia com preservacao de esfincter foi de 39% no grupo do tratamento pré-operatério
e apenas 19% no grupo de tratamento pds-operatério (p= 0.004). O estudo ndo encontrou
diferenga no tempo de sobrevida global (SG) entre os grupos estudados. A recorréncia local
em 5 anos foi significativamente reduzida no tratamento pré-operatério (6% versus13%;
p=0.006). Embora sem aumento da SG, o estudo demonstrou que resultados de melhor
controle local, menor toxicidade aguda e maior indice de preservacdo de esfincter
favoreceram o emprego do tratamento neoadjuvante no cancer de reto. Apds 11 anos, sua
atualizacdo demonstra manutencdo dos beneficios a favor da neoadjuvancia (Sauer et al.
2012).

Outro estudo, o NSABP R-03 (Roh et al. 2009), também comparou o tratamento de
QRT neoadjuvante com o adjuvante no tratamento do cancer de reto localmente avancado
(CRLA) e demonstrou beneficio em sobrevida livre de doenca (SLD) (64,7 versus 53,4%,
p=0,011) a favor dos individuos submetidos a neoadjuvancia e tendéncia a maior SG em 5
anos (74,5 versus 65,6%, p=0,065), sem significancia estatistica.

O estudo coreano com 240 pacientes (Park et al. 2011) que comparou o tratamento
de QRT pré e pds-operatorio (a capecitabina foi a quimioterapia utilizada), demonstrou que
ndo houve diferenca em SLD ou de SG. No entanto, para os pacientes com tumores mais distais
(< 5 cm da margem anal), o tratamento pré-operatdrio apresentou maiores taxas de

preservacao de esfincter.

1.4.3 Tratamento com radioterapia

A radioterapia (RT) é um pilar importante no tratamento multimodal do CRLA. Em
alguns tumores, como os de mama , a RT pode ser administrada como tratamento de longo
curso usando fracionamento convencional (1,82 Gy / fracdo) ou como tratamento de curta
duragdo usando hipo-fracionamento (> 2 Gy / fracdo) (Tseng et al. 2019; Fang M et al 2020).

O estudo STOCKHOLM Il comparando longo curso RT (25 x 2 Gy) com cirurgia
retardada com o grupo de RT de curta duracdo (5 x 5 Gy) mostrou resultados oncolégicos
semelhantes em termos de recorréncia local, metdstases a distancia, sobrevivéncia e
complicacdes, indicando que esses tratamentos sdo muito semelhantes (Erlandsson et al.
2017).

Dois ensaios clinicos de fase Il (POLISH e TROG 01.04) relataram uma comparacdo

direta entre RT neoadjuvante e QRT, sugerindo que as duas abordagens sao amplamente



comparaveis em sua capacidade de reduzir o risco de recorréncia local e, portanto, ambas sdo
opcOes aceitaveis. Nestes estudos, as taxas de recorréncia de cinco anos para RT neoadjuvante
e QRT foram 27% e 30% respectivamente, enquanto as taxas de SG foram de 74% e 70% (Bujko
et al. 2006; Ngan et al. 2012).

1.4.4 Tratamento com quimioterapia concomitante a radioterapia

Em relacdo ao papel da quimioterapia no tratamento multimodal do CR, o estudo
EORTC 22921 (Bosset et al. 2014) analisou o valor da adicdo da quimioterapia concomitante a
radioterapia pré-operatdria, bem como da quimioterapia adjuvante. Nao houve diferenca de
SG no grupo de radioterapia pré-operatéria isolada em relacdo ao grupo que realizou
quimioterapia e radioterapia. No entanto, o risco de recorréncia local foi significantemente
menor nos grupos que realizaram quimioterapia. Os pacientes submetidos a QRT pré-
operatdria apresentaram significativamente maiores taxas de resposta patoldgica completa
(RPC). Na atualizagao do estudo com seguimento de mais de 10 anos, tem-se que a incidéncia
acumulativa de recorréncia local em 10 anos foi de 22,4% no brago da radioterapia isolada
comparada a 11 a 15% nos trés grupos que receberam quimioterapia. A adicdao de
quimioterapia adjuvante ndo resultou em aumento de SG em 10 anos ou SLP comparado aos
bracos que ndo realizaram quimioterapia adjuvante. Dessa forma, o estudo conclui que ha
beneficio na diminui¢do da recorréncia local com a adigdo de quimioterapia, no entanto a
quimioterapia adjuvante baseada em 5-fluorouracil (5-FU) apds tratamento pré-operatério
nao acrescentou beneficio em SG ou de SLD.

Em 2012, foi publicado o trabalho ACCORD 12/0405 PRODIGE 2 comparando dois
regimes diferentes de QRT pré-operatéria para o CR. Foram incluidos 598 pacientes para
tratamento neoadjuvante com capecitabina concomitante a radioterapia com dose de 45 Gy
ou capecitabina mais oxaliplatina concomitante a radioterapia com dose de 50 Gy. O objetivo
primario foi taxa de RPC. Ndo houve diferenca significativa na taxa de RPC (13,9% versus 19,2%
para o regime intensificado, p= 0,09). Em trés anos de seguimento, ndo houve diferenca na
incidéncia acumulativa de recorréncia local (6,1% versus 4,4%), SG (87,6 versus 88,3%) ou SLD
(67,9% versus 72,7%). Toxicidades grau 3 ou 4 foram relatadas apenas em 4 pacientes no
grupo da capecitabina isolada e em dois pacientes no grupo da combinac¢do com oxaliplatina.
Com esses resultados, ndo houve beneficio clinico na intensificacdo do tratamento

neoadjuvante (Gerard et al. 2012).



Em 2013 foi apresentado no congresso da American Society of Clinical Oncology-ASCO
os dados preliminares do trabalho PETACC-6 (Schmoll et al. 2013), que randomizou 1094
pacientes com cancer de reto estadios cT3, cT4 ou linfonodo positivo para dois bragos de
tratamento: o primeiro consistia em radioterapia pré-operatéria 45 Gy concomitante a
capecitabina seguido de capecitabina adjuvante (braco 1); o segundo, o mesmo regime de
tratamento com a adi¢do de oxaliplatina ao tratamento pré-operatério e ao tratamento
adjuvante (braco 2). Objetivo primario foi SLD. A taxa de RPC foi de 11,3% no braco 1 e 13,3%
no brago 2 (p=0,31). A taxa de ressecg¢do RO foi de 92% no brago 1 e 86,3% no brago 2. A taxa
de preservagdo de esfincter também foi semelhante entre os grupos (70% versus 65%; p=
0,09). A toxicidade grau 3 ou 4 foi maior no braco 2 em relagdo ao braco 1 (36,7% versus
15,1%). Ndo foram vistas diferencas nas complicacdes pos-operatoérias. 91% dos pacientes no
brago 1 receberam a dose completa ou mais de 90% da dose de quimioterapia prevista,
comparada a apenas 63% dos pacientes no braco 2. Os dados de sobrevida foram
apresentados em 2014 e mostraram que a SLD em 3 anos foi de 74,5% para o braco 1 e 73,9%
para o braco 2. Dessa forma, a adicdo de oxaliplatina levou a diminuicdo da adesdo ao
tratamento, aumento da toxicidade pré-operatdéria e nao melhorou os resultados cirurgicos
ou a SLD (Schmoll et al. 2014).

Ao contrério dos trabalhos acima, o estudo CAO/ARO/AIO-04 sugeriu um beneficio em
SLD com a adigcdo de oxaliplatina no tratamento neoadjuvante. O estudo incluiu 1265
pacientes com adenocarcinoma de reto, clinicamente estadiados como ¢T3, cT4 ou linfonodo
positivo em dois grupos: grupo controle que consistia em tratamento pré-operatdrio com
radioterapia 50,4 Gy e 5-FU infusional concomitante, seguido de cirurgia e 5-FU infusional
adjuvante; e o grupo experimental que consistia em radioterapia pré-operatodria 50,4 Gy e 5-
FU mais oxaliplatina concomitante, seguido de cirurgia e quimioterapia adjuvante com 5-FU
mais oxaliplatina. O objetivo primario foi SLD. Dos resultados alcancados, tem-se que a SLD
em 3 anos foi de 75,9% no grupo experimental e 71,2% no grupo controle (HR 0,79; Cl 0,64-
0,98; p= 0,03). A toxicidade grau 3 ou 4 pré-operatdria e pos-operatéria ocorreram,
respectivamente, em 24% e 36% no grupo experimental e em 20% e 36% no grupo controle.
Por este estudo, a adicdo de oxaliplatina ao tratamento de QRT neoadjuvante e a

quimioterapia adjuvante trouxe beneficio em SLD (Rdédel et al. 2015).



Como visto, o uso de oxaliplatina em combinacdo com 5-FU no tratamento multimodal
do cancer de reto possuia dados conflitantes até as publicacdes atuais que discutiremos a
diante com a abordagem do tratamento neoadjuvante total (TNT).

O Irinotecano é outro quimioterdpico com ac¢do comprovada no cancer colorretal
metastdtico (CCRm) e foi estudado em alguns trabalhos de fase Il no tratamento do CRLA. Um
estudo alemao (Willeke et al. 2007), fase Il, de brago Unico, avaliou a eficacia e seguranca do
uso de irinotecano semanal em combinacdo com capecitabina e radioterapia concomitante
como tratamento neoadjuvante de CRLA (cT3, cT4 ou linfonodo positivo). Todos obtiveram
ressecgao RO e 5 pacientes (15%) obtiveram RPC. A SG em 3 anos foi de 80% para aqueles que
foram submetidos a cirurgia.

Ja o estudo espanhol, também fase Il de braco unico, incluiu 74 pacientes portadores
de CR com estadiamento cT3 ou cT4 para tratamento neoadjuvante com irinotecano e 5-FU
concomitante a radioterapia. Os autores encontraram 13,4% de RPC e 49,3% de downstaging
na peca cirurgica (Navarro et al. 2006).

Um estudo fase Il randomizado, que avaliou 106 pacientes com cancer de reto distal
¢T3 ou cT4 em dois bragos de tratamento neoadjuvante: o brago 1 consistia em 5-FU infusional
concomitante a radioterapia hiperfracionada (duas vezes ao dia) na dose de 45,6 Gy mais um
boost de 9,6 a 14,4 Gy; braco 2 consistia em 5-FU infusional mais irinotecano semanal
concomitante a radioterapia com fracionamento convencional na dose de 45 Gy mais boost
de 5,4 a 9 Gy. A taxa de RPC foi de 30% no braco 1 e 26% no braco 2. Taxa de recorréncia
locorregional foi de 16% no brago 1 e 17% no brago 2. A SG em 5 anos foi 61% para o brago 1
e 75% para o brago 2. A SLD foi de 78% e 85 % para o brago 1 e brago 2, respectivamente. Os
autores concluem que houve altas taxas de SLD em ambos os bracos (Mohiuddin et al. 2013).

O estudo ARISTOTLE de fase 3 recentemente concluido avaliou que a adi¢cdo do
irinotecano ao tratamento neoadjuvante de QRT com capecitabina n3dao melhorou
significativamente a taxa de RPC e foi associada a uma diminuicdo da aderéncia ao tratamento
neoadjuvante devido a uma taxa mais elevada de efeitos adversos (Sebag-Montefiore et al.
2020).

Sendo assim, a combinacdo de irinotecano ao 5-FU em concomitancia a radioterapia

neoadjuvante ainda necessita de mais estudos e seu uso ainda ndao é um padrao.



1.4.5 Quimioterapia neoadjuvante isolada

Uma revisdo sistematica e meta-analise, englobando 25 estudos e 6.548 pacientes,
procurou determinar o impacto de longo prazo da QRT pré-operatdria nas fungdes anorretal,
sexual e wurindria. Os resultados mostraram que disfuncdo anorretal ocorre mais
frequentemente apds terapia multimodal com QRT e ETM do que apds resseccdo do
mesorreto isolado. O efeito negativo na funcdo urindria e sexual ndao foi demonstrado na
presente meta-analise. Os autores comentam ainda que os trabalhos avaliados na literatura
possuem graus de evidéncia limitados e outros estudos sdo requeridos para mais informacdes
(Loos et al. 2013).

Dado os efeitos colaterais da radioterapia e a sensibilidade do CR a poliquimioterapia
moderna, alguns estudos mais recentes procuraram estabelecer o papel da quimioterapia
neoadjuvante sem radioterapia.

O primeiro deles, um estudo fase Il, incluiu 32 pacientes estadios Il ou Il de CR. Todos
os pacientes eram candidatos a cirurgia de ressec¢cdo anterior com ETM. Os pacientes
receberam tratamento neoadjuvante com 6 ciclos de FOLFOX (5-FU, leucovorin e oxaliplatina)
e bevacizumabe nos 4 primeiros ciclos (Schrag et al. 2014). Pacientes que apresentassem
doenca estdvel ou progredissem ao tratamento, seriam encaminhados para a radioterapia
pré-operatdria. Aqueles respondedores a quimioterapia eram encaminhados diretamente a
cirurgia. O desfecho primdrio avaliado foi taxa de ressec¢do RO. Dos 32 participantes, todos
(100%) apresentaram resseccdo RO. Dois pacientes ndo completaram quimioterapia pré-
operatdria devido a toxicidade cardiovascular, ambos foram encaminhados para radioterapia
pré-operatéria. Dos 30 pacientes que completaram a quimioterapia pré-operatéria, todos
apresentaram regressdao tumoral sem a radioterapia. A taxa de RPC a quimioterapia isolada
foi de 25% (8/32). Nenhum paciente apresentou recorréncia local em 4 anos. A SLD em 4 anos
foi de 84%. Os autores concluem que, em pacientes selecionados, a quimioterapia
neoadjuvante e o uso seletivo de radioterapia ndo comprometem os resultados.

Atualmente, o estudo fase |ll PROSPECT estd em recrutamento para avaliar essa
estratégia de tratamento. O ensaio PROSPECT (ClinicalTrials.gov identifier: NCT01515787) foi
projetado para determinar se a quimioterapia neoadjuvante com 5-FU e oxaliplatina (FOLFOX)
poderia ser usada como uma alternativa a QRT neoadjuvante sem comprometer os resultados

do tratamento e poupar esses pacientes de toxicidade excessiva.
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Em 2015, foram apresentados no congresso da ASCO os resultados preliminares do
estudo FOWARC. Foram randomizados 495 pacientes com CR até 12 cm da margem anal,
clinicamente estadiados como estadios Il ou lll para receberem tratamento neoadjuvante com
radioterapia concomitante a 5-FU (braco controle) ou radioterapia com FOLFOX (braco
FOLFOX-RT) ou 4 a 6 ciclos de FOLFOX isolado. Taxa de resse¢do RO foi, respectivamente,
90,1%,; 88,2% e 91,2% no braco controle, bragco FOLFOX-RT e braco FOLFOX. A taxa de RPC foi
de 12,5%; 31,3%; 7,4%, respectivamente. Downstaging cirurgico foi achado em 34,7%; 57,8%
e 37,9%, respectivamente. As maiores toxicidades e complicacdes pds-operatdrias foram
encontradas nos pacientes que receberam radioterapia. De acordo com os dados
apresentados do trabalho, FOLFOX concomitante com radioterapia resultou nas maiores taxas
de RPC, FOLFOX neoadjuvante isolado atingiu downstaging semelhante com menor toxicidade
comparado com 5-FU concomitante a radioterapia (Deng et al. 2015). Seus resultados finais
foram publicados em 2019 e mostraram que quimioterapia com FOLFOX, com ou sem
radiacdo, ndao melhorou significativamente a SLD em 3 anos comparada com a radioterapia
associada com 5-FU em pacientes com CRLA. Nenhuma diferenca significativa nos resultados
foi encontrada entre mFOLFOX6 sem radioterapia e 5-FU com radioterapia, o que requer uma

investigacdo mais aprofundada do papel da radioterapia nesses regimes (Deng et al. 2019).

1.4.6 Tratamento neoadjuvante total (TNT)

Apesar da diminuigdo significativa nas taxas de recorréncia local de 10% para 5%
proporcionada pelo tratamento neoadjuvante com QRT, metastases a distancia e morbidade
do tratamento ainda s3ao um grande problema. Com isso, o racional do uso de
poliquimioterapia neoadjuvante associada antes ou apds o tratamento com QRT é bastante
atraente, na tentativa de reduzir as taxas de recidiva a distancia e aumentar as taxas de RPC
(Papaccio et al. 2020).

Conceitualmente o TNT consiste numa estratégia terapéutica em que o tratamento
pré-operatdrio ndo inclui apenas o tratamento padrdao com QRT, mas também varios meses
de poliquimioterapia sistémica (por exemplo, FOLFOX / CAPOX e ou FOLFIRINOX). Um dos
principais objetivos de ofertar o tratamento com quimioterapia antes da cirurgia seria
aumentar a aderéncia ao tratamento sistémico, ja que muitos pacientes apds a cirurgia ndo
conseguem completar o tratamento adjuvante, sendo talvez uma das justificativas para que

os estudos que avaliaram a adjuvancia ndo tenham atingido seus beneficios. Outro ponto a
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ser considerado é que ao iniciar o tratamento com quimioterapia estariamos proporcionando
um incremento na taxa de resposta tumoral além do tratamento precoce da doenca
micrometastatica (Tuta et al. 2019; Papaccio et al. 2020).

A seguranca do TNT foi demonstrada pela primeira vez no estudo espanhol GCR-3, que
randomizou 108 pacientes para QRT de longo prazo seguido de CAPOX e ETM e CAPOX
adjuvante ou para inducao de CAPOX seguido de QRT e ETM. Neste estudo nao houve
diferencas nas taxas de falha local de 5 anos (2% vs 5%; p=0,61), falha distante (21% vs 23%;
p=0,79), SG (78% versus 75%; p=0,64) ou RPC (13% versus 14%; p=0,94) (Fernandez-Martos et
al. 2015).

Em um estudo retrospectivo com 161 pacientes com CRLA que apresentavam fatores
de alto risco para recorréncia, 72 pacientes receberam terapia padrdo (grupo padrdo) e 89
pacientes receberam TNT (grupo TNT). TNT mostrou uma propor¢dao maior de RPC (23% vs 7%;
p=0,01), maior T e N-downstaging (70% e 94% versus 51% e 86%), resseccao RO equivalente
(95% versus 93%), menor tempo para o fechamento do estoma (média: 20 versus 33 semanas;
p<0,05), maior complacéncia durante o tratamento com a quimioterapia (completou todos os
ciclos 87% versus 76%; p<0,05), menor proporgao de toxicidade aguda grau = 3 durante a
quimioterapia (3% versus 14%, p <0,05) (Tuta et al. 2021).

Inicialmente, as primeiras conclusdes relevantes a respeito do TNT foram provenientes
do estudo retrospectivo do Memorial Sloan Kettering que relata dados de 320 pacientes com
CRLA tratados com TNT em comparacdo com os pacientes tratados com o tratamento
neoadjuvante convencional. Maior exposicdao a quimioterapia foi detectada nos pacientes da
coorte do TNT. A taxa de resposta completa, incluindo RPC e clinica em pacientes nao
submetidos a cirurgia, foi de 36% na coorte TNT em comparacdo com 21% na coorte do
tratamento convencional (Cercek et al. 2018).

Em uma revisdo sistematica com 28 estudos (3 retrospectivos e 25 prospectivos com
um total de 3.579 pacientes) em que foram incluidos na analise final 2.688 pacientes tratados
com TNT e 891 com QRT neoadjuvante, a taxa combinada de RPC foi de 22,4% em todos os
pacientes tratados com TNT. Em 10 estudos comparativos com dados disponiveis, os
pacientes submetidos a estratégia do TNT apresentaram maiores chances de RPC de 39%
(p=0.001) (Petrelli et al. 2020).

Recente metandlise publicada no JAMA em dezembro de 2020 com 7 estudos,

incluindo um total de 2.416 pacientes, dos quais 1206 receberam TNT, a prevaléncia
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combinada de RPC foi de 29,9% (variacao, 17,2% - 38,5%) no grupo TNT e 14,9% (variacao,
4,2% -21,3%) no grupo de QRT convencional. O grupo submetido a estratégia do TNT teve uma
maior chance de atingir uma PCR (odds ratio [OR], 2,44; intervalo de confianga (IC) de 95%,
1,99-2,98). Ndao houve nenhuma diferenca estatisticamente significativa na proporcao de
preservacao do esfincter (OR, 1,06; IC de 95%, 0,73-1,54) ou ileostomia (OR, 1,05; IC de 95%,
0,76-1,46) entre os grupos. Apenas trés estudos apresentaram dados sobre a SLD, e a andlise
agrupada mostrou chances significativamente maiores de SLD em pacientes do grupo do TNT
(OR, 2,07;1C95%, 1,20-3,56). Os resultados desta revisdo sistematica e meta-analise sugerem
que o TNT é uma estratégia promissora no CRLA, com taxas superiores de PCR em comparacao
com a terapia padrdo (Kasi et al. 2020).

Recentemente foram publicados os dados do uso do FOLFIRINOX modificado na
estratégia do TNT com o estudo PRODIGE 23. A taxa de PCR foi significativamente maior em
pacientes que foram tratados com o TNT (27,5% versus 11,7%). Em um acompanhamento
médio de cerca de 4 anos, as taxas de SLD em 3 anos foram significativamente maiores no
grupo de quimioterapia neoadjuvante (76%) do que no grupo padrdo de 69%; (p=0.034),
atribuido a uma taxa diminuida de metastases a distancia. No entanto, esse beneficio ndo se
traduziu em um ganho significativo na SG (p = 0,077) (Conroy et al. 2021). Além disso, também
relataram uma tendéncia de melhora da qualidade de vida ao longo do tempo no grupo do
TNT (p = 0,08) (Borg et al. 2020).

Outro estudo que fortalece a estratégia do TNT na pratica atual é o RAPIDO trial que
comparou a radioterapia de curta duracdao seguida pelo tratamento neoadjuvante com
quimioterapia (CAPOX ou FOLFOX) por 4 meses com subsequente abordagem cirdrgica com o
tratamento neoadjuvante com QRT convencional seguido de cirurgia e tratamento adjuvante
opcional. O grupo submetido a radioterapia de curta duracdo mostrou duplicacdo da taxa de
RPC (28% versus 14%; p<0,001) e aumento da sobrevida livre de metastases a distancia em
7% em 3 anos (26,8% versus 20%; p= 0,005), com eventos adversos comparaveis e nenhum
aumento de complicacGes na cirurgia ou pos-operatoérias (Bahadoer et al. 2021).

Resultados preliminares da OPRA apresentados na ASCO 2020 demonstraram uma
taxa significativamente maior de preservacgao de esfincter no brago com TNT de consolidacdo
(QRT seguido de quimioterapia) em comparacdo com o braco do TNT de inducao
(quimioterapia seguido de QRT) (59% versus 43%), mas nenhuma diferenca significativa a

respeito da SLD ou de metastases a distancia em 3 anos (Garcia-Aguilar et al. 2020).
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Sendo assim, TNT parece ser uma estratégia de tratamento promissora por aumentar
as chances de resposta patoldgica e com isso, maiores taxas de preservac¢ado de drgao, além
de proporcionar incremento na SLD. Porém, as vantagens do TNT também precisam ser
equilibradas com a administracdo excessiva de terapia citotoxica e a longo prazo complicacdes
téxicas em pacientes com doenca de baixo risco. Alguns pacientes com CRLA podem
apresentar respostas muito boas e excelente controle local com QRT convencional.

Entdo, é fundamental que estudos futuros avaliem possiveis biomarcadores capazes

de identificar pacientes com maior probabilidade de se beneficiar do TNT.

1.4.7 A importancia da resposta patoldgica completa

Alguns pesquisadores procuraram determinar a relacdo entre regressdo tumoral apds
tratamento neoadjuvante com os desfechos clinicos para assim justificar tratamentos mais
agressivos no pré-operatorio.

Amostras de 144 pacientes com cancer de reto ¢T3, cT4 que realizaram tratamento
pré-operatério com QRT foram revisados retrospectivamente e determinado o grau de
regressao tumoral (GRT) por analise patolégica. O GRT foi entdo relacionado com fatores
clinicos pré-tratamento e com os defechos de sobrevida apresentadas. Foi encontrado, por
analise univariada, que o GRT é um fator preditor para faléncia local, sobrevida livre de
metastase e SG (Vecchio et al. 2005).

Um outro estudo analisou amostras de 386 pacientes do estudo alemao
CAO/ARO/AIO-94, submetidos a tratamento com QRT pré-operatdria, e procurou relacionar
o grau de regressdao tumoral com os parametros clinico patoldgicos e os desfechos de
sobrevida. Os autores relataram que aqueles pacientes que obtiveram regressdo tumoral
completa, ou seja, auséncia de células tumorais vidveis, apresentaram SLD e incidéncia
cumulativa de metastase a distancia em 10 anos de 89,5% e 10,5%, respectivamente. Em
contraponto, os pacientes que obtiveram uma regressao tumoral minima apresentaram SLD
e incidéncia cumulativa de metdstase a distancia em 10 anos de 63% e 39,6%,
respectivamente. Na analise multivariada, os autores encontraram que linfonodo residual
positivo e o GRT foram os Unicos fatores progndsticos independentes para a incidéncia
cumulativa de metastase a distancia e SLD. Ja a recorréncia local foi significantemente afetada

pelo status patolégico linfonodal e invasdo linfatica (Fokas et al. 2014).
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Um estudo coreano investigou os resultados a longo prazo de pacientes com CRLA
submetidos a QRT pré-operatéria e que obtiveram RPC no tumor primario. Também foi
analisado o significado progndstico do status linfonodal patoldgico. Trezentos e sessenta e
dois pacientes foram avaliados. Foi encontrada uma SG mediana em 5 anos de 92,8% e uma
SLD em 5 anos de 84,6%. O status linfonodal foi ypTONO em 91,3%; ypTON1 em 6,6% e ypTON2
em 2,1%. A SG e SLD em 5 anos foram, respectivamente, 94,8% e 88,5% para os pacientes
yPTONO; e 72,8% e 45,2% para aqueles pacientes ypTON+. Os autores encontraram como fator
progndstico mais relevante para a SG e SLD, nos pacientes com RPC no tumor primdrio, o
status linfonodal (Yeo et al. 2010). Os dados corroboram com os estudos acima citados.

Com isso, uma estratégia racional para melhorar o progndstico dos pacientes com
CRLA, bem como reduzir a taxa de recorréncia a distancia, e assim aumentar a taxa de cura,
seria a instituicdo de tratamento sistémico mais intenso e de forma precoce que possibilitasse

uma reducdo tumoral tanto na lesdo primaria como nos linfonodos de forma mais agressiva.

1.4.8 Tratamento Adjuvante

Embora na maioria dos estudos que avaliaram o papel do tratamento neoadjuvante
com quimioterapia e radioterapia os pacientes tenham recebido quimioterapia adjuvante
apos a cirurgia definitiva, este ainda permanece um tépico de intenso debate na literatura.

O estudo europeu randomizado EORTC 22921 publicado em 2006, ndo demonstrou
diferenca de SG, independentemente da aplicacdo ou ndo de QT combinada ou adjuvante
porém, observou-se tendéncia em favor da QT adjuvante na SLD em 5 anos em favor da
adjuvancia. Atualizacdo desse estudo com seguimento mediano de 10,4 anos mostrou taxa de
SG em 10 anos de 51,8% no grupo com quimioterapia adjuvante versus 48,4% no grupo sem
quimioterapia (p=0,32) (Bosset et al. 2014).

A indicacdao da oxaliplatina em combinac¢do 5-FU ou capecitabina adjuvante apds
tratamento trimodal foi avaliado em trés estudos randomizados. No estudo CAO/ARO/AIO-
04, a taxa de SLD em 3 anos foi superior no braco com adicdo de oxaliplatina adjuvante em
comparagdo a apenas 5-FU (75,9 versus 71,2%, p=0,03) (Collette et al. 2007).

O estudo ADORE, de fase I, descreveu que a taxa de SLD em 3 anos foi superior no
braco com oxaliplatina adjuvante (71,6 versus 62,9%, p=0,047). Na analise de subgrupo,
pacientes com yp Il (ypN1b, ypN2) e tumores que responderam pouco ao tratamento

neoadjuvante se beneficiaram mais de FOLFOX do que 5-FU (Hong et al. 2014). Em sua
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atualizacdo recentemente publicada, a taxa de SLD em 6 anos foi de 68,2% no braco FOLFOX
vs 56,8% no brago do 5-FU (p=0,018). A taxa de sobrevida geral de 6 anos foi de 78,1% no
braco FOLFOX vs 76,4% no brago 5-FU (p = 0,21) (Hong et al. 2019).

J4 o estudo PETACC-6, na analise interina planejada ndo demonstrou beneficio com a
adicdo de oxaliplatina a capecitabina no cenario adjuvante, com taxa de SLD em 3 anos de
73,9 versus 74,5%, p=0,78 (Schmoll et al. 2014).

Em metanadlise incluindo dados de 1196 pacientes com estagio patoldgico Il ou llI
submetidos a resseccdo RO ndo foi demonstrada diferenca significativa na SG entre os
pacientes que receberam quimioterapia adjuvante e aqueles que foram submetidos a

seguimento (Breugom et al. 2015).

1.4.9 Estratégia de preservacao de esfincter

Para varios outros tipos de tumor, incluindo carcinoma anal, laringeo, cervical e
pulmonar, dependendo do estagio e de uma variedade de fatores clinicos o tratamento com
QRT é utilizado como estratégia definitiva sem complementacdao com cirurgia. No CRLA, a
obtencgao da resposta clinica completa (RCC) levanta a questdo de saber se a cirurgia pode ser
evitada (Maas et al. 2011). O principal motivo para evitar a abordagem cirurgica sdo as
morbidades pds-operatdrias, incluindo incontinéncia urindria, disfuncdo sexual e fecal de
longa duragao, além da necessidade de estomas temporarios ou permanentes associados ao
procedimento. A mortalidade pds-operatéria também pode ser substancial, dependendo das
comorbidades médicas e da idade do paciente (Smith et al. 2015).

A estratégia conhecida como “watch and wait” (WW) foi introduzida por Habr-Gama
et al., que relataram uma SG altamente promissora de 97,7% e SLD de 84% apds uma década
de acompanhamento naqueles que ndao foram submetidos a cirurgia apds atingirem RCC
(Habr-Gama et al. 2004). Sendo assim, o papel da cirurgia apés o tratamento neoadjuvante
para os pacientes com RCC passou a ser questionado, com o objetivo de evitar sequelas do
tratamento cirudrgico radical.

Estudo multicéntrico internacional também relatou resultados favoraveis para aqueles
com RCC que optam pela estratégia de WW, com uma taxa de sobrevivéncia especifica da
doenca de 94% com apenas 8% dos pacientes que desenvolveram metdstases a distancia em
5 anos (van der Valk et al. 2018).

Martens et al. (2016) relataram resultados de 100 pacientes que nao foram
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submetidos a cirurgia ap6s atingirem uma RCC com tratamento neoadjuvante. Destes 100
pacientes, 15 apresentaram recorréncia local apdés um acompanhamento médio de mais de 3
anos. Doze dessas 15 recorréncias locais foram isoladas, sem metastases a distancia, e foram
passiveis de cirurgia de resgate (Martens et al. 2016).

Por outro lado, meta-analise com onze estudos que incluiram 1.131 pacientes, dos
quais 412 pacientes foram submetidos a estratégia WW, 678 pacientes foram submetidos a
cirurgia e 41 pacientes foram submetidos a resseccao local. O grupo WW teve uma taxa maior
de recorréncia local do que o grupo da cirurgia (OR 7,32, IC 95% 3,58 a 14,95, p <0,001). No
entanto, o grupo WW apresentou SLD e SG semelhantes em comparagcdao com o grupo da
cirurgia e o grupo da resseccao local (Zhao et al. 2020).

O principal impedimento para considerar a omissdo de cirurgia deve-se a preocupacao
com a auséncia de dados randomizados além das limitacbes para avaliacdo precisa da
regressao tumoral com exames de imagem e anatomopatoldgico. Com isso, ao considerar a
estratégia de preservacao de drgdos, uma questdo importante é identificar os pacientes que
apresentam regressao tumoral significativa com tratamento neoadjuvante e esta abordagem
é bastante complexa e desafiadora, sendo necessaria a incorporacdo de novas ferramentas

gue permitam a melhor identificacdo destes pacientes.

1.5 CELULAS TUMORAIS CIRCULANTES

A disseminacdo do cancer necessita de Células Tumorais Circulantes (CTCs) (Park et al.
2011), que sdo células raras circundadas por inimeras células hematopoiéticas presentes na
circulagdo sanguinea (San Juan et al. 2019). As CTCs sdao extremamente escassas em
comparacdo com as células sanguineas normais, com apenas 1-100 CTCs presentes entre
milhGes de leucdcitos e bilhGes de eritrdcitos (Mego et al. 2010; Low et al. 2015; van der Toom
et al. 2016).

A presenca de CTCs no sangue periférico foi relatada pela primeira vez por Ashworth
(1869), um médico austriaco, quando fazia a necrdpsia de um paciente com tumores
subcutaneos metastaticos, situados na parede anterior do térax e do abdémen. Ele observou
células na circulacdo idénticas as provenientes dos tumores e postulou que se estas células

eram oriundas de uma estrutura tumoral existente.
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Embora CTCs carreguem informacdes robustas sobre o tumor e tenham sido estudadas
extensivamente nos ultimos anos, sua biologia ainda carece de novos estudos (Mamdouhi et
al. 2019). A presencga de CTCs no sangue pode ser considerada como um potencial fator
prognostico além de predizer resisténcia a estratégias terapéuticas (Rahbari et al. 2010).
Quantidades elevadas de CTCs tém sido relatadas na literatura como fator de progndstico
ruim (piores SLP e SG) em alguns tumores metastaticos como mama, colorretal e prostata
(Cristofanilli et al. 2004; De Bono et al. 2008; Cohen et al. 2009; Tol et al. 2010). Além disso,
as CTCs podem também fornecer dados preditivos, como os fornecidos por meio da analise
da expressao de marcadores de resisténcia a tratamento (Stoecklein et al. 2008; Gazzaniga et
al. 2010; Gradilone et al. 2011; Shi et al. 2020), e com isso ser um dos fatores determinantes
de recorréncia local e progressao tumoral. Sendo assim, a deteccdo de CTCs pode nos ajudar
a identificar pacientes com necessidade de terapias sistémicas adicionais antes ou apds um
tratamento definitivo local, como ressec¢do cirurgica ou radioterapia do tumor primario.
Desta forma, incluir a deteccdo ou contagem de CTCs na analise dos pacientes tornaria o
tratamento mais personalizado (Abdallah et al. 2021).

Comrelagdo ao CCR, sabe-se que a primeira estratégia para o tratamento desta doencga
é a resseccdo completa da lesdo, o que algumas vezes inclui resseccdo dos orgaos
circunvizinhos e ampla disseccao linfonodal, procedimentos que afetam a qualidade de vida
dos pacientes (Katsumata et al. 2006). Contudo, apesar da resseccao radical, alguns pacientes
apresentam recorréncia, que se acredita ser devido a sitios de micrometastases residuais
(Haraldsdottir et al. 2014).

Estudo realizado por Cohen et al. (2009), incluiu 430 pacientes com CCRm entre 2004
e 2006. As CTCs foram enumeradas por separa¢do magnética (CellSearch™ System, Veridex
LLC, Raritan, NJ) e os autores classificaram os pacientes de acordo com os niveis de CTCs,
utilizando como cut-off o valor de 3 CTCs/7,5 mL de sangue. Avaliando SLP e SG eles
observaram que pacientes com CTCs desfavoraveis (=3 CTCs) tiveram menores sobrevidas (p=
0.004, para SLP e p<0.0001, para SG), mostrando a possibilidade de monitoramento dos
pacientes de acordo com os niveis de CTCs encontrados.

Sastre et al. (2008) observaram uma correlacdo positiva entre o nimero de CTCs e o
estadio clinico em 97 pacientes com as seguintes caracteristicas: CCR ndo metastatico recém
diagnosticado ou com cancer de reto sem quimioterapia ou radioterapia neoadjuvantes;

CCRm recém diagnosticado; CCR recidivado no seguimento. Usou como grupo controle 30
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pacientes saudaveis. Como cut-off foi escolhido o valor de 2 CTCs/7,5 mL para definir um teste
como positivo. Nao foi observada qualquer relagdo entre CTCs e localizagdo do tumor
primario, niveis aumentados de CEA, de lactato desidrogenase ou grau de diferenciagao.

Utilizando também 2 CTCs/7,5 mL como cut-off, Romiti et al. (2014) realizaram um
estudo com 75 pacientes com cancer colorretal, sendo 72% estadios I-11l e 28% estadio IV. O
grupo isolou CTCs usando um método imunomagnético e observaram pior SG no grupo de
pacientes com CTCs acima de 2/7,5 mL (36,2 meses versus 61,6 meses; p= 0,002). Ainda,
observaram que os pacientes que mantinham CTCs positivas mesmo apds o tratamento
tinham pior progndstico, e as CTCs foram fator progndstico independente de SG (p=0,03; HR:
3,5).

Em um estudo prospectivo com 54 pacientes com CCRm, foi avaliado o impacto da
cinética CTCs durante o tratamento. CTC 1 (baseline) versus CTC realizada dois meses apds o
inicio do tratamento (CTC2). Pacientes com CTC1 positiva (CTCs acima da mediana) e que se
tornaram negativos (CTCs abaixo da mediana), considerados como cinética favoravel, tiveram
melhor SLP, comparada com os pacientes que na CTC1 eram negativos (CTCs abaixo da
mediana) e que durante o tratamento apresentaram CTC 2 positiva (CTCs acima da mediana)
e foram considerados como cinética desfavoravel (p=0.06). Além disso, os pacientes cujos
estudos de imagem mostraram progressao radioldgica tiveram uma quantificacdo aumentada
de CTCs na segunda coleta (CTC 2) em comparagao com aqueles sem progressao (p = 0,04)
(Souza e Silva et al. 2016).

Em recente publicacdo com 75 pacientes com CCRm a avaliacdo da cinética das CTCs
se mostrou promissora. Uma diferenca de CTC2-CTC1> 5,5 CTCs / mL foi associada a uma SLP
mediana reduzida. Na andlise multivariada, CTC1> 1,5 CTCs/mL foi um fator prognédstico
independente para pior SG (Silva et al. 2021).

Diante da evolucao de métodos mais eficientes e sensiveis para detec¢do de CTCs,
criou-se a possibilidade de identificacdo destas células em pacientes ndo metastaticos, o que
favorece sua aplicabilidade em estudos de neoadjuvancia e adjuvancia (Chen et al. 2017; Tsai
Ws et al. 2016).

Para o cancer de reto ainda temos caréncia de estudos que avaliam a aplicabilidade da
CTCs (Magni et al. 2014). Sun et al. (2016) demonstraram em estudo com 115 pacientes com
diagndstico de CRLA (cT3-4 e/ou N+) que a deteccdo de CTCs é uma ferramenta Util para

avaliar e prever respostas ao tratamento neoadjuvante.
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Um estudo prospectivo com 267 pacientes com CRLA tratados com QRT, avaliou o
impacto de CTCs positivas como um possivel marcador de resposta ao tratamento
neoadjuvante. A regressao histopatoldgica apds QRT foi evidente em 27,8% dos pacientes. No
subgrupo de respondedores apds o tratamento neoadjuvante, foram encontradas CTCs
positivas em uma taxa significativamente menor do que nos ndo respondedores (p = 0,03).
Nenhuma associacdo significativa foi demonstrada entre a deteccdo de CTC e as
caracteristicas do tumor. Os respondedores apds QRT neoadjuvante tiveram uma incidéncia
menor de CTC em comparag¢ao com aqueles que ndo responderam, o que pode ser o resultado
de um tratamento sistémico e local eficaz antes da cirurgia (Hinz et al. 2015). Em particular,
na avaliacdo baseline, os pacientes que responderam ao tratamento neoadjuvante tiveram
uma taxa de deteccdo de CTC significativamente maior em comparagdo com os que ndo
responderam. No entanto, a taxa de detec¢dao de CTC diminuiu significativamente apds a QRT

para os respondedores.

1.6 MARCADORES DE RESISTENCIA AO TRATAMENTO

1.6.1 RAD23B

A Radiagado lonizante (RI) é um importante pilar do tratamento neoadjuvante com QRT
para pacientes com CRLA, com o objetivo de proporcionar dano e morte celular. No entanto,
nem todas as células tumorais apresentam radiossensibilidade, uma vez que existem
mecanismos capazes de reparar efetivamente seu DNA danificado (Hubenak et al. 2014; Shen
et al. 2018). Portanto, a compreensdo desses mecanismos é fundamental para a busca de
possiveis biomarcadores de resisténcia a essa estratégia terapéutica.

O homologo B de RAD23 (RAD23B) é uma proteina de reparo do DNA, motivo pelo qual
alguns estudos correlacionam sua expressao com resisténcia a Rl (Dantuma et al. 2009). Em
estudo em cancer gastrico, Shen et al. (2018) demonstraram que ao proporcionar a inibicdo
do RAD23B estariamos aumentando o efeito do tratamento da radia¢do nas células cancerosas
dos tumores géstricos, tornando estas mais sensiveis a este tratamento.

A expressdo de RAD23B esta elevada em alguns tumores de cabeca e pescoco como o
de laringe (Abbasi et al. 2009), mas no cancer retal, até o momento, ndo ha estudos que

avaliem esse possivel marcador para predicdo de resposta.
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1.6.2 TYMS

A timidilato sintase (TYMS) é uma enzima que participa de uma das vias de
metabolismo do 5-FU. A quantidade da expressao da TYMS no tumor parece ser um preditor
de resposta dos pacientes tratados com 5-FU. Alguns estudos descrevem que pacientes com
CCRm com altos niveis de TYMS nao respondem ao tratamento infusional com 5-FU, enquanto
aqueles com baixos niveis apresentam melhores taxas de resposta (Kim et al. 2009;
Calascibetta et al. 2010).

Contudo, apesar de muitos estudos relatarem SG ruim em tumores com alta expressao
de TYMS, o real valor progndstico desta enzima ainda n3do estd estabelecido e validado para
sua aplicabilidade clinica (Allegra et al. 2002; Chen et al. 2012).

Estudo com 54 pacientes com CCRm tratados com 5-FU demonstrou que a expressao
da TYMS nas CTCs foi positiva em 9 (26,5%). Seis desses pacientes apresentaram progressao
do tumor ap6s o tratamento com 5-FU (p= 0,07). Estes resultados sugerem que a analise de
TYMS pode ser uma ferramenta util como um biomarcador preditor de resisténcia a 5-FU se
analisadas em CTCs de pacientes com CCRm (Abdallah et al. 2015).

No cancer retal, estudos anteriores demonstraram que a baixa expressdao do gene TYMS
correlacionou-se com a resposta patoldgica ao tratamento neoadjuvante com QRT a base de
5-FU, porém existem dados conflitantes que merecem estudos que avaliem a TYMS como
possivel biomarcador preditor de resposta ao tratamento neoadjuvante (Okonkwo et al. 2001;

Saw et al. 2003; Jakob et al. 2008).

1.6.3 Fator Transformador de Crescimento-Beta

Algumas moléculas podem servir como guia para tracar o perfil de agressividade
tumoral e metastatizacdo, como a expressao do receptor do Tumor Growth Factor 8 (TGF-BR)
nas células tumorais. O TGF-B esta envolvido no processo de transi¢ao epitélio-mesénquima,
pela ativacdo de vias supressoras de E-caderina, como SNAIL e SLUG (Massagué 2008).

A expressdo de TGF-B e mutacdes nos genes codificadores do seu receptor podem ter
correlagdo com a atividade oncogénica desta citocina, assim como com aumento de
progressao tumoral e alto potencial de migragao celular (Zarzynska 2014). O TGF- B derivado
de plaquetas é um elemento essencial para o evento metastatico, especificamente na
transicdo epitélio-mesénquima, que permite a disseminacdo para locais distantes. As

alteracdes morfoldgicas deste processo sdo transitdrias e reversiveis, ocorrem para promover
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motilidade celular e disseminacdo do tumor para fora de seu ambiente (Thiery 2002; Goulet
et al. 2021). Em ratos com deficiéncia de plaquetas e de TGF-B, o extravasamento de células
de tumor e metdstases foi diminuido, indicando que a libertagao de TGF-B aumenta a atividade
de invasdo e metastase (Labelle et al. 2011).

O TGF-B pode atuar de diversas maneiras, favorecendo metdstase tumoral, com a
migracdo, angiogénese e invasdo do tumor. E demonstrado que a sua superproducdo precede
a formacdo do tumor e prepara um microambiente favoravel para células cancerosas

(Ellenrieder et al. 2001; Gasparini-Junior et al. 2019).

1.7 RESPOSTA IMUNOLOGICA E CANCER

A principal razdao da mortalidade relacionada ao cancer é a disseminagdo de células
cancerosas para locais distantes. Contudo, apenas alguns pequenos grupos de células
tumorais podem formar metastases, com sucesso, por adquirirem mecanismos para diminuir
a resposta imune, escapando assim da vigilancia imunoldgica (Zhang et al. 2016). Esta
condicdo imunossupressora contribui para a metastase em multiplos passos, tais como
migracdo de células tumorais, sobrevivéncia das CTCs e crescimento das células tumorais
metastaticas. Embora as células tumorais possam entrar na circulacdo nas primeiras fases do
desenvolvimento do cancer, a deteccdo de metastases sé ocorre em estddios avancados
(Nemeth et al. 2003).

Células do sistema imune sdo capazes de eliminar diretamente as CTCs, contudo,
evidéncias crescentes vém demonstrando que em ambos os modelos (animais e humanos) o
tumor primdrio pode alterar a mielopoiese, convertendo células mieldides em células
imunossupressoras potentes, entre elas os neutrofilos patologicamente ativados (neutroéfilos
associados ao tumor-NATs) (Ostrand-Rosenberg 2008; Gabrilovich et al. 2012). NATs tém sido
relatados como produtores de fatores angiogénicos e de enzimas que degradam matriz
extracelular, o que suporta o fendtipo de metdstases e suprime a resposta imune anti-tumor.
A maioria dos estudos concentrou-se sobre as funcées de NATs no microambiente tumoral.
No entanto, estd cada vez mais claro que NATs atuam além deste microambiente,
desempenhando multiplos passos durante a progressdo tumoral (Demers et al. 2013).

Heo et al. (2016), demostraram em estudo prospectivo com 10 pacientes com CRLA

submetidos a tratamento neoadjuvante que a modificacdo entre as contagens de
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subpopulacdes de linfécitos circulantes durante o tratamento pode determinar correlacdo
preditiva a resposta ao tratamento proposto. Ou seja, em pacientes com reducdo da
contagem da populagdo de células “natural killer” durante o tratamento com a radioterapia
observou-se correlacdo com a resposta patolégica linfonodal (p=0,034).

Em relacdo a terapias imunoldgicas, inicialmente o Pembrolizumabe e Nivolumabe
foram aprovados como drogas inibidoras da familia dos imuno check-points PD1/PDL1 pelo
FDA, para melanoma refratdrio a Ipilimumabe (Brahmer et al. 2015; Vaddepally et al. 2020).
Resumidamente, PD-1 (do inglés, Programmed Death-1) é receptor expresso por células T
ativadas, considerado um ponto chave de controle da resposta imune, que medeia sua
imunossupressao. PD-1 age principalmente nos tecidos periféricos, em que as células T podem
encontrar seus imunossupressores (células tumorais, células do estroma ou ambas) que
contém PD-1 ligantes (PD-L1/ B7-H1 e PD-L2/B7-DC). A inibicdo da interag¢do entre PD-1e PD-
L1 pode aumentar as respostas de células T in vitro (lwai et al. 2002; Topalian et al. 2012; Zam
et al. 2021).

O uso de inibidores de PD-1 e PD-L1 em outros tipos de tumores (pulmdo, mama,
bexiga e rins, por exemplo) tem produzido bons resultados em termos de toxicidade e
atividade anti-tumoral (Philips et al. 2015; Shin et al. 2015; Hegde et al. 2020). A expressdo de
PD-L1 pelas células tumorais, por IHQ, apds o bloqueio de PD-1, tem sido avaliada como
potencial biomarcador de resposta terapéutica, mas tem mostrado limita¢des técnicas. Além
disto, hd uma correlacdo fraca entre marcacbes IHQ de tumores primdrios e metastases,
mostrando que o tumor primario ndo é um substituto adequado para verificar expressao de
PD-L1 em sitios metastaticos, e assim, definir tratamento (Jilaveanu et al. 2014; Yoshimura et
al. 2019; Rozenblit et al. 2020).

Mazel et al. (2015), em estudo realizado com 16 pacientes com cancer de mama,
isolando CTCs pelo CellSearch System, encontraram expressao de PD-L1 por imunocitoquimica
em CTCs de 11 pacientes (68,8%). A intencdo do grupo agora é verificar se esta expressdo se
correlaciona com resposta ao tratamento e usa-la como “bidpsia liquida”.

A expressdo do PD-L1 no cancer retal ainda é pouco estudada, mas alguns autores tém
demonstrado que a radioterapia pode estimular sua expressdo, embora seu impacto
prognostico e preditivo ainda seja desconhecido (Saigusa et al. 2016; Chiang et al. 2019; Chen

et al. 2019; Boustani et al. 2020; Huemer et al. 2020).
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2 OBJETIVOS

2.1 OBJETIVO PRIMARIO

Analise da expressdao por Imunocitoquimica de RAD23B e TYMS nas CTCs do sangue
periférico de pacientes com cancer de reto localmente avangado (cT3/T4 e ou cN+) submetidos
a tratamento neoadjuvante com quimiorradioterapia e correlacionar sua auséncia de
expressao com a resposta patoldgica completa e, assim, identificar possiveis respondedores

ao tratamento.

2.2 OBIJETIVOS SECUNDARIOS

° Verificar a influéncia da cinética das CTCs na resposta ao tratamento e correlacionar
com a resposta patoldgica completa apds a quimiorradioterapia neoadjuvante e com a
sobrevida livre de progressao e sobrevida global para os pacientes com cancer de reto
localmente avangado;

. Analisar nas CTCs marcadores de resposta imune (PD-L1) e de invasao (TGF-B) e

correlacionar com evolugdo terapéutica e progndstica.
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CONCLUSOES

Com nosso estudo demostramos importante correlagdo entre a expressao do RAD23B
nas CTCs (baseline e pos QRT) com a auséncia de resposta ao tratamento neoadjuvante
com QRT.

Avaliamos que a expressao da TYMS nas CTCs também pode contribuir para avaliacdo
preditiva de resposta ao tratamento neoadjuvante dos pacientes submetidos a QRT;
Conseguimos demonstrar no cendrio de doenca localizada, conforme ja haviamos
demonstrado na doenga metastatica em estudos prévios do nosso grupo, a relevancia
progndstica da cinética da CTCs. Este achado enfatiza a importancia da avaliacdo
dinamica com as CTCs na estratificagcdo progndstica destes pacientes;

Além da expressdo do RAD23B e TYMS, conseguimos sugerir que a avaliagcdo de outras
proteinas na CTCs como TGF-BRI e PDL-1 podem contribuir na avaliacdo progndstica e
terapéutica destes pacientes;

Reconhecemos as limitacdes do nosso estudo, como o tamanho da amostra, tempo de
seguimento e a doenca localizada. Pode ser que o fato de termos trabalhado com
doenca localizada tenha dificultado o isolamento das CTCs, impedindo a avaliacao
molecular durante o estudo de todos as proteinas sugeridas nos objetivos;

Apesar destas limita¢Oes, nosso trabalho possibilitou o conhecimento de possiveis
marcadores que devem ser avaliados em futuros estudos clinicos, a fim de aprimorar
a avaliacao de resposta do tratamento neoadjuvante, o manejo dos pacientes e assim

individualizar o tratamento.
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Abstract Mecadjuvant che moradiation {WCET) followed by total mesonsctal svcision is the standard
treatment for locally advaneed ectal cancer (LA RC). To justify a non-surgical approach, identification
of pathologic complete response (pCR) & required.  Anahrsis of droulsting tumor cells (CTCs)
can be used to evaluate pCF. We hypothesice that monitoring of thymidylate synthase (TYMS)
and excision repair profein, RADZI homolog B (RADZIE), can be used to predict msstance to
dznﬂ:mp}r.‘radiuﬂ'ﬂw Therefore, the a.inunf'ﬂlis:hﬂ}rmn:tamu]}ur CTC s froem Flalim'l:l
with LARC whio underwent NOCET FI'I.B-II.I.I:FL]I' fnr:q:!mni.m af TYMSEAD2IE ard toevaluse their
predictivevalue. Blood samples from 30 patents we e collected prior to NOCHET (51) and prior to surgery
[S2). CTCs were isolated and qum‘il:i.ﬁ:db}rEE[E‘_. Flmtiuweuz aml}mcd.hy:mqurndtmiﬂql:.
and TYMS mENA was detecied by chromogenic in situ bybndration. CTC counts decreased betwezn
5] and 52 in patients exhibiting pCR (p = (LOZ) or partial response (p= L0l}. Regarding proiein
expession, TYMSwas absent in 100 of CTCs from patients with pCR (p= L00L) yet was expressed
in 5% of non-esponders at 51 (p< L0001} Meamvhile, BA D23E was ex pressed in CTCs from 75% of
mior-pespanders at 51 (p = L01) and in 100% of non-esponders at 52 (p = 0001} Surprisingly. 100% of
rm:lpmﬂenet]:u’ulad TYMS mEMNA atbaoth I:imepuim{p: 0001}, In addition, TYMSFADZIE
was not detecied in the CTCs of patients exhibiting pCR (p = (U001} We found 83.3% of sensithrity
for TYBS mEMA at 51 (p = 0L001) and 100% for TYMS (p= 0.064) and RATIZ3E (p= 0L01) prodein
ﬂ:PIE.iD\:I'I ak 52 Thus, TYMS mEMNA andior T‘t'ME"Rﬂ'DEEcrpmldnn m CTCs, as well as CTC
kinetics, hawve the potential to predict non-response to MO and avoid unnecessary radical surgery
for LARC patients with pCE

Keywords locally advaneed mectal cancer; circulating bumor cells; RADESH: thoymdd ylate
synthase; chemoradioresistance

1. Introduction

Colorectal cardnoma is one of the most commonhy coourring necplasmes in the Wesbern world.
Mopeover, :hlpilz imprwcmmhi.n treatme=nt, colomectal carcinoma pemiains an i.mpnrl:.n.l' cause of
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cancer-nrelated deaths worldwide [1]. Bectal cardnoma, which acoounts for approximately 30% of all
Fri.wu:yculure:l:lmi:dumchri:ﬂd I:l!.r an anatommy and naberal hi:tul'_!.rliurmdi.ﬂ:inct from
other colonic tumors [ 2,3].

Meoadiuvant chemoradistion (MCET) followed by total mescrectal evcision is the standard
treatment for locally advanced rectal i (LARC). MCET i generally recommended for patients
with cT3T4 disease or lymph node imeclvement [4].

The absence of viable umor cells mﬂn‘gal:]:ﬂ:unﬂns after MCET iz defined as= Pamnh-ﬁuml
complete response (pCE). It occurs in 1-300% of pattents [5] and it is associated with a betier prognosis
Capecitabin and Sflucrourad] (5-FLUT) are curently the most widely used radiosensitimers for NCEL
In some p.'ul:i:nn, chemoradiation induces pEE. .ulﬂu:u.Eh radical surgery &= recormme naded . for micst
patients [5,7].

Accurate identification of patients with pCE is necessary befom pursuing 2 non-surgical approach.
Marmy studies have evalusied the acouracy of the digital rectal scam and images in identifying patients
wi.'lh]:lCIt [6.5] However, the l:n.liﬁu:i'l].r an.d.l]:-u:iEn:d}r of these methods are too low o ﬁﬂ.‘l.l.l'ﬂi!l}l'
F::d.irt]:EE. Mnhcuh:uu]}r::ﬂfgmapmm also been p:rl’l:rn'l.n:l and have been shown
to be unsuitable for identifying patients with pCR who can be follow ed without radical surgery [10]
B=ently, promising data have supporied the use of a “watch and wait” strategy for pabents whe hane
no signs of a viable tumor in a digital rectal exam, edoscopy (with or without biopsy ), or imaging,
The Iil::ﬁ.l'm-ud.u-fhmmpmrﬂti:mi:ﬁmalfnrﬂtl: palil:n'l:.. amd miost could be cumed I:l!.rlahra[q:
surgery [11].

haddiﬁcm,mickrhﬁ:ﬂmtﬂtmaimil}rnfpari:ntlwﬂl mtIﬂ]:lﬂlld.tﬂNm il‘i:lﬂ:l:l!l:l!l}l'
i.mp-m'lm'lt to :id.ui'tiE}r the e Fa‘til:nl:. in an atiempt o |:||:r|.":|n'u:1: the Tesponse o these Flal'i:nl:l.
Asthere ame no randomioed plla.le—]]l shodies to date, mmp-a.rinﬂ:lhhltl’ah:mrwi.lhhnlahd mudwection
chemoradiotherapy, it becomes fund amental to identify 2 biomarker capable of selecting patients for
these approsch [12-14]

For oogar- preserving treatment strategies, the ability to identify tisses or blood biomarkers that
|:||:|:di:l Pﬂf:mﬁwnm in"cl.'_!.r i.m]:-urlm'iL Clmﬂal:.nﬁ tumior aells (CTCs) are a eeal-time
soure of biomarkers, which have lih-uw'npmmi-: I I':-:i.l.il:'l:i.nE'ﬂt detechion amd umrulnumEufFCH
and nor-responder patients. It has been proposed that the identification and anabysis of CTCs would
I'm:il:il:h::irnﬂul:iﬁtiun:t:! uniderstand minnsic fumor featunes and diarachﬂilﬁunfpaﬁalhﬂiﬂl]:ﬂ]
or non-espanders so that individualized tresbment strategies can be applied [15]. To date, use of CTC
counks has been H.IJ'FI'D\"IEd.II}l' the: 1S Food amd Eh'LﬁﬁdminilhaMunmenﬂi: tool for metastatic
prostaie, molon, and brest cancers. [16~15]. Ad.d:l:nnaﬂ].r'l__l'l:h:!‘uu can be vpssd to mondtor tumor
msponse bo systemic treatment [19,20] Meamvhile, molecular dharacierization of CTCs has facilitated
studiies of binmarkers, i.l1.|:|.1.E|:iI1:E pmt:i.n.i e u:]:um-iun and dhromosomal translocations [21,22].

Since -unl}r a srmuall pmp-urti-m'iof]:!ali.mtlw:iﬂ'l lullt'l:ﬂc]:leri:nn: mp]:h TeESpronse fnl.ln'l.r.i.nE;
chemoradiation, an in'lpml.n:d. Lm.d.l:rl'la.ndinﬁ; of the molecular medhanisms 1.|.n-|:'h:r]}r:|1.E; msistance
2] cl'l:muﬂ'u:ran,r and radiation I:h:m]:!],r mesistanoes is ssential For d'u:n'l:lh:m]:!],l; the main target
of 5FU is the emzyme tiyrmidylate srothase (TYMS). TYMS expression anahysis has been wed to
pedict mdividual response to MCET and has exhibited good prognostic valoee for rectal cancer
recurrenie [1%.24] Eadistion therapy is an eflective component of necadjuwrant teatment and it
induces Fn:li.-: dalna[r_ Em'l.lnqu:ntt_!.l; the ultravickst excision mpai.r pmt:'m. RALXES hnm-ulug'ﬂ
[RATD2IB), which is part of the nuclectide svcision repair process [25,26], would podentially be indoced
by the genetic damage intreduced by radiation therapy. Becently BAD23B was found to be associated
with breast canaer relapse risk [17].

The aim of the present study was to explone the mle of CTCs in patients unde rgoing NCET
in]hm:d.l:}rmFr}rfnrh:a.mtnE LARC In addition, the Fmdidiu: valoes of TYMS and RATDZSB
before and after MCET were evalusted.
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L Methods

L1. Fatients gnd Treatmed

This prospective stady was conducted at the A C. Camargo Cancer Cender (S0 Paula, Brozil) and
was approved by the local ethics committes (2141/15C). Writien informed consent was obtained from
all patients prior to enrolment Patients met the mchsion criteria for this study if they had a diagnosis
of rectal camcer, umﬁmﬂdh}rbiﬂp’__.r p-aﬂ'l-ulng}r;]ud lnca]l:,ra.dt'a.nmd d.mu:m.Fd as cT3cTd or
BN+ and were candidates for chemoradiation rh:m]:!].r per instifutional pmrnl:ul. FPatients wens
excluded if they had evidence of distant metastasis; a history of amy surgery (2.g., colostomiy) within
h-mw-n:h]:uiurt:ﬂt inibation of treatment; or wens Ial:i:lﬁ'a:li:iﬂmguhnuatﬂt Ii:l:l'u:nfﬂ'u:sl'l.l:l}:
Cancer stage wias defermined with pebric magnetic msonance imaging and dhest and abdominal
computed tomography.

Blood samples were collecied at baseline or prior to MCET {51], and then pricor to surgery
(52} Venous blood was collected from the antecubital vein and these samples wene stored at room
femperature for 2 maximom of 4 h prior to analysis.

Radiation therapy was applied with a theee-dimensional (30} conformal echnique. & 45-Gy
doses was a]:lpl:i::l m 15 fractions over the entine PEhI'.i.l. Im add.i.ﬁcu'i,.aill-G}r radiation boost was
administered to the primary tumar and imrolhved hrmph nodes in theee fradtios, for a total of 504 Gy
applied in 28 fractions. Chemotherapy mgimens consisted of either intravenous 5FU administered
:|rt.1v|:1|:||m|:v:|nl’'Il:IZI:I:|:|1E;I':|:|'|2 on days 1-5 during weeks 1 and 5 of radiabion therapy; or oral capecitabin
admimistered at a dose of 1650 nﬂmi.id d.m'inﬂ'ﬂ.'l:trd:iura.l:lialinn I:l:zal:l:l:lﬂit]:lu'md. Eal:h]:ul:i:nr':
physicdian determined which regimen was appropriate.

The evaluation of the response was defermined by the comparative analysis of the baseline
images in 51 with the images befor surgery (52) In addition, we evaluated the pathologic response in
comparison o the dinical staging established by baseline images

22 Isoletion and Chumitgicetion of CT'Cs and Protem Analyss of TYMS and RAD

ISET¥ [ksolation by size of epithelial tumors] was wmed o quantify and anabze CTCs
Hn:E}l:. Pﬂ'l.p{'l:m.'l'b]-n-m:l l.'l.l:l'l.FlEl wene colleced from Falin:nhin‘h:l EDTA tubes (8.0 ml BL¥Vacotaimer,
Franklin Lakes, ], US4 ) and then wens hmtnpi:ﬂdatmmhmpenm: E-DI'I.I.I:I-I:-D-']'L Sam]:h-wem
then peepared as described previcusly [268]. Briethy, ISET membrans spobs wiee oot oot and subjected o
immunacytochemistry (P0C) with an ant-RATD2E antibody (1:100 CSE-PANS2H0LA D HLU; CusaBio,
Wuhan, People’s Eepublic of China), an anti-TYMS antibody (1: 250 WEIDIOT298M 1 ; Sigma-Aldrich,
5t. Louis, MO, USA), and an ant-CTMES anbibody (1:200 HPA D0440; Sigma-Aldrich).

Szeded spots from the ISET membranes were additionalby subjeced to a 24-well dual color
10 assay (Polink DE-ER-HuMs A Kit GBI Labs, Bothell, WA, USA)L Brietly, antigen meirieval was
performed by using a DakoTM Antigen REetrieval Solution {Dakn, Santa Clara, CA, USA ). Cells were
then hydrated with 1X Tris-buffered saline (TBS) for 10 min and then permeabilined with Triton X-100
for 5 min MMext, o=lls were insed with 1X TES and incubated with 3% h}rd:an Perm:i.&:inlh:dark
for 15 min to block endogenous perovides. Immobilized cells on the membrane spots were noobated
overnight with primary antibodiss diluted in 10% fetal calf senum in TES. To amplify primary anthody
signals, the spots were incubated for 30 min with abbit horseradish pemosidase (HEF) pohrmer
(GBI Labs), then with 3, 3-diaminobenzidine {I#.B) for 10 min. Afier amplfication, the spots wens
mcnbated with a mdp:im:}ra.nﬂ:lnd}rﬁurlh a.ral:rl:lil.u'l.Ppn-]}nn:r[GE[ Labe) for 30 min, and then
GEEFPermanent Bad (GBIl Labs) for 10 min. The later emagent was freshly prepared according to the
manufacharer’s instructions. J'I..ftr.-.'lni.ninﬁ: the e llswith hal:malm:_!.rl.i.n. l'pﬂ:hn:m wer examined
with liﬁhl: uﬁ:mpyfﬁ:za:d\iyltmhﬂmp El:ﬁ-l;CH}rmpul,.\"i'aJﬂlm MA, USA) CT s wens
counted per 1 mL blood, as previously described by Keebs et al [28] CTCs were characiericed
according to fve criteria Megativity for CD45 stining: nuclews s@e 12 pm, hyperchromatic and
inzﬁ'ular nucle; visible qﬂn]:-lam. and a nuclear I:-u-l:_!.rh:!PI.al.m ratio > 80 [30]. CTCs were considered
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poaitive for TYMS or RADZIE evpression if at least one ozl in s specimen stained for thess markers on
I0C anahysis.
23 CTC [ solahion amd bnmmmostanimg Conbrol
donior blood spiked with HCT-5 colomectal cardnoma eells. For the KOO adion and TYMS anbbody
comtrol, kulmq.ltlfrm Ital:l:lq.r filteped blood were weed. ﬂn:nm:]i.ng to the Human Protein Atlas
(hitpyfwwweproteinatias crgl), the latter express TYMS As a positive control for the RAIDZI8 antbody,
HCT-B ells wene spiked in healthy donor Hood and filtermd on ISETE. To create a negatine contood
for 10T, the same o=l I.inzwul.Ltd.w:iH:rnut]:lrin'LM],r antibodiss in order to ensuse exchusion of
crnn-:al:tiu:il}r. Tomtﬁrmﬁatmu]}l::d. T s were ot lnlhnu:}rlﬂ, minhtﬁwlﬂianmﬁ-m
m'li:nd}rwu]:lﬂ'ﬁm'nd.
24, Chromoganic In situ Hybridization Assay for TYMS

T¥MS mPMNA was detecied in intact cells by using a chromogenic in sitn hybridization (CISH)
:tln.}rempl-:l_y:inﬂ; E‘.'I'{h-:u]:-e T-u'_'lu'mhﬁgr [ACTDbio, Newark, CA 1USA) ﬂmﬂ.-l'l.ﬁ‘iﬂﬂ'l! manufachomer’s
Flrnl:uml C}rmlnmrm&md:m:dudimdh}rnurgmupm- also nsed. Bn:ﬂ}r Ore spot was ot out
for each patient sample and these wers placed inindividual wells of 2 24-well plate. The membrane
spots were hydrated with 1X TES for 5 min before being incubated in 1% formaldebyde sohition
for & min at room Eemperature. The spots we e then rinsed 2 with distilled water before applying
55 drops of BMNA scope Hydrogen Perovide (ACTbio) to each spot. After incubating the samples ina
Fuomid chamber for 10 min at room temperature, Ii'u:lpm:lmrcwﬂhud T with distilled water amd
mumnted on slides. To =ach slkde, :-I-dml:unfn:}rtalumr ]:lepsm wens appl':d. Afer 10 min af room
Emp:rahue'l:h: l]:-ul:weremm.rnedt:! ﬂuﬂ—wdl]ﬂah:,wadudiﬂwiﬂn dissilled waker, then rapeid.l}r
dehydrated in successive 1-min incubations with 70, B5%, and 100% ethanol solutions. Afier the
spots wens ke ft to air d.l}rmlhe slides, J-dml:u nEaT‘l!"!uIS—:Pcn:iEc pmbe were added I'n:a-;'h.-.]:lnt
Afier 2 hoat 40 "C in a HyblE cven bybridie er (A CDbio), drops of Ampl-6 solutions weee added,
a.-n:m\dinﬁt: thes manufacturer’s ]:mulnmL with washes perinu'm:d.wiﬂ'i 1X THS F:il'l-'!l]:!.l:. thes o=l s wiene
mcubated with chromogen and 5% hasmato ylin then placed on slides with aqueous mounting media
and coverslipa. The samples were inspected with brightfield micoscopy (EXE]-CHhympus; (hympus)
To dmi@rﬁhﬁmﬂfﬂﬂpm amn absenoe or p::ru::c-fltnhﬂngwudmi:ﬁnd as mpl:iw:l:r
15 ShatisHonl Anehysis

Initially, a descriptive anahrsis was performed to obtain absoluie (n) and relative (%) frequency
distributicna. Toevaluate pmm'bh associabons betwesn the variables of infemest, a u:u'ltinan:}r tabde
was constucied from n.m.pl:dalz. l:hi-lq_m tﬂl:-ufu‘d:]:lﬂ'ﬂﬂﬂl: or Fisher's exact test wens nsed,
as appropriate. The level of significinae was set at 5% and all statistical anahrses were performed by
luj:tﬁﬂ'!ﬂﬁpruﬁnm for Windows, version 15,

1. Results

3.1. Fatieits

Thirty patients with rectal cancer were enrolled n this study betwesn April 2016 and January
18, Clinical characieristics of these patients ame listed in Table 1. The mean age of this cohort was
56 years (range, M-72) and 60 of the patents were male. For 67% of the patients, their ectal tumaors
were located 7 an or less from the anal verge.

The baseline (pricr o MCET) T stage was cT2 for 4 patients [13%) ¢T3 for 21 patients 7o),
and £T4 for 5 patients (17%]). Bassline M stage was cMNI for X2 patients (73%) and &N+ for B patients
(E%). The mean time o surgery completion following MORT was 77 days Pathologic T stage was
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P10 fior & patients (30%], pT1 for 5 patients (17%), pT2 for 7 patients (23%), pT3 for 9 patients (30%),
and pT4 for 2 patients (%) Pathologic I stage was pli for 21 patients (70%]), pM1 for & patients
(2P}, and pM2 for 2 patients (7). One patient (3%) exhibited disease progeession during NCKEL
Complete pathologic msponse after precperative therapy was deieded in & patients (31%), while 7
patients [23%) had their tumors down-staged (ypT1-2M0)

Tabde 1. Patsent charocheristics

Characke ristics N
e it gt (Ehis- i, Years 503
Cencdeer
belake 12 (6
Female 1z (4
T diisbare: fromn e onal v
=T am o0 (67
7 e 1o (=3
Clinacal T base e
T2 e 13
T3 =
L (17
[N I (73
M+ & [z
Patholegical T stape
L Li] & (2
Ti1-T2 1z (4
Ta-T4 1 am)
o 13
Pathebegical W stage
[N s Bu]
1INz & ()
o il
P e binvae: (it ) aof comypletion of BDT for susgery (days] 77 (B0-143)

Abbrevisbome [ Discase Prognesson; BT cadictherapy

All patients wepe toeabed with 25 fractions of 45 Gy to the pehris with a 31 conformal fechrigue.
haddlﬁmail—G}rradiaﬁmbﬁutwuappﬁedhulh:primal}rhmmgnezmhzamtﬂeh}m
or interruptions that lasted more than two days. Twenty-siv patients (86 7%) meeived intravenous
5FU and four patients (13.3%) meived capecifabine. The main trestment o icities wene grade 1
or X diarrhea in 10 patients (33%) and grade | or I oral mucositis in B patients (27%). Mo grade
3 or 4 texicities were reported. There werne also no differenaes in adverse events between the fwo
chematherapy gooups.

3?2 CTCs

CT s were detected at 51 i.l'La]IEﬂpati:nI: of onar cohort, and at 52 i 24 pal:i:nl:l_'ﬁa;l.ut LA,
The mezan CTC concentrations wers & cells'ml at 51 and 2.5 cellsfml at 52 Kuthcaru]}rﬂm
that CTC kevels were increased in 3 Falicn'l:l,. :lzn:lzmzd.:inll]:!m:ienh,. an.d.rmairudl.mn:hanﬁed m5
Pa‘lil:nl:l. '.I.'.I'h:mna.n'L—I'Cmu.ancr mlL was 3.1 for I:]'bml:wiﬂ'i]:rl:ﬁ. 155:rﬂ'huuﬂ:hibi.tinﬂ;a Flarl:i.al
msponse (FR), and 19 far those with non-mesponsive tomom. Patients exhibiting pCH and PR showed
a decrease in CTC kinetics (caloulated asm CTC baseline [CTC]) = CTC post-CHT [CTC2]) during
treatment (F = 002 and F =001, rupe:mrelz.r Table 2).
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Tabde 2 Kissta connts af cisnalatig bome g |k (CTC0) b bk (CTCL) and post-meosdju ant
chesneradiation [MNCRT) (CTC2) G peints,

CTCyml CTCxmL Rinction of CTC1
" P 13 fane NCRT e NCET = CTC2

F= il

]
run el R OE e e M S

B B e gl b e e e L L | b L BRid b i me G e L L LA | L e g s e L
e e b b e i e e b dm b G L R T G e e G b b L b b e e
MO OM N WA MK Y AWM MY MY AN MY YN W WY

Abbrrvisbaree MICH T Mo uvst che mossdioShe rapy; CH Complee s spomss; PR ParSall seporos; NE: Fo nisponee.
- - --i! =i;

! ¥ al
. =i

[

=
| | w
; P ML
o # ah z
!,%l’ﬂ J'[:h ¥
de K

Figare 1 wmmwmmmmmdnﬁmm

g o ruarilicativan). (BT sbainund w ith a enb thmadyloke aysithee (TYMS) sty vislinnd
wuhpmkrd,ulmtﬁhﬂndnﬂhhmkiﬂmptbnuﬁmﬁﬂﬁn} [0 4T sbainind weith an
oot B D238 antibwndy, v iusliind weith 3 3dsminobeeidine (TAR), and omesbendammnd with hasmatyhn
fo bl maagpalicative) (00 TG nepative for TYRS oA and courteratannnd with b paboy lin (o030
eugenification) (B CTCs with a low TYMES sBMA sigprol {noemall e passaon) conoerabonmnd with
Bt by i {080 sruspgpreificastioann). (FPCTC writh i byl TYME B gl vt pivsiican ) consibfbiinnd
writh hasmadrmyln (ol mogfeation) Al insaggs waehe analmad an o Rl Syrdiem Musosope R
((Myenpas, Tokys, Japan) conplad to o digitall cameme (B0 enpas) Thadk armees sdacate TS,
Bt asrpues incdicabie knabieyiess, and askerisks indicake 8 po pons of the SET® mesibroes.

Eof 13



Clls A0, £ &1 Tk 13

33 TYMS md RADZIE

At baseline, TYMS-positive CTCs wens detected ;7 patients (23.5%) by 10C (Figure 1B) and in 21
patients {70%) by CIEH (Figue 1EFL RADE-positive CTCs were detected in 13 patients {43.3%) by
IOC (Figuee 1C).

After chemoradiation, TYMS positive CTCs were detected in 10 patients (41.6%) by BOC,
while TYM5 mENA was delecied in 16 patients [61.5%) by CIEH BAD23E-positive CTCs wene
deiected in 14 patie nis (58.3%).

Baseline TYMS mENA and RADZIE-positive CTCs were assocated with poor clinical response.
For example, all 12 patients with nor-resporsive tamaors had TYMS mENA deteced in their CTs by
CEEH In contrast, 83.5% of patients with pCR did not have CTCs expressing TYMS mBRNA (F= 0001;
Table 3). At 51, RA DISE-positive CTCs were detecied in 33% of patients with pCE, in 16% of patients
with PR, and in 75% of pﬂﬁcnl: ﬂ:h:l'.l:ul:mﬂ: no Esponsse (P =001} Thus, there was no association
betwesn detecion of TYMSex pression in CTCs by I0C and response type in 51 (Table 3). To confirm the
value of thes pruh:i:uub:i-nma.rhﬂ:_.mcnn‘lpamd thesse foond weith the miost used clmical paramstes,
which is pathological response of the primary fumos. We foand, for TYMS mBEMNA, B3 3% sensthviny,
B3.3% spedficify, and 55.2% positive predictive value (FFV) (p= 0001} (supplementary table)

Table 3 &Pmpmﬂﬁdmﬂﬁﬂbﬂmmudﬁﬂﬁnﬂm

[+ PR NE
CISH + 165 7 pleil
TYMs - 815 35 0 Pt
B fawree TYMS + 165 25 b Peli
MCET Ipinsheing - HA% 75 o
RAD + 3is 185 i
[proken) - 65 gs e Pt
CISH + 2 3 100
TYMS - 75 70 o P-om
After TYMS + ] ] B8
MCET [poosiing - 100 100 145 P oom
RAD + ] 25 pleil
[prodein) - 1 75 0 P ot
Abbosvistions NCFE Neomsdjuvant chenomsdicthemapy; CF: Complete saporse; FR: Partml esporse; NRE

iy nisvpeersas.

Peat-chemoradiation anahyses (52) showed that expression of TYMS and BADISE n CTCs stronghy
corelates with poor response. Forexample, TYMS-positire CTCs were not detected in the patients
with FEE or pPR, et Ii'!].l' werne deteced in 3% of :n-:rn-l::l:Fu:m:i'l.re pa‘ti:nl: [F < DLL; Table 3
Furthermors, T MS mBEMNA i:l:pl:-iu-nal 52 correlated with m]:-u-rliq.w.iﬂtT'r‘MS mEMNA detected in
all-nfr]'h:pm:thiritilgm e SpanE (F=0001} We found, fl:er':l".l'n'ISpr-uh:i:n, ]m-:nn'l:ivil};ﬂﬂ‘ﬁ:
specificity, and 100% posithve predictive value (FFV) (p= L0G). For RATI23E, the values wenes: 100%
seraitivity, 7% specificty, and 100% positive predictive value (FEV) (p= L0} (supplementary table)

Lasthy, we found that expression of TYMS and RAD25E in CTCs was stronghy predictive of
responae hype. Fnu'-ﬂ-camph. after MCET, TYMS- TRADISE™ CTCs were defected m 1000 of the F:R
Patil:nl:. in B15% of the ]-"‘R]:'al.":nh_, and in none of the N'R.]:ul.":nh. However, TYMS*/RADXSB*
CTCs were not defecied in patients with pCH or PE, and yetweme detected in B3 5% of patients with no
msponse (= 0001} AtS], CTCs expressing TYMS and BAD238 did not correlate with esponse bype
[F=101; Table 4). Mearnwhibs, :q:u:e-im of TYMS mEMNA determined which Flal:in:nl:d.id:rml |:=|.'_|:-:n|:1
to chemoradiotherapy at 51 and 52 (Figure 2).
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Table 4 o Labican b b iin Hﬂudm?mlrin i plussiony Fmﬂlﬁ

Profile CR % PR % NE %
TYME-/RAD- & Ea 16% e i
TYMS+/RAD: i} AL 6% MICET
TYMS+/RAD- P= k1
TYMSRAD+ 0 = &
TYME-/RAD- 10 Eas a Afler
TYMS+/RAD+ o ] o3 % MICET
TYMS+/RAD- Pl
TYMS—RAD+ . 1as 1as
Abbosvisbrne NCFE Nemdjuvant chenomdiothimapy; TR Complete sapomse; PR Pardal ssporse; NE
Pl nsspamsa.
Trid
. A&
L
= RALGIR
= . IS )

-
o=l

Figure 2 Schasn desnivosbra ting both msethed ol ogiis nied to wbeot poapondiers and son-sspanders
ber purcadjorviant chemoradiothe rapy: sBNA debected by CI5H and peobein i pressicn debecied by
ey tochemestey (100

4. [Miscussion

LARC teatment generally consists of MCET followed by tota] mesorectal excision. For high-risk
patients, postopeative adjuvant chemotherapy may additionally be considered [21]. The ability to
identify patients who hawve undergone complete eradication of a tumor follow mg MNCET is crucial
Ini the current study. we prospectively demorstrated a strong corelation betwesn expression of TYMS
and BADI3E by CTCs in patients with LARC and pCR following NCETL

Among the S-60f% of patients with LARC who espond to NCET (Le., their ftumors are d
following treatment]. many exhibit improved survival [t has been e ported that pCR afier MCET
is asmocisted with improved cancer outcome and significanthy decreased rates of local recureence.
Comrersely, the 40% non-esponss rate afer MCET [31] mpoesents he terogeneity in response to standaed
treatment [32,33]. For the latter, new H'i:m]:leuﬁc mt!Ei:l,. avoidance nl’t-:l:in:i:l}r associated with
mnusifective treatment, mﬂmrdmnudinrmtctumnﬂuu]:ﬂlﬁcnpﬁurumnﬂd:d [34,.35]. In addition,
the identification of biomarkers would facilitabe the oreation of individualized treatment plares.

The ability to identify tumoes that do not respond to rediothe rapy is useful for helping patients
avoid radiation side effects such as GBbrosis, fecal and bladder incontinenos, diarthea, d}r:-.'ma.
and myelosuppression [346,37]. This knowledge would also facilitate discussions reganding alternate
approaches, such as mome pobent necadjuvant mult-agent chemothe rapy strategies or a rationale
for fn::[lpci.nﬁ; radizbion I'J.'i:m]:!}r. There ax several studies that have discussed these conside rations,
alﬂ'l.nu@mhlut'l:dmurhﬂrﬂnalwiﬂ Flzl:licl rﬂrzlparﬂznanCETwiﬂn h.iﬁh acCuracy still mesed to
be identified [T7-35]. In the present study, we wee able to dentif MCET noe-esponders at S1 by
:i:bl:l:inﬂ:T‘ll".'r!l'S mEMA. Thuos, i.t'upun'.l:!h:ﬂul detection of TYM S mENA in CTCs could mprement 2
valuable mmmmm:muphmmmﬁm Furthermone, detesction of
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MmEﬂF-MmHmhﬂﬁpﬁmﬂncﬁmm-mmhiwd}mhﬁimdhu
RAEE isimrolved in DMNA repair following radiztion damage, and s identification m CTC s can guide
mm&mmmnmmmmmmhmmmm&w
affer NCET, 100% of patents with pCR did not express either proiein. Mearmvhile, 83.5% of patentswith
nioar Esponsie fumors ex presssd both proteins and the remaining 16.5% expressed at least one of these
'El:mt'l'l.l. [n addition, TYHS mBEMNA ﬂ.'pmn.maftrHﬂElbnudhmhpmﬁﬁlyfﬂnm—rﬂpmﬂcn
(10Fa) and was not related to protein expression (Figure 3} For the seven patients who presented
discordant mEMNAfprotein positivity at 51 (Supplementary Table 51), they exhibited a cormespond=noe
h:rwunT'!’MEFh:ﬂpmldniandTTLEPrnuﬁnﬂ:Fn—irl at 52 Gﬂlﬂﬂﬂq}ﬂlﬁ:*n‘h
have Pmlﬂ.l}rhn:nm&m&ungl hFMEpmﬁnll haddﬂi:ri.'l:rnsb-nmunipnmal
mechanisms for blocking protein synthesis have been characierized [40-42]. For 5-FU, thepe are several
papers that describe this cormelation [43,44]. The present mesults support the hypothesis that CTC
anahbysis can be a ussful ool for identifyring patients who will respond to chemoradiotherapy. As a
msult, 1“Hatd1mﬂwai.flu=hmrbnmmupﬁmtnb: mﬁﬂuﬂdhaﬂkﬁﬁmtﬂrﬂmlmq:

Locally sdwanced meckil cancar palients ns 30

- CTE scomt (00, ""\_\ + CTC caund OCE "\\
= TYRES: arad FOADG S el = TrRES wecd AL Doy
= | ()
Slcle 2y f

Figare 1. Sussary of methodologies, analyaes, and sesalts o the preset stedy.  Patiente wee
ensalled priar b the stast of NCET. Blood was colbeeled o perform CTC coants ad mokacular asalyss
Al bassline, comnplele esposue (R} cormdated with bow kvels of TYMS mBENA In contrast, WE
carnelated with high bavels of TYMS mBMNA and BEADZSE probein expacssion. Bleod s phes weae
calkecked again dusiog follone-ap afier NCRT CTC analy s shened that CR conselsted b b baveks of
TYMS eaBNA sl RATRSHE probein o passiion, whike WE corse latend bo bagh kvels of TYMS sBNA and
“m]}fﬂ&ﬂw mmmdmmﬂnhimluﬂndnﬁiﬂw Blarad oot
Eﬂtmhﬁlﬁmlﬂludﬂﬂﬂmdﬁlﬁpmﬁﬁlupﬂhupfﬁ:hh&ndﬂﬁlmﬂ
anmm Alb ey mlbiong mwwmmmm
ﬂdmlﬂﬁ!&ﬁﬁulﬂ&ﬂmﬁ&uﬁﬂﬂ:ﬂbmﬁ Fntbillmperdl_

Ch;rarul}lﬁufMD:EBard T‘l’hﬁup:n’m:ﬂ'ﬂtdﬁnﬁlﬂ]ﬂ:ﬂ:l for these fwo pmti:nl
ﬁndmhﬁ&:m@mhﬂlﬁhmmpﬂﬂuﬂmmﬁl and 52, we decided to

further examine the mRI'llﬁﬂ]:uzﬁnmufT‘l’HEﬂiﬂn m&h}rhrﬂizaﬁi:naln}rl:pﬂ&mmd m =it
with CTC=. All of the CTC s froem rm—mlp:ndhtﬁ;paﬁcnhﬂ]:mdﬂbﬁmﬂﬂhaibﬂ&l 51 and
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52, Thus, this ﬂﬂ}fﬂdﬂjﬁtd l'l:iﬁhﬂ'ﬂ-iﬁ'ﬁil}f and :pn-l:i.ﬁ.-:i'l}rﬁ:l' i:l:nl:il'}l'anMRC]:lal:il:nhw}mm
Fl::d.ici:d.t:'b-: l.'IlI:l'I.-I!IFl'I:u'I:lﬂ'!‘lﬂ r.l.din-:'ltmnﬂtu]:l}r.

hfhrNCEI.T':'T-‘ISﬂ'F::nimmrJﬂ:dhzd a:hmlﬂ;mlaﬁmuiﬂiﬂ”immit &appnvahn:ﬂ.&
P'= L0} in absence of responee to treatment. This second assay at 52 cost bes to perform besides the
poasibility of performing more than one protein Frﬁn‘um'ﬂ.‘ECTEiimla.td.b}r]EEl'a methodiolagy
Funlhﬂ'umq.we]:umiulll]}rm& matehvamdﬂ'hﬁﬂpuuimhﬁﬁwumudabdwiﬂi poor
prognosis among pabents with metastatic colomectal cancer [24]

TYMS, a downstream I:u.rFrmuhcuk nf_'r-FLI',]:Ila].rl a]-!].r role in DA :_l.rnli'nris. 'I'I.'lcen:].rl:l:h:
Eh]}IIEI -|:‘i:|:|:r.'_!.r|.|.r.i|:|.'i:|.1: ml:u'huphnn]:lh.atl: IJIEI}I".HIJ.HI'I. b |:ln:|d|.||:: d.mr_!.rﬂ'l}lmu:lm m'phm]:l}ut:,
amad l'ubuq_'l.ll:nr.'l}l; I:'h].rmid}rlar_ Increased Tﬂ-ﬁ-ﬂcm is 'I:I'l.nuEhI: fo be ::l'pmm'bk fior 5-FLU
mEsistance in pal:i:nl:lwi.lh colopsctal cancer [42,43) Mearmwhdle, RAINZIE is a member of the nucleobide
excision repair sysiem, which stabilices the xeroderma pigmentosum complementation group C [XPC)
proiein and potentistes its interaction with damaged DA [45] XPC subsequently mitiates nocleotide
Excision :]:ui.'l: It is maot -|:'h:arw|1}r increased ]:m:-:lul:l:inn of RAD2IB F!rnl::i.n was obasrved m CTCs
from non-responders to NCET in the presnt shudy. A possible by pothesis i that noressed el of
this nepair Flm‘E-l'ldllri.l.'l.E treatment makes it difficult to eliminate cancer EEEI':I!.I' MCET, a stradegy that
is based on inducing apoptosis as a result of DNA damage.

A treatment approsch that dessrves discossion in the content of cor study is the “watch and wait”
strafegy. For the patients whese tumors respond completehy to MICET (as evidenced by radiclogic,
clinizl, and tndnﬂu:lpi: evaluations), a “watch and wait” sitategy may allow pali:nl: to avosd
the morbidity, mortality, and functional consequences of radical surgical teatment. A eently
Fll.l]:!li.lil'hnd ml:la—amabrnl of 30 ]:ul:'l:ntl who wer monitored with a “watch and waif” strategy
Mﬁatﬂumtmrtm I:::af-r.'l}r inml]:lnnhdinlnamu]ﬁd.isdplhnaqr management F!l.u.ninu.'
the treatment of patients with ectal aner who achiene pCR after necadjuvant treatment [12,46-48]
Therefore, identification of a biomarker that can F:dict PCF.I:-D]"-I:HI treatment pu.'inrt: tre atmmeenit,
or in Ih:earl].r I'I‘.aFﬂftl’Hh:l‘Enl. waould be of great -:Iinicaltrl:i].ii}rin:nmbi:ul:inn with -nummnnl}r
used clirical parameters.

In the present shudy, it was obsenved that 100% of patients who esponded to MNCET did not
express TYMS or BADESE proteins on their CTCs at the beginning, of their follow -up monitoring.
This lack of protein expression in CTCs is consistent with imaging and kinetic studies that have showned
a reduction or elimination of CTCs post NOKT. Furthermore, we obsenved that CTC kinetics correlated
with disease outcome for our patients with LARC To the best of our knowledge, this is the first stady o
demonstrabe this result The observed decrease in CTC I:vt'l:dm‘u‘g tr=atment i.r|.|:||.1.ra.|=|irwnb."i.1'g
n:urlpl:t -:I.']:urh.a] mlpm'uufm'ﬂmﬂl]:!]:lm'tﬂt LLlcofEfCanal}r:uh: F::d.ictrﬂ-pnr_ o NCET.

In SUMmMArY, Hur mesuks pml.ri:k vahiable data mﬁ;miinﬂ; o pnhnl.'i.a] biomarkers of
chemoradiation resistance in patients undergoing necadjurant trestment for LARC Despite the
l.malll.um]:!k :.i:e-ufmrmld}l:.fl'c kiretcy as well a8 TYMS mEMNA andor Mmleﬁn
ﬂprl!imhmwe: fnmdt::um'iﬂ;l}rmlatwiﬂn FCE_ Further studies are needed tovalidate
these fndings with a larger patient cohort B ICTC anabysis proves useful in predicting pCR with
Il.ia;hanu.l:aq.l; ma:l'l}rpal:icm:ma}r be:pmdrndjmlmgryfnrmrm] canier treatment. In addition,
bicmmarker and kimetic a.nal].rll of CTCs iy :i|:|.=ntiE_!.r pnl::nl:i.a] null—l::pnnlin to treatment with
MICET, Ii'!l!b}l'ﬂl'l.ll.r}l'l.l'l.ﬁ a need to evaloaks nﬂ':ri:u'uu-nd’ﬂl:np}rf-:rﬂtz pali:nh.

Supplementary Materiale The lulhwmﬁmwhhb]r colime ab hethpFwwe v snd pi coan 73S0 S mid] e,
Table 51- table of semmitivity, spesifeily and ptd.‘-.ﬁv-whnuf Eromsarkers ev aluated
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Abstract The discovery of predictve bioearkeTs i metastatic colomotal caner (CEC) 15 essonttal
o bprowe: clinbcal oobeomes. Bevent dats suggest o poberbel role of ctireulstng huomaor oz s (CTCs)
as prognostlc mdicabors. Wee conchecied o follow-on aralysis from s prospective study of conseoitve
patarits with mCRC CTC anahysts was conducied ot two trnepaints baseling (CTC]; befom: starting
Jhn'ﬂﬂ'ﬂ-nw]m! mmﬁunfmmgmmtm CTCthnuq'qlunnﬂﬂnmm
coniplebed by BET® (Raracells, France] CTC expassions of drog msistunce sssoclaled proteins wee
avahwied Progression. fee survival (FPS)and orerall sarvival (05 were cstimaied by the Baplan-
Meler method. Sevenby-five patients wese enrolled from May 2012 to May 2014 & CTC1 cot-off of
3umfnﬂ.wmmmjnm!wlhmhfuwmmﬂn’rfnndm lower vahes A dfemenae of
CICE T = 55 O il woas assockaied with o mduced median FFS By muolSvariaie anahysis,
CTC = 1S CTs mal. was m:h'h-hfm'hhmtpmﬁ]nlin factor for worse U6, mesistanoe
Pmﬁm-i M-I:arpm was assoeclabes] w Lﬂtpumnﬁd.mtﬁ.mbmlﬁ counbs, kv tes,
and MEFP-1 expeession wem predicthve of dinkeal outeomes. Larger stodies are warranied foexplone
the povienitial chindeal bane Bt of teating miCRC patients with targeied therapeutic sgiens guided by
CTC fnadings.

Keywornds umﬁﬁlﬁmmﬂxhﬁﬂm mmmlmmhlmtpnym mu]th-:h'nﬁ
Tesisfonce probetn 1 (MEP-1)

1L Introduction

Colorectal cancer (CRC) is one of the most common gastrointestinal tumors, constitug-
:inE the sscond most common cancer diagrmzd.:i.nw:ln:nmﬂ third most commeon in men,
and accounting for approximately 10% of all incident cancers and canoer-relsed deaths
worldwide [1]. Apprsimately 50% to 60% of CRC patients develop metastases, with 8
to 0% of these patients affliced with unmessctable hepatic lesions [2-4].

The management of metastatic colome dal canoer [mCRC) has advanced =3
in moent years [5] Treatmenis have evolved from the time when S-Auomuracil {5-FLT)
was the onhy active agent and confermed an overall sunrival (05) of approximatehy 11 to
12 months, fo curment therapies that msult nan average O5 that is reaching thoee years.
These improve ments have been driven primarily by the availability of new active agents
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that inhibit angiogeness and pmli.fﬂm‘l:inn patinways by argeting vascular endothe lial
grow th factor and the epidermal growth factor eeaephos, respectiveby [5-9]

Despite thes advances, the I.'Et:m#mn}rafmﬁﬁﬂ 'mpﬂdﬂeﬂ:—uﬂl by the oncologist
to design targeied treatment strniegies and to optimize personalized therapy. Conssquendtly,
the development of predictive tools that can be applied toeach patient befors the initiation
of treatment beoomes essential for clinical practics [10-12]. In addition, the discovery of
cimulating biomarkers to improve patient management is imperative due to the limits-
tions of the curmenthy available methods of tisue biopsr and adiokgical evaluation for
fallnvﬂpudpmgncﬁs. Thus, in &h:emnf]:lmcisbnnwd.i:h:,ﬂh:llquldbiupa}rhu
become an important decision-support tool for the oncologist in the design of treatment
strategies [13-17]

Liquid bicpesy constituies real time analysis of tomor and for metastasis compomenis by
body fuids, such & blood, urine, feaes, saliva and allows the assessment of the complexity
and heferogeneiny of the dissass. Liquid biopsy componenis are circulating tumor cells,
cimulating tumor DA and microBMAs, tomor-derived extraelolar vesicles and thus,
provides a less invasive and dynamic way o predict a recurmence: and mesistanee o the
proposed meatment [15]. Groulating tumor cells (CTCs) ape released by primary and/ or
metastatic cancer during their formation and/ or tumor progression |19]. Mumenoass
previous studies have shown that CTC counts can predict Fi'nE;ml:inn-E:u: survival (FFS)
and 05 hpab':n‘hwiﬂiea.ﬂy and metastatic breast cancoer, m:ta.l'hl:icplaltat cancer and
CRC [20-23]. There are currenthy 963 dinical frials using CTCs worldwide (clinicaltrials gow,
aoessed on the ¥ March 2121), repesenting the inberest in the applicabiling of Liquid bicp=r
in the management of oncology patients [24].

Therefome, thene am perspectives for CTCs to be wsed in the CRC Enu.'l:m:ni.ng [earhy
detection of invasive cancers); in localined cancer (risk stratification, prognosis amd miomi-
‘l:unngafhr treatment); and in metastatic disease (treatment design, esponss
and identification of drug mesistance mechanisms). However dinical validation is still
necessary [25-X7]. In addition, as there am man}rdi.fﬁmnr methods to isclafe CTCs, it is
also fundamental to standardize the methodology and mamy international efforts have been
made in this senss. The majm'i.‘q.ro:l:ﬂt echnologies described in the Geratore use EpCAM
to isolate these ells, however, there ane controvernsiess about the use of this molkeoule to
isolate CTCs from colorectal tumor origins. In the review paper from Eslami-S et al. [28],
the authors comment about the variation of EpCAM positive CTCs among different types
of solid camcers, that high mmber:nfE]:!CﬁM positive CTCs am often deteched in blood
mtpklfn:m Fa‘l:i:nhwiﬂt'l:uzast. Fmslat and small cell I:l.mﬁ:c.u.ru:ll: Thnu-nl:rl.l.m::l_'EF-
CAM + CTC) are low in]:lati:nhwi.ﬂipmmul:iq colopectal ard non-small cell ll.u'iﬁ:m'l.n::r.
Ini metastatic codomctal canoer, F-er:r:a.mpl.:, CTC counts vary E;rutl}r between studies,
with around 10% to 30% of CTC-positive patients at baseline befom treatment Chur group
hanve been working with ISET (Isolation by SizE of Tumors, Ramae ik, France) for a long
time= and have ]:n.l'l:!l.i:hn:l studies in colorectal cancer, with hi.a;l'l:rl:htcticm raies, around
88.5% [29,30]. It can be explained by the possibility to isolage cells independenthy of the
marker, =0, CT s u.nd.:re:l:uli'!lml—mndtyma.l transition can be -nu:n'lyt.uh:n

Here, we have a follow-om study, with the objective to evaluate the neal i.mpan:r-uf
CT = in 05 amd PZEE.W:iH'L]:!a.rtafﬂi: cohort included, we previously demonstrated the
importance of kinetic evaluations of CTCs [26] and assessments of CTC expressions of
thymidy lage synthase (TYMS) and multidrug resistance protein-1 (MEF-1) as potential
predictive biomarkers in mCREC patients [29.30] 5o, we analyzed data set published
previoushy by our group (with 54 patients) combined with an additional sample (moe
2] patients) to determoine it CTC [counts and kinetics and biomarkers) would remain as
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L Materials and Methods
2 1. Patiemt Eecruitment

This follow-on anahysis of a prospective longihedinal study was conducted at the
A Cm'l.au'a;u- Canaer Center l_'RuaPmafmmAn‘lﬁmu Prudenges, T11, Liberdade; S&0 Paulo,
Brazil) and was approved by the local Ethics Committes (CEP 1367/ 108-10 April 2012).
Written informed consent was obiained from all patients prior to enrollment. Indusion
criteria included a diagnosis of inoperable metastatic colomctal cancer, confirmed by
histopathology of the primary and/or metastatic kesion and radiological anahysis; aﬂ:enf
=18 years; Exstern Clinical Onecology Group Performance Statas (BCOG PS) of 0-2 without
organ dysfunction; and an intent to begin chemothe apy for metastatic dissase. Cancer
stage was defermined by the results of a pinysical examination and diagnostic imaging, and
was soomed by the Response Evaluation Criteria in Solid Tumors (RECIST) criteria v.1.1 [32]
Fatients weme designated by numerical code to preserve -mnﬁ-:hnl:i.a.l.i.i},r.

22 shudy Design

We conducied a prospective cohort stody All participants had 8 mL of blood colleced
at two different timepoints: baseline (CTC]; before starting treatment with either first
second, or third-line chemotherapy; after the diagnosis of metastasis or tumor progession;
or at the initiation of a new chemotherapy mgimen); and two months abter the stark of
treatment ({CTCIL when radiological imaging was ped:urntd.

Patients underwent nnm]:!utl:l I:-nmug;mph}r and for n'uE'n:Ii: D ST imum
of the thosx, abdomen, and pelvis befor CTC1 collection and approximately every
24 months -|:||.|.1.'i.11g treatment, or as -.-J.inuall],r imdicated in the jud.;ﬂ;:tn‘t of thee att:ndi.nﬁ;
plorsician. Images wene interpretsd using the RECIST criteria v.1.1. The clinicopathological
information of the patients and the mutational status of RAS in the tumors werne colleded
from medical records.

L3 CTC Isalasion and Idmiglomtion

Blood (B0 mL) was collecied in etioy lenediamine e traacetic acid (EDTA) fubes and
maintzined under homogenmzation until processing (approximatehy 4 h) by the Isolation
by SzE of Tumor cell echnique [ISET®; Ramoellk, France) according to the manubac-
turer's instructions. To identify and anahrze CTCs, we pedformed immunicor tochemistry
(DOC) using the I:nLh:rwi:lﬂ: antibodies: ant-thyrmidilate synthase [TYMS) (WHOO7208M1;
S-iﬁnu—ﬁ.ld.ri:'h,. San Luis, MO, UUSA) I':r\rv:rl.f_:,r 5-FLI mesistamnce; antiexcisiomn ::]:la.ir-:mcn—
complementation group 1 protein (ERCCL) (SABSNEYS; Sigma-Aldrich, San Luis, MO,
US4 I:-l:l\n:r.i.l.:_:,r m:alipl.ulin mesxsfance; amd ml:i—mull:idmg resistance associated ]:!n:!l::in—l
(MEP-1) (HPADIZIED; Sigma-A ldrich, San Luis, MO, USA) to determine irinotecan resis-
tanae. We also p-u'hnn:d. KC ag'ai:urﬂ: I:ukuq.rte COMImEHL ami.FnCDd.fr [CEE-PADNIOSEG;
CusaBin, Houston, TX, USA) to ecclude humc:,rhlﬁm-:ur anahysin. Afer the WOC as-
say I:p-:rfnrm:d as described by Abdallahet al 2006 [29]), spots on BET* membranes
were counferstained with hematouylin and analyzed by light micoscopy. We conduced
cytopathologic anahysis of CTCs according to the following parameters: high nuclear—
cytoplasmic ratio (>8], cll dismeter >16 pm; iy perchromatic and ireegular nuclked [35)

24 CTC Cowmt

We considered the CTC count a= a continuows varable and caloolated cul--nﬁpuinl:l
to discriminate betwesn two En:luplnl:'pal:i:nh. those with g:lndwmnt'hm: w:ilhp-u-ur
clinical outcomes. The cut-obfs for each event of inde rest (05 and PFS) wen estimated as
previously reporied [34].

2135 Shatistical Analysts
Baseline patient characteristios were expressed as absolute and melative frequendes for
|:_||.|.ali.lz.li".l= variables and as the median, mdnimum and mas imam for 1:|1.un|:ilzl:b.n= varables.
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Regarding CTC counts at the tw o timepaints, the determination of fwo Fupuufubﬂ:wa-
tions by a simple cut-off point was estimated using the mendimum of the standardized log-
rank statistic [34]. Smple cut-off points to diflerentiabe groups of observations CTC counts
ateach timepoint were estimaied by using the maximuom of the standardined log-rank statis-
tic. In other words, CTC and delta CTC (CTC2-CTC1 ) vahses we e calonlated 'b}r Lansen
and Schumacher method [34], which aims to determine the best cut-off point in order to
discriminate the survival functions. The value 1.5 for CTC1 and 5.5 for delta CTC obtained
W plan::l:l as cut-ndfs, as quallnlil.rt variables {ﬁnpphunmr}r EEu::: 51 and 52). Then,
we estimated the survival curves using the Kaplan-Meier estimator and the covarae’s
ehectwas evalusted by means of Cox regression proportional hazands model.

Survival functions wem sstimated by the Kaplan—bdeier method, and curves wen
compared by using the log-rank test The Cox semi- parametric proportional haards model
was fitted fo evaluate mlal:inruh:ipl e e ooy ariarbes and overall mr\rivalfprus;mninn-
free survival [35]. The assumption of proportional hazards was assessed on the so-called
Schoenteld mesiduals [36,37). Thee was evidenee that covariates had a constant effect
over time in all cases Ohverall survival was @louladed from the date of CTC] collection
to the date of first recurmence, determined by diagnostic imaging or last follow-up. The
significance level was ficed at 5% for all tests. Statistical anahrses wemn performed using
TBM SPS5S Statistics vemsion 230 (TBM CA!I'EL, Armonk, WY, USA) and B modtware version
3.5 (R Foundation for Statistical Compting, Vienna, A ustria).

3. Resulis
A1 Patient Characheristios

Seventy-five conssoutive mCRC patients were enrolled from May 7012 to May 2004
Mean age was 59 years (24-8] years), and most were male it = 42; 58%]. All had metxstatic
disrase at the time of enrollment, incheding 22 7% (1 = 17) with metastasis confined to
the lver, and 37.5% (1 = 28} with exira-hepatic and hepatic metastasis. Most patients
had an BCOOOG PS of 0 or 1, and mone had contraindications. to I}L‘I‘E:I:I‘I.il: dh:mmmp:,r.

ne percent (1 = 31} had undergone previous surgical resctions of metastases; 25%
(n=19), 17% (n = 9} and 4% (1 = 3) had uuncl:imnﬂ'l:puﬁ:, pulmonarg and hepatic and
pulmonary metastases, respectively (Table 1), Baseline CTC] anahysis was completed before
the imdtistion of Arstline chemothe rapy in 38/75 pal:i:nhl:ﬁl-ﬁn‘!"u}_:beﬁm the inttiation of
second-line therapy (afier dissase progpession during first-line therapy) in 275 patients
(B6.7%); and after progression during second-line therapy in 1775 patients (Z17%).

Table 1. Clindcopathclogieal featums

Varlable ' [ %
Total mumsker of pabients 75 10
Age (In years)
Median (Min-Mav); Mean {50 59 (21-41) S7AR(1LET)
Gender
Ml v 55
Fernals 13 H
BECOG 08
1] 43 &0
1 25 33
2 7 7
LakTality

i
e
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Tabde 1. Comt_

Varlable M %

Locabion of e tastasts
Oy hepatic
Hepabic and exira-bepabic
Utther (pubmonary, ymeph node aed 20
or peritoneal)

First lre trea et
Ohcalbiplatin based
[rinsoiscars bamesd.

Mo chemsosherapy

Lire of treatroent (ot CTC] collection)
First-line
Sovord -l
Thitrd-Fir:

Metastasls 2 cion

Hepabic
Pulmorary
Hepate and Puleonary

[l memanr oy

FAS status

'i"ﬂH-‘l;.lpﬂ q1

Mhotant k]

Urikersowm 1

BODG PE Raskern Cooperative Orkology Canoup Performance Statos; S0 stmdand deviation. * Felabed o e

13 padtieiibs weith RAS fiulidions, 1 had KEAS codon 12 motions, fefe Rad KEAS codon 13 motabons, feo hud
KRAE codion 188 i bk s, infvd oofer Puad] s MRAS codan 17 i bstion.

B
e 3B

ra B

E
BEE |WBE

=

Ewe E
Bepl

Deg

Median sunvival was 345 months (55% cordidence ingenval (C1), 28.3-407 months) RAS
mutants wem associabed with 2 median suncival of 2001 monthes (5% CI, 10.7-29.5 maorths),
which was !Iﬂ:nlbﬂ.l.‘lﬂ}l' shorer than that of patients with wild-type RAS, inwhom median
survival was 41.0 months (35% CI, 323107 months); log-rank p= 0.001). Patients with
right-sided colon tumors had an inferior median survival (205 months, 95% CI, 11.3-20.9)
wheer :m‘l.]:!a.md with Pa‘li:m:l with left-sided camcers (358.5, 95% I, 303457 months)
(log-rank = 0.015)

3Z Prognostic Vialue of CT'Cs

The best estimated cut-off pairlﬁurf.l'C'l amd 0 for the entire cobortwas 1.5 CTCs mlL
(median 25 CTC s ml, range 0-31.2 CTCs mi). Patients with CTC] > 1.5 had a median
(5 of 245 months (55% (1, 9.5-38.4 months), Eum’rh:'ﬂﬁ-nfpuﬁ:mwi.ﬂtﬁﬁ <15
(342 months {95% CI, 18.4-50.2 months); log-rank p = (U041 ) (Figue 1)

Fatients with CTC1 > 15 had a higher risk of death than patients with
CTC1 < L5 CT s/ mL (hazard rafio (HE) = 1.853; 95% CI, 1.015-3.528; p= (L041) {Table 2).
Fatients with CTC2—CTC] = 5.5 per mL demonstraied poorer median pmﬁ':e:.n'nrrﬁue sur-
wival (PF5) (3.2 months; 95% CI, Q145 months) when companed to CTC?—CTCL <55
(5.1 months; 95% C1, 7.1-11.1 months; log-rank = LI0G). Patients with CTC2-CTCL = 5.5
had a higher risk of death than theae with CTC2-CTCL < 55 CT0s/ mL (HR = 3.107; 95%
I, L34-722; p= 0.01) (Table= 3)
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Figure L Kaplon-Meier curves of overall survivial in the gereral shindied population (7% pationts with
metastatle enborectal cancet) I bloe, survival corve fﬂ'l:'Fu‘hi‘n.tH"l‘ﬂl -_:]_'-CI"C,I'len'md.p.mﬂd:
with =15 CTC ml fp = Q1)

Table 2 Esttmate of the parameders of the straple and snlsple Con regression mode] for overall survival from netastabe:

calom carkeT.
Stmple Cox Kegrescdon Maodel Melult Cox Regresslon Model
Varable Category ple
HE os% O = HR = =
=18 Ret Rel
LS >18 L33 10153528 L1 13 1113 4919 Q028
Megatve
MEF1 FPoative 47 Lr121 529 03
Wik Rof Kol
RASatabus e d 106 1672 6531 001 54T 13 12886 <0000l
Loft side Ref Rel
Latemallty g b aade 2 HE 1178 4282 w14 2166 Q984 47T 088

HIE: hsand ratic; Fef ssfereno: categorg

Table 3. Estinate of the parametors of the simple and molphe Coc e goession mode] for progresstan-free surviral from metastaSe
ool O caloeT.

Stmple Cex Model Multiple Cox Model
Variable Category HE - 9% 1 " HE Hp;h a "
Cre-cra - A 1340.7.220 Q010 b QL9505 918 006
MRF1 iy g L GEs 484 LT
RAS stafuss MTM :ﬁi L 5783 w001 uﬁz ATISTIT  clood
Laterality nlfghft: nhi JEE-; 0975 2902 Q087 -:E:::s 0392 008 e

HE: havand rifio; Bl nrfoedoe Shbejony

Amuong the 38 patients neceiving Birst-line therapy, thosewith CTCL = 10 had a median
(5 of 79.74 months (95% C1, 17.9-41L6); in patients with CTC1 < 1.0 median OF was not
reached (log rank p = 0.0%; HR = 2.5, 95% CJ, (LB3-7.53, p = [ 103). We estimated a cut-off
of CTC?—CTCL = 20/ mL for PFS i this group. The median PFS was 4.5 months (35%
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Cl, 1.7-7.3 months) for ]:!ali:nh with CTC2—CTC] = 20/ml, and 22.3 months (35% CL
8.0-34 5 manths) for thoss with CTC2—CTC < 20/m (log rank p = 0.001).

For the 20 ]:!ali:rrl:l url:hrﬁm.ng second-line freatment, the estimated CTC1 cut-off
was 165 CT s, /mL for 06, Median OF values were 20,0 months (95% C1, 28.%-580) for
patients with CTCl = 165/ mL, and 435 months (95% CI, 9.2-48.9 months) for those with
CTCL = L&5 ml (log rank p = 0.29). In this group, the estimated cut-off for PFS was
CTC2—CTC] was 1O CTC s 'ml; patients with CTC2—CTCL < L0 showed a median FFS
of 140 months (95% O, 2.3-25.7 months) versus 8.8 months {55% CL 5.1-12 6 months) for
those with =10/ mL (log rank F = L36).

A3 CTC Biomirkers

Evaluation of CTC MEFP-1 expression was limited fo 19 patients due fo estricted
availabiliby of materials (here, we evaluated the same 19 patients included in the paper
published by Abdallah et 2l [25] and arabyzed the power of the variable MEP-1 with the ex-
e ncbed ﬁ:\ll.-mru:p]. MEF-1 ex pression was associaied with worss median OF (421 months,
95% CI: L001-12 4 months) compared fo negative MEP-1 expression (326 months, 95%
iCL, 19.2-46 morths; I.aﬁmk]?: OLIRE). 'Dﬂ-]::it the limibed nm]:!h sire, we demore
strafed that MREP-1 expression in CTCs increased the risks of death (HE = 4791, 5% CL,
L.05-21.83; p = (UM3) and disease p:uﬁ;rmun (HE = 6933, 5% 1, L69-J8.45; p= 0L.0OI7)
[Tables I and 3).

ERCC] expression was evaluaied in 13 patients (dats previcushy published by Ab-
dallah et al. [29] with updated follow-up). Ther: was a trend towands shorter 05 in
ERCC]-positive compared to ERCC]-negative patients that did not reach stabistical n'E'l:i.E—
cance {median OF of 207 months (5% CI, 10.048.5 v 368, 05% CI, 0L001- 102 monithe;
log-rank p= 038] TYMS expeession was anahrred in 36 patients (data peeviously published
by Abdallah et al. [31] with updaied ful]mhup:l. T¥M5-positive patients experienced a me-
dian (5 of 16.97 months (55% CI, 10.2-23.7) versus 168 months (§5% CL 2006-33.1 months)
for TYMS-negative patients (log-rank p = 055).

34 Multioarighe Analysls

Tuwaltuhh:ﬁﬁ:hn&irdzp:rdﬂﬂvariabhmcﬁmd Pﬁmﬁfbdamtdﬁph
Emmgﬂimum:hlhrudtwmmidﬂhq{m,MSmMMﬂ]urﬂH}r I:ri@l-
wnmhﬁ—:id.ndmluiusitufprhrmr}r tumor) for the 0F outoome; and CTCI-CTCL,
F.H.Sl‘hhu.a.nd.latnl:i‘lyfarﬂh: FFS outcome. FPatients with CTC1 > 1.5 had a higher risk
of death than thoss with CTCL < 1.5 CTCsf mL (HE = 234; 95% C1, 1.113-4919; p = U125},
and wer also mope I:Ihl}l'mhﬂl.tul' EA S mutations (HR = 54467; 95% 1, L.32-12656;
p=0001) (Tables 2 and 3}

hultir ariate anabysis disclosed that RAS mutations wene associated with shorer 05
and FF&. Right-sided primary lumors were assodated with a trend toward decee ased (5
and FF&. Unl:nrhmahl}l; MEP-1 expression was not anahmzed in the multiple regression
mode] duwe to the limited sample siee (Tables 2 and 3).

4 Discussion

DChae o thee h:hm-Fm':l}r of miCRC, we have ru:l}r:rdilnmr:::d a = neatee aru:lsj:u:—
-:iE:pmﬂ:ulﬁ:bmrkﬂﬂu'tmlx ap]:!lind in nllcuﬂiod.ﬂriﬁnnpl":ma.l P:mli:zd.
treatment strafegies [32,35]. We currently devise therapies for mCRC patients based on
symptoms, Fn.lna.r},r turmior site, pm.ri.-al.l.l: treatments, cancer sfage, mokeoolar evaluation
(BERAF, KRAS or NEAS mutations and microsate llike mstability), comorbidities, and treag-
ment ;B:mln |5 40-42] However, mpmvmt of this initial assessment procEss & crucial
toenhance dinical outcomes. Advances provided by quid biopsy open new opporuni-
ties for the discovery of biomarkers o forcast mone accurate prognoses, to asses dog
regintanoe befons and during therapy, and to monitor eatment responss [11,25,43]. Con-
!qu:nli}l; the shld],r of CTCs in mCRC is essential, as italJmn-.T.l.unlit.uﬁ\: and kinetic
evaluations, as well as the dznhﬁmhmufd.mﬁ resistance-associated profeins, thus en-
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abling patient-centric prognosis and evalustions af therapeutic eﬂicncg' [13,26,44,45]. CTC
.u.naly:ispm\rii:lﬂa real-tme im.aF of various tumor characteristics, I:l'h:'l.'lii.l.'l.E thee e bt
of hetemgeneity at specific timepoings.

Mumerous studies have demonstrated that baseline 'L_I'Cqu.ard:i.ﬁa.liun has prognostic
relevance. Herein, our study of 75 mCRC patients receiving diffessnt Bnes of chemotherapy
and varied teatment regimens showed that CTCL > 1.5/mL was an independent prognostic
indicator of 08, Inaddition, CTC1 > 1.5 CTCs mL was associated with decreased (5 in
patients moeiving first-line therapy. We suggest that CTC quantification before the start of
d‘!mﬂ'ﬂ!rﬂp}[. combined with other clinical criteris and moleoalar duﬁrrnmm can |:|=|:L'i|:t
clinical cutcomes and the reby assist the physician in designing teatment

In an earlier ll.'ud.}r of 54 Fadi:nh. we demonstrated that CTC kinetics wens i.mpur-
tant prognostic indicators [26]. Our curment study associated higher increases in CTC
counts with meduced PFS in the entiee cohort and in first-lime chemotherapy recipients
(CTC2—CTC] cut-offs of =55 per mL and =20, ml, respectively). These nesults are conoor-
dantwith cur previous findings and demonstrate the clinical mlevanee of CTC kinetios

In addition to conducting quantitative and kimﬁ:ana]}rllﬂfmm assessed drug
mesistance-associaed protein expressions in CTCs that may predict treatment mesponse
and enable the selection of personalized treatment regimens. Consequently, this study
evaluaied proteins imeestigated by our group in previous pulblications [29,51]. CTC MEP-1
expression was elaied fo redued FFS in an earlier study by our group [29]. In the cument
.u.naly:i:,wv: confirmed that in addition to the P:I!"J"I:I.HLF' demonstrake d ::lal:i.ml'l.i.]:l with
worse FFS, MPE-1 expression was associabed with a major eeduction in 05, Yanget al. [45]
evaluasd llﬁpaﬁenllwiﬂi colon adenocarcinoma, and elated MPE-1 a:ln'uu.inn in bomeor
ti:muto]:lunr Pmﬂ:‘bﬂlil. Their results, I:-D-FHEI with ours, hL;g;I'LIl.EhI: the clinical relev anas
of CTC MEP-1 expression as a progniostic biomarker and predictor of therapeutic response
that can be used in futue cindcal studies and, i.f]:lunib.h, in clinical practice to select
MEP-1-positive patients for mone ntensive teatments,

5 Conclusions

I concl usiion, nurm:d}rnfa.}ﬂmﬁ:mumpk uE?Eni:EEPlﬁ:nudmtd
the d.i.l:l:ialutili‘l}r-nf’.__.l'l:mnh. Chaantitative, kinetic, and resistance |:||.1:|11:i.n l.l.'l.ﬂl}l'ﬂ
of CTCs, together with other dinical and molecular factors, allow improved individualined
prograstic fonecasts, Dur study suggests that CTCs mpoesent a promising tool for Astune
dinical investigations to corroborate Ii'ﬂﬁ.l.‘ldl.l‘l.F_. and thas enable the cncologist to select
puﬁ:nl:w}buu CANCETS are mores ].i.'h:l}r‘h: -lpnl.'ldb Pa.rticl.l]ar I:realmmtm&i.mﬂu. ard o

optimine the ssquence of therapeutic options for patients with mCRC
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Abstrack Mhh:uu;g:uﬁq' afmhwmmmmy (NCET) iz st & chal-
kenge in bocally advaned rectal corer (LARCE The evahustion of thymbdylsie syrthase (TYMS) and
EADZY hosolog B (FADQIE) expression i deeulating tonsor colls (CTCs) provides complemsentary
chindeal indormation. CTCs weme prospectively araluaied i 166 blood samples (B3 patients) with
LARC undergotrg MCHT The primary abjecthve was tovertly 1f the absence of RATESE TYMS in
CTCs would comrelae with pathobogieal complets msponse {pCR) Seeordary obijecthves werne to
comrelate CTC kineties before (C1)/afier MCET (C2), tn additon: to the evpression of trarsforsing
Frowth factor- maepior [{TGE PRIwith survival rates. CTCs wene isolated by ISET and evahoated
by munccy tochemisiry (prokeimevpresstan). At C1, RA DES B was detected n 54 1% of patients
with no pUHE and s akeence in 91 7% of patients with pUHR (p = 0014} TYME— was cbaerved i 905
af patierds with pCR aned TYMS" 51 7% without pCR (p = 007 Pattends with CTCE 2 CTC had
waorse discase-frae sarvial (FS) (p = LO000H) and overall sorvival (05 (p = QL0008) compamed with
theome: weith CTC2 = CTCL TGE PRI avpression in any Hvee comelaied with worss DFS {p - 0055) To
condude, EADZIE TYMS and CTC kine Ses may focilitaie the persmnalized beatment of LARC

Keywordse locally advanced motal carctnoms; neosdjvant chemoradiation; hgod biopsy;
drmlhhﬂ;ll.mm’m]l;ﬂﬁmjl

L Introducton

Colomectal carcinoma is the second most common cause of death in the USA and
30% of new cases ane rectal carcinoma (RC) [1,2). At disgnosis, about half of all patients
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with FiC ﬂ.l'ld.iﬂB‘l.‘lDlli with h-mLIy advanced rectal carcinoma (LA BC), which culrlpr.'m:n,

ing to &ETNMdﬂLﬁ:aﬁaILtunmindinimlmFH amd III, defined as ¢T3
ar cT4d and for preseno nl:'rEElmal J}rmph ni:lchsmmplm.i:ﬂd I:l}r the tumor [3.4]. The
stancdard of care for patients with ¢T3/ T4 or N+ & necadjuvant chemoradiation (MCRT)
followed by total mesomectal exdsion (TME) based on the mesults of the German Rectal
Canioer Stl.l.d.}l' Cad/ARD/ AND-S4 [5). Du-pi'h: :ia;niEn.nt diecrease in loml recurrena: rates
from 10% to 5%, distant metastasis and e atment marbidity are still a major problem [£,7].

More moenthy, two phase [T trials demonstrated an improvement in disease free
survival (DFS) for patients treated with total necadjuneant therapy (TNT) when companed
to comentional MCET [£5]. Distal rectal carcinoma is even more challenging since the
great majority of patients are eventually submitied to mectal amputation and definitive
colmsfomy, generating a high social and psychological impact. As a result, thoee patients
treated with NOET that peesent complete clinical resporse could be watched and have a
sphincter sparing approadh [10,11].

The dzudn]:ur!nluf accuraie foaols to betier selact patients to more aggressive therapy
is paramount in rectal carcinoma. Given the rﬂ:l‘l:omﬁff patients into responders and
:'m't—::pnn:hn‘h: NCETpu:inr‘h: s ormet, 'unprmri:rl.glit selection of thoss m-alt].ikr_ly b
obtain a paﬂ'l:l.lngj.ul -Dm:npkt TEsponse I:FEH}, several shudies have evaluated ]:lu:ln'bk
biomarkers, which allow the dynamic monitoring of the disesss [12,13]. However, the
results ane still controve rsial with Emitations for use inclinioal practice.

Liq_'l.l:id.biupl}r rEpresEnis a Fammnﬁ'ln-nl,. i e P:I'\'D-ﬂ:nl:ﬂ.'hll:ﬂlll.l.lbm'l anid H'l:rapeu—
tic resistanoe, as circulating tumor DMNA (ctDMNA) andf or ciroolating tumor cells (CTCs)
can be used ina P'l.l.m:l.ua] and for d.}m.u.mi: way |:|.1.|r.i115 treatrment, -a:mFIen'h:nImg the
evaluation of the discase [14-16]. Sun etal demonstrated in 2 study with 115 paticnts with
LARC that CTCs detection is a pmurf'l.l.l tool to assess and predict msponse to NCRT [17]
Ina prelimminary study with 3 patients, we showed that tinemidylate synthase (TYMS) and
RADI3 homolog B (RATD138) expression in CTCs before and after NCRT could predict
tumor response in LARC patients [15]

Nlmmu.lpiwi.m.lsmd'::. irl.I:-alhﬂ:p:ri.ntntal and clinical trials, associated the
ovemxpresion of TYMS with possible resistance to fluoropyrimidine-based chemotherapy
inva.l.'.in'l.u-lﬂ:lﬁ of cancer [15,20]. In rectal cancer, ptﬂri.-m.'l: studies have demonstrabed that
the low expression TYMS gene cormelates with the pathological response to 5-Fluorouracil
[P Hbamed MICET [21,22])

The identification of LARC patienis with resistance to radiotherapy & still an obstacle.
RADZS homolog B (RADZIH) is a DMNA repair protein, which is the reason winy some
studies corpelaie its expression with mesistance to ionizing mdiation [23,24] RADIIE
expression i ebvaed in fumors spedmens [23,25], but in mctal cancer, 0 fag, there are no
studies thatevaluate this possible marker for prediction of response.

Furthermons, urd-u.'!lzrdmﬁ; the tumor microemvironment formed I:r_:,r inerachons
amomgg tumar cells, immane qﬂnedﬂﬂulﬁlmhmﬂq@kﬂlkunﬁd to ol ewteer-
mine possible therapeutic sirategies and prognostic evaluation [26]. The expression of
programmed cell death ligand-1 {FI-L1) in eedal cancer i séill poorly studied, but some
authiors have shown that radiotherapy can stirmulate its expression, although its prognos-
tic/ prdictive impact is still unknown [27-30]. The transforming growth factor-f (TGF-B)
is one of the numerous oytokines found i the tumor microenvironment and plays an impar-
tant role in the hmnrpuugtln'nn. imacremsesd a.nﬁu:rﬁ:nen: and luppl'c-:i.nn of the immune
mesponse [31]. Thus, evahuating PIFL and TGFJ receptor 1 (TGE-GRI) expression during
treatment may be significant for prognostic/ prediction and betier therapeutic definition.

Finally, ghven the fimt results previously presented (Troncarelli et al, 2009), we fol
lowed and expanded the sampling of these patients as an atiempt to strengthen these
results and structure ideas for futune dinical trials that incorporate Bquid biopsy n the
risk stratification and dassification of humaoes, costomizing the best therapeutic strategy for
each patient with LARC
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1 Materials and Methods
21 Patfent Population ad Study Design

This is a!i.n.Eh center, Fi'nl'g:n:l"ure.duznrﬂl:innal l'h.ldy carried out at & T Cam.arﬁn
Cancer Cenfer 530 Paulo, Braxil, with p.uti:ntlw:iﬂn LAEREC Imclusion criteris wene rectal
sdenocarcimoma, located u]:ltnEmﬁnm-:En‘tmlilt by flexible proctoscopy. LARC
was classified according to the THM classificatiom stage cT3-Td ancdfor N+, a= defined
by magnetic resonance imaging (MEI). The pre-treatment evalustion incloded a pehric
MEI and a computed tomography (CT) scan of the chest and abdomen, evaluated bya
multidisciplinary feam. Those patients considened candidades for MNICHT by instifutional
p:rubml.:l:nllnwﬁlbyl:!m me=sorectal resection [TME] were indoded. Fatients submitted to
different neecadjuvant ::E;int:rn. as short course radiation Iitral:y or THT wer excluded
from this= sim Other inchsion orifers were normal h:malnlnﬁ;iul parameters and
normal renal ion. Exclusion criteria wem use of anticoagulation and pesence of
distant metastasis.

For the study, three s=rial blood samiples were colleced. The En:tsumpkwuml.h:!d
at the mmnl-af]:!ali:rrt inclusion (baseline) before the start of MCET (collection 1, C1).
The second samiple was P:rfvun:n:d.nﬁu' &Eerdafbﬂfmﬂb&ﬂtmgﬂj [collection 2,
2}, and the third sample was performed bebween 2 to 4 weeks after surgery {collection 3,
3], Venous blood was collected from the anfecubital vein and these samples wem sfored
in the mom temperature for a meximum of &h befor anahysis (Figue 1)

The primary outoome of this study was to determine whether the absencoe of RADZIS
and TYMS expression in CTC would comelate with pCE to NCET and themby H:En'l:l.l."'_\r
possible msponders fo treatment The secondary cubcomes wene to assess the CTC ki-
netics bebwesn baseline (C1) and after BMCET (C2) in addition to the evahiation of the
immurne mesponss markers expression swch as TGF BRI and FIFL] with recurmenoee and
survival rabes.

C1: befoee CRT £2: Before surgery C3: Al surgery
n=k3 N5y =6

CTC detection rata: CTC clatection mati: CTC detection rate:
28,7 7L 0%

Flgum L Mﬂwﬁemﬂnﬂmmm{hﬂﬂm{CLﬂmﬂﬁ:nrdh:nhuhhmdmgh
shady and the reasons. for exduding patiemnts (af C1) and not undergoing sargieal approach (at C2). A bbmeviatons: CRT
chemoradiotherapy; CTC, dreulating fumor aell

2.2 Tregkment

Patients wen treated following the therapeutic recommendations of the mstitutional
protool. All patients meived necadjvvant rdistion therapy with a conformed thaee-
dimensional {31 e chmique wiﬂ‘n-ﬂ.‘iﬁyinﬁfm:ﬁmutaﬂt pelviz In addition, a boost
afEAG}rwuad.minishu:deh: primary tumor and imvoheed rmph nodes m thoee
ﬁxﬁm‘nhabﬁ]dﬂlﬁ}rapplindinlﬂﬁm Chemotherapy E-Ei.muumu'uhdd:
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intravenows administration of 5-FL with a dose of 1000 :|1.'|B;.l":|'|.2 on days 1 to 5 during weeks
1 and 5 of radiation therapy; or oral capecitabine administened atadnu-uf'lﬁ&l:lmgfmifd
du.r'mﬂ: the entire radistion treatment Friu-:l_ -:EF-EL'I:'.I.I.‘I.E on the choiee of the a‘th:ndi.nﬁ:
physician. TME surgery weme performed about B-12 weeks after completion NCRL

For initial assessment of all l:rnt:nh. the clindical exammation incheded diEﬂaJ rectal
examination, evaluation of mutine laboratony ests such as complete blood count (CBCL
liver and kﬂmyfmﬂmmmumh?um antigen (CEA) level and CA 199, colonoscopic
examination including biopsy, CT of the chest plus abdomen and pehvic MEL

2.3 Efhirs

This prospeciive study was approved by the loml e thics commities (2141,/150) Wrig-
en informed consent was obtained from all patients prior to study enrollment. This study
was registered at ClinicalTrialks goy (NCT: D2979L70)

24 Shatistiol Analysts

Initially, the base line characteristics were ex pressed as absolute and nelstie :quu:n—
f= Eurqu.al':l:l'i\re variables and as the medisn, minimuem and mesimem for quantitative
variables. In order to evaluate a possible assodiation nfquulilnﬁm: variables in relation
to the msponse (Tumor Regression Grade), the independence test (Fisher's exact test
chi-square test or chi-square testwith Yabes' confinuity commection) was applied to the data.

The univariable and multvaniable logstic regression models were fitbed to the data in
m&rml&n?pnmhh' independent factors for the cocurrence of the response, in which
the measune of association is given by the odds ratio and the rq:lechwmn:mﬁ:kru
inferval The independent variables with P < L2 in the univariable logistic regression
model wene selected for the multivariable model. The Hosme r—Lemeshow test was applied
toevaluate the grodness of fit for logistic =gression models. No imputation method was

Eegarding the analyzes in which the fime until death or eourmence ap: of infenest
the survival anabrsis approach was used. The survival function was estimated using the
Kaplar-Meier (1958) estimator and the estimated survival curves weme compared using the
Jnﬁ—mnh: test. In addition, a Cox Fmpnrlimul hiazards ::E;tzni.m madel {Cox, 1972) was
fitted o the data to describe the e lationship betwesn the independent variables with the
time until death or eocurence. Forthe eourmenoee outoome, all varables with a < L30 in
tie univariable Cox megeession models wee corsidered in the multivariable Cox egmession
model while for the outcome of death, due the limitation of the number of events, we
melecind the variables chosen for the outcome of relapse, also considering their clinical
mlevane for this outcome. In all fited models, the assumption of proportionality was
anmrmned u.lh'lﬁi:l'l:l:nﬁ]d.‘s maiduals (Schoenfeld, 1982; Grambsch and Thernean, 1994)
and in all anahyses we found evidenoe that the efect of covariaies is constant over time,
thss justifying the use of the Cox regoession model

The level of significance adopéed was 5% in all analyses. Thus, results whose p< 005
am considered statistically significant. The softwane E version 3.6 was used in all anabyses.

25 Assesamart of Preoperatine Cliniod Kesponse

The evaluation of the clinical msponse was determined by comparative analysis of the
bas=line with the Fll'l}l'li':l]. uﬂumpi:u:amiiul:im‘i anid i.|:|1.aF at 1 with the ]:uun]:lemliu
(C2). Clinical mesponse assssment was made within 8- 10 wesks afier the completion of
chemoradiation. In addition, we evaluated the pathologicl esponse in comparison to the
of the mesponse (patient follow-up images) wese obtained st the instibtion where the study
was conducied and reviewed by a radiologist with experience in colorectal tumors.
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26 Assesanant of Pethological Respanse

The anatomopathological examination of the surgical material of patients submitied
to TME was performed o assess the histological type, the tumor differentiation, the
pathelogical stage of the TNM (ypTMNM) and the degree of pathological o gression of the
turmor mdmnguntu:mdaﬁerNCRTmmbudmﬂthmmmFubnpdmg
(TR} system, divided into 4 cabegories according to the guidelines published by American
Joint Committes cn Cancer {AJOC) and the College of American Pathologists (CAF), with
the adaptation of a Fcategory dassifiction scheme proposed by Byan [32,33]. The TRG can
be dassifed i.nmd.chﬁ:lml: TRG 0 with no viable rmp]uﬁc::l.h,mmpl:t Tesponse; TRG
1 m]:lmunha moderake m:pan:,w:iﬂn ramns nmplasli: s isolated or in small Froups;
TRG 1 is characterized by a minimal ssponse with residual neoplasia with fibrosis; TRG
3 indicates Hx:nc:-uf]:!aﬂmluﬂja] TeSponae with extensive residual m-aplaia. minamal
mecrosis. All material was subjected fo mview by a single pathologist with ex perience in
gastromtestinal pathology, who was blinded to the anahysis of CTCs image and analysis.

In addifion, we evaluated the Paﬂ'mln-ﬂ;rc.ulmpunu In:l:udn'ba;h:l the THM palh:\]ng-
cal staging (y p ™M) in compariscn with the clinical staging established by baseline images
to deiermine the downstaging obiained with the NCET and, thus, patients were dassi-
fied imdo: complete pathological esponse (ypTOND), partial pathological (patients with
downstaging, but still with residual disease) and without pathological response {without
modification of pathological staging when compared to dinical staging).

27, Isalmtion, Qusmigoation and Protem Expression Amalysts of CTCs
T isolate and anabrze CTCs, we used BET® (Isolation by SzE of Tumomns ol
Ramaells, Paris, Franae). Briethy, EDTA tubes (8.0 mL BI) Vacutainer, Franklin Lakes, N,
LSA) wene used rnmlhanp}hu'al'bln-udﬂmphﬁm patients and wers homoge nized
at rooen e miperature Eurup ter & he. Then, the y were prepared as desoribed poevioashy (Tron-
carzlli et al, 215 After filiration, IBET membranes wene stored at —20°C until analysis.
T evaluaie Fm‘hmﬂ-:grm in CT s, sekcied spl:!l:: from the [SET membranes
were subjected to 2 2&well dual immuncoytochemistry (100) assay (Polink D5-EE-Hu/Ms
A Kit; GBI Labs, Bothell, WA, USA) with the following antibodies: anti-RADIIB
(1:100 CSB-PAOT9260LA DU HL; CusaBiio, Wuhan, People's Republic of China), ant-TYMS
(1230 WHODT258M 1 ; Sigrma-A ldrich, 5¢ Lowis, MO, USA), an&i~CTwS5 (1- B0 HPAOOLA0;
Aldrich); anti-FD-L1 (1:300 AbZ05921; Abcam, Cambridge, MA, USA ), and ant- TG
BRI {1:100 C5B-PADE1ES]; Cusabin, Wuhan, Pecple's Republic of China. Briefly, the finst
siep was to perform an antigen retrieval using an Antigen Betrieval Sclution (Daka, Santa
Clara, CA, USA). Following, cells were hy drated with 1 = Tris-bufiered saline (TBS), 10 min
and permeabilized with Triton X-100 (5 min). Rinsing was done with 1 « THS and incuba-
tiom to block endogenous percxides with 3% rdrogen peroaide in the dark (15 min). Cells
wene incubated with primany antibodies diluted in 1P fetal clf serom in TES (overnight].
Primarny antibody :iE:n.ah wenz .u.mp.l.iﬁnd with rabbit horseradish perocidase (HEF) pohy-
:m:rI:GB] L.ubs} for 30 min and then, for 10 minwith 3.3 diamimobenzidine (T4 B). A fier
an incubation with sscond antibody was made (2 b Following, we added a
rabbit AP pobrmer (GBI Labs) for 30 min, and GEI-Permanent Bad (GBI Labs) for 10 min.
Cells wene staining with hemateoylin and ex amined in Bght micrescopy (Besearch System
]'-En:mu:npe E(-ﬁ-'l_:ﬂﬁ].lmpl.l.l. Waltham, MA, LISA) I:FI.ELI.E 2). CTCs wepe couned per 1 mL
blood, as previousty described with statistical methods by Kebs et al [34] and character-
e a-nmrdinﬁl'u 5 criteria visible c:,l'tﬂ]:!l.ml;nmhmin = 1B pm, r!ﬂ;.ul:n.rrl}rfanDdE
staining; Inyperchromatic and reegular nudei; s noclear to cytoplasm ratio > 80 [35]. Ttis
important to fzke in consideration that we used at least 4 [SET spots o make our CTCs
counts and that we collected at keast B ml. of blood of each patient. Themfome, the CTC
counts ane made per mL of blood, but more than 4mL wene evaluated for each patient.
CTCs were considemd positive for the abovementioned antibodies expoession if at kast
one zll was found staining in a spot. We emphasize thatwhen CTC = 0, at any time, it was

mat possible toevaluste probein expression.
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Flgus: 1 Photomborographs of CTCs 1solated from LARC patenss, stained with ant-PIRLY (A) ang- RADCZIE (Bl anb-
TGE BRI {C) and anb-TYMS () In {E), & CTC with hemmatooyling, withouat any antibody statrirg. Following, in bmes
(F-H. posithe warstrols (oell hﬁngnl,. that n:mniln_g;l].' 0 Protedn Atlas (hitps .-‘l.-."ww.].mhlrmﬂnm'p;.-' movesnsed on 13
Dt comaber WG express the studied antibadices, spiked n healthy mdbridual bload) I (FL. FADL lineage, ocpoessing
POALL I bowe {5} HCT-8 coflls expresstng RATCSE In (H) AMS wlls with TEF-PE] stainimg; in (L]} bencooy s statrieg
for TYMS and CTMS, respectively In boves (KM N regathe controls (all Eneages, that sccordingly io Protein Ates
(hifpes /S www proteimatlas corg) secessed om 13 Devcenber WE]) do not eapress or evpress very low lovels of the studsed
antibodbes, spiked n healthy indiddual Bood) b (K PCS lneage without any ecpression of FTELL In (M), MOFT without
TGE BRD staining ard in (W), UEFMG withowt TYMS expresston. In (L), kacocytes from healthy individnals without
mmﬁ. mepmmldm“mmm%

28 Surmiodl Ouioomes

In patients undergoing NCET followed by surgery, the evaluation for adjuvant
-:h:mﬂ'mp}rwa.l pﬂ.‘fnnn:d: h}r the a‘it:rﬂmﬁph}rlidm The dumﬂ'm]:l}r mﬁi.m:rl.
if indicated, was defined by the team responsible for the patient. For thess patients, the
beginning of the follow-up was defined at the end of the adjuvant treatment.

In addition. for patients with no ndication of adjuvant therapy or for pationts wha,
after the end of WCRET, were niot operated on due toevidencs ofa complete clinical response
and, therfom, followed the “Watch and Wait” (WW) strategy, follow-up was initiated at
this Hirre.

The fnlbw-n.pufallpaﬁ:m:inth::h;d.}rmmiﬂ:d -ud'l:l.inial.la.bnmm'r}r.a.nd.iuuﬂ;i.nﬁ
asessments every three months

Patients wen followed up from the moment of the first CTC eollection (C1) until the
moment of death or last follow -up. Loss of follow-up was defined as the patient’s absence
an two conseoutive visits, with no outcome information afier this period.

The oCR was defined as dinical disappearance (dinical evamination with digital rectal
examination), radiological (CT and for pebric MRI) and rectoscopy with the appearance
of macroscopic dissase asociated with negative biopsr msults in areas suspeced or
previously aflecied by the disease.
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Allenrolled patients wene followed until death or ungil the lst follow-up date. Lo-
comgional rmcurmence was defined s tumor recurrence of brmphatic vessels, anastomosis
or adjacent crgans. Distant metastasis was defined as the spead of the tumor out of the
pelvic cavity. Disease-free survival (DFS) was calculated from the day of surgery (for
patients undergoing tumor resection) or the day of evidenoe of oCR (biopsy and images:
for patients who opied for organ peeservation) until progression disease (distant metastasis
o locoregional recurmence) or death. Cverall survival (05) was caloculated from the date of
the anatomopathological disgnosis until death or the date of the last follow -up.

3. Resulis
A1 Demographic ad Chimicad Viriahles

From 2016 to 2020, a total of 166 blood samples wepe obtained from 63 patients with
LARC undergoing teeatment. A total of 70 patients wene accroed and seven wene sxchaded
(hres patients with problems in the CTC] sample, thres patients with loas of follow-up
e fope surgery and cne patient with madification of the therapeutic proposal). In addition,
7 patients out of the 63who colleced TTCL (C1) and undenwent BMOET did not unde rgo
surgery (one patient with dissase progression after NCET, two patients mfused surgeoy
and four patients with a complete dinical responss [(oCE) being proposed the strategy of
WW) (Figue 1),

Thee clinical featunes are reporied in Table 1 Mean age was 56 years (range 34-52).
Thirty-six patients wene male (57.1%) and ¥ female patients [(425%). Most patients (50.5%;
1 = 51) had good performance status (ECOG 0) in the inclusion of the study. Moderae by
diffe s ntiated tumors (B57%:; 1t = 54 patients) wene found in the diagnosis biopsy.

Table 1 Chirdcal pathalogical aspects, epldemiclogy, and reatwent of 65 patients with locally

Chinbeal Feafures N %
Total nusnber of patents %] pliH]
Agel}wﬂntm:mm
M diar 58
Range (min—mnau) a2
Canadet
Mak: e 871
Female = 41
BECDG Performanes: Skakus
i) 51 L]
1 12 141
Tamsor difeTentation
Well defferentiatend 7 111
Modetately differentiated k- ] AT
Prooady diffenenBabed 2 32
Drstaree of hamar from dentsie e (om)
wd 1] L
48 24 4&
Mo dian 4
Fange (min-max) 5§
Chmbeal Stage (cT)
Tl ar 12 & wh
T3 51 &
cTd & L
Climical Modal Stage (M)
ot 1] 5 o
M1 a8 &03
M2 20 e
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Talbde 1. Comt.
Clindical Feafures N "
(EA i dlagnosts (pgd mlsm = 61)
=3 32 .
3 24 475
Ca 199 tn disgmosts (U mlsn = 85)
=37 10 182
<37 45 18]
Me adjuvant Crematherapy
Capecitatire 24 4
B Fluorowrecdl {8-FLT) el &
E'n.ﬁldugml Tumor Euﬂt f[:.'[";n - b
ypliypT2 3 &a7
ypI3ypTd s 3
Patholagteal Nadal s o S
:|.r|:-]'-.f:n:Bl Lo J 45 a4
1- 11 14
Degmee of W}T_FLT:!-D; (TREG) fn = 55)
o 13 2
1 17 4
2 18 n1
3 7 118
Uhndanowmy 1 18
Fn.ﬁhu'l.ngml C.nn'q:h'h hﬂpﬂm i = 56)
o= 13 2
Mo 4 TLE
MME (meismsidrepair)
Proficient a8 &03
Deficient L] ]
Undanowmy 25 7
Adprrant Chemothenapy
o= 40 et
Mo 23 158
Lewcomgiomal falliore and distant mobostass
Yo n Mo
Mo 41 a1

A iadiodee T, cansshoeibiryonic antygen; B0 Raskenh Cooperiive Onzology Ceeap

At the time of inchusion, 81% (1 = 51) of the patients had clinical T3 and 60.3% (1 = 38)
clinical W1 according to the eighth sdition of AJCC cancer staging manual Cardncembry-
omic antigen (CEA) levels 3.0 ng// mL were found in 52.5% (1 = 31) and <30 ng/mL in
47 5% (1 = 19) patients.

Reprdingwm all pali:m:l underwent the same I.'.‘.Id.'iD'ﬂ'I!rlFI}l' pmtuml th:mi.ng
chemotherapy, 54% (1 = 34) of patients wem submitted to infusional 5-FU and 46% (1 = 29)
to capecitabine.

Ot of the 63 patients in the study, 4 had pCR msponse and of the 56 patients who
underwent surgery after NCET, 23.2% (1 = 13) had pCR. Of the patients who underw ent
surgery in mlafion to the Degree of Tumor Begression (TREG), 23. 7% wene dassified as TRG
0,3d%asTREG ], 3L1%as TRG2 and 32 1% as TRG L

After surgery, 63.5% (1 = 40) of the patients undenwent adjuvant treatment with
chemotherapy. In the follow-up of all patients in the study, 349% (1 = 12) presented
Incoregional failure and distant metastasis. The main site of metastasis wene lung 61L9%
(=13 and liver 428% (1 = %} Palliative chemotherapy was given to 63.6% (1= 14} of
patients and 3% (1 = 11) underwent kocal treatment with surgery for metastasis msection.

Median follow-up was 3233 months (95% confidende interval, 28.88-35.78). The mean
for DFS was 3215 months (55% confidena interval, 27.31-36.99) with 22 events and for
(5, 4683 monthe (§5% confidene interval 44 F—49.59) with 3 events. The median for DFS
and 5 was not reached.
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A2 CTCs Coumd

Of the &3 patients in the study, 166 samples were collecied for Bolation and quantifics-
tion of CTCs; 63 samples at baseline (C1), 57 samples at first follow-up (C2) and 46 samples
at second follow-up (C3) (Figure 1)

The detection rates of CTCs at different fime poings weme: B8.9%, with a median of 2.0
I:D-‘lﬂl__ﬂ:l.lrml.:lofblund at C1; 71.9% with a2 median of LG (0-&63 CTCs/mL) at C2 and at
the time C3 was 5438 with anﬁmc&ﬂi{n—iﬁmwu

33 Probem Expression i CTCs

TIEﬂ:Fm-iunaE RADZIE, TYMS, FI-L1 and TGF-BE] was evaluated in this order of
priovity acoording o the primary objective of the study ateach time of collection (C1, C2
.u.ndE]ud&uwaﬂabiﬂiyu&adk{ﬁﬁmm:ﬂ]hﬂuumpleudhﬂuspnhm
expession of RAD23E was evaluated in 56 samples in the first collection (of the & samples
collacted at C1, 7 samples had CTC = 0}, mdlsamFluatCI(mrciTuthi 16 had
CTC = 0) and 35 samples at C3 {from 46 collected, 21 had CTC = 0). AfCl, 40% of patients
(1 = 22} had RADIIB positive and 60% # = ) negative. For C2 and O3, 39% (1 = 16)
and 0% (i = 0) of patients showed positive expression for RADIIE, mspectively. TYMS
evpmssicnwas evaluabed MalinﬁhrwgmhﬂpudmanMhhm numnier
of samples at each moment and was positive in 35% (it = 20) at C1, 39% (1 = 16) a8 C2 and
0% (1 = ) ag O3

For TGF-BER] expression evaloation, 49 samples were available at C1 [of the 63 samples
mLE:Izd.?ﬂmpluWi.HtffE: El.u.nd?'lamphwiﬁ m:.]:lulmlabk]. 'If.""ﬂ.mplzl ag 2
(of the 57 samples collecied, 16 with CTC = 0 and 24 without available spof) and only two
mphdﬁ(mﬂufiﬁnmpkn!lwllhﬁﬂ: 0 and I3 without spot). TGFARI positive
expression found in 20% (1= 10} of patients at Cl, 15% (1 = 3jat C2 and 0% (1 = O at C2.

Fi.rl.al.l}l:.fnrm-'Lla:u]}r:'m.-ll umphl[ﬂutafﬂlmph.?ﬂiﬂtﬁf:ﬂmﬂ 15 with
mwaﬂ.abkspnt}mmmd:arﬂ,ﬂ'ﬂmphl atCE[nutnfE?’umpH, lﬁnnmpklwit'h
CTC = 0 and 2 samples without spot) and I5 samples arﬂl_mtnf-ﬂ-ﬁ-ﬂmplu, 21 samples
with CTC = 0 and 17 sampleswith no spot for marking). FIFL1 expression was found in
'I?‘!'.lj:f:ﬂ]-nfpali.mh at Cl, in no patient a8 CF and in 16% (1 = 4) a8 3 [Figuee 2).

34 Correlation bebesyt Clindodl Characheristics, CT0s Kinetics and Protein Expression i CTCs
with Pathological Respaoise
34 1L Clhnical Characieristics

For patientswith pCE or TRG 0 (23.2%; n= 13/56), 68.2% (1= 9) wen female (p = 0LIF),
moderately difierentisted adenocarcinomas (= 0, CEA < 3.0 (p= 0.11) and clinical T3
(p = LDA); 6L5% (1 = B) of patients with pCR carried medium rectum tumors ([p= 057) and
underwent neoadfnvant toeatment with 5-FL {p= 0290

In the univariable logistic mgmession model, pCRwas found more in females in elaton
to males {Odds Ratio (OR) 4.050; 95% confidene interval (CT), L064-15409; p= 0U04], in ¢T3
in relation to T2, (OR QL0O83; 955 CI, (.00E-0.859; p = 04} However, in the multivarable
Ingistic mgmession model, there walmsisniﬁcmt differrnee for =ex and clinical tumor
staging (Table 7).
342 CTCs Kinetics

For patients who had a CTCE count (C2) higher than a CTC] count (C1), onby one
patient {B.3%) had pCR and & (15.8%) showed no pCR (p = 0.99). Thus, when compar-
ing patients with unfavorable kinetics (CTC2 = CTC1) with thoee with favorable kinetics
(ETC2 = CTC1L by univarisble logistic rmgression model, there was a tendenoy af reduc
Hiom im the ch.ann:c\fmm]:kh msponse (OF, L485; 05% C1, 0U052-4 457; p= .57} .ull:llm@
without statistical significance (Table 2).



Cefls X246, 74 1530

10ad 19

Table T Univarable and moltharible logistc = gression models for comple pathalogical resporse.

Univarable Loglstlc Represslon Model — Multivanable Loglatic Regpesslon Model

OR > A | P 0K a5 1 P
Malk: 10 1a
Gender
Fornale: 4 0B 106415400 Mo 1180 LE26-156 163 o1e3
sl =30 10 1a
ng ¥ =30 03 OET-1.247 il furd LHE (L0a5-1 284 021
&2 10 10
Chindcal Tansar Stage «I3 0E3 ol ] [iTazh] 1568 LE2-10081 ki ]
fac] Oy Oa-1 S0 e L4365 [LA0-4T GEd 0uF3
&R0 10
P Capecitabing ol 073 252 87 — — —
N:Eﬁ.tl'n- 110 140
RAD2IB CTCY
Positive [l oy oo 61 il L (el (LO0E-0TEL 002
Mnﬁaﬂ.'n 10
Poaitive: o0& [ | ] il — — —
Mo 10 O0A2-4 487 il 8 — — —
CICE = T
- Yos 0488
Al rcusliatintgg b acTh; OF (95% ) confikono inberval; OF, olds natio; CEA, cinsoenbryared antga; oT, clinical

CTC,
bafiar stige; 5-FL, 5 foonmu il

343 RADZ3E and TYMS Expression

HC ewpression of RATRIE at Cl was detecid in onby one patientwith pCHE and in
54.1% (1 = 20} of patients with no pCR. However, in 91.7% of patients with pCR (p= 0L014)
RADZ2IBwas absent In the C2 collection, afier the end of necadjuvant with demotherapy
and radictherapy, the absenoe of RAD23B expression cormelated with the pesence of pCR
In the second collection, of the 13 Eru‘li:nh-wirh F-EH. 10 showed no RATIZIE ﬂ:]:llzni.cm.
in the CTC (100%) and three patients had CTC = 0 (without the possibility to assess
the RAD2EE -::-:p:rmciun:l. On the other hand, for ]:!at':nl:l who did mot obtadn pCRwi.ﬂl
NCRT, 51.7% dissipation the expession of RADZIB in CTC at C2 (p = 0.06). Themfore, the
absenoe of RADI3H ex presaion at Cl and at C2 correlated dimcthy with pCF, helping in the
management of these patients (Figune 3).

In the unir arisble (R 0077 (05% C1, LODS-L661); = 0L019) and multivardable (R
0.054 (95% CI, 0.006—0.751); p = 1.025) logistic regression models EDr]:lCR. we ohaerved
that RADIIE expression was mnciatedwiﬂnktmu:l-:}unnend:]:cﬁummpxed fo mio
expression (Table ).

In addition, 4 out of 63 Fa‘h:nl: had a u:mFIzlz cl.'i.ni:.:lmli:rnru: and underwent an
oTgan preservation strakegy and, therfore, did not undergo surgery affer the end of the
MNCET. In these 4 patients, all did not show expression of RATI23E at C1 {p < 0001} and
at CZ, three patients with the presenoe of CTC had noex pression of RADZIS (p < 0.001}
meinforcing the comelation of the response to MCRT with the absence of RADZ3E. One
patient at C2 did not have isolated CTC, making it impossible to assess RA DB expression.

We evaluated the expression of TYMS by HOC in CTCs b C1. We evidenced that amorg
patients with pCE, 33.3% (1 = 4) had poaitive expression of TYMS. For patients who did not
obtain a pCE, 37 8% (1 = 14) had positive expression (f = [L99). In the univariable logistic
:I'EFEiDCI‘l model, the presence of TYMS u:pu'm:l'nued ne core lation (OF LEZ]; 93%:
CI, 0206-3239; p = 077} with the absence of pCR (Table 7). On the other hand, when we
evaluated the expression of TYMS after MCRET (C2), 90% of patients with pCR did not
hanve TYMS expession (p = 0057). By univariable logistic regression maodel, the prese noe
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of TYMS expression in the CTC presented OR of 0.119 (95% CI, 0L013-1.064; p = L057)
for pCR.
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Figuse 1 hestration of a patient with LARC (A, B) evidenoed in baschine taging exams with RADIIE posithve in CTC
() with o Tespanse TR 3 [E) and BADEE negate on CTC (10 with pOR TRG 0 (F) (A )x Bectal keston an pehele MET
with e bomeion In'Fannc'hl fat with wmﬂmﬂllymg:hmh;[l:: Faumwlﬂta'ihmufulmamn
brury o e mechme; {Cf CTC collected of the the O ar (2 with positive RADEE; {0 CTC collocied af e b C1 or C2
with negative RADIIE; (Bl Anatomopathologieal ecaminaBon of the sumglcal maeberie] hedicates sbsene of

mesporee With extersive residise] ne oplesta (TRG 3 (Fr Anatpmopathologies] exammation of the surglesl snaberial with
mdhﬂufpf_ﬂfmﬁﬂ]. Abbrevistors LARC, locally advaree d mectal carcinonss; BA DR, BA DX homalog B; CTC
ciroualaing banane cell; THEG, honor regression grading: MEL magretc hunege resoane; C1, collection 1; 2, collection 2

mwmmnEmmmﬂFﬂmmmuch shawned.
that among patients with pCE, §6.7% @ = 8) had no BEATARS TYME expression; for
patients with no pCR, 297% (1 = 11} had RADIIB/ TYMS positive and 24.3 % i1 = 9}
had negative TYMS and positive RAT 23 B (p= 0.029). In the second collection {C2), for
patients with pCE, 90°% (1 = 9) had no RATRIS,TYMS staining and for patients with no
PCE, 414% (1 = 12) had RADIIE/TYMS shining (F = LL020). These data reinfore the
cormelation between the absence oflt.ﬂ.Dl]B.I"T'l'T-Ecrprﬂli.unin CT s and the TeSpOnsE
befor and atter MCET.

A5 Correlation befzves CTCs Kinetics md Prokein Exnmession m CTOs enid DF S and 05

Fatients who presented unfavorable CTC kinetics during necadjuvant treatment
(CTC2 > CTC1) had worse DFS (median 9.11 monithe; 95% C1 6.21-12.00) companed with
thiose with favorable kinetics (CTC2 < CTC1) (median 3165 monthes; 95% C1 28633007}
(p = 00MI5). The unfavorable kinetics also cormelated with poor 08, For patients with
CTC2 = CTC), the median OF was 3557 months (95% C1 26.1045.05) and for patients
with favorable kinetics the mean OF was 47.74 months (95% O 44.953-50056) (p = Q0036)
(Figuure 4).

In the univarisble anahrsis for patiendswith CTC2 > CTCL we demonstrated wome
DS and OF, mespedtively (hazard matio (HE) 7.042; 95% 1, 2111-23.491; p = 0.001) and
(HE 4.954; 95% CI, L141-21.504; p = (L0G3). Com"s multiv ariable mgression mode] suggests
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that CTC2 = CTC] remained am h'h:kpﬂbd:nt ]:!:ld.il:l:rnl:DFSan:lEﬁ mespectively (HR
12 443; 95% CI, 2908-51L.811; p = LODD) and {HE 5.503; 05% 0, 1.255-24127; p = (LO24)

{Tables 3 and 4).
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Flguse 4 Analysis af S and 05 of pattents with LARC tn mlation to the ldnetes of T8 (CTC2 2 CTCTL (A )y DFS
mandtan of 911 months of patients with unGsorable Mreties (T2 > CNCL) versus forordble kretios (CTC2 < CTCT) with
.mammmmu{mm imfsverable Mnetes (CTC2 = CTC) with & wediam of 3557 mands
viersus favorable kineSes (CTCE « CTCT) with a e dian of 4774 manthe A.hbumhmmcimﬂ.tthishmwmh;
DFS, disease frae survival; (05, overall survival; LARC, locally advarsed = ctal corclroms.
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Table 3 Estimabe of the parameters of the univarishle and multvaroble Co mgression modiels for disease free susvival of
patentswith LARC undergoing MCRT

Univariable Cox Regesslon Muodel Multivariable Cox Regpesston Model
Category HE 95 1 " HE g% Ol r
No 10 10
L Yos 2138 QOIS 10D 0083 0 0186103  ouse
T 10 —
CEA (ng/mD) =30 1837 DOGA £5G0  00BH _ _ _
No 10 10
Crcz=- o Y 704z T1-m4s1 oo 12863 Zesesisll | oom
Negative 1a —_
RADZE CICt Postmve 1655 LESI4206 0290 — — —
Negatve 10 10
TGF-AR] comebitned CTC — e 2314 L9 REE  00F 178 QE0-6O0ls o1l
Mo 14 — — —
Adprvant Chemotherapy Ter ey R27-1388  018s — — —
i ke i CI{PE%] hidk invherwal; FIR, T and ratiog CTC cinsala by oo celly; THA, cerdinosimbryonis aidigen; pUR, compli e
pedhlopgial aeseponse; TR ARI eomnbined CTC, Fxpasssion of TCE FR] @ CTCL and/ oe CTCE sl fer CTCY

Table 4. Estimate of the parameiers of the univariable snd moltverisble Cox egression modeds for overall susvhral of
patentswith LARC undergoing MCRT

Univarable Cox Regpesslon Mede| Multtvarabhe Cox Regpesslon Model
Category HE 95 (1 = HE 95 C1 P
Mo 10 L
PR Yen 440 T e o] 443 [ileap ] anel-1771 M7
=30 1a —_
CEA ing/mml)
=30 2576 42813333 L2549 —_ —_ —_
MNa 1a L
Crcz=- o s ES02 1551-F & a1 5503 12554122 g
Negative 1a —_
RARCrC Fositve Laaz FErL S Y.E 525 —_ —_ —_
Adurvant MNa 14 —_
Chempfetapy Tes FEFE ] LE7-LI76 152 —_ —_ —_
Negative 10 Ly
TGF-ARI comubined CTC Poaltve 2117 (LSET-T 908 L2685 1544 a39F-as11 0433
Abbrevation: O (05%] confdahoe sderval; HE, hatand ritse; CTC, Smvulating boior cell; CRA, cansios Slbeyodic iy d; pUR, compl e
pristhubogival mespuorse; TEF-BR] cotnbined CTC Fparssion of TGFP-R] 0 CTCT and e CTC2 @ fer O

3& Prokn Expression i CTCs X PS5 md OF

We evaluated the expression af RAD2Z3E, TYMS, PI+L1 and TGF-EI ateach time of
collection according to the availability of cells and for spots of BET membranes for the
iy boche mistry

Thee positive i:r:'p'rl::.:inm:-'l: FEADZIE at Cl and (2 collection, although shown o be
cormelated with the absene of 2 pCR, had no significant impact on the prognosis. At C,
patients with positive expression for RAD23B had a mean DFS of 3020 months vemus
34.57 months for patients without expression of RADI3B (p = 0.28) and at time C2 #
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was 2583 months for patients with positive ex pression versus 3264 months for negative
(p=018). For (06 at Cl, patients with positve BADIIB showed 4679 months versus
4758 months with negative expession (0= 0.52) and at C2 itwas 4365 months for patients
with poaitive expression versus 47,49 for patients with negative RAD23B (p= 0L.23). For
univarjabhmal}r:hafﬂh:ﬂ:pmuimafummhﬂu first collection, DFS (HRE L&55;
95% C1, (L651-4.206; p = 0.29) and O (HR L602; 95% C1, (.375-6.847; p = L52) showed a
tendency towards 2 wome prognosis. The expression of TYMS showed no difference in
[¥FS and 5.

A combined analysis of the thee collections (C1, C2 and C3) was made for the
expression of PI-L1 and TGF-BRL, that is, we analyzed the positivity for thess profeins at
any time. From the total of 166 samples from the three moments of the study, we wene able
toevaluate the combined expression for PO-L1 and TGF-BEL mspectively, in 63% (1 = 105)
and 41% {1 = 68) samples.

Tl'!m]:u.r!dﬂprm-uf P11 in CTCs showed a trend fo/betier TS of 3291 months
for patients with positive expression for PD-LL and 3077 months for patients with no
expression (P = L32). For OF, patients with negative expeession for PD-L1 had OS of
4540 months versus 45.07 months for thoee with positive expression (= L64).

When we evaluated the combimed expression of TGF-BEIL we noticed a Endency
that ifs expression in the CTC at amy time of the treatment (C1 or C2 or C3) could be
cormelated with a worse DFS, that = Paﬁﬂlhwhpnlﬂltdpndﬁuii}rtuﬂuﬂzplnim
of TGF-BRI had an average DFS of 7236 months versus 3447 months for patients with
negative expression (= L059) {Figure 5). For 05, patients with positive expeession had an
average of 44 34 months versus 47.27 months for patients without expression of TGF BRI
on CTC (p=025)

TGF{IR1
Pota = Mogaive

Chapams-ross mLrTaa 0|
LI B

-l ps 1B

Mt ai sk

apaba| @l E = = i 1 [ [

a ! |54 u B B - 15 L4}

Figure 5. DFS analysis of patients with LARC for combined TGP-E R exvpression in CTC during
teatment (C1, C2 or C3) Median DFS of 2234 months for patents with posifive expession for

TGE-B and 3447 months for patients with regative o pression (p= 0085 Abbevistions: CTCs,
dmuh‘hﬂ;hmxmmﬂ:;[l’idmﬁmmnnl;mmhmﬂy advarced rectal carcinpena.

4 Diiscussion

In the present study, we minforce the previoushy published dats, which favors the
applicability of CTC in the maragement of the LARC patients. Unforfunately the response
h:M:ET'uluthmlrimnn]}rabmnm#paﬁ:mmm LA RC undergoing NCET
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W:mqapfﬂamm&paﬁaihwlﬁmmmmhimﬂ responaes [36-35] Inour
study, we found this heterogeneity, with 13 patients (23.2%) with pCR and 44.6% (1 = 15)
with poor response (TRG 2 and 3) to MCRT.

lmpurlnntshuﬁuhwc&mmuhatdﬂ!mlﬂmmﬂf]:cﬁuumnum that must
be achimved in MCET, 2= it is associated with good DFS and S-year OF [11,40]. For patients
with pCR, espedially for tumors of the distal recham, the WW strategy is quite attractive and
sade [10,41). However, the clinical MESpOnse presenis pn-urmlaﬁnmwjlhrltpaﬂl:ﬂnﬁiul
mesponse [42-44]. Themefore, in addition to endoscopy and imaging, new tooks ame need to
more sccurately predict msponse. In view of the preservation strategy, there is a rationalke
for treatment intensification with the aim of inceeasing the msponse o teatment The
OFRA shudy [45], whose preliminary results wees presenied af ASC0 D020, demonstraged
that THT is mtpurlarrt:l:ur“w:hatml:

loniring Radiation (IR] is an important Fill.a.ru:l:hl:HI E:arl:ru‘li:nlswi.ﬂ'L'LARE,wiﬂt
thee aimm of Fl'lmlid.i.nﬁ all I:LHII'I.HF and death [25,45]. However, not all tumor cells have
radicesnsitivity sinae thene am mechanismas capable of effectively repairing their damaged
DMA [£,45] Themrfore, undemstanding these mechanisms is fundamental to search for
p-uu'bk biomarkers of msistance fo this H'hu'apeuﬁcsh'airﬁg’.l'huﬂmhzun]:adych—
mm.hﬂpeﬁ.mofuﬂﬂﬂmﬂdbeﬂudhduapm&ﬁmmkﬂhmb
IR [18]. Here, we demorstrated RADZIE expession was associated with a lower chance of
pCE:nmpm'ed to nn:r:pluui.nn iy e mm:blemal}rﬂtﬂﬁ LIFT; 95% CI; 0LD0s—L 661 ;
p= 019} and multivarisble logistic regression (OR 0.064 (95% CT), 0006—L.751; p= 0.029)
Despite the wide confidence interval, mainky justified by the number of patients imrobed
in the regmssion model (1 = &7}, this data demonstrates that the presence of EADIIE
inCTC1 i.|:n]:||.i:la Eﬂ.ﬁdmnfrm:pm:nﬁng FEH:I:NEEI Ini otheer words, in our
-:|:|hnu't,.Eulttmdmmﬂﬂﬁmuhbﬂdhuardfmﬁhrmmhfﬂmlﬂu
correlation with the pCE Inthe 13 patients with pCE and in the i:-urpu.ﬁ:nhwiﬂh:'l:ﬁ..ﬂt
absence of RAD23E expression corme lated with mesponse to freatment. As far as we know,
our results ape the fest to show the possible role of this molecule in ectum cancer and its
anahyss in CTCs can be an additional tool to complement the esponee assessment exams
almady adopted in medical practio, ::i:nfw:m:i.ns the evidence of OB E:H'Wl'l'ﬂ'tﬂm\'.

O the other hand, fn:arnnn—rupmﬂ:m, the standard NCET must be peevaluated in
order to avoad UNTeEcessary toxicibies o EV\EII.'I.I.H].[}I; establish new treatment :Irale;i.ﬂ
capable of optimizing the msponse of these patients, such as the adoption of moe in-
tense treatments according to the masoning proposed by the TNT = strategy [7459]. In
wiewe of this, mmeﬁcﬂswiﬁshrdiuwaluaﬁngﬂuinhrﬁﬁnﬁnnaf”ﬂﬂ A
undenw ay and the roenthy published RAPI study and the FRODIGE 23 phase I study
meinforced the importance of the TNT strategy with the addition of chemotheapy (FOL-
FOXS CAPCI or FOLFIRTMNOX) in inceasing the rate &Pmmdmdudngmt?%d
distant mmetastases: [5,9]). However, we meinforoe with our results that the risk stratification
must be lmprwedardﬂuhtnrpnruﬁnmofﬂullqﬁdbiupuyhhz studies muast be con-
sidered, in order to aveid overtreatment for some patients. In addition, the identification of
markers such zs BADIEE and TYMS in CTCs could idm'ﬁfypﬂ.ﬁ:rd:lwh:- ape radiopesistant
to standard NCET treatment. With this information, we could, in futue dinical triaks,
assess whether in these patients we could omit radiotherapy. This could minimize possible
adverse effects provided by NCRT and thereby surmmgate for mone ntense chemo the rapy
regimens for patients wheee CTCs express RAD2SRE.

Another relevant poing of our study was that we demonstrated the importance of
anahyring the kinetics of CTCs during NCRT. Previous studies of our group had almadhy
demonstraied this pe ey ance El:u'p.ur':nbw:ilh mefastatic colomecial aneer [30,51), that s,
the quantification of CTC at different times helps us to stratify patients with unfavorable
kimetics (CTC2 > CTCL) versus favorable kinetics (CTC2 < CTC1). However for localied
disease, we stll have fw studies. Despite failing to demonstrate a difference with the pCE,
patients with favorable kinetics tend to evohe with a greater chance of pCR compazd to
thoee with unfavorable one. Therefore, CTC kinetics can be applied in larger studies to
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oorroborate the prﬂdi.-:liunufrupmug Cnnsii:hri.n;ﬂ; DFS and 05, parli:nl: whio p::-nkl:l
unfvorable kinetios (CTC2 5 CTCL), that is, then was an ncrease in the quantification of
Cl'Cdl.l.ri.rl.HhEmt'lﬁﬂ'l MCET, ]:u’ﬂﬂ'ltd.:irl.i:rim’ OFS and 05 in relation to those with
favorable kinetics (CTCE < CTC1) Therefone, in view of thess msults, we could disouss
to intensify treatment with chemotherapy for these patients. For the anabysis of TGFART
and PIHL] we had difficulties due to the limitd number of available spots from ISET
membranes foevaluate thess markers in pal.inu CTCs. Bren with thess limitations, we
were able to demonstrate that the ex pression of TGF-BEI during trextment may despite the
lack of statistical :.a;rl.iﬁ:mm:. be related o wome prognosis. This result corroborates studies
that describe that hi.a:]'!l.’ levels of TGR-ARI may be indicative of distant me tastases with
worse outoomes. Maybe our work may pave the way for fubune trials to better ev aluate TGF
BRI in rectal cancer. Concerning PL-L], the clinical benetit of the blocking this mokecule
in some tumors, such as rectal cancer, still remains uncertain. SEmE]:unrimumdiﬂ
demaonstraie that the expression of PIFL1 in the tumor during necadjuy ant treatment can
be modified and have a prognostic impact [27-29]. Heee, unforhmatebr due, probably the
lmmitation of the samples, we coukd not demonstrate amy prognostic differene. However,
we observed that the positive expression of PIL] in CT'Cs ooours dynamically with
treatment, as of 105 samples evalusted, 8, 0 and 4 were positive for PIL1 at C1, T2 and
C3, mspectivelhy Ttu-fmqby:hm:hamiﬁm our study the possibilisy nfd}rnamimLI}r
analysis of this expression in CTCs, we coukd evaluaie new thempeutic perspectives for
these patients with the use of immunotherapy puided by the expression of PD-L1 inin thess
ad.l:,:uEFﬁ.nE; a MCET strategy oombimed with blockade of the FI+1/ P11 Pﬂﬂ'ﬂ.’l‘ﬂ}t
At the American Society of Clinical Oncology (ASOD) congress, that happened in June
2021, Sabratori et al reporied the addition of Avelumab (anti-PI-L1) in patients with
LARC undergoing MCRT Although they did not search for PIML-1 expression in tumor
sample, the authors demonstraied that the combination of MCRT with Aselhumab showed
promising activity and a viable safety profile that should be exploned in futune clinical
stuclies [5Z].

We am awamr of the limitations of our study, mostly, the small sample size, but
w believe that despite of this, our resalébs most be explomed in fuhame clinical trials, as
we showed that the evaluation of the expeession of RADZIB and TYMS associated with
the evaluation of CTC kinetics may facilitate the personalimed teatment of mdal ancer
In Table 5 we describe the main poings that strengthen our results and cur limitations.
DE'-PCi! thas impnrlant i.I:I'I]:laEI‘GI'L Lozl comtrol ]:ln:ll.ri.&d. I:f:,r MNCHET, mmote recurmenoe is
still 2 problem and around 20-31% of patients have distant metastases after curatiee
treatment [ 6, 55), =0, novel tools like lic_|1.|i.|:l 'I:linFu.}r ae very Fln:lmi.li.nE.

Table 5. Desceription of b mabn poinits that siengthen the shdy and i lbtabons.

Sirenggths of the Future Fe rape ctives Limnitations

Micderilar and dymambe evahstion of prokins
i ctraulating r el allow ¢ 3 tary &%ﬁfﬂﬂ?nﬂpﬂwmmt
pedictive and prognostic evahstion; e

CIC kireties (favorable kiretcs versus Probably becomse of the Mmdtation of the
umfavorable kinefios) enable prognoste nummbeT of samples, we could not dernonstrabe
asscsstrent during tmatment and Bus evaluate  any prognostis differene in relation bo FIOLL

Tha absemee of EATEE expression n CTCs
ey ldenhfy radiomnsitve patients arnd
tiprove selection for sphincer
Fﬂwnunnmttp_:
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Tabde 5. Comt.

Stvenugths of the Future Perspectives Limnitations

W?ulm&nfbhn!mmw

The expresston of TGF-BR] 0 CT0s may assist v -:EISE]‘:puu:l}mHhiﬂpbndm

th progricstie evaluation of locally advanced  folum clinbeal trials for the

ekl camer (LA RC) pathorts and b used as mmmhmmm

mpmbmhhhrmdtmlmﬁh: &wm%mﬂmm
e madfinrant teeabment

Serial blood collaction during teatment mabes

tha: chy mateile anabysis of th: expessban of

E'I)-Lim':['ﬂ'_:hmbhmd,ﬂ-m&:rn?mwr

o avahaie the

e 1 e nnl:l:l:n:nlmmt

HLAW e

Awgthor Conbributionse V50 8- coneeptton,/project, provision of study meiensl or patients, data
collection and / or assemably, data Iml.l:i:_.hh‘pntﬂi.m‘m’ﬂhﬂ;nfhn\mmﬂ?ptu_ﬁ; O
ﬂa‘dpcr\:!nﬁl;. wrli.nlﬂ:nl'ﬂ'ema'mmPtMCEF; mpﬂu'dpuqmt.?mmm’md}-whﬂnl
ur'pnﬂml:_:.!.ilﬁ_' dnhmmaﬂrmrpmum\’_ﬂ.ﬁ; 'p:rm"m-:mnfmq' m‘hﬂnll:u‘pn—
tieepts; DA [ EC - data analysis and merpretation; & PCR- data analysis and corseption of Bgumes;
MLGS: provisian of study material ar patienibs; EEM: data uﬂ}r:huﬂm%wa]mm
LCLAC: dats analysis and arstommopathologieal avaloation; YEC: dats snahysis and inerpmets-
ﬂ:‘qiﬁ.};mﬂmf&tﬂﬁl‘;uﬂ}ﬂ:uﬂ m'hrpu'md-uhm.'EA_Ld.'hL' nu'mq:l:lu'qi'd.:dﬁn,
anahysis and I.n'h-'rpu'nt.lﬂ:l';-ul'-.ht.lc LT mﬂcﬂ\hﬂﬁl\. arahysis amd I.rb'rpu'uhﬂlimnl'dnm,
wnﬂgﬁhmnmhﬂwﬂdhm Mad‘n:}mn-n.kim'dugnﬂmh
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Apéndice 1 - Termo de Consentimento Livre e Esclarecido (TCLE).

O A.C.Camargo
Cancer Center

TEEMO DE CONSENTIMENTO LIVRE E ESCLARECTDO

NOME DO ESTUDOD: ]DEN'I;[FICAC&D DE PRDTE\]'I'HS E GENESDE
FATORES DE TRANSCRICAO RELACIONADOS A RESISTENCIA A
QUIMIOTERAFPIA E RADIOTERAPIA EM CELULAS TUMORAIS
CIRCULANTES DE PACIENTES COM CANCER DE COLON E RETO

ESTADIOS ITE III
Investigador Flesponsavel: Dra. Ludmilla T. Domingos Chinen
MNome do (a) Volintario (a) :
RGH:

WVocé esta sendo convidado (a) a participar de uma pesquisa.

Por faver, leia cuidadosamente este termo, pois ele informa o que vocé necessita
saber sobre os objetivos deste estudo. Se concordar em tomar parte neste estndo, deverd
assmmar e datar este termo. A sua assinatura significa que receben as informacgdes
necessdrias e que deseja participar deste estudo.

OBJETIVOS DO ESTUDOD

Usar um equipamento laboratonal nove no mercado para isolar células tumorais
crculantes (sfo células que se desprendem do tumer) no sangue periférico de pacientes
com cancer de colonTeto localmente avangados e comelacionar seus nivels com:

- recoméncia tumoral local/a distancia;

- resposta a0 tratamento (verificaremos se hi dimimmigdo dos nivels dessas células
durante e apos o seu tratamento);

- expressfo de genes e proteinas de resisténcia a drogas (ERCCI, resisténcia a
derivados de platina e TYMS, resisténcia a 3-fluorouracil tratamentos conmmente
utilizados), genes de invasfo tumoral (TGFR, MMFP2, MMPY), proliferagiio (Ki-67) e
dormeéncia celular (f-gal), que podenam auxiliar no acompanhamento de cincer;

- sobrevida livre de progressio;

- tempo de vida apos o tratamento.

PROCEDIMENTOS DO ESTUDO

Se concordar em participar deste estudo, vocé serd submetido a trés coletas de
sangue (aproximadamente 10 ml), antes do imicio do ftratamento (ciurgia ou
quimioterapiatadioterapia), apos este tratamento e aproximadamente a cada 4 meses, até a
mudanga do protocelo do tratamento ou, se a doenga progredir, até a progressio.
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Caso haja necessidade, dependendo do tratamento e de sen consentimento, mais
coletas de sangue serdo realizadas.

Vocé ndo precisara vir ao hospital apemas para a coleta desta pesgqusa.
Contataremos vocé nas datas que vocé tiver exames e na maioria das vezes, aproveitaremos
as pungdes venosas (coleta de sangue) dos exames no laboratonio de rotma. Caso nao tenha
exames a ser realizados, contataremos vocé nos dias que fver consulta oun owutros
procedimentos no hospital

Todo o material coletado (sangue) sera esgotado em um processo de filtragdo.
Armarenaremos freezer apenas o matenal conhido mo fillto (células, DNA BNA
plaquetas e plasma) e analisaremos na pesquisa.

Toda identificacdo do seu matenal sera feita por codigos para preservar sua

RISCOS

O sen tratamento sera exatamente o mesmo, caso vocé participe ou ndo deste
estudo. Nio havera danos imediatos ou tardios, que comprometam a sua sande, salvos
possivels desconfortos e nscos decormrentes da pungio venosa, procedimento comum para
exames hematologicos.

Os riscos a que voce estara sujeito sdo os riscos inerentes a qualgquer puncio venosa
como: dor local no ato da pungio, sangramento no local, hematoma e raramente flebite
(mfeccdo na vela puncionada), mas i1sto serda evitado pela limpeza adequada do local de
pungio e realizagdo do procedimento por profissional capacitado. Apesar de raro, pode ser
que ocorma equimose (quando o sangue sal para a pele, resultando em uma mancha azul ou
purpura, redonda ndo elevada ou oregular) apos a coleta de sangue. Caso i1sso aconfeca com
voce, ndo ha nada a ser ferfo, a ndo ser esperar que desaparega (desaparece em ateé 7 dias).

Os exames realizados em seu sangue ndo moplicardo em penluma nmdanca em sen
tratamento ou qualquer conduta médica que esteja sendo realizada ou venha a ser realizada
no seu seguimento, uma vez que a pesquisa de CTCs no Brasi amnda € expermmental, nfo
havendo nenhum prejuizo para o sucesso das condutas medicas outras aos quais vocé esteja
se submetendo.

Garantimos a assisténcia miegral e gratuita pelo tempo que for necessano em caso
de danos decorrentes da pesquisa.

Embora garantindo que sens dados serdo aentificados por meio de codigos e siglas,
existe sempre o niscoe da perda de confidencialidade entre os mvestizadores.

BENEFICIOS

Nio havera beneficios de qualquer espécie para voce, apenas a importancia de
contribuir para uma pesquisa cientifica cujos dados obtidos poderdo trazer beneficios para
pessoas com cancer. A recusa em participar, nfo acametara prejuizo na qualidade do seu
tratamento. O pesqusador responsavel se compromete a suspender a pesquisa
imediatamente ao perceber algum risco ou dano a sua sande, que ndo previsto neste termo
de consentimento.

|
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METODOS ALTERNATIVOS EXISTENTES

Apesar de métodos altemativos serem aprovados e usados na prafica clinica em
outros paises, no Brasil esses métodos ainda nao estao disponiveis.

ACOMPANHAMENTO, ASSISTENCIA E RESPONSAVEIS

Os pesquisadores também se comprometem a dar mformacao atualizada ao longo do
estudo, caso este seja o sen desejo, poreém, por se tratar de nova tecnologia, os resultados
nio pndemn mdicar cura ou piora do se quadro, pois ainda nio temos valores de referéncia
para estabelecer uma comparacio. Contato da pesquisadora: Dra. Ludmulla T. Dommgos
Chinen (2189-3000 ramal 2776).

Caso os achados da pesquisa, fatos ou informagdes encontradas pelo pesquisador no
decorrer da pesquisa sejam considerados de relevancia para vocé ou para commnidades
participantes, os mesmos serdo divulgados de forma a contribuir com o acompanhamento
do cancer, juntamente com os exames de rotina. Garantimos, amda que os resultados dos
exames genéticos nio sejam formecidos a tercewros (como, por exemplo: seguradoras,
empregadores, supervisores lierarquicos, entre outros).

CUSTOS

Nio havera qualquer custo ou forma de pagamento para vocé por sua parficipacio
neste estudo.

CARATER CONFIDENCIAL DOS REGISTROS

Seus regisiros meédicos poderdo ser consultades pela equipe de pesquisadores
envolvidos neste estudo. Os dados obtidos pela anahse do sen sangue sdo confidenciais,
nio sendo drulgada a identificacBo de nenhum participante ainda que informacgdes do
registro médico sejam utilizadas para publicagio.

BASES DA PARTICIPACAD

E importante que vocé saiba que a sua participacio neste estudo é completamente
vohmtana e que vocé pode recusar-se a participar ou inferromper sua parficipagdc a
qualquer momento, sem penalidades ou perda de beneficios aos quais tem direito.

SALVAGUARDA DE CONFIDENCIALIDADE, SIGILO E PRIVACIDADE

A eventual inclisio dos resultados em publicacdo cientifica sera feita de modo a
manter sen anonimato. Vocé tera acesso aos seus dados de exames, atendimentos meédicos e
administragdo de terapia, quando solicitados.

ESCLARECIMENTOS 50BRE COMPENSACOES OU DANOS RELACIONADOS
A PESQUISA

Vocé nio tera nenhum tipo de remuneracdo ao aceitar parficipar deste estudo. A
pesquisa ndo envolve nenlmma forma de compensacio financeira aos participantes.
.
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ESCLARECIMENTOS SOBRE OUTROS DIREITOS DO PACIENTE SUJEITO A
PESQUISA

A sua participagdo no estude € voluntana. Voce tem o dreito de sar do estudo a
qualquer momento e por qualquer motivo. Caso venha a abandonar o estudo ou decidir nio
parhclpa.r do mesmo, o seu tratamento nio sera premdicado. No entanto, se voceé decidir
sair da pesquisa, devers informar ao seu médico.

INFORMACOES SOBRE NOMES, TELEFONES E ENDERECOS PARA
CONTATOS

Esclarecimentos para questdes sobre os direitos dos participantes na pesquisa efou
danos relacionados a pesquisa, contatar a pesquisadora Dra. Ludmilla T. Dommgos Chinen
(2189 5000 ramal 2778), endereco: Fua Professor Antomio Prudente, 211- Liberdade- S&o
Paulo, 5P. Se o pesquisador prmcipal ndo formecer as mformagdes/esclarecimentos
ml.ﬁr:lentes por favor, entre em contato com o coordenador do Coordenador do Comuté de
Etica em Seres Humanos da Fundacio Antémio Prudente-Hospital do Cancer — A.C.
Camargo/ 5P, cujo horano de funcionamento € de segunda a qunta-fera, das 07h00 as
18h00 e de sexta-feira das 0Th00 a5 16h00 (Telefone 2189-3000 ramal 3020; enderego: Eua
Professor Antomio Prudente, 211- Liberdade- S&o Paunlo, SP).

O Comité de Etica em Pesquisa € uma comussdo composta por medicos,
enfermeiras, farmacéuticos, bidlogos, psicologos, fisioterapeutas, pesquisadores e membros
da comumdade. Utihiza mecanismos, ferramentas e mstrumentos proprios de mier-relacio,
mm trabalho cooperativo que visa, especialmente a protecdo dos participantes de pesquisa
do Brasil, de forma coordenada e descentralizada por meio de um processo de acreditagio.

O termo & elaborado em duas vias e rubricado em todas as paginas, sendo uma via
retida com o pesquisador responsavel e ouira com a mstitmigao.

WVocé recebera uma wvia deste documento. Somente assme este documento se
consentir integralmente com seus termos.

GARANTIA DE ESCLARECIMENTOS

Nos lhe estmmlamos a fazer perguntas a qualquer momento do estudo. Se tiver

perguntas relacionadas aos seus dweitos como parfticipante do estudo clinico, tambem pode

contar com uma tercera pessoa mparcial, o Coordenador do Comuté de Etica do Hospatal
A C. Camargo.

I ————————————
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DECLARACAO DE CONSENTIMENTO E ASSINATURA

L1 as mformagdes acima e enfendi o proposito deste estudo assmm comw os
beneficios e niscos potencials da participagdo no mesmo. Tive a oportumidade de fazer
perguntas e todas foram respondidas. Eu, por intermeédio deste, dou lnremente meu
consentimento para participar neste estudo. Enftendo que nio serel submetido a nenbum
exame adiciomal e nio receberel compensacio monetaria por minha participacio neste
estudo.

Eu recebi uma via assinada deste formmlano de consenfimento.

f f
Assmatura do (a) voluntario (a) dia més ano
Nome do (a) voluntirio (a) - letra de forma
f f
{Assmatura de Testenmnha, se necessano) dia més ano

En, abaixo assmado, expliquel completamente os detalhes relevantes deste estudo
a0 paciente indicado acima eou pessoa autornzada para consentr pelo paciente.

/ !
(Assmatura da pessoa que obteve o consentimento) dia més ang

]
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