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Resumo

Introducdo: Na Uultima década, diferentes subtipos moleculares de
cancer de mama foram propostos. A classificacao clinico-patolégica dos
subtipos vem comprovando ser estratégica para predizer sobrevida e
resposta ao tratamento.. Embora exista associacdo apreciavel com o
prognoéstico e indicacdo de terapia citotoxica e enddcrina, os subtipos
parecem falhar em explicar completamente o comportamento da doenca
e a resposta ao tratamento. Moléculas como as da familia das
cicloxigenases (COX), essencialmente a COX 2 vem demonstrando
associacdo com a carcinogénese mamaria, e a analise da expresséao da
p53 nos tumores de mama pode também oferecer informacdes adicionais
para determinacdo do prognadstico. Objetivos: Foi avaliada a associacéo
entre 0s subtipos clinico-patolégicos do céancer de mama com o
progndstico em uma casuistica de pacientes brasileiras com céancer de
mama, que foram acompanhadas por cerca de quatro anos. Foram
discutidas as vantagens e possiveis ressalvas relacionadas a nova
classificacdo. Também foi mensurada a expressdo da COX2 e da p53

em relacdo aos subtipos clinico-patolégicos e avaliada se a
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expressdo destas proteinas poderia explicar a variabilidade no progndstico
ainda encontrada entre 0s subtipos clinico-patologicos do cancer de
mama.Metodologia: O total de 183 amostras de cancer de mama foi obtido de
mulheres tratadas no Hospital da Mulher Prof. Dr.José Aristodemo Pinotti -
CAISM da Universidade Estadual de Campinas, Campinas, Brasil, entre junho
de 2008 e janeiro de 2011. Tissue microarrays (TMA) foram construidos dos
blocos originais de parafina para realizacdo de imunoistoquimica (IQ) e
hibridizacdo fluorescente in situ (FISH). IQ foi realizada para deteccao da
expressdo de RE, RP, ki67, COX2 e p53; o status do HER2 foi avaliado por
FISH nas 183 amostras. Os tumores foram classificados em cinco categorias de
acordo com a definicdo correspondente clinica-patolégica dos subtipos
intrinsecos do cancer de mama, definida durante a 13th St Gallen International
Breast Cancer Conference (2013). As caracteristicas clinicas e patologicas das
pacientes e seus tumores e a sobrevida foram avaliadas em relacdo aos
subtipos clinico-patolégicos, a COX2 e a p53. O tempo médio de seguimento foi
294 anos (90% faixa central = 0,93 a 4,1 anos). Resultados:
Aproximadamente 75% dos tumores foram classificados como luminais-like. OS
HER2 positivos (hdo luminais) somaram 9,3% dos casos e os Triplos-negativos
13,1%. Os Luminais B-like e HER2 positivos (nao luminais) foram associados a
alto grau histolégico quando comparados aos Luminais A-like (p<0,01). Os
Luminais A-like associaram-se significativamente com melhor sobrevida global
e livre de doenca quando comparados aos HER2 positivos (ndo luminais) e
Triplos-negativos. Nao houve tendéncia a expressdo de COX2 relacionada aos

subtipos de Luminal A-like a Triplo-negativo. Em contraste, a p53 se expressou
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em cerca de 67% dos tumores Luminais A-like, 50% dos Luminais B-like HER2
positivos, 60,9% dos Luminais B-like HER2 negativos, 82% dos HER?2 positivos
(n&o-luminais) e 87% dos Triplos-negativos (p para tendéncias = 0,06). Houve
uma significativa expressao de COX2 nos tumores (66,9%) quando a p53 era
também positiva, comparada aqueles tumores que nao expressavam p53 (em
cujo caso apenas 18,0% dos tumores foram positivos para COX2; p<0,001).
Nem a COX2, nem a p53 se relacionaram a sobrevida das pacientes.
Conclusbes: O critério mais estrito para definir os tumores Luminais A-like
aumentou a acuracia da classificacdo para selecionar tumores que partilhem
um bom progndstico e respondam a terapia endocrina. Parece haver uma
associacao positiva entre a expressado da COX2 e da p53. Por outro lado, nem
a expressdo da COX2 nem a da p53 se associaram aos subtipos clinico-

patoldgicos, caracteristicas clinicas e do tumor e ao prognaostico.

Palavras-chave: cancer de mama, subtipos clinico-patolégicos, Saint Gallen,

COX2, p53.
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Summary

Background: In the last decade, different molecular subtypes of breast cancer
have been proposed. The clinico-pathological surrogate subtypes of breast
cancer classification has been proven as straightforward strategy to predict
patient survival and response to treatment. Although displaying appreciable
association with disease prognosis value of cytotoxic and endocrine therapeutic
modalities, the subtypes seem to fail at completely explaining disease behavior
and response to treatment. Molecules such as those of the cyclocooxigenase
(COX) family, essentially COX2 have been shown to be associated with breast
carcinogenesis, and the analysis of p53 expression in breast tumors may also
offer some additional prognostic clues. Objectives: We tested the association of
the current clinico-pathological surrogate subtypes of breast cancer with the
main prognostic and predictive factors in a dataset of breast cancer Brazilian
patients, which were followed up for almost four years. We discuss the
advantages and possible caveats related to this new classification. Our study
also assessed COX2 and p53 expression in these clinico-pathological subtypes,
and evaluated whether the expression of these proteins could help further
explain the variability in prognosis still found within the surrogate molecular

groups of breast cancer. Methods: A total of 183 breast cancer samples were
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obtained from women treated at the Women’s Hospital of Campinas State
University, Campinas, Brazil, between June 2008 and January 2011. Tissue
microarrays (TMA) were constructed from the original paraffin blocks for
immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH)
analyses. Immunohistochemistry was performed to detect the expression of ER,
PR, ki67, COX2, and p53; the HER2 status of the 183 specimens was assessed
using FISH. Tumors were subtyped into five distinct categories according to the
Clinico-Pathological surrogate definitions of intrinsic subtypes of breast cancer
defined during the 13th St Gallen International Breast Cancer Conference
(2013). Clinical and pathological features of patients and their tumors, and
patients’ survival were assessed in relation to the surrogate subtypes, COX2
and p53. Mean follow-up time was 2.94 years (90% central range = 0.93 to 4.1
years). Results: Approximately 75% of the tumors were classified as luminal-
type-like. HER2 positive (non-luminal) tumors accounted for 9.3% of the cases
and Triple-negative tumors for the remainder 13.1%. Luminal B-like and HER2
positive (non-luminal) tumors were associated with higher histological grades
when compared to Luminal A-like tumors (p<0.01). Luminal A-like tumors were
significantly associated with better disease free and overall survival when
compared to HER2 positive (non-luminal) and Triple-negative tumors. There
was no trend in COX2 overexpression from Luminal A to Triple-negative
subtypes. By contrast, p53 was expressed in roughly 67% of the Luminal A-like
tumors, 50% of the Luminal B-like HER2 positive tumors, 60.9% of the Luminal
B-like HER2 negative, approximately 82% of the HER2 positive (non-luminal)

and 87% of the Triple-negative tumors (p for trends = 0.06). Therewas a
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significantly higher proportion of COX2 positive tumors (66.9%) when p53 was
also positive compared to when the tumor was negative for p53 (in which case
only 18.0% of the tumors were positive for COX2; p<0.001). Neither COX2 nor
p53 were found to be associated with patients’ survival. Conclusions:The more
strict criteria to define Luminal A-like tumors increased the accuracy of the
classification by selecting tumors that share a good prognosis and response to
endocrine therapy.There seems to be a positive association between the
expressions of COX2 and p53. On the other hand, neither the expression of
COX nor that of p53 was associated with clinic-pathological subtypes, tumor

features and prognosis.

Key words: breast cancer, clinico-pathological surrogate subtypes, Saint

Gallen, COX2, p53
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1. Introducao

O cancer de mama é, atualmente, a principal neoplasia entre as
mulheres, tanto em paises desenvolvidos como em desenvolvimento?. E a
segunda causa de morte por cancer entre as mulheres dos paises
desenvolvidos, apds o cancer de pulméao, e a principal causa de morte por
cancer nos paises em desenvolvimento?. Assim sendo, observa-se que a
sobrevida é maior entre mulheres nos paises desenvolvidos'. A maior
mortalidade nos paises em desenvolvimento se deve ao diagnostico da doenca
em estadios mais avancados, dificuldade de acesso aos servigos de saude e
falta de tecnologia adequada para diagndstico e tratamento™?. A Organizacéo
Mundial da Satde (OMS), através do “GLOBOCAN Project’?, divulgou em 2012
estimativas sobre incidéncia, prevaléncia, mortalidade e sobrevida para varios
tipos de cancer no mundo. Em relacdo ao cancer de mama, foram estimados
1,67 milhdo de novos casos e 522.000 mortes pela doenca®. Aproximadamente
57.120 novos casos de cancer de mama sdo estimados para ocorrer no Brasil
no ano de 2014 e foram registradas 13.345 mortes pela doenca em 2011%.

Até o final da década de 1990 o carcinoma de mama era classificado
essencialmente em funcédo da sua morfologia. Entretanto, ja se observava que

tumores com os mesmos tipo e grau histoloégicos, diagnosticados no mesmo
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estadio apresentavam prognaosticos diferentes e respondiam diferentemente aos
tratamentos. Assim, concluiu-se que a classificacdo histoldégica morfolégica ndo
era suficiente para explicar o comportamento desse céancer e, atualmente,
considera-se que o carcinoma de mama nao pode ser considerado uma doenca

5

unica®*°. Diferentes subtipos moleculares com diferentes respostas ao

6,7,8,9,10,11,12,13,14,15' Observou-se

tratamento e prognoéstico foram identificados
também que cada subtipo poderia apresentar fatores de risco e evolucéo
natural diferenciada®®!’*®. Hoje, é internacionalmente reconhecido que essas
diferencas devem ser levadas em consideracdo desde o diagndstico até a
decis&o do tratamento e comparacéo dos resultados®>.

Inicialmente, a classificacdo proposta para agrupar os diferentes subtipos
de carcinoma de mama foi baseada em microarrays de DNA e padrfes de
expressao génica resultando em quatro subtipos intrinsecos (Receptor de
Estrogeno Positivo (ER+)/Luminal-like, Basal-like, Erb-B2+ e Normal breast-
like)®. Posteriormente foram classificados em cinco diferentes subtipos
intrinsecos (Luminal A, Luminal B, Erb-B2+, Basal-like e Normal breast-like)lg.
Esses subtipos tinham sua origem em dois grandes grupos: um grupo
caracterizado por expressar o receptor de estrégeno (RE) e genes relacionados
a ele, que corresponde ao grupo dos “Luminais” (Luminal A e Luminal B) e
outro, marcado por ndo expressar o RE e seus genes associados, constituido
pelos tumores Erb-B2+, Basal-like e Normal breast-like. O primeiro grupo foi

caracterizado pela alta expressao de genes relacionados ao epitélio luminal e

baixa expressédo de genes do epitélio basal; ja 0 segundo grupo apresentava
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forte expressdo de genes do epitélio basal e baixa expressdo de genes do
epitélio luminal®®.

Geneticamente, pode-se dizer que o0 subtipo intrinseco Luminal A
apresenta alta expressédo do gene RE alfa, GATA 3, proteina X-box entre outros

genes relacionados®%%

. O Luminal B expressa o gene RE alfa embora
também expresse genes relacionados ao Human epidermal growth factor receptor 2
(HER2), o ERBB2 e 0 GRB7, e a proliferacéio celular (MKI67, CCNB1 e MYBL2)*.,
Ao grupo Erb-B2+ esta relacionada a auséncia de expressdo do RE assim
como a amplificagdo dos genes do cromossomo 17 ERBB2 e GRB7, o gene
FGFR4 do cromossomo 5, o TMEM45B do cromossomo 11 e o GPR160 do
cromossomo 3’. O subtipo Basal-like é caracterizado pela auséncia de
expressdo do RE associado a alta expressao de queratinas 5 e 17, laminina e

acidos graxos ligados a proteina 7°1%2°

, € também relacionado a mutacao dos
genes BRCA1, P53 e RB1 e alta taxa de proliferacdo celular, mensurada pelo
ki67%. E, finalmente, o grupo Normal breast-like também n&o expressa o gene
RE e apresenta alta expressdo de genes relacionados ao tecido adiposo e
tecidos n&o epiteliais®**%°.

No final da década de 2000, a heterogeneidade dos tumores ja era
amplamente conhecida e o valor da classificacdo em diferentes subtipos
intrinsecos para a pratica clinica era muito estudado. Entretanto, a classificacéo
molecular através de arrays de DNA era dificil e cara e assim nédo era utilizada
na rotina. Varios autores buscavam uma classificacdo correspondente através
de imunoistoquimica (IQ) e hibridizacdo fluorescente in situ (FISH). Em 2009,

21
l.

Cheang et al.“~ publicaram o trabalho que serviu de base para a classificacéo
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clinico-patoldgica dos subtipos de cancer de mama baseada em IQ e FISH.
Posteriormente varios autores validaram a classificacdo por IQ e FISH, mais
facil e barata para o uso na pratica clinica, através da expresséo dos RE e RP,

HER2 e ki67?*%* conforme proposto por Cheang et al.?.

Os subtipos
classificados através de critérios clinicos e patolégicos séo similares, mas néo
idénticos aos intrinsecos; ainda assim, representam uma aproximacao
conveniente?>#324,

Até o 11th St Gallen International Breast Cancer Conference Expert
Panel®, em 2009, as deliberacdes sobre o tratamento do cancer de mama se
basearam na expressdo dos receptores de estrogeno (RE) e receptores de
progesterona (RP) determinados por IQ e do HER2, determinado por I1Q e FISH.
O termo “triplo negativo”, ja era utilizado na definicdo dos carcinomas que nao
expressavam RE, RP e HER2, mas sem a conotacao de definir um subtipo de
cancer, apenas para designar os tumores com tripla negatividade para RE, RP
e HER2. Foi durante a 12th St Gallen International Breast Cancer Conference
Expert Panel, 2011* que a classificagdo em subtipos clinico-patolégicos,
realizada através da 1Q e FISH conforme proposto por Cheang et al.?!, foi
adotada para as deliberacdes sobre estratégias terapéuticas. Nesta conferéncia
foi sustentado o uso apenas dos RE, RP, HER2 e ki67 para a classificacdo dos
subtipos e foi discutido o valor de corte desses marcadores a ser utilizado.

Ficou estabelecido que os RE e RP fossem considerados positivos a
partir de 1% de nucleos de células coradas. Nos casos de discordancia RE

negativo e RP positivo, seria mantida a indicacdo de terapia hormonal, pois se

considerava um falso negativo do RE?. Em relagdo ao HER2, houve
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recomendacao para estudo inicial por 1Q, sendo o FISH realizado nos casos de
resultado “indeterminado” pela 1Q*. Apds comparacdo da expressdo dos
valores de ki67 avaliados por IQ com os subtipos intrinsecos determinados pelo
PAMS5O0, foi estabelecido um valor de corte de positividade por IQ de 14% para o
ki67 por ser este o mais aproximado aos padrdes de expressdo génica®’. Dessa
forma, os subtipos clinico-patoldgicos foram assim classificados: Luminal A: RE
e/ou RP positivos, HER2 negativo e ki64 baixo (<14%); Luminal B HER2
negativo: RE e/ou RP positivos, HER2 negativo e ki64 alto (>=14%); Luminal B
HER2 positivo: RE e/ou RP positivos e HER2 positivo; HER2 superexpresso
(ndo luminal): RE e RP negativos e HER2 positivo; Triplo-negativo (ductal):
auséncia de expressdao de RE, RP e HER2. Neste consenso os Triplos-
negativos passaram a denominar um subtipo clinico-patolégico, com
caracteristicas peculiares de comportamento e pior progndstico. Foi ressaltado
qgue existia uma correspondéncia de aproximadamente 80% entre os Triplos-
negativos (ductais) clinico-patoldgicos e os intrinsecos Basal-like e que entre os
Triplos-negativos existiam tipos histolégicos ndo ductais, como o medular e 0
adendide cistico, que cursavam com melhor prognéstico.

Entdo, a partir de 2011, esta classificacdo teve grande importancia na
indicacdo do tratamento do cancer de mama. De maneira geral, ficou
estabelecido tratamento com hormonioterapia para 0s tumores Luminais,
quimioterapia e anticorpo monoclonal anti-HER2 (trastuzumab) para os tumores
que expressavam HER2 e quimioterapia para os Triplos-negativos. Nesta
classificacdo o ki67 teve papel fundamental na divisdo entre os tumores

Luminais A e Luminais B HER2 negativos em relagéo ao tratamento citotoxico:
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foi afirmado o tratamento apenas com hormonioterapia para os Luminais A, na
maioria dos casos, e a necessidade de adicdo de quimioterapia aos Luminais B
HER2 negativos, além da hormonioterapia®.

Na 13th St Gallen International Breast Cancer Conference Expert Panel,
2013° a classificagédo em subtipos clinico-patolégicos foi novamente modificada,
considerando-se a avaliacdo semi-quantitativa da expressdao dos RP na
evolucdo clinica e resposta ao tratamento. Prat et al.?’ avaliaram o valor
progndéstico da proporcdo de células que expressavam 0S genes e a proteina
RP nos tumores classificados como Luminais A. Quando compararam a
classificacdo intrinseca (molecular) e clinico-patoldgica (IQ) em mais de duas
mil pacientes com carcinomas de mama Luminais A ou B observaram que: a
grande maioria dos tumores Luminais A intrinsecos também eram Luminais A
pela 1Q. Entretanto, 35% a 52% dos tumores Luminais B intrinsecos na
realidade eram classificados como Luminais A pela 1Q. Observaram que 0s
tumores Luminais A intrinsecos apresentavam um escore de positividade dos
RP muito maior quando comparado com Luminais B intrinsecos. A fraca
positividade dos RP (<20%) pela IQ passou a ser considerada um marcador
para Luminal B. Os autores ndo observaram diferenca na expressdo dos RE.

Assim, Prat et al.?’

propuseram uma nova definicdo para os Luminais A por 1Q,
adotada por St. Gallen em 2013. Tumores Luminais A passaram a ser definidos
como tendo: RE positivo, HER2 negativo, ki-67 <14% e RP positivo com
expressdo > 20%>%’. Entre os Luminais B HER2 negativos foram incluidos os

tumores RE positivos com RP negativo ou RP expresso em menos de 20% dos

nacleos corados, assim como os tumores RE positivos com RP positivo e ki-67
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> 14%. Portanto, apenas os tumores de melhor progndstico foram considerados
Luminais A, reduzindo proporcionalmente os canceres classificados nesta
categoria. Parte dos tumores classificados em 2011 como Luminais A pela 1Q,
passaram a ser incluidos na classificacdo de Luminais B HER2 negativos, tendo
indicagcdo para tratamento citotoxico, mais condizente com 0 prognostico
desses canceres. Também foi discutido em plenaria o valor de corte do ki-67,
pois existe uma variedade interlaboratorial na definicdo da coloracdo do ki-67
por 1Q. Varios autores validaram o valor de corte de 14%°?%, Esse valor de
14% foi mantido, embora seja sugerido que cada laboratério deva definir seu
ponto de corte para que o ki-67 seja considerado alto>.

Neste consenso também foi incorporado o papel das assinaturas génicas
na classificacdo dos subtipos Luminais e orientacdo de tratamento para esses
tumores. As assinaturas génicas 70-gene (MammaPrint; Agendia, Amsterdam,
The Netherlands) e 21-gene (OncoType; Genomic Health, Redwood City, CA)
tém sido incorporadas a pratica clinica para complementar a patologia e orientar
o tratamento em carcinomas de mama iniciais, com expressdo de RE, sem
comprometimento de linfonodos axilares. As assinaturas génicas tém um papel
prognéstico e preditivo da resposta, indicando as pacientes que nédo irdo se
beneficiar com a quimioterapia'®. As limitacdes para o uso rotineiro das
assinaturas incluem o alto custo, o envio de amostras dos tumores a centros de
referéncias e a dificuldade de obter material suficiente para a realizacdo das
assinaturas em tumores muito pequenos’®. Existem estudos em andamento
para validar o uso das assinaturas génicas em outros casos, como indicacao de

tratamento em tumores iniciais com RE positivo e axila positiva, indicacdo de
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tratamento hormonal isolado versus hormonioterapia e quimioterapia, entre
outros, que sao: RXxPONDER (SWOG S1007) trial, TAILORX trial e MINDACT
trial®®.

Assim sendo, a nova classificacdo dos subtipos clinico-patolégicos
segundo a 13th St Gallen International Breast Cancer Conference Expert Panel,
2013°, utilizada atualmente, ficou assim estabelecida: Luminal A-like: expressa
RE e RP, ndo expressa HER2 e tem baixa expressdo de ki-67, além de baixo
indice de recorréncia calculado pelas assinaturas génicas (21-gene e 70-gene)
quando disponiveis; Luminal B-like HER2 negativo: expressa RE, ndo expressa
HER2 e pode ter uma das seguintes caracteristicas: alta expressao de ki-67 ou
baixa expressao/negatividade dos RP ou alto indice de recorréncia calculado
pelas assinaturas génicas; Luminal B-like HER2 positivo: expressa RE e
superexpressa/amplifica HER2, independentemente do estado do RP e do ki-
67; HER2 positivo (ndo luminal): ndo expressa receptores hormonais (RE e RP) e
superexpressa/amplifica o HERZ2; Triplo-negativo: ndo expressa RE e RP, nem
HER2.

As recomendacdes referentes ao tratamento sistémico em relacdo aos
subtipos segundo a dultima Conferéncia de St. Gallen ficaram assim
estabelecidas: os Luminais A-like sdo tumores que respondem muito bem a
hormonioterapia, sendo este o principal e quase sempre Unico tratamento
sistémico indicado®®. Esses tumores s&0 menos responsivos & quimioterapia®,
sendo esta indicada apenas em algumas situacdes, como: tumores Grau 3 e de
grande volume, envolvimento de 4 ou mais linfonodos axilares pela doenca, alto

escore nos testes de avaliagdo génica (21-gene e 70-gene) e doenca em
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mulheres muito jovens, com 35 anos ou menos®. N&o ha esquema preferencial
de tratamento quimioterapico para esse subtipo, podendo ser utilizado qualquer
regime padrdo, como ciclofosfamida-metotrexate-fluorouracil  (CMF),
antraciclina-ciclofosfamida (AC) ou taxano-ciclofosfamida (TC)>*. Os Luminais
B-like HER2 negativos sdo tratados com hormonioterapia e quimioterapia (na
maioria dos casos), com esquemas baseados em antraciclina e taxano®. Os
Luminais B-like HER2 positivos sdo tratados com terapia enddcrina,
trastuzumab e quimioterapia, preferencialmente com esquemas que incluem
antraciclina e taxano”. Este grupo também tem pior resposta ao tamoxifeno por
expressar genes envolvidos com resisténcia a esta droga®®. O tratamento dos
HER2 positivos (ndo luminais) baseia-se em quimioterapia (preferencialmente
esquemas contendo antraciclina e taxano) e trastuzumab®. Os Triplos-negativos
sdo tratados com quimioterapia, na maioria das vezes esquemas contendo
antraciclinina e taxano®.

Embora os fatores de risco, classificacdo, tratamento e progndstico no
cancer de mama sejam essencialmente definidos pelos subtipos clinico-
patolégicos, associados ou ndo as assinaturas genéticas, ainda existem
davidas sobre o papel de outros marcadores, essencialmente aqueles
relacionados a inflamacéo e supressao tumorais.

Na relacdo da inflamagdo com a carcinogénese, as cicloxigenases, ou
COXs tém um papel fundamental. As COXs sdo uma familia de enzimas
chamadas “mieloperoxidases”, sendo enzimas-chave que catalisam os dois
primeiros passos da conversao de acido aracddnico em prostaglandinas e

tromboxanos®!. Atualmente existem trés formas de COX identificadas, a COX1,
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a COX2 e a COX3. A COX1 é constitutiva nos tecidos e esta envolvida na
homeostase. A COX2 é uma isoforma induzivel da enzima, sintetizada no
citoplasma de células de tecidos envolvidos em processos inflamatérios e
neoplasicos. Porém, um estudo recente® demonstrou sua express&o no tecido
mamario normal durante o ciclo reprodutivo da mulher jovem, com uma ampla
variabilidade de expressdo. Uma possivel explicacdo é porque sua sintese é
regulada por fatores de crescimento e citocinas, sendo 0s principais a
interleucina 1 beta e o fator necrose tumoral alfa®*. A COX3 é uma variante da
COX1, constitucional no cérebro e medula espinhal, e sua funcdo ainda néo
esta bem estabelecida®.

Ha anos vem-se demonstrando associacao entre a expressdo da COX2
e algumas neoplasias, como cancer de célon, reto, estdbmago e mama>:.
Existem evidéncias de que a COX2 esteja relacionada a carcinogénese
mamaria atuando na promocao da angiogénese, migracao e invasao celulares e
modulando o sistema imunolégico de modo que reduza a imunidade
antitumoral***=%3" No tecido mamario existe inducdo da COX2 em carcinomas
in situ e invasor, além de estar presente no tecido mamario normal
peritumoral®>*®%  Sua expressdo também estd associada com marcadores
amplamente utilizados para determinar prognostico e tratamento no cancer de
mama, como os receptores hormonais (RE e RP)* e o HER2* e com os
subtipos intrinsecos de céncer de mama (Luminal A, Luminal B, HER2
superexpresso e Basal-like)3#*2. A COX2 esta relacionada a vérios fatores de
pior prognostico, como: a expressao do HER2, negatividade para receptores

hormonais (RE e RP), comprometimento dos linfonodos axilares, menor
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sobrevida global e livre de doenca, metastases Osseas, associacdo aos
subtipos intrinsecos de pior progndstico, que sdo o HER2 superexpresso e o
Basal-like e resisténcia a QT31344041.42:43.44

A importancia de se estudar a associacdo da COX2 com as neoplasias,
em particular com o cancer de mama, vem do seu potencial como alvo de
tratamento ou quimioprevencdo>*%. Os primeiros agentes a serem estudados
foram o0s inibidores seletivos da COX2, também chamados de Coxibs.
Recentemente observou-se que em mulheres com carcinoma de mama dos
subtipos Luminais, os inibidores da COX parecem aumentar o efeito do
tamoxifeno naquelas cujos tumores apresentam alta angiogénese, avaliada pela
expressdo do VEGF/VEGFR2. Considerando-se que tumores com alta
angiogénese sao resistentes ao tamoxifeno, os inibidores da COX exercem um
efeito antiangiogénico, podendo reduzir a resisténcia ao tratamento*°.
Entretanto sua eficacia tem sido limitada pelos efeitos colaterais,
essencialmente cardiovasculares®. Existem outras drogas em estudo, com
resultados promissores.

A Bromelaina € uma substancia derivada do abacaxi que vem
demonstrando ter um importante efeito anticancer, através de vias diferentes:
inibicdo da iniciacdo tumoral; inibicdo da proliferacdo celular; inducdo da
apoptose principalmente promovendo uma regulagdo “para cima” do sistema
p53; prejudica a sobrevivéncia das células malignas; atenua danos no DNA e,
por fim, inibe a producdo de COX2*“*’ O Targretin (bexaroteno) é um
agonista dos receptores retindides X (RXR) aprovado clinicamente para o

tratamento de linfoma cutéaneo de células T e de cancer de pulméao de células
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nao pequenas. Os agonistas RXR vém demonstrando ter um efeito inibidor
sobre a proliferacdo celular no cancer de mama, além de inibir a expresséo de
COX2 nestes tumores*®“°. A Metformina, biguanida utilizada para o tratamento
do Diabetes tipo 2, vem demonstrando ter também efeito anticancer,
principalmente no cancer de mama. Ja existem alguns mecanismos de acéo
conhecidos para esta acéo, sendo a inibicdo da proliferacdo e do crescimento
tumoral os principais explicados pela inibicdo da angiogénese e da expressao
de COX2, entre outros mecanismos; ha também evidéncia de que, associada
ao tamoxifeno, possa reduzir a resisténcia a esta droga®*°*.

Quanto a supressao tumoral, o principal gene a ela relacionado é o
TP53. O gene TP53 foi descoberto em 1979, identificado como um gene
supressor da replicacdo celular quando existe dano no DNA. E responséavel
pela manutencdo da integridade do genoma através da inducdo da apoptose
celular ou colocando o ciclo celular em repouso, agindo assim como “guardiao
do genoma™?. Esse gene codifica a proteina p53, que normal é praticamente
indetectavel pela 1Q porgue apresenta meia-vida curta, e estd presente em
pequena quantidade dentro da célula. Ja a superexpressdo da p53 detectada
por 1Q indica mutacéo do gene, que leva a producao de formas estaveis e nao
funcionais da proteina p53°°. Mutacdo em um alelo do gene TP53 pode resultar
em alterac&o ou inativacao de sua funcao, sendo que o TP53 esta alterado em
grande numero de neoplasias em humanos, inclusive no cancer de mama, além
de estar associado a carcinomas familiares (Sindrome de Li-Fraumeni)>*°>¢,

Esta alteracdo tem particular importancia nas regiées Sul e Sudeste do

Brasil, em que foi descrita uma mutacdo germinativa no cédon 337 do gene
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TP53 (arginina por histidina), a mutacdo R337H°’, com uma frequéncia na
populacdo de 0,3%, considerada muito mais alta que outras mutacdes desse

alelo®®°,

Foi descrita uma prevaléncia de 0,5% de mutacdo R337H em
mulheres com cancer de mama em S&o Paulo e Rio de Janeiro®. A expressao
da p53 no céancer de mama estad associada a fatores de mau progndstico:
tumores de alto grau, com alta taxa de proliferacdo celular, ocorréncia em
mulheres jovens, associacdo com receptores hormonais nhegativos,
principalmente tumores Basal-like??>**>®!, Também esta relacionada ao maior
indice de recorréncia local e menor sobrevida geral®**®. Devido & importancia
da R337H no Sul e Sudeste do Brasil e a relevancia da p53 no cancer de
mama, principalmente em mulheres jovens, ja existem autores propondo que a
pesquisa desta mutacdo entre nos testes genéticos para rastreamento de
carcinomas hereditarios nestas regiées do pais®®®.

Existe uma forte relacdo entre a mutacdo TP53, mecanismos
inflamatorios e o cancer de mama. JA4 sdo conhecidas as relacbes entre a
expressdo de p53 e COX2 com os tipos histologicos de carcinomas de mama e
também algumas relacdes com seus subtipos intrinsecos. Todavia, sua relacdo
com os correspondentes subtipos classificados por 1Q, conforme proposto na
13thSt Gallen International Breast Cancer Conference Expert Panel, 2013% a
repercussao para o tratamento e prognoéstico de acordo com estes subtipos
ainda ndo é conhecida. Este trabalho podera contribuir para estabelecer estas
relacbes entre p53, COX2 e subtipos clinico-patoldgicos de cancer de mama,

estimar progndstico e possibilitar o planejamento de estratégias para melhores

diagnostico e tratamento.
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2. Objetivos

2.1 Objetivo Geral

Classificar as mulheres com carcinoma de mama tratadas no Hospital da
Mulher Prof. Dr. José Aristodemo Pinotti- CAISM/UNICAMP nos diferentes
subtipos clinico-patolégicos, avaliar a expressdo da COX2 e p53 em cada
subtipo, correlacionar com caracteristicas clinicas e patolégicas do cancer de

mama e com a sobrevida livre de doenga e global.

2.2  Objetivos Especificos

m Artigo 1
1. Avaliar a distribuicdo dos subtipos clinico-patolégicos Luminal A-like,
Luminal B-like HER2 positivo, Luminal B-like HER2 negativo, HER2
positivo (ndo luminal) e Triplo-negativo nas mulheres com carcinoma
invasivo de mama atendidas no CAISM/UNICAMP;
2. Avaliar a relagcéo entre a expresséo dos receptores hormonais, do HER2

e do ki67;
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Correlacionar os subtipos clinico-patolégicos com as caracteristicas
clinicas e patoldgicas da doenca;
Avaliar a sobrevida global e a sobrevida livre de doenca segundo os

subtipos clinico-patoldgicos.

Artigo 2

1.

4.

Avaliar a relagéo entre a expressao da COX2 e da p53 nos subtipos
clinico-patolégicos Luminal A-like, Luminal B-like HER2 positivo, Luminal
B-like HER2 negativo, HER2 positivo (ndo luminal) e Triplo-negativo nas
mulheres com carcinoma invasivo de mama atendidas no
CAISM/UNICAMP;

Relacionar a expressao da COX2 com a p53;

Relacionar a expressdo da COX2 e da p53 com as caracteristicas
clinicas e patoldgicas da doenca;

Avaliar a sobrevida global e livre de doenca segundo a expressao da

COX2 e da p53.
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Abstract:

Background: The intrinsic subtypes of breast cancer classification has been
proven as straightforward strategy to predict patient survival and response to treatment.
Objectives: We tested the association of the current clinic-pathological surrogate
subtypes of breast cancer with the main prognostic and predictive factors in a relatively
large dataset of breast cancer Brazilian patients, which were followed up for almost four
years. We discuss the advantages and possible caveats related to this new classification.
Results: Approximately 75% of the tumors were classified as luminal-type-like. HER2
positive (non-luminal) tumors accounted for 9.3% of the cases and Triple-negative
tumors, 13.1%. Luminal B-like and HER2 positive (non-luminal) tumors were
associated with higher histological grades. Luminal A-like tumors were significantly
associated with better overall and disease free survival. Conclusion: The more strict
criteria to define Luminal A-like tumors increased the accuracy of the classification by

selecting tumors that share a good prognosis and response to endocrine therapy.
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Introduction

The intrinsic subtypes of breast cancer classification has been proven as
straightforward strategy to predict patient survival and response to treatment?3#°.
Current lines of research on breast cancer almost invariably should be designed taking
into account the biological and clinical knowledge related to that classification®"®. In
the clinical practice, the original classification, based on DNA arrays, has been proven
unfeasible due to technical and economical constraints and was replaced with a
surrogate version, based on the proteic expression of the key molecules. It was only in
2011 during the 12th St Gallen International Breast Cancer Conference Expert Panel that
the surrogate classification has been validated and adopted as the standard way to
classify tumors for therapeutic deliberations®. The surrogate subtypes were thus
determined on the sole basis of the protein expression of steroid [estrogen (ER) and
progesterone (PR)] receptors, HER2 (the status of this marker should be determined with
Fluorescent in situ Hybridization when immunohistochemistry results are equivocal),
and ki67. A residual debate persisted with regards to the thresholds to be adopted for
each molecular marker.

In the 13th St Gallen International Breast Cancer Expert Panel Conference 2013*
the classification of the surrogate subtypes was modified again. This time, the debaters
considered the semi quantitative evaluation of the expression of PR in the clinical course
and response to treatment. One of the key studies used for the review of the
classification parameters was that of Prat et al.?, who evaluated the prognostic value of
the proportion of cells that express PR genes and protein in tumors classified as Luminal
A. When comparing the intrinsic (molecular) and clinico-pathological classification for

over two thousand patients with Luminal A and B breast carcinomas, they observed that
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Luminal A tumors had a score of positivity for PR much higher than Luminal B tumors,
which prompted establishing a new positivity threshold of 20% stained nuclei for the
progesterone receptor status. Using this new threshold, Prat et al® proposed a new
definition for Luminal A tumors, which was adopted by St. Gallen in 2013. Therefore,
two clinico-pathological surrogate subtypes received new definitions: Luminal A-like
was defined as tumors ER positive, HER2 negative , ki-67 <14 % and PR expression in
>= 20 % of the nuclei, and Luminal B-like HER2 negative tumors that are ER positive,
HER?2 negative and ki67 high (>=14%) or PR negative (<20%)*. Therefore, only tumors
with the best prognosis were considered Luminal A-like, proportionally reducing the
cancers in this category. Part of tumors previously classified as Luminal A were
reclassified as Luminal B-like HER2 negative, with formal indication to receive
cytotoxic treatment, more consistent with the prognosis of these cancers.

The molecular classification of breast cancer is in its infancy and many new lines
of evidence emerge constantly. We tested the association of the current clinic-
pathological surrogate subtypes of breast cancer with the main prognostic and
predictive factors in a relatively large dataset of breast cancer Brazilian patients, which
were followed up for four years. We discuss the advantages and possible caveats related

to this new classification.
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Methods

Selection of the patients

A total of 183 breast carcinoma samples were obtained from women treated at
the Women’s Hospital of Campinas State University, Campinas, Brazil, between June
2008 and January 2011. Tissue microarrays (TMA) were constructed from the original
paraffin blocks for immunohistochemistry (IHC) and fluorescent in situ hybridization
(FISH) analyses. Samples from patients who were pregnant at the time of diagnosis and
from those who received neoadjuvant chemotherapy were not included. Cases for which
TMA staining was not feasible due to technical constraints were assessed using slides

derived from the original paraphin blocks.

Histology
Samples were retrieved from the Hospital’s archives. Criteria from the World

Health Organisation were used to classify the invasive breast tumors™.

TMA construction

One seasoned pathologist (JV) selected the areas for TMA sampling with
specialized needles (Beecher Instruments Microarray Technology, Silver Spring, CA,
USA). Perforations of 1.0mm were performed in the selected areas and transferred to
the TMA block. Silanized slides were then produced for the subsequent experiments

(IHC and FISH).
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Immunohistochemistry (IHC)

Immunohistochemistry was performed to detect the expression of ER, PR and
ki67 in 183 breast cancer samples. Briefly, sections were deparaffinized with xylene and
dehydrated in alcohol series. Endogenous peroxidase activity was blocked by using
0.3% hydrogen peroxide, followed by washes with distilled water. For antigen retrieval,
we used a commercially available pressure cooker (Pascal, supplied by Dako,
Carpinteria, CA, USA), in which slides were immersed in citrate buffer pH 6 for 30 min.
The slides were dried at room temperature and washed in distilled water. Then, the
sections were incubated in a moist chamber, with the specific primary antibodies at 4 °C
overnight (ER: clone 1D5 1:1000, Dako; PR: clone PgR 636 1:800, Dako; ki67: clone
MIB1 1:500, Dako). The slides were then washed in PBS, pH 7.4, then incubated in
Advance™ HRP Detection System (Dako) at 37 °C for 1 h, and washed in PBS. For
detection, DAB chromogenic substrate (3’-diaminobenzidine, Sigma—Aldrich, St. Louis,
MO, USA) was applied, at the proportion 0.06 g to 100 ml of PBS, 500 ul hydrogen 3%
peroxide and 1 ml dimethylsulfoxide (DMSO) at 37 °C for 5 min. Finally, the slide was
washed in tap water and counterstained with Harris” hematoxylin. After being
dehydrated, slides were mounted in resin (Entellan®, Merck, Darmstadt, Germany).
Internal and external, positive and negative controls were used to validate the reactions.
Stained cells in each tissue were counted under a light microscope by an experienced

pathologist.
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Image analysis

The IHC staining was assessed independently by two observers who were
unaware of the clinical and pathological features of the disease. Two TMA sets of each
tumor (and individual slides from the original paraphin blocs when TMA analyses were
impossible) were used for each marker. In post hoc analysis, if scores differed in the two
analyses, the higher staining score (see below) was considered. Nuclear IHC staining
was considered for ER, PR and ki67. For ER, a “positive” result was rendered when
>1% of the nuclei were stained. For PR, a “positive” result was rendered when >=20%
of the nuclei were moderately to strongly stained. For ki67, the “positive” status was

granted to cases with >=14% moderate/strongly stained nuclei.

Fluorescent In Situ Hybridization (FISH)

HER2 status of the 183 specimens was assessed using FISH. Gene-specific
probes (17q12-SE17; Kreatech®, Amsterdan, Netherlands)were labeled in red (Red
dUTP; Abbott Molecular, Inc.; cat. no. 02N34-050) and were applied onto samples
together with commercial probes for the corresponding chromosome centromere
(CENL17, Kreatech Diagnostics, cat. no. SE17 D17Z1; CENS8, Kreatech Diagnostics, cat.
no. SE8 D8Z2; CEN11, Kreatech Diagnostics, cat. no. SE11 D11Z1), labeled in green,
as an internal control.

The gene/centromere statuses were assessed by a single-blinded observer. For
each core in the tissue microarray slide, 40 signals were observed during analysis and
were evaluated as <2/2, 2/2, or >2/2, with regard to the aneuploidy status. Gene gain or

loss was elucidated from these results.
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Clinico-Pathological Surrogate subtypes of breast cancer

Tumors were subtyped into five distinct categories according to the Clinico-
Pathological surrogate definitions of intrinsic subtypes of breast cancer defined during
the 13th St Gallen International Breast Cancer Conference® and recently published.

Estrogen/progesterone receptor and Ki67 statuses were determined using
immunohistochemistry. All cases were tested for HER2 status using FISH. The
following definitions were thus used to determine the tumor Clinico-Pathological
surrogate subtypes:

Luminal A-like: ER and PR positive, HER2 negative and ki67 low (<14);
Luminal B-like HER2 negative: ER positive, HER2 negative and ki67 high (>=14%) or
PR negative (<20%); Luminal B-like HER2 positive: ER positive, HER2 over-expressed
or amplified, any ki67 and any PR; HER2 positive (non-luminal): HER2 over-expressed
or amplified, ER and PR absent; Triple-negative (ductal): ER and PR absent, HER2

negative.

Data analysis

Chi-squares were used to assess the associations between the combined steroid
receptor statuses and ki67 expression. Next, pairwise comparisons of each combined
status with the dichotomous ki67 status classification were performed using chi-squares
or Fisher’s exact test were appropriate. Chi- squares were also used to evaluate the
associations between the clinical and pathological features of patients and their tumors
with the surrogate subtypes. Differences in survival were assessed using log-ranks.

p<0.05 was considered significant. Mean follow-up time was 2.94 years (90% central
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range = 0.93 to 4.1 years). Calculations were performed with the R Environment for

statistical computing™.

Results

Table 1 shows the distribution of the clinico-pathological surrogate subtypes
across the 183 selected breast cancer specimens. Approximately 75% of the tumors were
classified as luminal-type-like. Roughly half (49.7%) of the cases were classified as
Luminal B-like (14.2% were HER2 positive). HER2 positive (non-luminal) tumors
accounted for 9.3% of the cases and Triple-negative tumors for the remainder 13.1%.

Table 2 shows the expression of ki67 in groups of tumors with ER/PR/HER2
varying setups. In luminal tumors, Ki67 positivity reached its peak in ER+ PR- /HER2+
(67%), contrasting to only 25% in ER+ PR+ /HER2+ tumors. For non-luminal tumors,
Ki67 positivity was higher in HER2- cases (63%) compared to HER2+ tumors (47%).
However, these differences were not statistically different.

There was no association between age, menopausal status, tumor size, axillary
lymph node status, and disease stage and clinico-pathological surrogate subtype (Table
3). In contrast, Luminal B-like and HER2 positive (non-luminal) tumors were associated
with higher histological grades when compared to Luminal A-like tumors (p<0.01)
(Table 4).

Figure 1 shows the Kaplan Meier representation of disease-free survival
according to the clinico-pathological surrogate subtype of the tumors. Luminal A-like
tumors were significantly associated with better survival when compared to HER2

positive (non-luminal) (p=0.01) and Triple-negative (p=0.01) tumors. Comparing overall
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survival (Figure 2), Luminal A-like tumors were associated with a better prognosis

when compared to HER2 positive (non-luminal) and Triple-negative tumors.

Discussion

Using the most recent clinico-pathological surrogate subtype classification of
breast tumors, we detected a 50% prevalence of Luminal B-like tumors in a series of
Brazilian women living in a densely populated urban region. Luminal A-like tumors
accounted for roughly 30% of the tumors whereas HER2 positive (non-luminal) and
Triple-negative tumors accounted for the 20% remainder. Not unexpectedly, cell
proliferation rate (ki67 expression) was associated with negative HER2 status and
Triple-negative subtype. In general, Luminal A-like tumors were well differentiated
compared to the other subtypes.

This is the first study to describe the molecular subtype prevalence in Brazilian
women using the most recent classification. It is worth noting that the distribution of the
Luminal tumors differs from that described in previous studies, in which Luminal A
tumors accounted for approximately 40% of the tumors whereas the Luminal B subtype
was described for only 10 to 20% of the tumors*>**'*>_ This departure from the usual
proportion is most likely associated to the recent classification modifications that took
place during the Saint Gallens’ 2013 Conference, after which the threshold for PR
positivity was dramatically raised from 1% to 20% of stained nuclei. This single move
swapped the relative position of Luminal A-like and B-like tumors in the prevalence
rank.

Results from an important study recently indicated that PR is an important

prognostic factor in order to properly define subgroups with different prognosis within
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the Luminal B-like subtype, irrespective of HER2 overexpression or amplification. The
prognostic and predictive value of PR has been for a long time ascribed to the
dependence of PR expression on ER activity, with the absence of the PR reflecting a
nonfunctional ER and resistance to hormonal therapy™. However, the decision to raise
the PR threshold during the last Saint Gallen conference is related to the fact that the
previous classification using the 1% threshold many tumors classified as Luminal A-like
were intrinsic Luminal B tumors, and the new classification possibly corrects this defect.
It is expected that the new classification may bear a better correlation with disease
prognosis, since patients with early breast cancer with tumors that are ER positive and
PR positive (ie, Luminal A-like) have lower risks of recurrence and mortality compared
with women with ER positive and PR negative tumors. One pivotal study showed that
women with ER-positive/PR-negative, ER-negative/PR-positive, or ER-negative/ PR-
negative tumors experienced higher risks of mortality compared with women with ER-
positive/PR-positive tumors, independent of the various demographic and clinical tumor
characteristics'’. These data led to the conclusion that IHC subtype—based definitions of
genomically defined luminal A and B tumors are imperfect and may give room to
misinterpretations regarding the prognosis of breast tumors. One way to overcome the
apparent incongruence between the IHC-based and molecular based subtype
classifications is therefore to define Luminal A-like tumors as those HR-positive/HER2-
negative/ki-67 less than 14% and PR more than 20%.

This study also offers some prospective data on the prognostic value of the new
classification. These data may aid in the clinical validation of the IHC classification
using the more strict cutoff points for PR. Our analyses confirmed the strong prognostic

value of the new classification, since Luminal A-like tumors were significantly better
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positioned in terms of a favorable prognosis than their counterparts and Luminal B-like
with overexpression of HER?2 also displayed better disease-free survival than the HER2
positive (non-luminal) tumors.

The recent consensus also established that the clinic-pathological subtypes
should dictate treatment options. For instance, it has been shown that Luminal A-like
tumors benefit the most from endocrine therapy, whereas Luminal B-like tumors should
also be treated with chemotherapy, endocrine therapy and trastuzumab if HER2
overexpressed. HER2 positive (non-luminal) tumors benefit from chemotherapy with
antraciclynes and taxanes and Triple-negative tumors should be aggressively managed
with chemotherapy, although target therapy is under testing (e.g PARP inhibitors)™®8.

Our study also addressed whether a few epidemiological features of the women
were associated with the new molecular subtypes of breast cancer. We found no
association between age and menopausal status with the clinico-pathological surrogate
subtypes. Recently, the association of the breast cancer subtypes with reproductive
factors has been examined to in depth in a review of the literature®. That review showed
significant heterogeneity in reproductive risk factors for the distinct subtypes of breast
tumors, with variation in strength and consistency of the associations. The strongest
evidence exists for hormone receptor positive breast cancers, with nulliparity, current
use of hormonal therapy, and prolonged interval between menarche and age at first birth
being the most robust. Increased age at first birth and increased age at menopause were
consistently associated with hormone receptor positive cancers in a majority of studies;
and though less consistent, younger age at menarche was also positively associated with
these tumors, whereas, longer periods of lactation and oral contraceptive use were

associated with lower risk. The higher prevalence of hormone negative breast cancers
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among African, American, and Hispanic women has been hypothesized to be due to an
interaction between genetic and reproductive risk factors such as increased parity?*%.
Findings from that review show that although risk of Triple-negative is associated with
some reproductive factors, but the results were largely inconsistent™. Other factors such
as obesity and low levels of physical activity seem to be associated with an augmented
risk of Luminal and non-luminal tumors®, but nuliparity is associated with an increased
risk for ER+ tumors. Other reproductive factors are also associated with increased risk
for specific clinico-pathological types, such as having the first offspring later in life,
which is associated with an increased risk of developing a HER2 positive tumor?.

Our study clearly corroborates the prognostic significance of the most recent
classification of clinico-pathological surrogate subtypes of breast cancer. In fact, we
believe that the more strict criteria (i.e. the 20% positivity threshold for progesterone
receptors) to define Luminal A-like tumors increased the accuracy of the classification
by selecting tumors that share a good prognosis and an excellent response to endocrine
therapy. For this particular small subset of patients, the literature shows very small or no

benefit derived from chemotherapy. In order to safely choose patients for a less

aggressive treatment, we believe that the new classification must be adopted.
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Table 1. Clinico-pathologial surrogate subtype classification of the breast tumors.

Subtype N %
Luminal A-like 51 27.8
Luminal B-like 91 49.7
Luminal B-like HER2 positive 26 14.2
Luminal B-like HER2 negative 65 35.5
HER2 positive (non-luminal) 17 9.3
Triple-negative 24 13,1
Total 183 100
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Table 2.ki76 expression in Luminal and Non Luminal-like tumors with different steroid
and HER2 expression patterns.

ki67 <14% ki67>=14% Total
Steroid receptors/HER2 n (%) n (%) n(100%) p
Luminal tumors
ER+ PR+/ HER2- 51(70) 22(30) 73 0.31
ER+ PR+ /HER2+ 15(75) 5(25) 20
ER+ PR-/ HER2- 30(70) 13(30) 43
ER+ PR- /HER2+ 2(33) 4(67) 6
Non-luminal tumors
ER- PR- /HER2+ 9(53) 8(47) 17 0.36
ER- PR-/ HER2- 9(37) 15(63) 24
Total 116(63) 67(37) 183(100)
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Table 3. Epidemiological and clinical features of the women and clinico-pathological
surrogate subtype classification.

Characteristics Total Luminal A- Luminal B- HER2 Triple- p

n(%) like like n(%) positive  negative

00 umina) "
n(%)

Age (years)
<=35 7(4) 0(0) 3(3) 0(0) 417)  0.09
36-49 56(30) 17(33) 26(29) 5(29) 8(33)
>50 120(66) 34(67) 62(68) 12(71) 12(50)
Menopaused
No 63(34) 17(33) 31(34) 5(29) 10(42)  0.86
Yes 120(66) 34(67) 60(66) 12(71) 14(58)
Tumor size
T1-T2 139(76) 34(67) 72(79) 13(76) 20(83)  0.30
T3-T4 44(24) 17(33) 19(21) 4(24) 4(17)
Axillary lymph
nodes
NO 90(49) 24(48) 49(54) 4(23) 13(54)  0.09
N1 40(22) 15(29) 13(14) 7(42) 5(21)
N2-N3 53(29) 12(23) 29(32) 6(35) 6(25)
Stage
I-11 109(57) 29(59) 54(59) 10(59) 16(75)  0.89
-1V 74(43) 22(41) 37(41) 7(41) 8(25)
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Table 4. Pathological features of the women and clinico-pathological surrogate subtype
classification.

Pathological features Total Luminal Luminal HER2 Triple- p

n(%) A-like B-like positive negative

n(%) n(%) (non-
luminal)n(%)  N(*%0)

Grade+
I-11 35(20) 19(37) 12(13) 0(0) 4(17) <0.01"
I 147(80) 32(63) 78(87) 17(100) 20(83)
Nuclear grade+
1-2 56(31) 26(51) 26(29) 2(12) 2(8) <0.01"
3 126(69) 25(49) 64(71) 15(88) 22(92)
Peritumoral
angiolymphatic
invasion
No 122(67) 36(71) 61(67) 7(41) 18(75) 0.10
Yes 61(33) 15(29) 30(33) 10(59) 6(25)
Peritumoral
perineural invasion
No 160(87) 45(88) 80(88) 13(76) 22(92) 0.53
Yes 23(13) 6(12) 11(12) 4(24) 2(8)
Dermal invasionx
No 166(91) 43(84) 86(96) 14(82) 23(96) 0.05
Yes 16(9) 8(16) 4(4) 3(18) 1(4)
In situ component
No 63(34) 16(31) 35(38) 3(18) 9(37) 0.39
Yes 120(66) 35(69) 56(62) 14(82) 15(63)
Histological type+
Ductal 165(90) 47(89) 78(86) 17(100) 23(96) 0.48
Lobular 11(6) 2(9) 9(10) 0(0) 0(0)
“Other 6(4) 1(2) 4(4) 0(0) 1(4)

+One case missing; Pairwise comparison s of the clinical features in the different surrogate subtypes:
“Grade: Luminal A-like vs Luminal B-like (p<0.01); Luminal A-like vs HER2 positive (p<0.01).
“Nuclear grade: Luminal A-like vs Luminal B-like (p=0.01) ~Other types: 2 medular, 1 medular
atypical, 1 pleomorphic apocrine,1 metaplasic and 1 colloid.

Publicagbes 62



Disease-free survival

02
|

Significance
- p=0.03
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c) Luminal B-like HER2 negative
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Figure 1. Disease free survival comparison of patients with different clinico-
pathological surrogate subtypes of breast cancer (Saint Gallen 2013 classification).

Note: Significant pairwise log-rank comparisons of disease-free survival: Luminal A-
like vs HER2 positive (non luminal) (p=0.01); Luminal A-like vs Triple-negative
(p=0.01); Luminal B-like HER2 positive vs HER2 positive (non-luminal) (p=0.01);
Luminal B-like HER2 positive vs Triple-negative (p=0.02).
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Figure 2. Overall survival comparison of patients with different clinico-pathological

surrogate subtypes of breast cancer (Saint Gallen 2013 classification).

Note: Significant pairwise log-rank comparisons of overall survival: Luminal A-like vs

HER?2 positive (non-luminal) (p=0.01); Luminal A-like vs Triple-negative (p=0.01).
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Abstract

Background: In the last decade, different molecular subtypes of breast cancer
have been proposed. Although displaying appreciable association with disease prognosis
and the prognostic value of cytotoxic and endocrine therapeutic modalities, the subtypes
seem to fail at completely explaining disease behavior and response to treatment.
Molecules such as those of the cyclocooxigenase (COX) family, currently composed of
three entities (COX 1, 2 and 3) have been shown to be associated with breast
carcinogenesis, and the analysis of p53 expression in breast tumors may also offer some
additional prognostic clues. Our study is aimed at assessing COX2 and p53 expression
in these clinico-pathological surrogate subtypes, and to evaluate whether the expression
of these molecules can help further explain the variability in prognosis still found within
the clinico-pathological subtypes groups of breast cancer. Methods: A total of 183
breast cancer samples were obtained from women treated at the Women’s Hospital of
Campinas State University, Campinas, Brazil, between June 2008 and January 2011.
Immunohistochemistry was performed to detect the expression of ER, PR, ki67, COX2,
and p53 and the HER2 status of the 183 specimens was assessed using FISH. Results:
There was no trend in COX2 overexpression from Luminal A-like to Triple-negative
subtypes. By contrast, p53 was expressed in roughly 67% of the Luminal A-like tumors,
50% of the Luminal B-like HER2 positive tumors, 60.9% of the Luminal B-like HER2
negative, approximately 82% of the HER2 positive (non-luminal) and 87% of the Triple-
negative tumors (p for trends = 0.06). There was a significantly higher proportion of
COX2 positive tumors (66.9%) when p53 was also positive compared to when the tumor
was negative for p53 (in which case only18.0% of the tumors were positive for COX2;

p<0.001). Neither marker was found to be associated with patients’ survival.

Publicagbes 67



Conclusions: There seems to be a positive association between the expressions of
COX2 and p53. On the other hand, neither the expression of COX nor that of p53 was
associated with clinico-pathological subtypes, tumor features and prognosis. It seems to
be too early to elect the detection of COX2 using IHC as prognostic or predictive tool,

but incipient evidence points towards a possible role for the marker.
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Introduction

In the last decade, different molecular subtypes of breast cancer have been
proposed, essentially following the data observed by Perou et al.****. Recently these
molecular subtypes were redefined as surrogate clinico-pathological subtypes at the St
Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer
2013°. Although displaying appreciable association with disease prognosis and the
prognostic value of cytotoxic and endocrine therapeutic modalities, the subtypes seem to
fail at completely explaining disease behavior and response to treatment. The study of
consolidated and novel molecules that are known to bear prognostic significance in other
tumors seems to be still valid in breast pathology®"®. One such group of novel molecules
is the cyclocooxigenase (COX) family, currently composed of three entities (COX 1, 2
and 3). COX2 is the inducible isoform of the enzyme. COX2 is synthesized in the
cytoplasm of cells involved in inflammatory and neoplasic processes.

In a recent study, the expression of COX2 in normal breast tissues has been
demonstrated to fluctuate during the menacme®. One possible explanation for this
finding is that the synthesis of the enzyme is regulated by growth factors such as
cytokines, chiefly among these interleukin 1 beta and tumor necrosis factor alpha®.

It has long been suggested tha COX2 may be involved in carcinogenesis of
colon, rectum, stomach and breast tumors'®. In breast pathology, there is evidence
suggesting that COX2 is associated with angiognesis, tumor cells migration and
invasion, and down-modulation of the immune system®**#** There is COX2 induction
in in situ and invasive carcinomas, in the tumor and surrounding tissues®***°. Studies
demonstrated an increased expression of COX2 in Triple-negative and HER2 positive

6,7,8,16,17

(non-luminal) tumors , and the enzyme has also been linked to factors associated
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with a worse prognosis such as positive axillary nodes, bone metastases, chemotherapy
resistance and worse survival®’ 116171819

The analysis of p53 expression in breast tumors may also offer some additional
prognostic clues. Non-functional forms of the protein can be detected by
immunohistrochemistry (IHC) when its incoding gene (TP53) is defective (mutated)®.
p53 expression in breast tumors is associated with high-grade, rapidly proliferating,
Triple-negative disease and is relativelly common in tumors that occur in young
women*?1?223  COX2 and p53 expression may be linked, since there is a strong
relationship between TP53 mutation and inflammation®>?*. However, their relationship
with the corresponding subtypes ranked by IHC as proposed in the 13th St Gallen
International Breast Cancer Expert Panel Conference, 2013 and the repercussions for the
treatment and prognosis according to these subtypes are not yet known.

Although scattered, there is substantial evidence suggesting a complimentary role
for COX2 and p53 detection in the prognostic evaluation of breast tumors. These
molecules may add clinical information to the now standard clinico-pathological
surrogate molecular classification of breast tumors. Thus our study is aimed at assessing
COX2 and p53 expression in these surrogate subtypes, and to evaluate whether the

expression of these molecules can help further explain the variability in prognosis still

found within the surrogate molecular groups of breast cancer.
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Methods

Selection of the patients

A total of 183 breast cancer samples were obtained from women treated at the
Women’s Hospital of Campinas State University, Campinas, Brazil, between June 2008
and January 2011. Tissue microarrays (TMA) were constructed from the original
paraffin blocks for immunohistochemistry (IHC) and fluorescence in situ hybridization
(FISH) analyses. Samples from patients who were pregnant at the time of diagnosis and

from those who received neoadjuvant chemotherapy were not included.

Histology
Samples were retrieved from the Hospital’s archives. Criteria from the World

Health Organisation were used to classify the invasive breast tumors®.

TMA construction
One seasoned pathologist (JV) selected the areas for TMA sampling with
specialized needles (Beecher Instruments Microarray Technology, Silver Spring, CA,
USA). Perforations of 1.0mm were performed in the selected areas and transferred to
the TMA block. Silanized slides were then produced for the subsequent experiments

(immunohistochemistry and FISH).
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Immunohistochemistry (IHC)

Immunohistochemistry was performed to detect the expression of ER, PR, ki67,
COX2, and p53 in 183 breast cancer samples. Briefly, sections were deparaffinized with
xylene and dehydrated in alcohol series. Endogenous peroxidase activity was blocked by
using 0.3% hydrogen peroxide, followed by washes with distilled water. For antigen
retrieval, we used a commercially available pressure cooker (Pascal, supplied by Dako,
Carpinteria, CA, USA), in which slides were immersed in citrate buffer pH 6 for 30 min.
The slides were dried at room temperature and washed in distilled water. Then, the
sections were incubated in a moist chamber, with the specific primary antibodies at 4 °C
overnight (ER: clone 1D5 1:1000, Dako; PR: clone PgR 636 1:800, Dako; ki67: clone
MIBL1 1:500, Dako; COX2: clone CX-294 1:100, Dako; p53: clone DO-7 1:1500, Dako).
The slides were then washed in PBS, pH 7.4, then incubated in Advance™ HRP
Detection System (Dako) at 37 °C for 1 h, and washed in PBS. For detection, DAB
chromogenic substrate (3’-diaminobenzidine, Sigma—Aldrich, St. Louis, MO, USA) was
applied, at the proportion 0.06 g to 100 ml of PBS, 500 ul hydrogen 3% peroxide and
1 ml dimethylsulfoxide (DMSO) at 37 °C for 5 min. Finally, the slide was washed in tap
water and counterstained with Harris’ hematoxylin. After being dehydrated, slides were
mounted in resin (Entellan®, Merck, Darmstadt, Germany). Internal and external,
positive and negative controls were used to validate the reactions. Stained cells in each

tissue were counted under a light microscope by an experienced pathologist.
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Image analysis

The IHC staining was assessed independently by three observers, blind to the
clinical and pathological features of the disease. Two TMA sets of each tumor (and
individual slides from the original paraphin blocs when TMA analyses were impossible)
were used for each marker. In post hoc analysis, if scores differed in the two analyses,
the higher staining score (see below) was considered. Nuclear IHC staining was
considered for ER, PR, p53 and ki67. For ER, a “positive” result was granted when >1%
of the nuclei were stained; for PR, a “positive” result was rendered when >20% of the
nuclei were moderately to strongly stained. For ki67, the “positive” status was granted to
cases with >14% moderate/strongly stained nuclei. For p53, a positive result was granted
when a percentage of 1% of stained nuclei was found. The German Immunureactive
Score was used to grade COX2 expression. Cytoplasmic expression was graded from 0 —
absent, 2 — moderate, and 3 — strong. Then, the percentage of positive cells was
converted into five categories (0 — absent/ 1 — 1 to 10%/ 2 — 11 to 50%/ 3 — 51 to 80%,
and 4- 81 to 100%). The final score was calculated multiplying the two scores. A

“positive” result was ascertained for cases with a final score >4.
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Fluorescent In Situ Hybridization (FISH)

HER2 status of the 183 specimens was assessed using FISH. Gene-specific
probes (17q12-SE17; Kreatech®, Amsterdan, Netherlands)were labeled in red (Red
dUTP; Abbott Molecular, Inc.; cat. no. 02N34-050) and were applied onto samples
together with commercial probes for the corresponding chromosome centromere
(CENL17, Kreatech Diagnostics, cat. no. SE17 D17Z1; CENS, Kreatech Diagnostics, cat.
no. SE8 D8Z2; CEN11, Kreatech Diagnostics, cat. no. SE11 D11Z1), labeled in green,
as an internal control.

The gene/centromere statuses were assessed by a single-blinded observer. For
each core in the tissue microarray slide, 40 signals were observed during analysis and
were evaluated as <2/2, 2/2, or >2/2, with regard to the aneuploidy status. Gene gain or

loss was elucidated from these results.

Clinico-pathological surrogate subtypes of breast cancer

Tumors were subtyped into five distinct cathegories according to the Surrogate
definitions of molecular subtypes of breast cancer defined during the 13th St Gallen
International Breast Cancer Conference (2013) and recently published®.

Estrogen/progesterone receptor and ki67 statuses were determined using IHC.
All cases were tested for HER2 status using FISH. The following definitions were thus
used to determine the tumor surrogate subtypes:

Luminal A-like: ER and PR positive, HER2 negative and ki67 low (<14);

Luminal B-like HER2 negative: ER positive, HER2 negative and ki67 high

(>14%) and or PR negative (<20%);
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Luminal B-like HER2 positive: ER positive, HER2 over-expressed or amplified,
any ki67 and any PR;

HER?2 positive (non-luminal): HER2 over-expressed or amplified, ER and PR
negative;

Triple-negative (ductal): ER and PR absent, HER2 negative.

Data analysis

Chi-squares were used to assess the associations between the combined steroid
receptor statuses and ki67 expression. Next, pairwise comparisons of each combined
status with the dichotomous ki67 status classification were performed using chi-squares
or Fisher’s exact test were appropriate. Chi-squares for trends were used to test whether
p53 expression increased from Luminal A to Triple-negative tumors. Chi squares were
also used to evaluate the associations between the clinical and pathological features of
patients and their tumors with the surrogate subtypes. Kaplan-Meyer curves were
produced to depict overall (OS) and disease-free survival (DFS) according to p53 status
and COX2 status. Differences in survival were assessed using log-ranks. p<0.05 was
considered significant. Calculations were performed with the R Environment for

statistical computing®.
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Results

Table 1 shows the proportions of positive COX2 and p53 cases as related to the
surrogate subtypes of breast cancer. There was no trend in COX2 overexpression from
Luminal A to Triple-negative subtypes. By contrast, p53 was expressed in roughly 67%
of the Luminal A-like tumors, 50% of the Luminal B-like HER2 positive tumors,
approximately 82% of the HER2 positive (non-luminal) and 87% of the Triple-negative
tumors (p for trends = 0.06).

The cross tabulation of COX2 and p53 expression is shown in Table 2. There
was a significantly higher proportion of COX2 positive tumors (66.9%) when p53 was
also positive compared to when the tumor was negative for p53 (in which case
only18.0% of the tumors were positive for COX2; p<0.001).

Table 3 shows the distribution of COX2 overexpression according to p53 status
and the surrogate molecular subtypes of the tumors. In neither p53 positive nor p53
negative tumors the subtypes were related to COX2 status (p=0.49 and 0.23,
respectively).

None of the clinical features of the tumors was found to be associated with
COX2 or p53 expression (Table 4). p53 expression was associated with
undifferenciated nuclear grade 3 (p=0,04); none of the other pathological characteristics
were associated with COX2 and p53 expression (Table 5).

The Kaplan Meyer representations of disease free survival and overall survival as
related to p53 and COX2 statuses are depicted in Figure 1. Neither marker was found to

be associated with patients™ survival.
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Discussion

COX2 expression has been demonstrated to be common in breast cancer. In our
study, approximately 50% of the tumors were positive for COX2, a finding in close
alignment with the results of a pooled analysis of 12 studies, which showed that
approximately 42% of the tumors expressed that marker**. We also found that there was
no trend in COX2 overexpression from Luminal A-like to Triple-negative clinico-
pathological subtypes. By contrast, we observed that p53 was overexpressed essentially
in HER2 positive (non-luminal) tumors and in Triple-negative tumors. We found a
significantly higher proportion of COX2 positive tumors when p53 was also positive.
Also of note, COX2 status was not associated with the clinico-pathological subtypes
regardless of p53 status. None of the clinical or pathological features of the tumors was
found to be associated with COX2 or p53and neither marker was found to be associated
with patients’ survival.

Previous studies demonstrated that the high rates of COX2 expression in breast
tumors is not replicated in normal breast tissues. This finding boosted the interest
surrounding the molecule, since its high level of expression in abnormal tissues,
contrasted to a much lower expression in the healthy breast epithelium, points to an
obvious potential clinical target’®!®. COX2 inhibitors (Coxibs) were thus tested as
coadjuvant drugs in some clinical scenarios. One relativelly recent study showed that
Luminal-type tumors may respond better to endocrine therapy when patients are also
exposed to COX2 inhibition, especially if VEGF/VEGFR2 overexpression is also
present™. This finding is especially meaningful since tumors with high VEGF/VEGFR2

expression have been shown to respond poorly to tamoxifen™.
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There is, however, a substantial concern surrounding the adverse effects
associated with the Coxibs. Other less harmful agents have now been tested, e.g. the
pineapple-derived agent bromelain. This naturally occorring molecule has shown tumor
initiation inhibition properties, alongside pro-apoptotic effects through upregulation of
p532"%82% Targretin, a retinoid receptor agonist (RXR), has been granted FDA approval
for the treatment of cutaneous lymphoma and non-small-cell lung cancer. RXR agonists
were shown to inhibit cell proliferation in brest cancer and to downregulate COX2
expression in these tumors®*3. Metformin, a biguanide used to treat type-2 diabetes, has
showed anticancer properties in breast cancer patients. These properties have not yet
been fully explained, but antiangiogenic effects and COX2 inhibition are the best
explanatory candidates so far*>=.

COX2 overexpression has been associated with aggressive histological and
clinical features of breast cancer. A recent study assessed COX2 expression in various
subtypes of breast cancer in 66 primary tumors (18 Luminal A, 17 Luminal B, 15 HER2-
overexpressing and 16 Triple-negative tumors). In that study, the mean COX2 level was
higher (but not statistically different) in the HER2-overexpressing subtype than in the
Luminal A, Luminal B or Triple-negative groups®. There is also some evidence
suggesting that COX2 may be a marker of poor prognosis and resistance to
chemotherapy in patients with Triple-negative tumors®™. In our study, we found that
HER2 positive (non-luminal) and Triple-negative tumors were associated with higher
p53 expression, and that p53 expression was positively associated with that of COX2,
but COX2 expression was not associated with the clinico-pathological subtypes. It is

well known that carcinomas overexpressing HER2 have a worse prognosis than Luminal

tumors. Those authors hypothesized that an elevated expression of COX2 in a

Publicacbes 78



HER2-overexpressing subtype may contribute to a more aggressive behavior and be
used as diagnostic and prognostic markers in breast cancer.

Some studies suggested that COX2 expression may correlate well with tumor
size, histological grading, and increased number of metastatic lymph nodes*®*. These
associations may be imparted to the known role played by COX2 in promotion of tumor
angiogenesis™>*2. However, our findings do not corroborate those assumptions, since the
clinical and pathological features of the tumors were not associated to COX2 expression
in our sample. Also, in our study, the expression of p53 was not associated with the

clinical and pathological features of the tumors.

Conclusions

We found a positive association between the expressions of COX2 and p53. On
the other hand, neither the expression of COX nor those of p53 were associated with
clinico-pathological subtypes, tumor features and prognosis. It seems to be too early to
elect the detection of COX2 using IHC as prognostic or predictive tool, but incipient
evidence points towards a possible role for the marker if further study findings

corroborate them.

Ethics
The present study was approved by the Ethics Committee, FCM/UNICAMP

(CEP 1246/2009).

Publicagdes 79



Acknowledgements

This study was funded by Fundacdo de Amparo a Pesquisa do Estado de Séo
Paulo (FAPESP) 2009/17097-1.

Conflicts of interest

The authors have no conflict of interest to declare.

Publicagdes 80


javascript:openProcess('50982',%20'false')

References
1) Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffreyk SS, Rees CA et

al. Molecular portraits of human breast tumours. Nature 2000; 406:747-52.

2) Sorlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H et al.
Gene expression patterns of breast carcinomas distinguish tumor subclasses with clinical

implications. Proc Natl Acad Sci.2001;98:10869-74.

3) Sorlie T, Wang Y, Xiao C, Johnsen H, Naume B, Samaha RR, et al.
Distinct molecular mechanisms underlying clinically relevant subtypes of breast cancer:
gene expression analyses across three different platforms. BMC Genomics 2006; 7:127

doi:10.1186/1471-2164-7-127, Accessed on April 2014.

4) Perou CM. Molecular Stratification of Triple-Negative Breast Cancers.

The Oncologist 2011; 16(1):61-70.

5) Goldhirsch A, Winer EP, Coates AS, Gelber RD, Piccart-Gebhart M,
Thirlimann B,et al. Personalizing the treatment of women with early breast cancer:
highlights of the St Gallen International Expert Consensus on the Primary Therapy of

Early Breast Cancer 2013. Ann Oncol. 2013;24(9):2206-23.

6) Thorat D, Sahu A, Behera R, Lohite K, Deshmukh S, Mane A et al.
Association of osteopontin and cyclooxygenase-2 expression with breast cancer

subtypes and their use as potential biomarkers. Oncology Letters. 2013;61559-64.

Publicages 81


http://www.ncbi.nlm.nih.gov/pubmed?term=Winer%20EP%5BAuthor%5D&cauthor=true&cauthor_uid=23917950
http://www.ncbi.nlm.nih.gov/pubmed?term=Coates%20AS%5BAuthor%5D&cauthor=true&cauthor_uid=23917950
http://www.ncbi.nlm.nih.gov/pubmed?term=Gelber%20RD%5BAuthor%5D&cauthor=true&cauthor_uid=23917950
http://www.ncbi.nlm.nih.gov/pubmed?term=Piccart-Gebhart%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23917950
http://www.ncbi.nlm.nih.gov/pubmed?term=Th%C3%BCrlimann%20B%5BAuthor%5D&cauthor=true&cauthor_uid=23917950
http://www.ncbi.nlm.nih.gov/pubmed/23917950

7) Zhou L, Li K, Luo Y, Tian L, Wang M, Li C, Huang Q. Novel prognostic
markers for patients with triple-negative breast cancer. Hum Pathol. 2013;44(10):2180-

7.

8) Sun L, Yu D, Sun S-Y, Zhuo S-C, Cao S, Wei L. Expressions of ER, PR,
HER-2, COX-2, and VEGF in primary and relapsed/metastatic breast cancers. Cell

Biochem Biophys. 2014;68(3):511-6.

9) Fornetti J, Jindal S, Middleton KA, Borges VF, Schedin P. Physiological
COX-2 expression in breast epithelium associates with COX-2 levels in ductal
carcinoma in situ and Invasive Breast Cancer in Young Women. Am J Pathol.

2014;184(4):1219-29.

10)  Wong CC, Cheng KW, Rigas B. Preclinical predictors of anticancer drug
efficacy: critical assessment with emphasis on whether nanomolar potency should be

required of candidate agents. J Pharmacol Exp Ther. 2012;341(3):572-8.

11) Karavitis J, Hix LM, Shi YH, Schultz RF, Khazaie K, Zhang M.
Regulation of COX2 expression in mouse mammary tumor cells controls bone
metastasis and PGE2-induction of regulatory T cell migration. Plos One. 2012; 7( 9):1-
11|e46342. (Accessed on 2014 apr 20). Available in

http://www.ncbi.nlm.nih.gov/pubmed.

12)  Karavitis J, Zhang M. COX2 regulation of breast cancer bone metastasis.
Oncoimmunology. 2013;2(3):e23129. (Accessed on 2014 apr 20). Available in

http://www.nchi.nlm.nih.gov/pubmed.

Publicacbes 82


http://www.ncbi.nlm.nih.gov/pubmed?term=Wong%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=22448039
http://www.ncbi.nlm.nih.gov/pubmed?term=Cheng%20KW%5BAuthor%5D&cauthor=true&cauthor_uid=22448039
http://www.ncbi.nlm.nih.gov/pubmed?term=Rigas%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22448039
http://www.ncbi.nlm.nih.gov/pubmed/?term=Preclinical+Predictors+of+Anticancer+Drug+Efficacy%3A+Critical
http://www.ncbi.nlm.nih.gov/pubmed
http://www.ncbi.nlm.nih.gov/pubmed

13)  Kumar BNP, Rajput S, Dey RK, Parekh A, Das S, Mazumdar A et al.
Celecoxib alleviates tamoxifen-instigated angiogenic effects by ROS-dependent

VEGF/VEGFR?2 autocrine signaling. BMC Cancer. 2013;13:273.

14)  Glover JA, Hughes CM, Cantwell MM, Murray LJ. A systematic review
to estabilish the frequency of cyclooxygenase-2 expression in normal breast epithelium,
ductal carcinoma in situ, microinvasive carcinoma of the breast and invasive breast

cancer. British Journal of Cancer. 2011; 105(1):13-17.

15)  Serra KP, Sarian LO, Rodrigues-Peres RM, Vassallo J, Soares FA, Pinto
GA et al. Expression of cyclooxygenase-2 (COX-2) and p53 in neighboring invasive and

in situ components of breast tumors. Acta Histochem. 2012;114(3):226-31.

16) Dhakal HP, Naume B, Synnestvedt M, Borgen E, Kaaresen R,
Schlichting E et al. Expression of cyclooxygenase-2 in invasive breast carcinomas and

its prognostic impact. Histol Histopathol. 2012;27: 1315-25.

17)  Herrera ACSA, Panis C, Victorino VJ, Campos FC, Colado-Simdo NA,
Cecchini AL et al.Molecular subtype is determinant on inflammatory status and
immunological profile from invasive breast cancer patients. Cancer Immunol

Immunother. 2012;61:2193-2201.

18) Kim HS, Moon HG, Han W, Yom CK, Kim WH, Kim JH et al. COX2
overexpression is a prognostic marker for Stage 11l breast cancer. Breast Cancer Res

Treat. 2012;132:51-9.

Publicacbes 83



19) Zhou L, Luo Y, Li K, Tian L, Wang M, Li C et al. Molecular markers of

therapeutic resistance in breast cancer. Hum Pathol. 2013;44(7):1421-8.

20)  de Roos MA, de Bock GH, de Vries J, van der Vegt B, Wesseling J. p53
overexpression is a predictor of local recurrence after treatment for both in situ and

invasive ductal carcinoma of the breast. J Surg Res. 2007;140(1):109-14.

21)  Morrison DH, Rahardja D, King E, Peng Y, Sarode VR. Tumour
biomarker expression relative to age and molecular subtypes of invasive breast cancer.

British Journal of Cancer. 2012;107:382—87.

22)  Biesaga B, Niemiec J, Ziobro M. Microvessel density and status of p53
protein as potential prognostic factors for adjuvant anthracycline chemotherapy in
retrospective analysis of early breast cancer patients group. Pathol. Oncol. Res.

2012;18:949-60.

23)  Sekar P, Bharti JN, Nigam JS, Sharma A, Soni PB. Evaluation of p53,
HoxD10, and E-Cadherin status in breast cancer and correlation with histological grade

and other prognostic factors. J Oncol. 2014;1-4.

24)  Cho MH, Yoon JH, Jaegal YJ, Choi YD, Lee JS, Lee JH et al. Expression
of cyclooxygenase-2 in breast carcinogenesis and its relation to HER-2/neu and p53

protein expression in invasive ductal carcinoma. The Breast. 2006;15:390-98.

25)  Tavassoli FA, Devilee P. World Health Organization Classification of
Tumours. Pathology and Genetics of Tumours of the Breast and Female Genital Organs,

3rd ed. Lyon: IARC Press, 2003.

Publicacbes 84



26) R Core Team (2014). R: A language and environment for statistical
computing. R Foundation for Statistical Computing, Vienna, Austria.  URL

http://www.R-project.org.

27)  Kalra N, Bhui K, Roy P, Srivastava S, George J, Prasad S et al.
Regulation of p53, nuclear factor kB and cyclooxygenase-2 expression by bromelain
hrough targeting mitogen-activated protein kinase pathway in mouse skin. Toxicol Appl

Pharmacol. 2008;226(1):30-7.

28) Bhui K, Prasad S, George J, Shukla Y. Bromelain inhibits COX-2
expression by blocking the activation of MAPK regulated NF-kappa B against skin
tumor-initiation triggering mitochondrial death pathway. Cancer Lett. 2009;282(2):167-

76.

29)  Amini A, Ehteda A, Masoumi Moghaddam S, Akhter J, Pillai K, Morris
DL. Cytotoxic effects of bromelain in human gastrointestinal carcinoma cell lines

(MKN45, KATO-I1I, HT29-5F12 and HT29-5M21). Onco Targets Ther. 2013;6:403-9.

30) Lubet RA, Clapper ML, McCormick DL, Pereira MA, Chang WCL,
Steele VE, Fischer SM, Juliana MM and Grubbs CJ. Chemopreventive efficacy of
Targretin in rodent models of urinary bladder, colon/intestine, head and neck and

mammary cancers. Oncology Reports. 2012;27:1400-06.

31) Maeng S, Kim GJ, Choi EJ, Yang HO, Lee D-S, Sohn YC. 9-cis-retinoic
acid induces growth inhibition in retinoid-sensitive breast cancer and sea urchin
embryonic cells via Retinoid X Receptor aand replication factor C3. Mol Endocrinol.

2012;26(11):1821-35.

Publicagbes 85


http://www.r-project.org/

32) Dallaglio K, Bruno A, Cantelmo AR, Esposito Al, Ruggiero L,
Orecchioni S et al. Paradoxic effects of metformin on endothelial cells and angiogenesis.

Carcinogenesis, 2014. [Epub ahead of print] doi:10.1093/carcin/bgu001.

33) MaJ, Guo Y, Chen S, Zhong C, Xue Y, Zhang Y et al. Metformin
enhances tamoxifen-mediated tumor growth inhibition in ER-positive breast carcinoma.
BMC Cancer. 2014;14(1):172. doi: 10.1186/1471-2407-14-172 (Accessed on 2014 apr

20). Available in http://www.ncbi.nlm.nih.gov/pubmed.

34) Rozenowicz RL, Santos RE; Silva MALG; Rodrigues FFO; Ulson LB;
Oliveira VM; et al. Cox-2 and its association with prognostic factors and response to
primary chemotherapy in patients with breast cancer. Rev. Col. Bras. Cir. 2010; 37(5):

323-217.

Publicacbes 86


http://www.ncbi.nlm.nih.gov/pubmed

Table 1. COX2 and p53 expression in the clinico-pathological subtypes of breast

cancer.
Total n(%) Luminal Luminal  Luminal HER2 Triple- p
A-like B-like B-like positive (non- negative
n(%) HER?2 HER2 luminal)
negn(%) posn(%) n(%) n(%)

COX2
Negative 91(49.7) 21(41.2) 34(52.3) 15(57.7) 9(52.9) 12(50)
Positive 92(50.3) 30(58.8) 31(47.7) 11(42.3) 8(47.1) 12(50)  0.39
p53”
Negative 61(33.5) 17(33.3) 25(39.1)  13(50) 3(17.6) 3(12.5)
Positive 121(66.5) 34(66.7) 39(60.9)  13(50) 14(82.4) 21(87.5) 0.06
Total 183 (100) 51(27.8) 65(35.5) 26(14.2) 17(9.3) 24(13.1)

"For one case p53 status was not available.
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Table 2. Cross tabulation of COX2 and p53 expression.

Total "p53 Negative “p53 Positive P
n(%)
n(%) n(%)
COX2
Negative 90(49,5)  50(82,0) 40(33,1) <0.001
Positive 92(50,5)  11(18,0) 81(66,9)
Total 182(100)  61(33,5) 121(66,5)

“For one case p53 status was not available.
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Table 3. COX2 expression in the clinico-pathological subtypes in p53 negative

and positive tumors.

COX2
“p53 Negative Positive “p
n(%) n(%)
Luminal A-like 13 (76) 4(24)
Negative  Luminal B-like 22(88) 3(12)
HER2 negative
Luminal B-like 11(85) 2(15) 0.49
HER2 positive
HER2 positive 2(67) 1(33)
(non-luminal)
Triple-negative 2(67) 1(33)
Positive Luminal A-like 8(23) 26(77)
Luminal B-like 11(28) 28(72)
HER2 negative
Luminal B-like 4(31) 9(69) 0.23
HER2 positive
HER2 positive 7(50) 7(50)
(non-luminal)
Triple-negative 10(48) 11(52)
Total(182) 90(49) 92(51)

"For one case p53 status was not available. ~ Chi-squares and Fisher’s Exact Test.
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Table 4. Clinical features of the women and COX2 and p53 expression.

Characteristics  Total n(%) COX2 COX2 p "p53 _ *p5$ _ p

Negative Positive Negative Positive

n(%) n(%) n(%) n(%)
Age (years)
<=35 7(3.8) 4(4.4) 3(3.3) 0.45 1(1.6) 6(5.0) 0.52
36-49 56(30.6) 24(26.4) 32(34.8) 20(32.8) 36(29.8)
>50 120(65.6) 63(69.2) 57(61.9) 40(65.6) 79(65.3)
Menopause
No 63(34.4) 30(33.0) 33(35.9) 0.79 21(34.4) 42(34.7) 1.00
Yes 120(65.6) 61(67.0) 59(64.1) 40(65.6) 79(65.3)
Tumor size
T1-T2 139(76.0) 65(71.4) 74(80.4) 0.21 42(68.9) 96(79.3) 0.17
T3-T4 44(24.0) 26(28.6) 18(19.6) 19(31.1) 25(20.7)
Axillary lymph
nodes
NO 90(49.2) 43(47.2) 47(51.1) 0.56 30(49.2) 59(48.8) 0.29
N1 40(21.8) 23(25.3) 17(18.5) 17(27.9) 23(19.0)
N2-N3 53(29.0) 25(27.5) 28(30.4) 14(23.9) 39(32.2)
Stage
I-11 109(59.6) 54(59.3) 55(59.8) 1.00 36(59) 72(59.5) 0.98
-1V 74(40.4) 37(40.7) 37(40.2) 25(41) 49(40.5)

“For one case p53 status was not available.
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Table 5. Pathological features of the tumors and COX2 and p53 expression.

Characteristics  Total n(%) COX2 COoX2 p "p53 "p53 p

Negative Positive Negative Positive

n(%) n(%) N(%) N(%)
Grade
I-11 36(19.7) 17(18.7) 19(20.7) 1.00 13(21.3) 22(18.3) 0.69
i 147(80.3) 74(81.3) 73(79.3) 48(78.7) 98(81.7)
Nuclear grade
1-2 57(31.1) 25(28.3) 32(34.8) 0.42 25(41) 30(18.3) 0.04
3 126(68.9) 66(71.7) 60(65.2) 36(59) 90(81.7)
Peritumoral
angiolymphatic
invasion
No 122(66.7) 58(63.7) 64(69.6) 0.49 41(67.2) 80(66.1) 1.00
Yes 61(33.3) 33(36.3) 28(30.4) 20(32.8) 41(33.9)
Peritumoral
perineural
invasion
No 160(87.4) 81(89.0) 79(85.9) 0.65 55(90.2) 104(86) 0.48
Yes 23(12.6) 10(11.0) 13(14.1) 6(9.8) 13(14)
Dermal invasion
No 167(91.3) 82(90.1) 85(92.4) 0.60 53(88.3) 112(92.6) 0.41
Yes 16(8.7) 9(9.9) 7(7.6) 7(11.7) 9(7.4)
In situ
component
No 63(34.4) 32(35.2) 31(33.7) 0.87 23(37.7) 40(33.1) 0.62
Yes 120(65.6) 59(64.8) 61(66.3) 38(62.3) 81(66.9)
Histological
type
Ductal 165(90.2) 84(92.3) 81(88.0) 0.49 56(91.8) 109(90.8) 0.70
Lobular 11(6.0) 4(4.4) 7(7.6) 4(6.6) 6(5.0)
“Other 7(3.8) 3(3.3) 4(4.3) 1(1.6) 5(4.2)

“For one case p53 status was not available.” 2 medulary carcinomas, 1 atypical

medular carcinoma, 1 pleomorphic, 2 metaplasic and 1 colloid carcinoma.
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4. Discussao

O cancer de mama é hoje a neoplasia que mais acomete as mulheres

12, Tem uma alta incidéncia e

brasileiras, acompanhando a tendéncia mundia
mortalidade, sendo considerado um problema de salde publica: gera um
grande impacto no Sistema Unico de Saude (SUS) em relacéo as estratégias
de rastreamento, diagndstico e tratamento. Excetuando-se os tumores de pele
nao-melanoma, é a neoplasia mais incidente nas Regides Sudeste, Sul, Centro-
Oeste e Nordeste e a segunda neoplasia mais incidente na Regido Norte®.
Configura-se como a principal causa de morte por cancer em mulheres no
Brasil, obedecendo a mesma distribuicdo Regional. Entretanto, para algumas
cidades das Regides Sudeste e Sul, h4 uma tendéncia de declinio nas taxas de
mortalidade, semelhante ao observado em alguns paises desenvolvidos. Nas
demais regides ainda se observa um aumento na incidéncia e mortalidade®.
Essas diferencas essencialmente socioeconémicas regionais se refletem no
sistema de saude: a populacao das regides mais pobres encontra dificuldade de
acesso aos servicos de saude, falta de profissionais de saude capacitados e

inadequacao tecnoldgica. Com isso a doenca é diagnosticada em estadios mais

avancados, o tratamento € inadequado e ha um maior indice de mortalidade.
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A implantacéo de estratégias de combate ao cancer de mama no Brasil é
relativamente recente. O primeiro Documento de Consenso®® que propds
diretrizes técnicas para o controle do cancer de mama foi elaborado em 2004.
Nos anos seguintes as estratégias para rastreamento, diagndéstico e tratamento
foram aprimoradas, resultando em melhora na assisténcia, porém ainda sem
atingir os indices desejaveis como nos paises desenvolvidos. Estas estratégias
foram elaboradas a partir do conhecimento epidemiolégico da doenca no pais,
porém ainda hoje € escasso o conhecimento da biologia tumoral do cancer de
mama no Brasil. Existem poucos trabalhos brasileiros que classificam a
neoplasia de mama em seu perfil clinico-patolégico e avaliam o comportamento
desses tumores na populacéo.

Esta tese trabalhou com a mais recente classificacdo clinico-patolégica
por 1Q, definida segundo a 13thSt Gallen International Breast Cancer
Conference Expert Panel, 2013°, que levou em consideracdo a expressdo do
ki67 e a porcentagem de expressdao dos RP, além do RE e do HER2, e
encontrou 27,8% de Luminais A-like, 49,7% de Luminais B-like; destes 14,2%
HER2 positivos e 35,5% HER2 negativos, 9,3% de tumores HER2 positivos
(n&o luminais) e 13,1% de Triplos-negativos. Foi demonstrado que os tumores
Luminais A-like sdo melhor diferenciados que os Luminais B-like, que os
Triplos-negativos apresentam maior indice de proliferacdo celular que os
Luminais, que os tumores Luminais tém melhor sobrevida livre de doenca que
os HER?2 e Triplos-negativos e que os Luminais A tém melhor sobrevida global

que os HER2 e Triplos-negativos.
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Anteriormente, Matos et al.®* utilizando a expressdo IQ dos RE, RP e
HER2 classificaram 168 carcinomas de mama em subtipos moleculares likes.
Encontraram 56,3% de tumores na época classificados como Luminais A,
16,5% de Luminais B, 17,7% de HER2 superexpressos e 7,6% de Basal-like.

1.%° utilizando os mesmo critérios, em uma série de 72 mulheres

De Carvalho et a
jovens (entre 19 e 40 anos), encontraram 55% de Luminais A, 11% de Luminais
B, 13% de HER2 superexpressos e 18% de Basal-like, sendo este subtipo mais
frequente em mulheres com menos de 35 anos de idade. Ainda apenas

valorizando a expressdo IQ dos RE, RP e HER2, Herrera et al.*

, entre 53
carcinomas de mama, encontraram 66% de tumores Luminais (A e B), 20,8%
de HER-2 superexpressos e 13,2% de Triplos-negativos. Neste trabalho, os
HER2 superexpressos e o0s Triplos-negativos foram associados a pior
prognastico.

Um fator limitante desta tese foi a impossibilidade de avaliacdo do efeito
do tratamento na sobrevida global e sobrevida livre de doenca nas mulheres
estudadas. Muitos paises desenvolvidos seguem ha anos a recomendacédo da
10th St Gallen International Breast Cancer Conference Expert Panel, 2007°,
gue ja preconizava a utilizacdo do trastuzumab para o tratamento dos tumores
que expressam HER2 (Luminais e n&o-Luminais). Porém, o trastuzumab
passou a ser incorporado pelo Ministério da Saude do Brasil para tratamento do
cancer de mama apenas em julho de 2012 (MS/GM Portaria n°® 18 /25 jul
2012)%. Visto que, na presente casuistica foram estudados casos coletados

entre junho de 2008 a janeiro de 2011 e, nesta época, ainda nao era fornecida

terapia anti-HER2 pelo SUS, néo foi possivel a avaliacdo do tratamento para
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essas pacientes. Hoje o tratamento do cancer de mama esta assegurado por
diretriz do Ministério da Saude do Brasil, garantindo cirurgia de tratamento e
reparadora, quimioterapia, hormonioterapia e trastuzumab conforme as
indicacdes apropriadas a todas as mulheres com cancer de mama. Entretanto,
ainda existe certa falta de acesso aos servicos de saude para diagnostico
precoce, indisponibilidade de exames, profissionais qualificados e drogas para
tratamento que assegurem a cobertura de todas as doentes.

A busca por novos marcadores associados ao cancer de mama e do
melhor conhecimento do comportamento desta neoplasia no Brasil ainda é
incipiente se comparada a paises desenvolvidos, porém promissora. Ha anos
grupos de pesquisa vém estudando inflamacdo e cancer e relacionando a
expressdo de COX2 ao carcinoma de mama e seus fatores de prognéstico e
resposta ao tratamento® %!, Nesta tese, aproximadamente 50% dos tumores
expressaram COX2, porém nao houve relacdo entre sua expressao e 0S
subtipos clinico-patoldgicos de cancer de mama.

Os resultados demonstram que existe um potencial beneficio da inibicdo
da expressdo da COX2 como quimioprevencdo ou tratamento do cancer de
mama. Os Coxibs foram as primeiras drogas estudadas para essa finalidade;
entretanto, os efeitos colaterais cardiovasculares dos Coxibs atualmente
disponiveis levaram a uma grande restricdo da utilizacdo desses medicamentos
em pesquisas clinicas®. Atualmente existem outras drogas em estudo para
essa finalidade: a Bromelaina, o Targretin e a Metformina, que buscam a
inibicdo da COX2 minimizando os efeitos colaterais, e apresentam resultados

promissores*°46:47:48:49.50.51
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Existe uma grande expressao da mutacdo germinativa do gene TP53, a
R337H, no Sul e Sudeste do Brasil e essa mutacdo aumenta o risco de cancer
de mama principalmente em mulheres muito jovens. Na presente casuistica
houve expressdo de p53 em aproximadamente 66% dos tumores e uma
tendéncia a maior expressdo nos subtipos nao-Luminais de cancer de mama,
ou seja, naqueles que conhecidamente apresentam comportamento mais
agressivo. Autores brasileiros estdo propondo que a avaliacdo desta mutacao
seja incluida nos testes de rastreamento genéticos no Sul e Sudeste do pais,
em mulheres de alto risco: por histéria familiar de cancer de mama ou ovario e
naquelas com Sindrome de Li-Fraumeni®®®%¢2,

O Hospital da Mulher Prof. Dr. José Aristodemo Pinotti - CAISM
desempenha importante papel Regional e Estadual como centro de referéncia
em tratamento do cancer feminino no setor publico, principalmente do cancer de
mama. Por estar dentro da Universidade, também desempenha importante
papel na producdo de conhecimento e na integracdo entre os resultados das
pesquisas com o tratamento das pacientes. Neste contexto, esta tese é fruto de
uma linha de pesquisa que vem buscando delinear o perfil de pacientes e
tumores tratados nesta instituicdo e identificar novos marcadores que definam
tratamento e prognostico. Paralelamente, observou-se na instituicdo o
aperfeicoamento de tecnologias que passaram a entrar na rotina do servico,
como os testes por IQ e FISH. Ja foram desenvolvidos varios estudos que
procuraram avaliar esses marcadores do cancer de mama na populagdo aqui

atendida3%67-68:6°

Discussdo 97



A 1Q & um meétodo facil e barato para realizacdo de rotina e fornece
resultados que nédo sao idénticos, porém tem boa aproximacdo com os
moleculares, o que torna seu uso conveniente no dia a dia. Um fator limitante
da IQ é a falta de padronizacdo de técnica em muitos laboratorios, que muitas
vezes emitem resultados pouco confiaveis. Atualmente existem processos de
acreditacdo e certificacdo dos servicos que avaliam, entre outras coisas, a
padronizacdo de técnicas, visando a diminuir a discordancia entre o0s
resultados. Ainda assim, a 13thSt Gallen International Breast Cancer
Conference Expert Panel, 2013 °, sugere que os laboratérios possam estudar e
estabelecer seus valores de corte de positividade dentro da metodologia

utilizada, objetivando resultados consistentes.
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5. Conclusoes

5.1

Artigo 1

Entre os 183 casos estudados, aproximadamente 75% dos carcinomas
foram classificados como subtipos luminais-like. Destes, 27,8% foram
Luminais A-like e 49,7% Luminais B-like. Esta distribuicdo entre os tumores
luminais-like se deu principalmente pela mudanca na positividade do RP
(considerada alta a partir de 20%). Entre os subtipos n&o-luminais, houve
9,3% de HER2 positivos e 13,1% de Triplos-negativos;

N&o houve diferenca na expressdo do ki67 em relacdo aos receptores
hormonais e ao HERZ2;

Os subtipos Luminais B-like e HER2 positivos (ndo luminais) foram
histologicamente menos diferenciados que os Luminais A-like. Nao houve
diferenca entre o0s subtipos clinico-patolégicos em relacdo as demais
caracteristicas clinicas e patolégicas do cancer de mama,

Os subtipos Luminais A-like tiveram melhor sobrevida global e livre de
doenca que os HER2 positivos (ndo luminais) e Triplos-negativos. Os
Luminais B-like HERZ2 positivos tiveram melhor sobrevida livre de doenca

que os HER?2 positivos (ndo luminais) e Triplos-negativos.
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5.2

Artigo 2

N&o houve relacdo entre a expressdo da COX2 e os subtipos clinico-
patolégicos de cancer de mama. Houve tendéncia a maior expressdo da

p53 nos subtipos ndo Luminais (HER2 e Triplo-negativo);

Houve maior expressdo de COX2 nos casos positivos para p53. Porém, nédo
houve associacdo entre a expressdo conjunta de COX2 e p53 com o0s

subtipos clinico-patolégicos;

Houve maior expressao da p53 nos tumores grau nuclear 3. Nao houve
relacdo entre a expressdo de COX2 nem de p53 com as demais
caracteristicas patologicas do cancer de mama, nem com as caracteristicas

clinicas;

A COX2 e a p53 nao se relacionaram a sobrevida livre de doenca nem a

sobrevida global.
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7. Anexos

7.1 Anexo 1-Fichade coletade dados

Fichal | I |
Iniciais |11 1 HCl I 1 1 1 1 1 1

1.1dade: 1 | |

2. Estado menstrual: 1) Menopausal__| 2)Menacmel | 3)Ignorado|__|

3. Estadio: 1) 11 Ha)l__I 1b)1_I Wa)l_1 Mb)yl_I He)l_1 IV)I_I

4. Tempo de sequimento: | 1 | I meses

5. Tratamento cirargico: 1) Ndo 2) Sim 3)Ignorado |__|

a) Mastectomia |__| b) Quadrantectomial__| c) Outro|__|
6. Quimioterapia:  1)Naol | 2)Siml__| 3)ignorado
a) CMFI__IxIl__1 lciclos Linhal I Al_I NAIL_ I
b) ACIl__Ix1__I_ Iciclos Linhal 1 Al_l NAIL |
c) FACI IxIl I lciclos Linhal I Al_I NAIL_ I
d) FECI_Ix|_| lciclos Linhal I Al_ I NAIL |
e) Taxanol__Ix1_ | lciclos Linhal I Al_|I NAIL |
f) Outro | | x| | lciclos Linhal I Al_I NAIL |
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7. Radioterapia: 1) Naol_|I 2)SimIl__ 1 3)Ignoradol__|

a)Mamal_ | b)MamaeFSCI_| c)Outrol_|
8. Hormonioterapia: 1)Naol | 2)Siml__1 3)Ignorado|_ |
a) Tamoxifenol__Ipor _ anos
b) Inibidor da Aromatase |__ I por ___ anos
9. Recidiva: a)Naol_ | b)SimI__I c)Ignorado
1) Locall lapésl | Imeses
2) Adistancial__lapos|_ | I meses
a)0Ossol | b)Pulmdol | c)Pleural | d)Figado!l | e€)Outrol__|
10. Progressédo de doenca: 1)N&aol_ | 2)SimIl_ I 3)Ignorado|__|I
1) Locall lapésl_ | Imeses
2) Adistancial__lapos|_ | I meses
a)0Ossol | b)Pulmdol | c)Pleural | d)Figado!l | e€)Outrol__|

11. Diagnoéstico Histopatoldgico: Carcinoma Ductal invasivo

Numero da bidpsia: Bloco selecionado:

Carcinoma in situ associado: 1)N&ol__| 2)Siml__| 3)Ignorado|__|I
a) Ductal |__1 b) Lobular

Grau Histologico: 1)I__I 1) I__I Ill)Ignorado |__|I

Grau nuclear: 1)1_1 21_1 31_I

Invaséo Linfatica Peritumoral: 1) SimIl_| 2)N&ol__|I 3)Ignorado|__|
Invaséo Linfaticada Derme: 1) SimIl_ 1 2)N&ol__| 3)Ignorado|__|
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Invasdo Vascular Peritumoral: 1) Siml_| 2)Naol | 3)Ignorado|__|
Comprometimento Axilar:

No. Linfonodos Dissecados |||

No. Linfonodos Acometidos || |

Invaséo linfatica extra-nodular: 1) Sim|__ 1 2) Ndo 3) Ignorado

12. Imunoistoqguimica

Marcadores (escore final)

COX-2: || |

p53: 1 | |

Receptor de estrégeno: || 1%
Receptor de progesterona: |_ | 1%

Ki67: pontuacédo final |_ 1 1%

13. Teste de FISH

Positivo |__| Negativo |__| Inconclusivo |__|
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7.2 Anexo 2 - Parecer CEP

FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM PESQUISA

® www.fem.unicamp.br/pesquisa/etica/index.html

CEP, 15/12/09.
(Grupo III)

PARECER CEP: N° 1246/2009 (Este n° deve ser citado nas correspondéncias referente a este projeto)
CAAE: 0967.0.146.000-09

I - IDENTIFICACAO:

PROJETO: “EXPRESSAO DA COX-2 E DA P53 NOS SUBTIPOS MOLECULARES DE
CARCINOMA DUCTAL INVASIVO DE MAMA E AVALIACAO DE SEU VALOR
COMO FATOR PREDITIVO E PROGNOSTICO”.

PESQUISADOR RESPONSAVEL: Katia Piton Serra

INSTITUICAQ: CAISM/UNICAMP

APRESENTACAO AO CEP: 14/12/2009

APRESENTAR RELATORIO EM: 15/12/10 (O formulario encontra-se no site acima)

II - OBJETIVOS

Correlacionar os subtipos moleculares de carcinoma ductal invasivo de mama com a
expressdo da COX-2 e da p53 e avaliar seu valor preditivo e prognéstico.

111 - SUMARIO

Serdo analisados 261 casos de mulheres com carcinoma ductal invasivo de mama,
incluidos os blocos de parafina e preparadas laminas de Tissue Microarray (TMA). A avaliagio
da expressdo da COX-2 p53, e os marcadores que definem e classificam os subtipos moleculares
de cancer de mama sera realizada por imunohistoquimica e FISH. Andlise estatistica: Os dados
serdo analisados descritivamente por meio de freqiiéncia absabsoluta (n) e relativas (%), médias,
desvio-padréio, mediana, primeiro e terceiro quartis, valores minimos e méximos. O teste qui-
quadrado de Pearson e exato de Fisher serdo utilizados para avaliar a homogeneidade entre os
grupos e as varidveis categorias; serdo empregados os testes t de Student ou Anova para as
varidveis continuas. Para avaliar o tempo de sobrevida serdo construidas curvas de sobrevida
usando o método Kaplan-Meier. O nivel de significincia adotada sera de 5% e o software
utilizado para analise o SAS.

IV - COMENTARIOS DOS RELATORES

Trata-se de um estudo de coorte retrospectivo, com analise de material anatomo-
patolégico no Laboratério de Patologia Experimental do CAISM/UNICAMP. O projeto
apresenta-se bem redigido, com metodologia adequada. Os critérios de inclusdo e exclusdo dos
sujeitos estdo bem definidos; calculo do tamanho amostral e andlise estatistica estio bem
embasados por calculos estatisticos. Os aspectos éticos estéo bem discutidos no corpo do projeto
e serd solicitada a dispensa do Termo de Consentimento Livre e Esclarecido. O oramento é
detalhado.

Comité de Etica em Pesquisa - UNICAMP

Rua: Tessdlia Vieira de Camargo, 126 FONE (019) 3521-8936
Caixa Postal 6111 FAX (019) 3521-7187
13083-887 Campinas— SP cep@fem.unicamp.br
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FACULDADE DE CIENCIAS MEDICAS
COMITE DE ETICA EM PESQUISA

® www.fem.unicamp.br/pesquisa/etica/index.html

V - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP, apés
acatar os pareceres dos membros-relatores previamente designados para o presente caso e
atendendo todos os dispositivos das Resolugdes 196/96 e complementares, resolve aprovar sem
restrigdes o Protocolo de Pesquisa, a dispensa do Termo do Consentimento Livre e Esclarecido,
bem como todos os anexos incluidos na pesquisa supracitada.

O contetido e as conclusdes aqui apresentados sdo de responsabilidade exclusiva do
CEP/FCM/UNICAMP e ndo representam a opinido da Universidade Estadual de Campinas nem
a comprometem.

VI - INFORMACOES COMPLEMENTARES

O sujeito da pesquisa tem a liberdade de recusar-se a participar ou de retirar seu
consentimento em qualquer fase da pesquisa, sem penalizagdo alguma e sem prejuizo ao seu
cuidado (Res. CNS 196/96 — Item IV.1.f) e deve receber uma cépia do Termo de Consentimento
Livre e Esclarecido, na integra, por ele assinado (Item IV.2.d).

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e
descontinuar o estudo somente apds andlise das razdes da descontinuidade pelo CEP que o
aprovou (Res. CNS Item I1I.1.z), exceto quando perceber risco ou dano ndo previsto ao sujeito
participante ou quando constatar a superioridade do regime oferecido a um dos grupos de
pesquisa (Item V.3.).

O CEP deve ser informado de todos os efeitos adversos ou fatos relevantes que alterem o
curso normal do estudo (Res. CNS Item V.4.). E papel do pesquisador assegurar medidas
imediatas adequadas frente a evento adverso grave ocorrido (mesmo que tenha sido em outro
centro) e enviar notificagdo ao CEP e a Agéncia Nacional de Vigilancia Sanitaria — ANVISA —
junto com seu posicionamento.

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas justificativas.
Em caso de projeto do Grupo I ou II apresentados anteriormente 8 ANVISA, o pesquisador ou
patrocinador deve envid-las também a mesma junto com o parecer aprovatério do CEP, para
serem juntadas ao protocolo inicial (Res. 251/97, Item IIL.2.e)

Relatorios parciais e final devem ser apresentados ao CEP, de acordo com os prazos
estabelecidos na Resolugdo CNS-MS 196/96.

VII - DATA DA REUNIAO
Homologado na XII Reunido Ordinéria do CEP/FCM, em 15 de dezembro de 2009.
Profa. DraCar) Silvia Bertuzzo

VICE-PRESIDENTE do COMITE DE ETICA EM PESQUISA
FCM / UNICAMP

Comité de Etica em Pesquisa - UNICAMP

Rua: Tessdlia Vieira de Camargo, 126 FONE (019) 3521-8936

Caixa Postal 6111 FAX (019) 3521-7187

13083-887 Campinas — SP cep@fem.unicamp.br
-3
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7.3 Anexo 3 - Apresentacao de poster em Congressos Internacionais

17° World Congress on Breast Diseases of the Senologic International
Society (S.1.S)

Women treated at CAISM-UNICAMP: a great sample of Luminal B

molecular subtype of breast cancer

Hospital Da Mulher Prof. Dr. José Aristodemo Pinotti - CAISM

Katia Piton Serra!, Luis Otdvio Sarian?, José Vassallo23, Glauce Aparecida Pinto?, Fernando Augusto Soares?, Isabela Werneck da Cunha3, Adriano Mesquita

Bento!, Raquel Mary Rodrigues Peres!, Juliana Espinola!, Sophie Derchain!
1. Department of Obstetrics and Ginecology. State University of Campinas — UNICAMP, Campinas, S&o Paulo, Brazil
2, Department of Pathology, State University of Campinas — UNICAMP, Campinas, S&o Paulo, Brazil
3. Department of Pathology, Cancer Hospital A.C. Camargo, Anténio Prudente Foundation, S&o Paulo, Sao Paulo, Brazil
C author: com

Breast cancer is the second most common malignancy worldwide. In Brazil, approximately 52,608 new cases of breast cancer are predicted to occur in 2012. The morphologic
classification is not sufficient to characterize breast carcinomas, once the tumors with the same grade, stage and histologic type can show different prognostic and therapeutic
response. Limitations in the morphologic classification are probably caused by an incapacity of consider the biologic characteristics of the tumors. Classification in molecular
subtypes is demonstrating a great variety between the tumors with histopathologic similarity.

To classify breast invasive carcinomas treated at CAISM-UNICAMP in molecular subtypes of breast cancer and to assess the relationship between de subtypes and woman’s
diseases characteristics. To evaluate overall survival and disease free survival of this sample.

240 patients were included in the study. TMA (tissue microarray) was constructed and expressions of hormone receptors of estrogen (ER) and progesterone (PR) and KI67 were

with immunohistochemistry. FISH were used to assess HER2 status. The tumors were classified by: Luminal A expressed ER and/or PR, not expressed HER2 and low
expressed KI67. Luminal B expressed ER and/or PR, not expressed HER2 with high expression of KI67 or expressed ER and/or PR and expressed HER2. HER2 subtype was
characterized by not express ER and PR and overexpress HER2. Basal-like was characterizes by not express ER, PR and HER2. Chi-square and Fisher’'s exact test were
calculated to assess the cross-tabulation of subtype expression and the several characteristics. Mean standard deviation (SD) and percentiles were calculated to estimate the
woman'’s follow-up. Overall survival and disease free survival were evaluated, as well. Proportion trend test and Chi-square residual analysis were calculated to evaluate the
progressive relationship between molecular subtypes and disease severity.

RESULTS

We found 21.6% of Luminal A, 54.2% Luminal B, 9.2% HER2 and 15% of Basal-like. There was a preponderance of Luminal B and Basal-like among women less than 50 years
old. 47% of the tumors were T2. 52% of axillary nodes were affected (13.9% were pathologic N3). The most of tumors were undifferentiated grade. Only 23.1% of the included
patients were pathologic stage |. The mean follow-up was 25 months. About 80% of the women are alive without metastatic disease; 6% are alive with metastatic disease and 8%
died. 84.1% of Luminal A phenotype and 88.2% of Luminal B are alive without disease. 12.5% of subtype HER2 and 13.3% of Basal-like died. There was more significant
expression of EGFR in the Luminal B (61.5%, p<0.01). P53was more expressed in HER-2 (81.8%) an Basal (80.0%) than Luminal A (67.4%) and Luminal B (53.1%) (p=0.02);
there was significant progression in the expression of p53 as related to molecular subtypes (p<0.01).

Table 1: Women's distribution second molecular subtypes

" D W . P WY
C L £ s Ri " !.'.f' oy oA O —

) L
Luminal 8 130 542 ? We found a different distribution of subtypes regarding the
HER-2 2 9,2 international literature. We obtained more Luminal B than
S5 4 e the expected, maybe because our cases were more
5 advanced and had a high proliferation index (expressed

Total 240 (100) by Ki67).

Table 2: Expression of EGFR and p53 as related to molecular subtypes

%

RS s =
High expression of ki67 in a sample of

Total n(%) Luminal Luminal B HER2 Basal p " i
Ay ) (%) s invasive breast carcinoma (400x). Despite our short follow-up and advanced cases, the
prognostic appears good at the moment, especially for
EGFR (n=240) Luminal subtypes. This work was funded by FAPESP
2009/17097-1.
Positive 127(52,9) 16(30,8) 80(615)  13(59,1) 18(50,0)
Negative 113(47,1) 36(69,2) 50(385)  9(40,9) 18(50,0) <001 Eiiiﬁiuiii
P53 (n=236) Chow LW, Loo WT, Wai CC, Lui EL, Zhu L, Toi M. Study of COX-2, Ki 67, and
P53 expression to predict effectiveness of S-flurouracil, epirubicin and
Positive 159(67,4) 26(53,1) 87(66,9)  18(8L8) 28(80,0) cyclophosphamide with celecoxib treatment in breast cancer patients. Biomed
Pharmacother 2005:59(2):208-30;A
Negative 77(32,6) 23(46,9) 43(33,1) 4(18,2) 7(20,0) 0,02 de Roos MA, de Bock GH, de Vries J. van der Vegt B, Wesseling J. p53
overexpression is a predictor of local recurrence after treatment for both in situ
High expression of p53 in a sample of invasive and invasive ductal carcinoma of the breast. J Surg Res 2007;140:109-14
breast carcinoma (400x). Ellis MJ, Perou CM, Bernard PS. Supervised risk predictor of breast cancer
based on intrinsic subtypes. JCO 2009;(27)8:1160-7.
Table 3: Evolution after treatment Peppercorn J. Perou CM. Carcy LA. Molccular subtypes i breast cancer evaluation
Total Tuminal A Luminal B HERZ Basal and management: divide and conquer. Cancer Investigation 2008:26:1 10.
(%) (%) (%) (%) (%) - P Perou CM, Seriie T, Eisen MB, van de Rin M, Jefirey SS, Rees CA, Pollack
Db ks IR, Ross DT, Johnsen H, Aksien LA, Fluge O, Pergamenschikov A, Willams.
v & RS Ton ks C. Zhu SX, Lenning PE, Borresen-Dale AL, Brown PO, Botstein D. Molecular
rn?am%t“:nwdu;n) ®50 B30 2490.7) 24009 Zln:u (red dm;) portraits of human breast tumours. Nature 2000;406:747-52.
and  chromosome Serfie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, Hastie T,
Alive without 169(84,1) 37(84,1) 97(88,2) 13(81,2) 22(71) 17 centromere Eisen MB, van de Rijn M, Jeffrey SS, Thorsen T, Quist H, Matese JC, Brown
discase (green dots). (A) PO, Botstein D, Eystein Lonning P, Borresen-Dale AL. Gene expression
(n=201) not amplified, (B) patterns of breast carcinomas distinguish tumor subclasses with clinical
amplified, and (C) implications. Proc Natl Acad Sci USA 2001;98:10869-74.
Alive with disease 13(6,4) 1(2,3) 76,2) 1(5,9) 4(13,3) P°"‘-‘§'°'“ly “"""’A"‘“ Sorlie T. Molecular portraits of breast cancer: tumour subtypes as 2 distinct
(n=202) :;::‘elsm;ﬂ‘ggx disease entities. Eur J Cancer. 2004:40(18):2667-75.
Spitale A, Mazzola P, Soldini D. Mazzucchelli S, Bordoni A. Breast cancer
(Dea;;l) 17(8,5) 5(11,4) 6(5,4) 2(12,5) 4(13,3) i according to markers: clini
n=

features and short-tem survival analysis in a population based study from
the South of Switzeriand. Annals of Oncology 2008;1093(10):1-8
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Table 2: Women's distribution second clinic characteristics and molecular subtypes Table 3: Women's distribution second pathologi istics and molecular

Background subtypes

Clinic and Total  |Luminal A Luminal 8 HER2 Triple-
Breast cancer is the second most common malignancy worldwide. In :"‘::::M SOW |08 B0 %) "’;’;’;”
Brazil, approximately 52,608 new cases of breast cancer are predicted to B

oceur In 2012. The morphologic classification Is not sufficient to  Heoe=ill

tologic To Luminal A | Luminal B | HER2
characteristics (%) n(%) %) ni%) | negative

o)

77(387) 2531 281438 5(286 18(5L.4)  0.13
characterize breast carcinomas, once the tumors with the same grade, K mém 3; ;2532; a::ss z)’ xs(m g ":‘“; 0
stage and histologic type can show different prognostic and therapeutic M toad st - - " - (n=189)
response. Limitations in the morphologic classification are probably 421) 114 2(33) 130)  0.004
4 s : . 32(169) 21292) 579 o 6(18.
caused by an incapacity of consider the biologic characteristics of the [T ooy Japes)  25(403) I R G & ; 310) 50(694) z lu; B I s( = s)}
tumors. Classification in molecular subtypes is demonstrating a great Tzcicas) sotios) s e ) (8L0) 50(694)  56(88.3) {100} (78.
variety between the tumors with histopathologic similarity. [Tumor size (n=195) [Nuclear grade
610313) 24311)  24(38.0) 5(400) siez) ooz 2 e . . R—
Objectives 93(47.7) 30(39.0) 30(47.6) 7(35.0) 26(74.3) (1.1) (14) (3.0)
3 420)  113) 2(32) o 129) 30(400) 180288 2095 4l121)
370190) 22(286) 7111) 5(25.0) 3186} a2s75)  45(714)  19(905)  28(s48)
The aim of this study was to assess the relationship between molecular
subtypes and clinical and pathological characteristics in a subset of Brazilian
womenwith Invasive breast cafcinomss, DR 52(472) 35460 35(547) 4(200) 18(514) 0081
4as(231) 16(211)  12(187) 8(40.0) 9(258)
Table 1: Women's distribution second molecular subtypes 31{159)  12(15.8) 11(27.2) 2(10.0) 8(17.1} 48(66.7)  40(667)  9(50.0) 24(727) 0432
[Molecular subtypes 27(12.8) 13(17.1) 6(9.4) 6(20.0) 2(5.7) 62(339) 24(333) 20{333) 9(50.0) 9(27.3)

(N 6i235) 16(20.5) 22(34.4) 3(15.0) 5(147) 0079
N 73(37.2) 23(29.5) 23(358) 8(40.0) 18(55.9)
_ ZA S e sS | 20 L) 160{87.4) 62(861)  54(30.0) 16(885)  28(888)  0.885
421 228 1{18) o 129 23(126) 10{139)  6{100) 2(11.3) 5(15.2)
Dermal imphatic

Triple negative z invasion (n=195)
69(88.5)  59(96.7)  17(81.0)  30(857)  0.076
EE—— S(1s)  2A33)  4190)  5(143)
Among the 211 tumors, 39.8% were classified as Luminal A, 32.7% as Luminal B,  [DFI0R=t 0
Subjects & Methods 10.4% as double negative HER2 and 17.1% as Triple-negath refated (n=194)
Triple-negative tumors were associated with younger age and higher tumor size.

211 patients were included in the study. TMA (tissue mi There was a of undi iated tumors in all molecular subtypes. LIRSS €009 263251 13B00) - 3s0) 264 0359
was constructed and expressions of hormone receptors of estrogen Peritumoral vascular and lymphatic invasion (observed in 33.9% of the entire LA RS R R DA SR

(ER) and progesterone (PR] and ki67 were assessed with Cohort), peritumoral neural invasion (detected in 12.6%) and dermal lymphatic

immunohistochemistry. FISH were used to assess HER2 status. The inVasion (presentin 10.3%) were not associated with the molecular subtype. 162(895) 60(845)  53(898) 181100} 31940} 0768
tumors were classified by: Luminal A expressed ER and/or PR, not 11(6.1) 6(8.5) 4(6.8) o 13.0)
expressed HER2 and low expressed ki67. Luminal B expressed ER  Table 4: Evolution after treatment 8(4.4) 5(7.0) 2(3.4) o 13.0)

and/or PR, not expressed HER2 with high expression of ki67 or [SPSIFTE Yoret? |CLisnisalA"[ Livwdial B HERZ | Triple-nogativ ;

characterized by not express ER and PR and overexpress HER2.
Triple-negative was characterized by not express ER, PR and HER2.
Chi-square and Fisher’s exact test were calculated to assess the
cross-tabulation of subtype expression and the several [AAAALEIL 144(82.8) 61(87.1) advanced stage were associated with triple negative tumors.
characteristics. Mean standard deviation (SD) and percentiles were Jkatithl

calculated to estimate the woman s follow-up. Alive with disease [IRETZZ0) 6(8.6) 2(3.4) 1(5.9) 4(133)
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