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RESUMO

O presente trabalho teve por objetivo determinar o papel progndstico da imuno-expressdo de
Her-2, Egfr, Cox-2 e Ki67 e das caracteristicas morfopatologicas (tamanho das metastases,
namero de linfonodos comprometidos e de focos metastaticos, presenca de extensdo
extracapsular) em metastases linfonodais de carcinomas mamarios caninos. Foram
selecionados 54 carcinomas mamarios primarios com metastase linfonodal (T1,2,3N1M0) e
29 carcinomas mamarios primarios sem metastase (T1,2,3NOMO0). As metastases linfonodais
foram avaliadas de acordo com o tamanho [macrometéstases (>2cm), micrometastases (entre
0,2cm e 2cm) e células tumorais isoladas (<0,2cm)], nimero de linfonodos positivos e de
focos metastaticos e extensdo extracapsular. Os tumores primarios e as metastases linfonodais
foram submetidos a imuno-histoquimica para Her-2, Egfr, Cox-2 e Ki67. Dados de sobrevida
foram obtidos de 78 cadelas com um periodo de acompanhamento maximo de 1370 dias. A
presenca de metastases linfonodais, o acometimento de mais de um linfonodo, a ocorréncia de
extensdo extracapsular, macrometastases, areas de metastases >20,11 mm?2 e didmetro
metastatico >7,32 mm apresentaram uma relacao direta com uma menor sobrevida global. Na
analise da expressdo dos imunomarcadores foi observada uma concordancia entre a expressao
de Her-2, Cox-2 e Ki67 e discordancia na expressdo de Egfr em tumores primarios e suas
respectivas metéstases. Entretanto, a maior expressao desses marcadores moleculares nas
metastases nao apresentou relacdo direta com um pior prognoéstico para os animais. Concluiu-
se que a mensuracdo das metastases linfonodais regionais dos carcinomas mamarios caninos
pode auxiliar na avaliagdo prognoéstica dos animais. Contudo, apesar da relacdo direta da
expressdo de Her-2, Cox-2 e Ki67 nos tumores primarios e suas respectivas metastases, a
avaliacdo desses marcadores nas metastases ndo demonstrou ser determinante na definicdo

prognostica de cadelas com cancer de mama.

Palavras-chave: canino, metéstase, linfonodo, carcinomas mamarios, imuno-histoquimica,

sobrevida

XVi



ABSTRACT

The present work aimed to determine the prognosis role of immunohistochemical expression
of Her-2, Egfr, Cox-2 and Ki67 and the characteristics morphopathological (size of
metastases, number of lymph nodes affected and of metastatic foci and presence of
extracapsular extension) in lymph nodes metastasis of canine mammary carcinomas. We
selected 54 primary mammary carcinomas with lymph node metastasis (T1,2,3N1M0) and 29
primary mammary carcinomas without metastasis (T1,2,3NOMO0). Lymph nodes metastasis
were evaluated according to size [macrometastasis (>2cm), micrometastasis (between 0.2cm
and 2cm) and isolated tumor cells (<0.2cm)], number of positive lymph nodes and of
metastatic focus, and extracapsular extension. Immunohistochemistry was performed in
primary tumors and lymph nodes metastasis for evaluation of the expression of Her-2, Egfr,
Cox-2 and Ki67. Survival data were obtained from 78 dogs and the maximum follow-up
period was 1370 days. The presence of lymph node metastasis, the involvement of more than
one positive lymph node, the presence of extracapsular extension, macrometastases, areas of
metastasis >20.11 mm? and metastatic diameter >7.32 mm showed a direct relationship with
shorter overall survival. In the immunohistochemistry analysis of markers we found a
concordance between the expression of Her-2, Cox-2 and Ki67 and discordance between Egfr
expression in metastatic primary tumors and paired lymph node metastasis. However, a high
expression of these markers in lymph node metastasis did not exhibit direct relationship with
a poor prognosis. We may conclude that the measurement of regional lymph node metastasis
of canine mammary carcinomas should aid in the prognostic evaluation of the animals.
However, despite the direct relationship of Her-2, Cox-2 and Ki67 expression in primary
tumors and paired metastases, this assessment does not seem to be directly related to

prognosis of the animal.

Key-words: canine, metastasis, lymph node, mammary carcinomas, immunohistochemistry,

survival
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1. INTRODUCAO

1.1 Neoplasias mamarias caninas e importancia das metastases na progressdo tumoral

Nos ultimos anos, tém se verificado um aumento consideravel da prevaléncia do cancer em
caes, que é considerado por alguns autores como a maior causa de morte nessa espécie (Butler
et al., 2013; Sorenmo et al., 2009). Em cadelas, as neoplasias mamarias representam 50 a 70%
de todas as neoplasias (Sorenmo et al., 2013; Cassali et al., 2014), sendo que cerca de 60%
sdo diagnosticadas como malignas e 23% apresentam metastases para linfonodos regionais
(Nunes et al., 2014).

As neoplasias mamarias caninas geralmente se apresentam como nédulos circunscritos de
tamanho, consisténcia e aderéncia para a pele e musculatura variaveis. Elas também podem
estar associadas a ulceracdo da pele e reagdes inflamatdrias locais. Varios tumores sao
frequentemente observados numa Unica glandula maméria ou pode envolver mdaltiplas
glandulas mamarias simultaneamente e podem ser de diferentes tipos histologicos. No
entanto, o tumor com o pior prognostico sempre determina a evolucéo clinica do paciente. As
glandulas mamérias abdominais caudais e inguinais sdo acometidas com mais frequéncia do

que as glandulas toracicas (Cassali et al., 2014).

Todos os tumores mamarios malignos tem o potencial para metastatizar. O risco e o padrdo de
metastase sdo influenciados pelo tipo histolégico, diferenciacdo do tumor e varios outros
fatores prognosticos. De forma geral, os tumores epiteliais malignos metastatizam através dos
vasos linfaticos para os linfonodos regionais e pulmdes enquanto que o0s tumores
mesenquimais metastatizam via vasos sanguineos diretamente para os pulmdes (Sorenmo,
2003).

Varios fatores sao responsaveis e estdo envolvidos na disseminacao tumoral e progressao das
metastases. A formacgdo de metéstases € um processo complexo que depende de inimeras
interacBes entre células malignas e componentes dos tecidos normais do hospedeiro,
especialmente o estroma. Assim, para o desenvolvimento de metastases, € necessario que as
células neoplasicas percam sua capacidade de adesdo, infiltrem vasos linfaticos e/ou

sanguineos, sejam capazes de infiltrar o tecido a ser colonizado, induzam alteragGes do
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estroma para sua implantacdo e levem posteriormente a angiogénese, permitindo entdo sua

nutricdo e desenvolvimento (Brasileiro-Filho et al, 2013).

1.2 Drenagem linfatica das glandulas mamarias caninas

A drenagem linfatica das glandulas mamarias, em cées, é complexa e os linfonodos
anatomicamente ligados as glandulas mamarias sd@o encontrados em duas regides distintas
(axilar e inguinal) (Sorenmo et al., 2013). As glandulas toracicas craniais e caudais sao
drenadas pelos linfonodos axilares ipsilaterais. A glandula abdominal cranial é drenada pelas
duas regides. As glandulas abdominais caudais e inguinais sdo drenadas pelos linfonodos
inguinais ipsilaterais (Sorenmo et al., 2013; Cassali et al., 2014). O linfonodo inguinal é
removido cirurgicamente quando ha envolvimento neoplasico das glandulas abdominal caudal
e inguinal. A remogdo cirdrgica do linfonodo axilar é recomendada quando h& alteracdo no
tamanho e consisténcia ou quando se observam células neoplésicas na citologia (Cassali et al.,
2014).

Em cadelas, a utilizacdo de tragadores como o Azul Patente V, Azul de Metileno, Tecnéssio
99m e a hemossiderina autéloga, para identificacdo dos linfonodos sentinela ainda é pouco
usado na rotina pratica, mas alguns estudos tem utilizado essa técnica (Pinheiro et al., 2003;
Pinheiro et al., 2009; Beserra et al., 2013). O linfonodo sentinela é o primeiro linfonodo de
uma cadeia linfatica regional que recebe a linfa de um tumor primario e, por isso, espera-se
que seja o0 primeiro a conter uma micrometastase (Cassali et al., 2014). Além disso, 0 uso
desses marcadores também pode facilitar a localizacdo e a exérese cirurgica dos linfonodos

axilares nas cadelas com neoplasias mamarias (Cassali et al., 2014)

Mudangas no padrdo de drenagem linfatica das glandulas mamarias com neoplasia foram
descritas em um estudo prévio (Pereira et al., 2003). Esses autores descreveram que as
glandulas mamarias toracicas com neoplasias podem ser drenadas pelos linfonodos das
cadeias axilar, cervical superficial ou tordcica ventral; as glandulas abdominais craniais e
caudais com neoplasias pelos linfonodos das cadeias axilar, inguinal e popliteo e as glandulas
inguinais com neoplasias pelos linfonodos das cadeias inguinal e popliteo (Pereira et al.,

2003). Além disso, coneccBes linfaticas entre glandulas mamarias normais e glandulas
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mamarias com neoplasias malignas podem ocorrer, apesar de serem raramente descritas
(Patsikas et al., 2006).

1.3 Importancia do estadiamento clinico em cadelas com neoplasias mamarias malignas

Os tumores mamarios caninos sao classificados de acordo com o sistema TNM que considera o
tamanho tumoral (T1, 0-3 cm; T2, 3-5 cm; T3, >5 cm), o envolvimento dos linfonodos
regionais (NO, auséncia de metastase; N1, presenca de metastase), e a presenca de metastase
distante, ou seja, metastase para 6rgdos distantes ou linfonodos ndo-regionais (MO, auséncia de
metastase; M1, presenca de metéstase). Esse sistema categoriza os animais em 5 estadios: |
(TINOMO); Il (T2NOMO); Il (T3NOMO); IV (T1,2,3N1MO0); e V (T1,2,3N0,1M1) (Owen,
1980).

Através do exame histopatolégico, avalia-se 0 comprometimento dos linfonodos regionais,
considerando-os como linfonodos positivos ou negativos. Em mulheres, metéstases regionais
do céncer de mama sdo classificadas de acordo com o tamanho do foco metastatico em
macrometastases, quando os depdsitos celulares sdo maiores que 2 mm; em micrometastases,
quando os depositos celulares medem entre 0,2 mm e 2 mm; e em células tumorais isoladas,
quando os depdsitos neoplasicos sdo menores que 0,2mm (Greene et al, 2002). Maiores taxas
de recorréncia e morte sdo observadas em mulheres com micrometastases quando comparadas
com aquelas linfonodo negativas, e, essas avaliagdes somadas a avaliacdo da quantificacdo da
carga metastatica € um fator preditivo significante de metastases em linfonodos néo sentinela.
(Fisher, 1978; Fisher e Gebhardt, 1978; Cote et al., 1999; Viale et al., 2005; Cserni et al., 2008;
Chae et al., 2013). Entretanto, esse tipo de avaliacdo tem sido objeto de grande debate, quando
ndo se observam diferencas no prognostico de mulheres com presenca de micrometéastases ou
células isoladas (Nagashima et al., 2006; Langer et al., 2005; Imoto et al., 2006; Cserni et al.,
2003; Patani e Mokbel, 2009; Patani e Mokbel, 2011; Ahmed et al., 2014).

Assim como na mulher, o status dos linfonodos regionais tem um grande impacto na
sobrevida de cdes com neoplasias mamarias (Kurzman and Gilbertson, 1986; Hellmen et al.,
1993; Yamagami et al., 1996; Perez Alenza et al., 1997; Nieto et al., 2000; Chang et al.,
2005). Contudo, o atual sistema de estadiamento clinico (TNM) usado em medicina

veterinaria ndo leva em consideragdo as diferencas na localizagdo dos linfonodos positivos
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(por exemplo, ipsilateral ou contralateral), no tamanho dos focos metastaticos, a relevancia da
identificacdo de células tumorais isoladas ou ainda os métodos usados na deteccdo de
micrometastases ocultas (De Matos et al., 2006). Alem disso, ha poucos estudos que avaliam
a relevancia progndstica do tamanho das metéstases regionais em cadelas com neoplasias
mamaras (Szczubial e Lopuszynski, 2011). A identificacio de macrometastases de
carcinomas mamarios em linfonodos regionais em cdes parece ser essencial para
determinacdo do progndstico pds-cirdrgico (Szczubial e Lopuszynski, 2011). Apesar disso,
esses autores ndo observaram diferencas na sobrevida global ou no tempo livre de doenga

entre animais sem metastase regional e aqueles com micrometastase.

Em medicina humana, sabe-se que aproximadamente 25% das pacientes linfonodo-negativas
desenvolverdo metastases distantes, e que poderiam ter sido beneficiadas pela quimioterapia
adjuvante (Cote et al., 1999; Mies e Schlesselman, 2000; Fisher et al., 2010). A dificuldade na
deteccdo de células neoplasicas isoladas ou de pequenos depositos metastaticos em exame de
rotina poderia gerar subestadiamento das pacientes, o que pode explicar em parte, a
recorréncia tumoral (Fisher et al., 2010). E provavel que cadelas linfonodo-negativas também
desenvolvam metastases distantes principalmente devido a dificuldade de deteccdo de

depdsitos metastaticos pequenos.

Esses pequenos depositos metastaticos sdo definidos como metéstases ocultas por ndo serem
observados nos exames de rotina, mas através de revisao de laminas ou emprego de outros
métodos de estudo, como a imuno-histoquimica (IHQ), com o uso de anticorpos para
marcadores epiteliais e a reacdo da cadeia da polimerase (PCR), com a avaliacdo de vérias
sequéncias de RNA (&cido ribonucleico) (Millis et al., 2002). De Matos et al (2006)
detectaram micrometastases ocultas em linfonodos de cadelas com neoplasias mamarias, pela
imuno-histoquimica, em 9,2% dos casos negativos na hematoxilina e eosina (H&E). Em
medicina humana, a taxa de deteccdo de micrometastases ocultas varia entre 7% a 39%,

dependendo do método empregado (Cote et al., 1999; Marinho et al., 2004).

1.4 Fatores clinico-patoldgicos associados a disseminacgdo do cancer de mama canino

A avaliacdo do tumor primério e dos linfonodos regionais através de exame histopatoldgico de

rotina aliado ao sistema de estadiamento clinico (TNM) sdo os principais métodos usados na
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rotina clinica para determinagdo do prognostico de cdes com neoplasias mamarias (Sonrenmo
et al., 2013; Cassali et al., 2014). Fatores morfoldgicos como o grau e o tipo histolégico dos
tumores e a invasdo dos vasos linfaticos e sanguineos por células tumorais parecem estar
associados com maior potencial metastatizante e pior prognéstico em cadelas com neoplasias
mamarias (Gilberston et al., 1983; MacKewen, 1990; Yamagami et al., 1996; Sorenmo, 2003;
Karayannopoulou et al., 2005).

1.4.1 Graduacao histoldgica das neoplasias mamarias caninas

A graduagdo histologica dos tumores da mama leva em conta a capacidade de diferenciagdo
estrutural e nuclear das células. O sistema de graduacdo mais utilizado em mulheres com
cancer de mama € o sistema de Nottingham (Elston e Ellis, 1991; 1998). Esse sistema considera
formagdo tubular, o grau nuclear e o indice mitético. Para a avaliacdo de cada fator sdo
seguidos critérios especificos, para imprimir maior objetividade e reprodutibilidade. S&o
atribuidos pontos a cada um dos itens, que posteriormente sao somados, obtendo-se um escore
final que permite classificar o tumor em bem diferenciado (grau I, ou baixo grau),
moderadamente diferenciado (grau Il, ou grau intermediario) e pouco diferenciado (grau Ill, ou
alto grau). Em medicina veterinaria, sistemas de graduacgéo histologica dos tumores mamarios
com critérios bem definidos sdo pouco usados. Os sistemas mais usados sdo 0s descritos por
Misdorp et al (1999) e Gilbertson et al (1983), ambos baseados em uma combinagdo de

caracteristicas celulares e nucleares.

Atualmente, ha um aumento no nimero de pesquisas veterindrias que usam o critério de
graduacdo histoldgica dos tumores mamarios propostos por Nottingham (Cavalcanti et al.,
1996; Dutra et al., 2004; Karayannopoulou et al., 2005; Dutra et al. 2008; Estrela Lima eta al.,
2010; Gamba et al., 2013;Tavasoly et al., 2013). Varios estudos mostram uma correlacéo entre
0 grau histolégico e outros fatores progndsticos como tipo histolégico, envolvimento linfatico e
sobrevida sendo que tumores com alto grau histoldgico estdo associados a tipos histologicos
mais agressivos, maior potencial metastatizante e pior sobrevida (MacKewen, 1990; Cavalcanti
et al., 1996; Dutra et al., 2004; Karayannopoulou et al., 2005; Dutra et al., 2008; Estrela Lima
et al., 2010; Tavasoly et al., 2013).
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1.4.2 Classificacdo histoldgica (tipo histoldgico) das neoplasias mamarias caninas

A classificacdo histoldgica dos tumores mamarios tem valor estabelecido pela sua importancia
em predizer o comportamento bioldgico do tumor (Bostock, 1986; Sorenmo et al., 2013;
Cassali et al., 2014). Os métodos de classificacdo das neoplasias mamarias caninas usadas nos
diferentes estudos ainda ndo sdo uniformes, havendo desacordo sobre os tumores mais
comuns, tais como tumores mistos e carcinomas em tumores mistos (Cassali et al., 2014). A
proporcao de tumores mamarios malignos pode variar entre 26% a 73% (Perez Alenza et al.,
2000; Nunes et al., 2014).

O sistema de classificacdo histologica veterinaria mais usada € a proposta por Misdorp et al
(1999) publicada pela AFIP (Instituto de Patologia das Forcas Armadas). Goldschimidit et al
(2011) sugeriram modificagfes nessa classificagdo com a insercdo de alguns tipos
histolégicos de carcinomas simples como o carcinoma cribriforme e o carcinoma cistico
papilar, além do carcinoma micropapilar. Recentemente, foi publicado o “Consensus for the
Diagnosis, Prognosis and Treatment of Canine Mammary Tumors” em 2011 (Cassali et al.,
2011) e com atualizagdo dos conceitos publicados posteriormente (Cassali et al., 2014). Essas
duas publicacdes objetivaram criar um guia para o diagnostico das lesbes mamarias e
sugeriram modificacdes na classificacdo histologica veterinaria de Misdorp et al (1999) com a
insercdo de lesdes epiteliais ndo neoplésicas como as lesdes de células colunares e também do
carcinoma micropapilar e dos carcinomas lobulares na classificagdo histoldgica, além de
outras alteracGes principalmente no que diz respeito a classificagcdo dos tumores mistos, com a

exclusdo do termo “complexo”.

Os tumores mamarios caninos sao classificados a partir da avaliacdo de varias caracteristicas
tumorais como diferenciagéo celular, componente celular envolvido, arranjo celular e invasédo
da membrana basal. Dentre os tumores mais frequentes, sdo descritos 0s tumores mistos,
caracterizados pela presenca de componentes epiteliais (ductal e/ou acinar e células
mioepiteliais) e componentes mesenquimais (Cassali et al., 2012). Os carcinomas em tumores
mistos parecem ter comportamento biolégico menos agressivos em relacdo aos carcinomas
invasores simples (papilares, tubulares, sélidos e anaplasicos) (Yamagami et al., 1996; Cassali
et al., 2012). Os carcinomas invasores simples geralmente tém padrdo infiltrativo, invadem
vasos linfaticos, disseminam-se para linfonodos regionais, linfonodos distantes ou pulmdes

enguanto que os tumores mistos geralmente crescem de forma expansiva, ttm menor taxa de
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invasdo de vasos linfaticos e menos frequentemente metastatizam para linfonodos ou pulmdes
(Misdorp et al.,, 1972; Yamagami et al., 1996; Cassali et al., 2012). Contudo, quando
consideramos a diferenciacdo tumoral apenas no grupo dos carcinomas invasores simples,
verifica-se que os carcinomas papilares sdo 0s menos agressivos, seguido dos carcinomas
tubulares, carcinomas sélidos e carcinomas anaplasicos (Misdorp et al., 1999; Sorenmo, 2003;
Cassali et al., 2014).

O carcinoma micropapilar, um tipo especial de carcinoma, tem comportamento bioldgico
extremamente agressivo com baixas taxas de sobrevida e alto potencial para metastases
linfonodais (Cassali et al., 1999; Cassali et al., 2002; Gama et al., 2008; Gamba et al., 2013;
Cassali et al., 2014).

Os carcinossarcomas descritos como neoplasias com ambos os componentes epitelial e
mesenguimal malignos, possuem progndstico desfavoravel e podem desenvolver metastase
apo6s um ano (Sorenmo, 2003; Cassali et al., 2012). Além disso, outros sarcomas como
fibrossarcoma e osteossarcoma estdo associados a baixas taxas de sobrevida e alto potencial
metastatico, principalmente por via hematogénica (Helmeen et al., 1993).

1.4.3 Invaséo de vasos linfaticos e sanguineos

A infiltracdo de vasos sanguineos e/ou linfaticos € um pré-requisito para o desenvolvimento
de metastases (Brasileiro-Filho et al., 2013). A invasdo neoplasica angiolinfatica pode ser
avaliada nas regides peritumorais e intratumorais, utilizando-se coloragéo rotineira pela HE
e/ou por imunohistoquimica utilizando marcadores celulares especificos. Invasdo vascular
tem sido associada com maior potencial metastatico e pior sobrevida em mulheres com
carcinomas mamarios (Pinder et al., 1994; Gujam et al., 2014; Munzone et al., 2014). Os
estudos que relacionam esse parametro patoldgico na avaliacdo das neoplasias mamarias
caninas sdo escassos (Yamagami et al., 1996; Rasoto et al., 2012). Yamagami et al (1996)
relataram relacéo direta entre a presenca de invasdo vascular ou linfatica e pior sobrevida das
cadelas com neoplasias mamaérias. Rasoto et al (2012) observaram que em tumores
infiltrativos a presenca do padrdo micropapilar, independente do tipo histolégico estava

diretamente associada com invasao linfatica.
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1.4.4 Extenséao extracapsular

Extensdo ou invasdo extracapsular (EEC) pode ser definida como a extensdo do tumor através
da capsula do linfonodo ao redor do tecido perinodal (Donegam et al., 1993; Fujii et al.,
2010). EEC tem sido estudada em mulheres com cancer de mama, e sua relevancia
progndstica € comprovada (Donegan et al., 1993; Leonardi et al., 1995; Pierce et al., 1995;
Hetelekides et al., 2000; Neri et al., 2005; Fujii et al., 2010; Yajima et al., 2015). O beneficio
da realizacdo de radioterapia nessas mulheres na diminuicdo das taxas de recorréncia tumoral
ou na melhora nas taxas de sobrevida ainda é objeto de grande debate (Donegan et al., 1993;
Leonardi et al., 1995; Pierce et al., 1995; Hetelekides et al., 2000; Neri et al., 2005). Fujii et al
(2010) observaram que a presenca de extensdo extracapsular em linfonodos sentinela de
mulheres com cancer de mama, poderia prever doenca axilar residual ou ainda metastase para
linfonodos ndo-sentinela e, assim, ser um preditor critico para progressdo linfatica

locorregional.

Em cdes com tumores mamarios malignos essa alteracéo ainda nao foi estudada e a relevancia
prognostica da identificacdo de extensdo extracapsular em linfonodos deveria ser investigada
nessa especie, podendo se tornar uma ferramenta complementar na avaliagdo progndstica de

cadelas com doenca metastatica.

1.5 Marcadores moleculares em carcinomas mamarios caninos

Atualmente, com o avanco da biologia molecular, a detecgdo de marcadores tumorais por meio
do estudo imuno-histoquimico tem sido utilizada para a determinagdo de fatores prognosticos
em cdes com neoplasias mamarias malignas, assim como é feito em mulheres com céancer de
mama (Cassali et al., 2014). Tumores mamarios podem desenvolver e progredir a partir da
acumulacdo de alteracGes genéticas, exposicao a fatores de crescimento ou hormdnios sexuais
(Klopfleisch et al., 2011; Sleeck et al., 2011).

Alguns estudos tém relacionado o aumento da expressdo dos marcadores de proliferacéo
celular e crescimento tumoral, como o Ki67, Her-2 e Egfr e 0o aumento da expressao de
moléculas relacionadas ao acido aracdénico como o Cox-2 com um pior progndstico em
cadelas com neoplasias mamarias (De las Mulas et al., 2003; Gama et al., 2009; Lavalle et al.,

2009; Queiroga et al., 2010). Porém, alguns estudos relacionam a superexpressdo de Her-2 em
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tumores mamarios malignos caninos com maior tempo de sobrevida global (Hsu et al., 2009;
Ressel et al., 2013). A expressdo de alguns desses marcadores como o Egfr, Cox-2 e Ki67 em
neoplasias mamarias caninas tem sido associada com presenca de metastases para linfonodos
regionais, porém os estudos ainda sdo escassos (Pend et al., 1998; Guimardes et al., 2014;
Queiroga et al., 2010).

Devido ao grande numero de eventos celulares envolvidos no crescimento, diferenciacao,
proliferacdo, invasao e nas metastases, a investigacdo de multiplas alteracbes moleculares tanto
nos tumores primarios como nas metastases tem assumido grande importancia no entendimento
da biologia das neoplasias mamarias (Argyle e Khanna et al., 2013). Nesse sentido,
recentemente, alguns estudos humanos e caninos tém mostrado a avaliacdo de marcadores
moleculares como E-caderina (Brunnetti et al., 2003), Her-2 (Gong et al., 2005; Cho et al.,
2008; Wu et al., 2008; Beha et al., 2012; Jensen et al., 2012), Egfr (Cho et al., 2008; Wu et al.,
2008), Cox-2 (Wu et al., 2008), ciclina D1 (Cho et al., 2008), receptor de progesterona (Wu et
al., 2008; Beha et al., 2012), receptor de estrégeno (Wu et al., 2008; Beha et al., 2012; Jensen et
al., 2012), citoqueratina 5/6 (Beha et al., 2012), citoqueratina 14 (Beha et al., 2012),
citoqueratina 19 (Beha et al., 2012) e p63 (Beha et al., 2012) em tumores primarios mamarios e

suas respectivas metastases.

1.5.1 Expressdo do Her-2 e do Egfr

Proto-oncogenes sdo 0s genes responsaveis pela regulacao da proliferacao celular e alterac6es
nesses genes podem levar ao desenvolvimento de neoplasias. A amplificacdo dos oncogenes
erbB, especialmente os genes dos receptores de crescimento epidermal humano cerbB-1
(EGFR, HER-1) e erbB-2 (HER-2, cerbB-2, HER-2/neu), tem mostrado um papel fundamental
na progressdo do cancer de mama e outros tumores solidos humanos (Slamon et al., 1987;
Baccus et al., 1994; Klijn et al., 1994; Barghava et al., 2005; Normanno et al., 2006).

O proto-oncogene HER-2 esté localizado no cromossoma 17g21 e codifica uma glicoproteina
transmembranar de 185 kilo-daltons (kDa) (Slamon et al., 1987; Bargmann et al., 1986). O
gene EGFR localiza-se no cromossomo 7pl1.2-p2 e codifica uma proteina de 170 kDa (

Downward et al., 1984). Os dois genes codificam proteinas transmembranares com atividade

26



tirosina-quinase homologa ao receptor do fator de crescimento epidermal (Slamon et al.,
1987; Bargaman et al., 1986).

A amplificacdo do gene HER-2 ou a superexpressdo da proteina Her-2 tem sido identificada
em aproximadamente 30% dos carcinomas mamarios em mulheres e estdo associados com
pior prognéstico (Slamon et al.,, 1987). Além disso, 0s carcinomas mamarios com
superexpressdo de Her-2 estdo relacionados com caracteristicas de malignidade como maior
taxa de proliferacdo celular, perda da expresséo de receptores de estrogeno e de progesterona,
maior potencial metastatico, resisténcia a terapia enddcrina e resposta positiva a terapia com
anticorpos monoclonais especificos anti-Her-2 (Slamon et al., 1987; Alred et al., 1992; Vogel
etal., 2002; Xu et al., 2002; Gutierrez e Schiff, 2011).

Vaérios estudos tém avaliado a expressao de Her-2 em tumores primarios e suas respectivas
metastases em mulheres com céancer de mama. A maioria deles mostra uma maior
porcentagem de concordancia entre tumores primarios e metastases e 0s casos discordantes
variando entre 5 e 24% (Masood e Bui, 2000; Zidan et al., 2005; Hanna et al., 2007; Santinelli
et al., 2008; Nassar et al., 2010; Malinowsky et al., 2012; Nikura et al., 2012). O fenémeno da
heterogeneidade tumoral parece explicar a discordancia entre expressao de Her-2 em tumores
primarios e suas respectivas metastases a partir da selecdo de clones com status diferente do

Her-2 e com capacidade de metastatizar (Malinowsky et al., 2012; Niikura et al., 2012).

Na espécie canina o gene HER-2 esta localizado no cromossomo 1¢q13.1 (Murua et al., 2001).
A expresséo elevada da proteina Her-2 também tem sido observada entre 17% a 36% dos
carcinomas mamarios desta espécie (Rungsipipat et al., 1999; De las Mulas et al., 2003; Dutra
et al., 2004; Hsu et al., 2009; Ressel et al., 2013). Além disso, a superexpressdo de Her-2
também € observada em lesdes pré-malignas e carcinomas ductais in situ de humanos e
cadelas sugerindo que a desregulagéo desta proteina também esta envolvida com os processos

iniciais da carcinogénese (Xu et al., 2002; Silva et al., 2014).

A relevancia prognostica da superexpressdo do Her-2 em cadelas com carcinomas mamarios
ainda é controversa. De las Mulas et al (2003) mostraram associac¢éo da superexpressdo desse
marcador com pior progndstico enquanto que outros estudos observaram maiores tempos na
sobrevida de animais com neoplasias mamarias com superexpressao do Her-2 (Ressel et al.,

2013; Hsu et al., 2009). Além disso, Dutra et al (2004) ndo observaram correlacdo da
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superexpressdo de Her-2 com pior prognostico. Contudo, esses estudos demostraram
associacdo entre a superexpressdo de Her-2 e caracteristicas de malignidade como alto indice
mitotico e alto grau histoldgico, mas ndo com a presenca de metastase linfonodal (De las
Mulas et al., 2003; Dutra et al., 2004; Ressel et al., 2013).

A avaliacdo da expressao da proteina Her-2 em metastases linfonodais de cdes com neoplasias
mamarias foi realizada por Beha et al (2012). Nesse estudo, porém ndo houve avaliacdo da
sobrevida dos animais e a expressdo de Her-2 nos tumores primarios e nas metastases foi
avaliada como 0 (auséncia de marcacao), 1+ (<10% de células positivas), 2+ (entre 10 a 90%
de células com marcacdo membranar completa) e 3+ (>90% de células com marcacdo
membranar completa), sendo considerado positivo os casos 2+ e 3+. O percentual de
concordancia foi de 90% (18/20 casos) sendo observada discordancia em 10% dos casos, com

o0 tumor primario positivo para Her-2 e o linfonodo metastatico negativo para esse marcador.

A proteina Egfr, outra molécula da familia dos receptores do fator de crescimento epidermal
humano, tem sido expressa em 20% a 30% dos carcinomas mamarios, em mulheres. Alguns
estudos tém associado sua superexpressao com pior prognastico (Barghava et al., 2005; Klijn
et al.,, 1994; Aziz et al., 2002; Tsutsui et al., 2002), porém outros ndo mostraram essa
associacdo (Ferrero et al., 2001; Rampaul et al., 2004, Ciardelo and Tortora et al., 2003).
Alem disso, diferencas na expressdo de Egfr em tumores primarios e metastases linfonodais
tém sido descrita em mulheres com cancer de mama (Malinowsky et al., 2012)

Elevada concentracdo ou expressdo do Egfr tem sido detectada em tumores mamarios caninos
usando diferentes metodologias e sua expressdo elevada também esté relacionada com fatores
prognosticos adversos como alto grau histologico, elevado tamanho tumoral, presenca de
invasdo linfatica e negatividade para receptores hormonais (Nerukar et la., 1987; Rutteman et
al., 1994; Donnay et al., 1996; Gama et al., 2009; Bertagnolli et al., 2011; Carvalho et al.,
2013; Kim et al., 2013; Guimaraes et al., 2014). A associacdo entre a expressao elevada de
EGFR e presenca de metastase linfonodal foi observada em alguns estudos (Carvalho et al.,
2013; Guimardes et al., 2014), mas ndo em outro (Gama et al., 2009). A relevancia da
expressao elevada de Egfr como fator prognostico em cdes com neoplasias mamarias ainda é
controversa (Gama et al., 2009). A avaliacdo da expressdo de Egfr em metastases linfonodais

ndo foi ainda realizada em cdes com neoplasias mamarias.
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1.5.2 Marcadores de proliferacéo celular (Ki67)

Embora os mecanismos envolvidos na proliferagdo celular descontrolada dos tumores
mamarios ndo sejam bem entendidos, o aumento da proliferacdo celular é um evento
caracteristico dos tumores malignos (Klopfleisch et al., 2011). O indice de proliferacdo
celular pode ser determinado por marcadores relacionados ao ciclo celular como o Ki67, com
valor progndstico significativo em mulheres e cadelas com carcinomas mamarios (Bouzubar
et al., 1989; Pena et al., 1998; Santos et al., 2013). Ki67 € uma proteina nuclear labil, ndo
expressa em células em repouso (G0), mas pode ser detectada em todas as outras fases do
ciclo celular sendo comumente vizualizada pelo anticorpo Mib-1 (Fitzgibbons, et al., 2000).

Tumores mamarios com alto indice proliferativo tém maior chance de possuir clones com
maior capacidade de disseminagdo e consequentemente de metastases. Caracteristicas de
agressividade tumoral como alto grau histol6gico, elevado tamanho tumoral e crescimento
infiltrativo também podem estar presentes nesses tumores tanto em humanos como em
cadelas (Vielh et al., 1990; Wintzer et al., 1991; Leonardi et al., 1992; Pend et al., 1998;
Ferreira et al., 1999; De Matos et al., 2006) .

No cancer de mama de mulheres, tem sido sugerido um ponto de corte de 14% de células
positivas para Ki67 que considera alto e baixo risco de desenvolvimento de metastases
distantes (Goldhirsch et al., 2011; Van de vijver, 2014). Apesar disso, um consenso publicado
em 2015 sobre cancer de mama inicial relatou que varios estudos apoiam o valor prognostico
do Ki67, porém a validacdo clinica tem-se revelado dificil e que, embora valores altos e
baixos sejam reprodutiveis e clinicamente Utéis, ndo ha um ponto de corte ideal para o Ki67
(Coates et al., 2015).

Em cadelas com tumores mamarios, os estudos mostram pontos de corte distintos para Ki67
ou ainda utilizam valores de média/desvio padrdo de Ki67 para relacionar as variaveis clinico-
patoldgicas. O consenso proposto pelo nosso grupo de pesquisa preconiza a utilizagdo de
pontos de corte de < 10% (baixo indice proliferativo), entre 10 a 25% (indice proliferativo
intermediario) e > 25% (alto indice proliferativo) de células positivas para Ki67 (Cassali et

al., 2014). Valores altos para Ki67 estdo associados com alto risco de metastase.
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Pend et al (1998) mostraram que altos valores de Ki67 estavam associados com presenca de
metastase linfonodal, pior sobrevida e menor tempo livre de doenga, mas ndo com grau
histoldgico. Nesse estudo, cadelas com tumores com > 24% de células positivas para Ki67
apresentavam alto risco de desenvolvimento de metéstase distante. Dutra et al (2008)
mostraram correlacdo positiva entre indice de Ki67 e grau histolégico, pleomorfismo nuclear
e contagem mitotica. Sarli et al (2002) utilizaram a média de Ki67 como ponto de corte e
observaram que tumores com Ki67 > 6,97% estavam associados com pior prognostico. Além
disso, De Matos et al (2006) usando pontos de corte de < 27% (baixo indice proliferativo),
entre 27% e 43% (indice proliferativo intermediario) e > 43% (alto indice proliferativo) de
células positivas para Ki67 mostraram, na analise multivariada, correlacédo entre os indices de
Ki67 com grau histoldgico, tamanho tumoral e crescimento infiltrativo, mas ndo com
presenca de metéstase. Ferreira et al (2009) observaram que altos valores de Ki67 estavam
associados com tumores maiores que 5¢cm. Outro estudo, com um ponto de corte de 40% de
células positivas para Ki67, mostrou que o alto indice de proliferacdo celular (Ki67 >40%)
estava associado com menor tempo livre de doenca e pior sobrevida (Santos et al., 2013).
Alguns estudos multivariados ndo observaram relevancia prognéstica do Ki67, o que pode ser
explicado pelo baixo nimero de tumores malignos estudados (Lohr et al., 1997; Lee et al.,
2004).

A avaliacdo da expressdo de Ki67 em metastases linfonodais de carcinomas mamarios
caninos foi encontrada apenas no estudo de Zachetti et al (2003). Esses autores compararam a
expressdao de Ki67 e PCNA com a marcacdo in vivo de bromodeoxyuridine (BrdU, um
analogo da timidina que é captado por células na fase S do ciclo celular) por imuno-
histoquimica. Porém, neste estudo, avaliacdo da sobrevida dos animais ndo foi realizada e

também ndo houve comparacéo da expressdo de Ki67 nos tumores primarios e nas metastases.

1.5.3 Cox-2

A ciclooxigenase ¢ um composto homodimero com 2 subunidades de 70.000 Da e um grupo
heme. S&o enzimas que catalizam a conversédo de acido aracdénico em uma série de diferentes
prostaglandinas. Existem duas isoformas para as ciclooxigenases, a Cox-1 e Cox-2. A Cox-1 é
expressa na forma constitutiva e esta presente em uma grande variedade de tecidos exercendo

papel importante na homeostase celular. A enzima Cox-2 é induzivel e encontrada
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primariamente no sitio inflamatdrio. E detectada constitutivamente em poucos tecidos, como
rins (macula densa), sistema nervoso central e placenta (Willians et al., 1999; Doré et al.,
2003; Roelofs et al., 2014)

Além disso, Cox-2 tem papel importante em uma variedade de neoplasias em humanos e em
animais e contribui para o desenvolvimento tumoral e angiogénese (Doré et al., 2003; Lavalle
et al., 2009; Roelofs et al., 2014). Ela participa do metabolismo do acido aracddnico, gerando
prostaglandinas que sdo responsaveis pela proliferacdo celular, apoptose, modulacdo do
sistema imune e angiogénese (Grosch et al., 2006). CondicGes celulares como hipdxia e
expressao de citocinas (IL6), oncogenes (RAS, HER-2 neu) e fator de crescimento vascular
endotelial (Vegf) estdo associados ao aumento de expressdo de Cox-2, levando a maior

capacidade de invaséo e angiogénese (Willians et al., 1999).

Embora o papel do Cox-2 e seus derivados metabolicos na carcinogénese sejam bem
reconhecidos, a relevancia progndéstica da expressdo de Cox-2 em alguns tipos de cancer
ainda ndo é totalmente estabelecida (Soslow et al., 2000; Surh et al., 2001). Alguns estudos
ndo mostraram relevancia prognostica desse marcador em mastocitomas caninos e cancer de

pulméao “non-small cell” (Vascellari et al., 2013; Mattsson et al., 2015).

Apesar disso, vérios trabalhos relatam que a expressdo imuno-histoquimica aumentada de
Cox-2 esta relacionada a pior prognostico e fatores prognosticos desfavoraveis como tipo
histolégico mais agressivo, maior potencial metastatico para linfonodos ou alto grau
histolégico em carcinomas mamarios caninos e humanos. Denkert et al (2003) observaram
que a alta expressdo Cox-2 aumenta a habilidade de invasdo das células tumorais e esta
diretamente associada a metastase para linfonodos no cancer de mama em humanos. Heller et
al (2005) mostraram que expressdo aumentada de Cox-2 estava associada a tipos histoldgicos
agressivos, como 0s carcinomas anaplasicos de cadelas. Millanta et al (2006) observaram
associacao entre expressdo aumentada de Cox-2 com alto grau histoldgico, superexpressao de
HER-2 e pior sobrevida em cadelas com carcinomas mamarios. Lavalle et al (2009)
observaram que a a alta expressdo de Cox-2 em neoplasias mamarias caninas estava associada
a pior progndstico e menores tempos de sobrevida, porém nao encontraram associagdo com
tipo histoldgico. Queiroga et al (2010) observaram que maior expressdo de Cox-2 em tumores
mamarios caninos estava associada com metastase linfonodal e a distancia, e pior sobrevida.

Além disso, Guimardes et al (2014) observaram que expressdo elevada de Cox-2 estava
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associada com elevado tamanho tumoral, alto grau histoldgico e presenca de metastase para
linfonodos em carcinomas mamarios caninos. Recentemente, Millanta et al (2014) avaliaram
a expressdo de Cox-2 e de algumas moléculas relacionadas ao seu metabolismo (MPGE2-1 e
EP4) em cadelas com carcinomas mamarios e observaram que a expressao aumentada de
Cox-2 e mPGE2-1 estavam associadas com alto grau histolégico mas ndo com tipo

histoldgico ou invaséo linfatica.

A analise da expresséo de Cox-2 em lesGes metastaticas de cdes com neoplasias mamarias foi
encontrada em apenas um estudo prévio (Pereira et al., 2009). Esses autores mostraram que
em quase todos os casos a intensidade de expressdo de Cox-2 nas lesbes metastaticas
(linfonodal e pulmonar) foi similar ou mais acentuada do que do tumor primario. Porém,
nesse estudo ndo foi avaliada a sobrevida global dos animais de acordo com a expresséo de
Cox-2 nas lesdes metastaticas.

2. JUSTIFICATIVA

A partir do exposto, observa-se que ainda sdo escassos 0s estudos relacionados as metastases
para linfonodos regionais dos tumores mamarios malignos em cadelas. Esses estudos séo bem
mais consistentes na medicina humana. Sabe-se que o status do linfonodo regional é um fator
prognostico importante em cadelas com neoplasias mamarias e € um dos parametros usados
atualmente no estadiamento clinico desses animais. Por isso, um estudo morfol6gico
criterioso torna-se essencial na tentativa de se estabelecer a importancia e o potencial
prognostico da mensuracdo do tamanho das metastases, da identificacdo do numero de
linfonodos com metéastase, da mensuracdo do nimero de focos metastaticos ou ainda da
avaliacdo de extensdo extracapsular que poderiam ser eventualmente incorporados

futuramente no exame patologico rotineiro.

Além disso, outro passo importante no entendimento da progressdo tumoral seria a avaliagcdo
da expressao de protéinas como o Her-2, Egfr, Cox-2 e Ki67 ja descritas nos tumores
primarios, também nas metastases linfonodais sincronicas. A frequéncia e a relevancia
prognostica da expressdo dessas proteinas ja foram descritas nos tumores primarios caninos,
apesar de ainda haver controvérsias principalmente em relagdo ao Her-2 e Egfr, porém os

estudos das lesdes metastaticas ainda sdo extremamente escassos.
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3. HIPOTESE

A presenca de macrometastases e de micrometastases bem como a positividade para Her-2 e
Egfr, alto escore para Cox-2 e alto indice de proliferacdo celular em metastases linfonodais
sincronicas (no momento do diagnostico inicial) estdo associados a menor sobrevida em

cadelas com carcinomas mamarios.

4. OBJETIVOS

4.1 Objetivo geral

Avaliar uma série de cadelas com carcinomas mamarios e determinar e relacionar as
caracteristicas morfologicas, morfométricas e imunofenotipicas das metéstases linfonodais
sincrbnicas com o0s aspectos clinico-patolégicos e imunofenotipicos dos respectivos

carcinomas mamarios verificando-se as associacdes com a sobrevida global.

4.2 Objetivos especificos

I. Determinar e comparar a sobrevida global das cadelas com cancer de mama, com e sem

metastase linfonodal sincrénica.

I1. Determinar e comparar a sobrevida global de cadelas com cancer de mama, de acordo com
a ocorréncia de metastases linfonodais sincrénicas (macrometastase ou, micrometastase) ou a

presenca de células tumorais isoladas.
[1l. Determinar e comparar a sobrevida global de cadelas com céancer de mama, de acordo
com o numero de linfonodos regionais com metastases sincrdnicas, o numero de focos

metastaticos, o diametro da metastases e as areas de metastases nesses linfonodos.

IV. Identificar a presenca e o nimero de linfonodos com extensdo extracapsular verificando

sua associacao com a sobrevida global em cadelas com cancer de mama metastatico.
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V. ldentificar carcinomas mamarios caninos primarios com e sem metastase linfonodal
sincronica de acordo com o tamanho tumoral, o tipo histologico, a graduacdo histologica e a

invasdo angiolinfatica, determinando suas associacdes com a sobrevida global dos animais.

VI. Avaliar e relacionar a expressdo imuno-histoquimica dos marcadores Her-2, Egfr, Cox-2 e
Ki67 em carcinomas mamarios primarios com e sem metastase linfonodal e também em
metastases linfonodais sincronicas determinando a associacdo dessas expressdes com a

sobrevida global dos animais.

VII. Comparar os parametros clinico-patolégicos (tamanho tumoral, tipo histoldgico,
graduacdo histoldgica, invasdo angiolinfatica e extensdo extracapsular) e moleculares
(expressdo imuno-histoquimica de Her-2, Egfr, Cox-2 e Ki67) dos carcinomas mamarios
primarios com metéstase linfonodal com os dos carcinomas mamarios primarios sem

metastase.

5. MATERIAL E METODOS

5.1 Espécimes mamarios

Foram revisados os casos de neoplasias mamarias malignas que apresentaram linfonodos
regionais enviados em conjunto, durante o periodo de 2008 a 2013, obtidos dos arquivos do
setor de Patologia do Departamento de Clinica e Cirurgias Veterinarias da Escola de
Veterinaria da UFMG e do Laboratdrio de Patologia Comparada - ICB/UFMG.

Todos os procedimentos experimentais foram executados segundo as recomendacdes e a
aprovacio do Comité de Etica em Experimentacio Animal da Universidade Federal de Minas
Gerais (CETEA/UFMG), sob o nimero de protocolo 174/2011 (ANEXO I).

5.2 Avaliacao dos tumores primarios e dos linfonodos regionais

5.2.1 Estadiamento Clinico

Foi avaliado o tamanho do tumor (T1 de 0-3 cm; T2: 3-5cm; T3: >5cm ), 0 envolvimento
neoplasico de linfonodos regionais (NO: auséncia de metéstase; N1: presenca de metastase) e
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metastases distantes (6rgdos distantes ou linfonodos ndo regionais - MO: auséncia de
metastase; M1: presenca de metéstase) (diagnostico por imagem e/ou puncgdo aspirativa de
linfonodos nédo regionais). As cadelas que apresentavam metastase distante no momento do
diagndstico foram descartadas do estudo. Assim, os pacientes foram classificados em estadio |
(T1, NO, MO0), Il (T2, NO, MO0), 11 (T3, NO, MO0) e IV (T1,2,3, N1, MO0). Essas classificagdes

foram realizadas segundo os critérios estabelecidos por Owen (1980).

5.2.2 Histopatologia

Foram obtidas seccdes histologicas de 4 um do tumor primario, previamente fixados por 24
horas em formol neutro e tamponado a 10%, processados pela técnica rotineira de inclusdo em
parafina e coradas pela técnica da H&E. Os tipos histolégicos das neoplasias mamarias
malignas foram classificados de acordo com o Consenso para diagnéstico, prognostico e
tratamento dos tumores mamarios da cadela — 2013 (Cassali et al., 2014) . Quando as cadelas
apresentavam mais de um tumor drenado pelo mesmo linfonodo regional foi considerado para

estudo o tumor mais agressivo.

Além disso, os tumores primarios também foram avaliados quanto a presenca de invasdo
angiolinfatica considerada como a observacdo de émbolos de céulas neoplésicas dentro de

vasos linfaticos e/ou sanguineos em &areas peritumorais e intratumorais.

Os linfonodos foram avaliados pelo método de H&E e também através de IHQ. Dessa forma,
foram obtidas sec¢des histoldgicas de 4 um dos linfonodos, fixados por 24 horas em formol
neutro e tamponado a 10%, processados pela técnica rotineira de inclusdo em parafina e
corados pelas técnicas da H&E. O numero de linfonodos dissecados, a presenca de metastases
e 0 numero de focos metastaticos foram avaliados. Adicionalmente, as dimensdes de
comprimento e largura maximas (duas maiores dimensdes) de todos os focos metastaticos
foram mensuradas e a maior das duas dimensdes foi usada como o didmetro méximo do foco

metastatico.

Inicialmente foram consideradas metastases a presenca de células epiteliais neoplésicas no
parénquima linféide ou distribuidas nos seios linfaticos (subcapsular e/ou medular)
identificadas em laminas coradas em H&E. Os linfonodos foram considerados livres de

metastases somente apds a confirmacéo pela coloracdo de imuno-histoquimica [citoqueratina
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AE1AE3, vimentina e p63]. A citoqueratina foi feita em todos os linfonodos para confirmar a
auséncia ou a presenca de metastase. Ja a vimentina e o p63 foram usados apenas nos
linfonodos negativos para metastase (H&E) em casos diagnosticados como carcinossarcoma e

adenomioepitelioma maligno, respectivamente.

Quando mais de um linfonodo era positivo para metastase e foi acometido por varios focos
metastaticos no mesmo paciente, foi considerada a medida do maior foco metastatico
(didmetro méximo) em um linfonodo para a classificagdo em macrometastases,
micrometastases e células tumorais isoladas (Ahmed et al.,, 2014). Linfonodos que
apresentaram envolvimento metastatico consideravel, sem possibilidade de mensuracdo do
tamanho dessas metastases (linfonodos parciamente seccionados ou linfonodos com células
metastaticas distribuidas difusamente em todo o linfonodo, porém sem limites definidos)

foram classificados no grupo de metastase ndo mensuravel.

Imagens de todos os focos metastaticos foram obtidas com o auxilio do microscopio Olympus
BX41 utilizando sistema de captura “Spot Insight Color” em objetivas distintas dependente do
tamanho do foco metastatico. As metastases foram medidas com o auxilio do software Corel
Draw 11.

Alem disso, todos os animais com metastases foram estratificados de acordo com o numero de
linfonodos envolvidos, o didmetro maximo das metastases e a area de metéstase (largura
méaxima x altura maxima). Além disso, quando mais de um foco metastatico foi identificado
em um ou mais linfonodos do mesmo animal, areas metastaticas individuais foram somadas
para o calculo da area metastética total (AMT). O numero de linfonodos positivos para
metastases foram agrupados em duas categorias (1 ou > 2 linfonodos positivos). Para todas as
outras andlises, um ponto de corte (média mais um desvio padrdo) foi estabelecido para
estratificagdo em grupos. O didmetro méaximo e o numero de focos metastaticos de cada
animal foram usados para obter as médias de cada grupo. Todos os focos metastaticos foram
mensurados para obter uma area metastatica média em animais com mais de um foco

metastatico. A AMT de cada animal foi usada para obter a média do grupo.

Os linfonodos com metéastase também foram avaliados quanto a presenca de extensdo
extracapsular. Extensdo extracapsular foi definida como a extensdo do tumor através da

capsula linfonodal em pelo menos um linfonodo ao redor do tecido perinodal.
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5.2.3 Graduacdo Histologica

Os tumores foram graduados pelo sistema de Nottingham (Elston e Ellis, 1998). Este sistema
considera formacao tubular (>75%: 1 ponto; entre 10% e 75%: 2 pontos; <10%: 3 pontos),
pleomorfismo nuclear (nucleos pequenos, regulares e cromatina nuclear uniforme: 1 ponto;
aumentos moderados no tamanho e variabilidade nucleares: 2 pontos; células exibindo
acentuado pleomorfismo, grande variacdo no tamanho e forma dos ndcleos, nicleos bizarros,
vesiculosos e com mdaltiplos nucléolos: 3 pontos) e contagem mitética (de O — 8 mitoses : 1
ponto; 9 — 16 mitoses : 2 pontos e acima de 17 mitoses : 3 pontos.). Foi utilizado o
microscopio BX-41 com ocular de 10x e objetiva de 40x para a avaliacdo do indice mitotico,
contadas em 10 Campos de Grande Aumento (CGA) (Elston e Ellis, 1998). Para a obtencao
do grau histoldgico combinado do tumor, o escore para cada fator foi somado, resultando em
um valor total que varia de 3 a 9. O grau tumoral foi alocado baseado nos valores a seguir: 3 —
5 pontos: grau | — baixo grau; 6 — 7 pontos: grau Il — grau intermediario; 8 — 9 pontos: grau IlI

—alto grau.

5.2.4 Imuno-histoquimica

Apos a revisdo dos casos, secgdes histologicas de 4 pm dos tumores primarios e das
metéstases linfonodais foram obtidas para realizagdo da imuno-histoquimica. No
procedimento imuno-histoquimico foi usado o método polimérico (ADVANCE HRP — ready
to use — DakoCytomation). Para realizacdo de bloqueio da peroxidase endogena as laminas
foram incubadas em solucédo de H202 3% em &lcool metilico por 15 minutos. Os reagentes
foram aplicados pela técnica manual, sendo o tempo de incubagdo do anticorpo secundéario e
do polimero de 30 minutos, e do cromogeno DAB (DAB substrate system, Dakocytomation),
de 5 minutos. Os anticorpos primarios utilizados estdo descritos na tabela 1, com suas
respectivas fontes, diluicdes, método de recuperagdo antigénica, solucdo de recuperacdo
antigénica e tempo de incubagdo do anticorpo primario. Como controles positivos foram
usados secgdes de carcinomas mamarios positivos para Her-2, Egfr, Cox-2, p63 e
citoqueratina AE1AE3. Sec¢do de um carcinossarcoma positivo para vimentina também foi
usado como controle positivo. Os controles negativos foram obtidos por substituicdo do

anticorpo primario pelo soro normal.
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A expressao de Her-2 foi determinada pelo sistema de escore semiquantitativo estabelecido
pela Sociedade Americana de Oncologia Clinica, Colégio Americano de Patologistas
(ASCO/CAP) (Wolff et al., 2013) (0 = auséncia de marcacdo ou marcacdo membranar
incompleta e muito fraca em < 10% das células tumorais; 1+ = marca¢do membranar
incompleta e muito fraca em > 10% das células tumorais; 2+ = marcacdo incompleta e/ou
fraca/moderada em > 10% das células tumorais ou marcacao completa e intensa em < 10%
das células tumorais; 3+ = marcacdo completa e intensa em > 10% das células tumorais), com

casos 0, 1+ e 2+ considerados negativos e casos 3+ positivos.

Para avaliacdo do Egfr foi usado um critério adaptado da ASCO/CAP de anélise do Her-2
(Wolff et al., 2013) sendo os espécimes com escores 0, 1+ e 2+ considerados como negativos

e com 3+ como positivos.

Positividade para Cox-2 foi considerada pela marcacdo citoplasmatica, e os casos foram
classificados pelo sistema semiquantitativo que considera distribuicdo [porcentagem de
células positivas em cinco campos de 400x: 0= auséncia, 1= < 10% de células positivas, 2=
entre 10% e 30%, 3= entre 31% e 60% e 4= mais de 61%)] e intensidade [0= auséncia (-), 1 =
fraco (+), 2= moderado (++) e 3= forte (+++). Os escores de distribui¢do e intensidade foram
multiplicados para obtencdo de um escore total, com variacdo de 0 a 12, com escore de 0 a 5

considerados baixo escore e de 6 a 12 como alto escore (Lavalle et al., 2009).

O indice de proliferacao celular foi calculado pela contagem manual do nimero de nucleos
positivos para Ki67 em um total de 1000 células neoplasicas em areas de hot spot (Dutra et
al., 2008). A avaliacdo da imunomarcacdo para citoqueratina AE1/AE3, vimentina ou p63

nos linfonodos foi qualitativa (positivo ou negativo).
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Tabela 1. Anticorpos usados no estudo imuno-histoquimico.

Tempo de
Antigeno Clone Fabricante Diluicdo  Recuperacéo antigénica Solucéo retrieval (ph) ] pN
incubagdo (h)
Her-2 policlonal Dako 1:200 Banho maria (98 °C) citrato (6,0) 16
Egfr 31G7 Zymed 1:50 Enzimética pepsina 16
Cox-2 SP21 Labvision 1:80 Banho maria (98 °C) citrato (6,0) 16
. . calor pressurizado (Pascal) .
Ki67 Mib Dako 1:25 citrato (6,0) 1
(125°C)
Citoqueratina AE1AE3 Dako 1:100 Banho maria (98 °C) citrato (6,0) 1
Vimentina V9 Dako 1:100 Banho maria (98 °C) citrato (6,0) 1
p63 4A4 Neomarkers  1:80 Banho maria (98 °C) citrato (6,0) 16

5.3 Andlise de sobrevida global e acompanhamento dos animais

O tempo de sobrevida foi definido (em dias) como sendo o periodo entre a data da exérese
cirtrgica do tumor até a data de 6bito do animal que morreu pela doenca (end points). Os
animais que foram a obito por razdes desconhecidas ou causas nao relacionadas ao tumor, ou
que deixaram de ser acompanhados foram considerados censurados. Em relacdo aos animais
portadores de metéastase em linfonodo regional (T1,2,3N1MO0), foi identificado que 38% dos
animais foram submetidos ao tratamento quimioterapico (4 ciclos de quimioterapia, com
intervalos de 21 dias) como adjuvante a cirurgia de acordo com as recomendacdes
preconizadas no “Consensus for the diagnosis, prognosis and treatment of canine mammary
tumors” (Cassali et al., 2014)

5.4 Andlise Estatistica

Os resultados quantitativos obtidos que apresentaram distribuicdo normal foram submetidos a
anélise de variancia a 5% de probabilidade, seguido de teste de médias (Mann-Whitney ou
teste t ndo pareado). Para relacionar as variaveis clinico-patoldgicas foram utilizados os Teste
Qui-quadrado ou método Exato de Fisher. Possiveis correlacdes foram avaliadas pelo Teste de
Spearman. Para avaliar a concordancia da expressdo dos marcadores moleculares nos tumores
primarios e suas respectivas metastases foi usado o coeficiente de Kappa (Landis e Kock,
1977). As curvas de sobrevida foram derivadas da estimativa de Kaplan-Meier (teste de log

rank).
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Foram consideradas significativas as associacGes e correlacdes cuja probabilidade de
significancia do teste foi p<0,05. As andlises foram realizadas com auxilio do “software” de

estatistica Grap Pad Prism v. 6.0 e do GraphPad Prism QuickCalcs.

6. RESULTADOS

Os resultados serdo apresentados sob a forma de dois artigos cientificos elaborados (publicado

e submetido para publicagdo) durante o periodo de doutoramento.
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ARTIGO 1

Quantitation of the Regional Lymph Node Metastatic Burden and

Prognosis in Malignant Mammary Tumors of Dogs

Publicado no periddico Journal of Veterinary Internal Medicine, Julho de 2015
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Quantitation of the Regional Lymph Node Metastatic Burden and
Prognosis in Malignant Mammary Tumors of Dogs

M.R. de Araujo, L.C. Campos, E. Ferreira, and G.D. Cassali

Background: As in women, regional lymph node status impacts survival in dogs with malignant mammary tumors. How-
ever, few studies have evaluated regional lymph node metastases in dogs with malignant mammary gland tumors.

Objectives: To estimate overall survival based on the assessments of the lymph node status and the morphologic and mor-
phometric features in female dogs with malignant mammary gland tumors.

Materials and Methods: In total, 178 lymph nodes from 97 female dogs were assessed and reviewed, and after confirma-
tion by immunohistochemistry (IHC), 161 lymph nodes were selected for analysis of metastases. Animals were considered
metastasis-free (negative lymph nodes) only after IHC analysis for cytokeratin AEI/AE3. The number of positive lymph
nodes, the number of metastatic foci, the maximum diameter and the area of metastasis were analyzed, and estimates of over-

all survival were made.

Results: Dogs with metastasis had lower mean survival than those with metastasis-free regional lymph nodes, showing a
direct relationship between the number of affected lymph nodes and shorter survival. However, histologic analysis of the
lymph nodes identified lower survival rates in animals with macrometastases and isolated tumor cells, areas of metastasis

>20.11 mm?, and metastatic diameters >7.32 mm.

Conclusion: The identification of >1 lymph nodes positive for metastasis and morphometric characterization of lymphatic
metastases indicate the prognostic relevance of lymph nodes status in dogs with mammary tumors.
Key words: Canine; Lymph node; Mammary tumors; Metastasis; Survival.

In human medicine, axillary lymph node status is an
important prognostic factor for women with breast
cancer.! Sentinel lymph node (SLN) biopsy is the cur-
rent standard of care for staging the clinically negative
axilla in breast cancer patients, with axillary lymph
node dissection reserved for patients with clinical axil-
lary metastases or metastases found on SLN biopsy.*?
An SLN is the first node draining the primary tumor in
the regional lymphatic basin. The SLNs are identified
by the uptake of a tracer (e.g., radioactive tracer, vital
dye, or a combination of both) or by the identification
of a labeled afferent lymphatic vessel.* The presence of
lymph node metastasis in the absence of recurrence is
the single most important prognostic factor in breast
cancer, and postoperative adjuvant therapy should be
selected according to the number of metastatic lymph
nodes, tumor size, histologic grade, and lymphatic vas-
cular invasion, in addition to the patient’s age, human
epidermal growth factor receptor 2 (HER-2) status, and
hormone receptor status.>°
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Regional metastases of breast cancer in women are
classified as macrometastases when they feature clusters
of neoplastic cells >2 mm, whereas those with clusters
of neoplastic cells between 0.2 and 2 mm are classified
as micrometastases, and those with clusters <0.2 mm
are classified as isolated tumor cells (ITC).” Higher rates
of recurrence and death are observed in women with
micrometastases compared with women with negative
lymph nodes; these assessments, coupled with quantifi-
cation of metastatic burden, are a clinically relevant
predictor of non-SLN metastasis.® "> This type of
assessment, however, has been the subject of great
debate, because there are no differences in prognosis
between women with micrometastases and those with
[TC 1421

As in women, regional lymph node status has major
impact on the survival of dogs with mammary
tumors.”> >’ In dogs, the use of tracers for identifying
SLNs is rarely used in routine practice, but recent stud-
ies have evaluated these techniques.?®*’

Mammary tumors represent 52% of all cancers in
female dogs, and 50% are malignant.’**' Currently,
surgery is the first-line treatment for mammary tumors
in dogs, except for inflammatory carcinoma.’? The
extent of surgery depends on patient stage, lymphatic
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drainage, and size and location of the lesions.>® The
lymphatic drainage of neoplastic mammary glands is
complex, and the lymph nodes anatomically linked to
the mammary glands are found in 2 distinct regions
(i.e., axillary and inguinal). The thoracic cranial and
caudal glands drain toward the ipsilateral axillary
lymph nodes. The abdominal cranial mammary gland
often drains to both regions. The caudal and inguinal
abdominal glands drain into the ipsilateral superficial
inguinal lymph node.?® Furthermore, lymphatic connec-
tions between neoplastic and normal adjacent mammary
glands are rare but can occur.?® Thus, additional studies
related to SLNs in dogs should be developed for further
clarification of the lymphatic drainage of neoplastic
mammary glands.

In general, the inguinal lymph nodes must be resected
en bloc, along the inguinal mammary gland, whenever
this gland is removed or, as with axillary lymph nodes,
when changes in their shape, volume, or consistency are
observed.**

In dogs, the modified TNM classification states that
all N1 cases (dogs with histologic or cytologic evidence
of metastases) are classified as either stage IV (any T,
N1, M0) or stage V (any T, any N, M1).** This classifi-
cation, however, does not take into account differences
in the location of positive nodes (i.e., ipsilateral or con-
tralateral), the size of the metastatic focus, the clinical
relevance of isolated or small clusters of neoplastic cells
or the methods used to detect occult micrometastases.*

The identification of locoregional lymph node ma-
crometastases from malignant epithelial mammary
tumors is essential for determining postsurgical progno-
sis.’® However, no differences in disease-free survival
and overall survival times between animals without
metastasis and animals with lymph node micrometasta-
ses were reported in that study.*®

Thus, this study aimed to analyze estimated overall
survival based on assessing the classification of lymph
node metastasis, the number of metastatic lymph nodes,
and the sizes and numbers of metastatic foci present in
the inguinal and axillary lymph nodes of female dogs
with malignant mammary gland tumors.

Materials and Methods

All procedures were performed under the guidelines and with
the approval of the Ethics Committee in Animal Experimentation
at the Federal University of Minas Gerais (UFMG), protocol
174/2011.

Samples

One hundred and seventy-eight regional lymph nodes (162
inguinal, 14 axillary, and 2 location not available) were assessed
from 97 female dogs with malignant mammary tumors. The intact
or spayed animals were subjected only to the surgical treatment of
their mammary tumors, without adjuvant treatment, at the Hospi-
tal of the Veterinary School of the Federal University of Minas
Gerais (UFMG) between 2008 and 2013. Before surgery, all ani-
mals had complete clinical examinations that included hematology
and serum biochemistry. Feed, but not water, was withheld for
36 hours before surgery. Moreover, the dogs underwent thoracic

radiography to rule out distant metastasis at the time of diagnosis
and abdominal ultrasound examination only when serum biochem-
ical changes or increased abdominal size were observed. The surgi-
cal technique (e.g., simple tumor removal, simple mastectomy,
regional mastectomy, and radical mastectomy) was chosen accord-
ing to the number of lesions and sites, considering the lymphatic
drainage and established prognostic factors such as lesion size and
existence of skin or muscular adherences, as previously
described.** The present study included 3 (3.1%) simple mastecto-
mies, 46 (47.4%) regional mastectomies, and 43 (44.4%) radical
mastectomies; the type of surgery was unknown for 5 dogs. All of
the tumors were completely excised, and the muscle fascia was not
removed in any cases. The inguinal lymph nodes were resected en
bloc, along with the inguinal mammary gland, whenever this gland
was removed, or in the same manner as the axillary lymph nodes
when they were enlarged, adherent, or firm.

The surgical specimens (mammary tumors and lymph nodes)
were obtained from archives of the Pathology Department of the
Veterinary Clinic and Surgery at the Veterinary School of UFMG
and of the Laboratory of Comparative Pathology at the Institute
of Biological Sciences (ICB/UFMG) and were analyzed by 3 veter-
inary pathologists (MRA, EF, and GDC).

Histopathology and Immunohistochemistry

The lymph nodes were sectioned by a single longitudinal slice
along the long axis. Larger lymph nodes were sectioned longitudi-
nally and then transversally, with multiple sections obtained. All
of the sections were included in different cassettes and were ana-
lyzed together, evaluating the long axis of the lymph node. The
primary tumors also were sectioned for histopathologic analyses.
The tumor samples and regional lymph nodes were fixed in 10%
buffered formalin and routinely prepared and stained with hema-
toxylin-eosin (H&E). Three veterinary pathologists (MRA, EF,
and GDC) histologically examined a minimum of 3 sections
(3 um) of the mammary tumors. When tumors were >5 cm, a min-
imum of 5 sections were examined. All tumors were classified
according to the veterinary histological classification.**=”3 One
section (3 pm) of each lymph node was cut and stained with
H&E. Three veterinary pathologists (MRA, EF and GDC)
reviewed all of the lymph nodes. In addition, the maximum width
and length (the 2 greatest dimensions) of all metastatic foci in each
positive lymph node were measured, and the larger of the 2 mea-
surements was used as the maximum diameter of the metastatic
focus.

To confirm the absence of metastasis, a consecutive section
(3 um) of the same paraffin block obtained for H&E analysis of
each lymph node negative for metastasis was cut for IHC analysis.
The slides were deparaffinized, rehydrated in graded alcohol, and
subjected to heat-induced antigen retrieval with antigen retrieval
solution® (water bath at 98°C; pH 6.0). The sections were stained
with antibodies specific for cytokeratin (CK) AEI1/AE3" (1:100,
clone AEIAE3), vimentin® (1:100, clone V9), or P63® (1:80, clone
4A4) and were incubated for 1 hour at ambient temperature. The
cytokeratin stain was performed for all H&E lymph node slides
that were scored as negative for metastasis. The vimentin and p63
stains were performed only for H&E lymph nodes slides negative
for metastasis and with primary diagnoses of carcinosarcoma and
malignant adenomyoepithelioma, respectively. The IHC was used
only to confirm the absence of metastasis and cases positive for
metastasis by IHC were excluded from pathologic analyses. After
incubation, the antigen was immunodetected using the Dako
Advance (HRP) Visualization Method® with diaminobenzidine
(DAB Substrate System)* as the chromogen. Sections were count-
erstained with Mayer’s hematoxylin, dehydrated, and mounted in
a synthetic medium. Normal mammary glands were used as
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positive controls. Negative controls were assessed using Ultra V
block normal serum® as the primary antibody.

Neoplastic cells in the lymphoid parenchyma or distributed in
the lymphatic sinuses (i.e., subcapsular, medullary, or both) in
H&E-stained sections were considered metastases as previously
described.?! When >1 lymph node in the same patient was affected
by several metastatic foci, the largest metastatic focus was mea-
sured (maximum diameter) for the classification of metastasis as
macrometastases, micrometastases, or ITC. Lymph nodes were
considered free of metastases only after confirmation by IHC
staining.

Images of all metastatic foci were obtained on an Olympus
BX41 microscope using a Spot Insight Color Capture System with
different objectives depending on the size of the metastatic focus.
Metastases were measured using the software Corel Draw 11.

The animals were organized into 5 groups according to a classifi-
cation of metastasis adapted from human medicine: A (animals
without metastasis); B (animals with macrometastases: lymph node
metastases >2 mm; Fig 1A); C (animals with micrometastases: foci
of neoplastic cells with diameters ranging from 0.2 to 2 mm;
Fig 1B); D (animals with ITC: foci of neoplastic cells <0.2 mm;
Fig 1C); and E (animals with nonmeasurable metastasis). Group E
included animals with lymph nodes that had considerable meta-
static involvement but in which it was not possible to measure
metastasis (i.e., lymph nodes partially sectioned or lymph nodes
with metastatic burden distributed diffusely without defined limits).

In addition, all animals with metastasis were stratified according
to the number of lymph nodes involved, the number of metastatic
foci, the maximum diameter of metastasis, and the area of metas-
tasis (maximum width x maximum length). Moreover, when >1
metastatic focus was identified in >1 lymph nodes in the same
patient, individual metastatic areas were summed to calculate the
total metastatic area (TMA).® For all of these analyses, a cut-off
(mean plus 1 standard deviation [SD]) was established for stratifi-
cation into groups. The number of lymph nodes involved, the
maximum diameter of the lymph node metastases and the number
of metastatic foci from each animal were used to obtain the aver-
ages for each group. All of the metastatic foci were measured to
obtain an average metastatic area in animals that had >1 meta-
static focus. The TMA from each animal was used to obtain the
mean for the group.

Survival Time

The animals with malignant mammary tumors were assessed,
and the endpoints were defined according to the type of analyses:
histologic tumor types (827 days of follow-up; 84 animals),

presence or absence of lymph node metastasis (1112 days of fol-
low-up; 84 animals), number of lymph nodes involved (778 days
of follow-up; 84 animals), classification of metastasis (778 days of
follow-up; 84 animals), area of metastasis (285 days of follow-up;
33 animals), number of metastatic foci (537 days of follow-up; 33
animals), maximum diameter of metastasis (285 days of follow-up;
33 animals), and TMA (778 days of follow-up; 24 animals).

Survival time was defined as the period (days) between surgical
tumor removal and date of death from disease. The cause of death
was confirmed at the postmortem examination. Animals that were
alive and that died of unknown causes or causes unrelated to the
tumor were censored. Among the most common causes was Vis-
ceral (Calazar) leishmaniasis (Leishmania chagasi), which is ende-
mic in the city of Belo Horizonte, Minas Gerais, Brazil, where the
research was conducted. Other causes of death were external
causes (road accidents), orthopedic surgery, and cardiorespiratory
and neurological conditions.

Statistical Analysis

Survival curves were calculated using the Kaplan—Meier estima-
tor, and statistical significance was examined using a log-rank test,
after a normality test, with P < .05 considered significant. Survival
data were evaluated according to the histologic tumor types, pres-
ence or absence of lymph node metastasis, number of lymph nodes
involved, classification of lymph node metastasis, area of metasta-
sis, number of metastatic foci, maximum diameter of metastasis,
and TMA.

Results

The ages of the 97 animals at the time of surgery ran-
ged from 4 to 16 years (mean, 10.7 + 2.7 years). The
dogs were predominantly purebred (68/93; 72.34%),
and poodles (n = 31) were the most common breed.
Mongrel dogs were observed less frequently (25/93;
26.60%), and the breed was not recorded for 4 dogs.
The dogs were intact (52/76; 68.42%) and spayed (24/
76; 31.58%); reproductive status was not available for
21 dogs. The inguinal and caudal abdominal glands
were the predominant sites of the lesions (31/93;
33.33% each) in relation to the multi-centric localiza-
tion (15/93; 16.13%), cranial abdominal glands (12/93;
12.90%), and thoracic glands (4/93; 4.31%). In 4 cases,
the site of the lesions was not confirmed. None of the

Fig 1. (A) Neoplastic proliferations characterized by numerous structures resembling acini contain significant fibrosis replacing part of the
lymphoid parenchyma (macrometastases). 400x. Hematoxylin-eosin (H&E). (B) Neoplastic proliferation characterized by structures resem-
bling acini localized in the subcapsular sinus (micrometastases). 200x. H&E. (C) Multiple deposits of isolated epithelial neoplastic cells
(arrows) in the subcapsular sinus. The size of the largest metastatic deposit, measuring 0.06 mm, was used to classify lymph node metasta-

sis as isolated tumor cells (ITC). 400x. H&E.
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animals had pulmonary changes on radiographic exami-
nation, changes in abdominal ultrasound findings, or
both at the time of surgery.

Initially, 178 lymph nodes (162 inguinal, 14 axillary
and 2 location not confirmed) of 97 dogs were accessed.
However, after IHC analysis, 161 lymph nodes of 90 dogs
were considered for study. Among 161 lymph nodes,
49.7% (80) were diagnosed as metastatic. One axillary
lymph node and multiple ipsilateral axillar lymph nodes
were removed from 5.7% (5/88) and 3.4% (3/88) of dogs,
respectively. One ipsilateral inguinal lymph node and
multiple ipsilateral inguinal lymph nodes were identified
in 39.8% (35/88) and 47.7% (42/88) of dogs, respectively.
Both axillary and inguinal lymph nodes were excised
from 3.4% (3/88) of dogs. In 2 dogs, the lymph node site
was not recorded. Dogs with lymph node metastasis were
predominantly observed (57/90; 63.3%) relative to dogs
without lymph node metastasis (33/90; 36.7%, Table 1).
The mean number of evaluated nodes per animal was
1.78 (SD, 1.01), with a maximum of 6 and a minimum of
1 lymph node. The mean number of metastatic lymph
nodes per animal was 1.4 (SD, 0.75), with a maximum of
5 and a minimum of 1 metastatic lymph node. The ingui-
nal lymphatic region was the predominant site of metas-
tasis (45/55; 81.8%) relative to the axillary lymphatic
region (8/55; 14.5%) and simultaneous occurrence
(inguinal and axillary; 2/55; 3.6%). The site of metastasis
was not confirmed in 2 dogs.

Carcinomas in mixed tumors were the most common
cancer, and the rarest tumors were lipid-rich carcinoma,
malignant adenomyoepithelioma, pleomorphic lobular
carcinoma, malignant phyllodes tumor, and invasive
micropapillary carcinoma, all of which were included in

Table 1.
fication used in humans.

the group of rare types of malignant mammary tumors
(Table 1). The animals with carcinoma in mixed tumors,
rare types of malignant tumors, solid carcinoma, papillary
and tubular carcinoma and carcinosarcoma had mean
respective survival times of 485.5 + 259.4 days (not reach-
ing median survival), 227.1 4+ 235.2 days (median,
180 days), 228.2 4+ 253.4 days (median, 195 days), 401.7
+ 196.8 days (not reaching median survival), and 163.3
+ 115.7 days (median, 185 days). Animals with solid car-
cinoma, carcinosarcoma, and rare types of malignant
mammary tumors had lower survival rates than animals
with carcinoma in mixed tumors and papillary and tubular
carcinoma (P < .0001; Fig 2A).

Regarding the presence or absence of lymph node
metastasis, the animals with metastasis had lower sur-
vival times (mean, 253.9 4+ 244.2 days and median,
275 days) compared with animals without metastasis
(mean 530.6 + 286.8 days and not reaching median
survival; P < .0001; Fig 2B).

When the number of lymph nodes involved was eval-
uated, the presence of >2 metastatic ipsilateral lymph
nodes (equal or different lymphatic basins) was associ-
ated with lower survival (P < .0001; Fig 2C). The mean
survival times of animals with lymph nodes without
metastasis, with 1 metastatic lymph node, and with >2
metastatic lymph nodes were 497.6 + 238.4 days (not
reaching median survival), 275.3 4+ 223.2 days (median,
348 days), and 174.2 4+ 192.8 days (median, 130 days),
respectively.

Animals with isolated tumor cells (group D;
mean, 200.1 + 108.0 days and not reaching median
survival), nonmeasurable metastases (group E; mean,
191.8 + 186.9 days and median, 180 days), and

Distribution of histologic tumor types and lymph node features according to the adapted metastasis classi-

Absence of Metastasis Macrometastases Micrometastases Isolated Tumor Cells No Measurable Metastasis
Group A (n [%]) Group B (n [%]) Group C (n [%]) Group D (n [%]) Group E (n [%])
(n =33) (n=13) (n=15) (n=29) (n = 20)

Histologic types (n = 90)

MTC 24 [72.7] 4 [30.8] 3[20.0] 3[33.3] 1 [5.0]

SC 3109.1] 1[7.7] 2[13.3] 1[11.1] 9 [45.0]

RTMT* 2[6.1] 6 [46.2] 2 [13.3] 0 [0] 8 [40.0]

PTC** 2 [6.1] 0 [0] 7 [46.7] 3[33.3] 1 [5.0]

CSS 2 [6.1] 2 [15.4] 1[6.7] 2[22.2] 1 [5.0]
Lymph node metastasis area (n = 33)

<20.11 mm? 0 [0] 6 [54.5] 14 [100] 8 [100] 0 [0]

>20.11 mm? 0 [0] 5 [45.5] 0 [0] 0 [0] 0 [0]
Lymph node metastatic foci (n = 33)

<28 foci 0 [0] 11 [100] 13 [92.9] 6 [75) 0 [0]

>28 foci 0 [0] 0 [0] 1[7.1] 2 [25] 0 [0]
Lymph node maximum diameter (n = 33)

<7.32 mm 0 [0] 5[45.5] 14 [100] 8 [100] 0 [0]

>7.32 mm 0 [0] 6 [54.5] 0 [0] 0 [0] 0 [0]
Lymph node total metastatic area (n = 24)

<88.92 mm? 0 [0] 3 [50] 13 [100] 5 [100] 0 [0]

<88.92 mm? 0 [0] 3 [50] 0 [0] 0 [0] 0 [0]

MTC, carcinoma in mixed tumor; SC, solid carcinoma; RTMT#*, rare type malignant mammary tumors (including micropapillary carci-
noma, n = 14; lipid-rich carcinoma, n = 1; pleomorphic lobular carcinoma, n = 1; malignant adenomyoepithelioma, n = 1; and malignant
phyllodes tumor, n = 1); PTC**, (including papillary carcinoma, n = 10; and tubular carcinoma, n = 3); CSS, carcinosarcoma.
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Fig 2. (A) Kaplan—Meier survival curve for the animals according to the histologic types: MTC (carcinoma in mixed tumor; n = 32); PTC
(papillary and tubular carcinoma; n = 11); SC (solid carcinoma; n = 16; median, 195 days); RTMT (rare type malignant mammary tumors;
n = 18; median, 180 days); and CSS (carcinosarcoma; n = 7; median, 185 days). Animals with MTC and PTC not did reach median sur-
vival (P < .0001). (B) Kaplan—Meier survival curve for the animals with metastasis (n = 53, median, 275 days) and without metastasis
(n = 31, not reaching median survival) (P < .0001).(C) Kaplan—Meier survival curve for the animals according to the number of lymph
nodes involved: 0 (no metastatic lymph nodes; n = 31, not reaching median survival), 1 (I metastatic lymph node; n = 37; median,
348 days), and >2 (>2 metastatic lymph nodes; n = 16; median, 130 days) (P < .0001). (D) Kaplan—Meier survival curve for the animals
according to the classification of metastasis: A (absence of metastasis; n = 31), B (macrometastases; n = 11; median, 240 days), C (microm-
etastases; n = 14), D (isolated tumor cells; n = 8; median, 262 days), and E (no measurable metastasis; n = 20; median, 180 days)

(P < .01). The animals in groups A and C did not reach median survival.

macrometastases (group B; mean, 248.8 + 277.8 days
and median, 240 days) had lower survival times than
those without metastasis (group A; mean, 497.6 +
238.37 days and not reaching median survival) and
those with micrometastases (group C; mean, 342.9 +
238.9 days and not reaching median survival). Lower
survival with statistical significance was observed in ani-
mals from groups BxA (P =.002), DxA (P =.001)
and ExA (P < .0001) and in animals from group E rel-
ative to group C (P < .001; Fig 2D).

Stratification of animals with measurable metastasis
(i.e., macrometastases, micrometastases, and ITC) dis-
tributed in groups according to the area of metastasis,
number of metastatic foci, maximum diameter, and
TMA is presented in Table 1.

The mean area of metastasis was 2.95 mm? (range,
0.0001-169.88 mm?; SD, 17.16 mm?, n = 33). When
stratified by area, animals with areas <20.11 mm?
(mean, 207.1 4+ 93.4 days and not reaching median sur-
vival) had a greater survival than those with areas
>20.11 mm? (mean, 103.0 £ 107.1 days and median,
86.5 days; P = .0457; Fig 3A).

The mean number of metastatic foci was 10 (range,
1-97 foci; SD, 18 foci; n = 33). There were no statisti-
cally significant differences in the survival of animals

with <28 foci (mean, 237.1 4+ 174.5 days and median,
404 days) and >28 foci (mean, 361.3 + 155.3 days and
not reaching median survival; Fig 3B).

The mean maximum diameter of the metastases was
2.86 mm (range, 0.06-16.92 mm; SD, 4.46 mm; n = 33).
When stratified by maximum diameter, the survival of
animals with diameters >7.32 mm (mean, 95.8 +
97.4 days and not reaching median survival) was lower
than animals with diameters <7.32 mm (mean, 212.6 +
90.6 days and median, 63 days; P = .0068; Fig 3C).

Finally, the mean TMA obtained for animals with >1
metastatic focus was 26.04 mm? (range, 0.0196—
239.41 mm?; SD, 62.88 mm? n = 24). When stratified
by TMA, no significant difference was found in survival
of the animals with TMAs <88.92 mm? (mean,
303.3 £+ 210.1 days and not reaching median survival)
and with TMAs >88.92 mm? (mean, 317.0 £ 399.9 days
and median, 110 days; Fig 3D).

Discussion

As in women, regional lymph node status has major
impact on survival in dogs with mammary tumors.** >’
In the present study, animals with metastasis had lower
survival times than did animals without metastasis.
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Fig 3. (A) Kaplan—Meier survival curve for the animals according to the area of metastasis: <20.11 mm? (n = 28; not reaching median sur-
vival) and >20.11 mm? (n = 5; median, 86.5 days) (P = .0457). (B) Kaplan—-Meier survival curve for the animals according to the number
of metastatic foci: <28 foci (n = 30; median, 404 days) and >28 foci (n = 3, not reaching median survival) (P = .629). (C) Kaplan—-Meier
survival curve for the animals according to the maximum diameter of metastasis: <7.32 mm (n = 27; not reaching median survival) and
>7.32 mm (n = 6; median, 63 days) (P = .0068). (D) Kaplan—Meier survival curve for the animals according to the total metastatic area
(TMA): <88.92 mm? (n = 21; not reaching median survival) and >88.92 mm? (n = 3; median, 110 days) (P = .3329).

These findings are similar to those reported in the litera-
ture.>2°

To our knowledge, this study is the first to describe
the prognostic significance of identifying a higher num-
ber of lymph nodes positive for metastasis in dogs, as
has been reported in humans."* Another novel aspect
is the use of a more accurate technique for measuring
metastases, which yields a more detailed representation
of the metastatic load of the lymph nodes in these ani-
mals. In this study, dogs with lymph node metastases
with diameters >7.32 mm had lower overall survival.
Another interesting finding was that the presence of
ITC in the lymph nodes of dogs with malignant mam-
mary tumors was associated with lower overall survival
in comparison to dogs with no metastatic malignant
mammary tumors.

Histological type is one of the most important prog-
nostic factors in dogs with mammary tumors and, our
results are similar to those described in the litera-
ture.?>?* We found that solid carcinomas are extremely
aggressive histologically and have a worse prognosis
compared with histologically well-differentiated tumors,
such as carcinomas in mixed tumors, papillary carci-
noma, and tubular carcinoma. Tumors subclassified as
micropapillary carcinomas were particularly noteworthy
in this study. These tumors were associated with lower
overall survival compared with other tumors, as
described in previous studies.***

In this study, metastatic involvement of >1 lymph
node showed a direct correlation with worse prognosis.

This parameter may become an important prognostic
factor in veterinary clinical practice and has not previ-
ously been described in dogs. In women, a higher num-
ber of affected axillary lymph nodes is associated with
shorter survival times, which is a well-recognized prog-
nostic factor in breast cancer.'

The presence of lymph node macrometastases is also
a clinically relevant prognostic factor in dogs with
mammary tumors.>® However, a novel finding of similar
prognostic relevance was the identification of isolated
cells in these animals. In this study, 33.33% of the ani-
mals diagnosed with ITC had more aggressive tumors,
such as carcinosarcoma and solid carcinoma. Such
behavior may be similar to that observed in women
with breast cancer, in whom the clinical relevance of
identifying cell clusters <0.2 mm has shown conflicting
results and may be directly related to the histologic type
studied.13:16:18.21

The differences in animal survival demonstrate that
metastatic area measurements can be used to character-
ize regional lymph node metastases in female dogs with
malignant mammary tumors. However, this character-
ization may not be practical in routine laboratory
pathology because it would be necessary to measure all
metastatic foci to obtain the mean metastatic area.

The maximum diameter of metastases currently is
used to classify metastases as macrometastases, microm-
etastases, or ITC in humans.” In the present study, the
classification of metastasis used in humans was made,
along with stratification to the maximum diameter
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(cut-off: mean plus SD = 7.32 mm). Lower survival was
observed in animals with a maximum diameter of
lymph node metastasis >7.32 mm relative to animals
with a maximum diameter of lymph node metastasis
<7.32 mm. Thus, the behavior of macrometastases and
staging in dogs can vary, and the current classification
system based on humans (macrometastases: metastasis
>2 mm) may not be the most appropriate. Other
authors have discussed the use of classification systems
other than the classification systems used in humans
that have been adapted to veterinary medicine.*> A sub-
classification system for macrometastases should be
considered because the lymph node metastasis can reach
considerable size in female dogs, similar to findings in
the present study.

The TMA measurements in SLNs can predict non-
SLN metastasis in women with breast cancer.® The
present study found no differences in animal survival
between a TMA (cut-off: mean plus SD) >88.92 mm?
and a TMA <88.92 mm2 Thus, to obtain prognostic
information, we consider that the maximum diameter
measurement could be one of the most suitable methods
when analyzing single sections of lymph nodes in female
dogs with malignant mammary tumors.

In the clinical studies of humans, substantial
advances are described in relation to the standardiza-
tion of gross sectioning and the number of histologic
sections to be analyzed in SLNs of women with breast
cancer.** In veterinary medicine, evaluating lymph node
metastases, determining the prognostic value of meta-
static size, and even establishing the number of histo-
logic sections to be analyzed should be investigated in
additional studies, especially when using SLN mapping
in mammary tumors of dogs. The findings in this study
may help in future proposals for the standardization of
these methods of analysis, showing the real prognostic
relevance of the occurrence of lymph node metastasis in
malignant mammary tumors of dogs.

Corroborating previous findings,”>® our study
showed that the presence of lymph node metastasis is a
negative prognostic factor. However, the analysis of
these data with tumor size, histologic type, mitotic
index, histologic grading, status of hormonal receptors,
and cell proliferation markers may provide more consis-
tent information in a multivariate analysis of the possi-
ble independent prognostic factors in dogs with
malignant mammary tumors and may provide actual
practical applications for the data presented in this
study for clinical practice. However, the independent
prognostic relevance of lymph node status in dogs with
mammary tumors is still poorly established in multivari-
ate analysis.?>*>4¢

Conclusions

The identification of >1 metastatic lymph nodes is
considered a parameter for prognostic assessment in
affected animals. Moreover, macrometastases and ITC
in regional lymph nodes are associated with a worse
prognosis in dogs with malignant mammary tumors
subjected only to surgical treatment. A more detailed

classification system and staging that takes into account
differences in the sizes of macrometastases identified in
female dogs should be considered, and additional stud-
ies should be conducted to confirm these findings.

Footnotes
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Abstract

Studies about canine mammary tumors based on single molecular markers probably
cannot accurately account for the heterogeneity of this disease, and the investigation of
multiple molecular alterations in primary tumors and their metastases, in conjunction, has
assumed great importance for the understanding of mammary tumor progression. In the
present study, we selected 54 primary mammary carcinomas with lymph node metastasis
(T1,2,3N1MO0), 29 primary mammary carcinomas without metastasis (T1,2,3NOMO0), and 25
canine lymph nodes metastasis to evaluate the immunohistochemical expression of HER-2,
EGFR, Cox-2 and Ki67 and its association with clinical-pathological parameters and overall
survival. Our results found a concordance between the expression of HER-2 (K coefficient:
0.250), Cox-2 (K coefficient: 0.571), and Ki67 (K coefficient: 0.397) and a discordance
between EGFR expression (K coefficient: -0.195) in primary mammary carcinomas and
paired lymph node metastasis. Furthermore, a high Ki67 index (>24%), large tumor size and
the presence of angiolymphatic invasion in canine primary mammary carcinoma with lymph
node metastasis plus the presence of extracapsular extension in lymph nodes metastasis were
also related to worse prognoses and shorter overall survival (P<0.05). In conclusion, our study
demonstrates that primary mammary carcinomas with high expression of HER-2, Cox-2 and
Ki67 also show high expression of these markers in paired lymph node metastasis. Moreover,
the expression of these molecular markers in lymph nodes metastasis did not demonstrate a

prognostic relevance.

Key words: mammary carcinomas; canine; lymph node metastasis; immunohistochemistry;

survival
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Introduction

As described in both canine and human mammary carcinomas, changes in genes
encoding growth factors, growth factor receptors and other regulators of cellular proliferation
might play a role in tumorigenesis and therapeutic response (Sorlie et al., 2001). Studies based
on single molecular markers cannot accurately account for the heterogeneity of mammary
carcinomas (Sorlie et al., 2001; Gama et al., 2008). Given the large number of cellular events
involved in cell growth, differentiation, proliferation, invasion and metastasis, the
investigation of multiple molecular alterations in conjunction has great relevance for the
understanding of mammary carcinoma progression (Argyle and Khanna, 2013). Recently, the
evaluation of molecular markers has been also applied to study of lymph nodes metastasis
from human and canine mammary tumors (Cho et al., 2008; De Matos et al., 2007; Beha et
al., 2012). As in women, regional lymph node status has a major impact on survival in dogs
with mammary carcinomas (Hellmén et al., 1993; Yamagami et al., 1996; Chang et al., 2005;

Aragjo et al., 2015).

Mammary carcinomas can develop and progress by a stepwise accumulation of
genetic changes, exposure to growth factors, or sex hormones. Among these genetic
alterations, amplification of the erbB oncogenes, especially the human epidermal growth
factor receptor genes erbB-1 (EGFR, HER-1) and erbB-2 (HER-2, c-erb B 2, HER-2/neu),
have been shown to play a fundamental role in the progression of breast cancer and other

solid tumors (Slamon et al., 1987; Baccus et al., 1994).

HER-2 gene amplification or HER-2 protein overexpression has been identified in
approximately 30% of human breast cancers and it has been shown to be associated with poor

prognosis and prediction of therapeutic response (Slamon et al., 1987; VVogel et al., 2002). In
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dogs, the prognostic relevance of HER-2 protein expression in mammary carcinomas has yet
to be determined. Different authors have shown that the HER-2 protein overexpression in
canine mammary carcinomas has been associated with worse prognosis; however, other
studies have failed to demonstrate a prognostic relevance of HER-2 protein overexpression

(De las Mulas et al., 2003; Hsu et al., 2009; Ressel et al., 2013).

EGFR has been expressed between 20% to 30% of human breast cancers and some
studies have associated EGFR expression with poor clinical outcome (Aziz et al., 2002;
Tsutsui et al., 2002). Elevated EGFR serum levels and high expression have also been
detected in canine mammary carcinomas using different methodologies, and its expression
immunohistochemical has been associated with malignancy (Gama et al., 2009; Bertagnolli et
al.,, 2011; Carvalho et al., 2013; Kim et al., 2013). However, the relevance of EGFR
expression as an independent prognostic factor in human or dogs is still controversial

(Rampaul et al., 2004; Kim et al., 2013).

Unlike HER-2 and EGFR, other molecules such as Cox-2 and Ki67 are well-
recognized prognostic factors in most studies concerning canine mammary carcinomas. Cox-2
expression and a high cell proliferation index (Ki67) have been associated with disease
progression, poor prognosis and a shorter survival time in dogs with mammary carcinomas
(Dutra et al., 2008; Lavalle et al., 2009; Pend et al., 1998; Millanta et al., 2006; Queiroga et
al., 2010; Santos et al., 2013). Nevertheless, data regarding the expression of these biomarkers
in lymph node metastasis of canine mammary carcinomas are very limited (Pereira et al.,

2009).
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Due to the high incidence, clinical importance and new therapies targeted to canine
mammary carcinomas, there is an increasing interest in prognostic and predictive biomarkers
for the evaluation of tumor progression. In the present study, we evaluated the
immunohistochemical expression of HER-2, EGFR, Cox-2 and Ki67 and its association with
clinical-pathological parameters and overall survival in canine primary mammary carcinomas

with and without metastasis and in paired lymph node metastasis.

Materials and methods
All procedures were performed under the guidelines and with the approval of the
Ethics Committee in Animal Experimentation at the Federal University of Minas Gerais

(UFMG), protocol 174/2011.

Samples

Canine mammary carcinomas were selected from the Veterinary School of the Federal
University of Minas Gerais and the Laboratory of Comparative Pathology at the Institute of
Biological Sciences at the Federal University of Minas Gerais. The cases were staged
according to the tumor-node-metastasis (TNM) clinical staging system for canine mammary
tumors: this system evaluates tumor size (T1, 0-3 cm; T2, 3-5 c¢cm; T3, >5 cm); the
involvement of regional lymph nodes (NO, no metastasis; N1, metastasis), and the presence of
distant metastasis (MO, no metastasis; M1, metastasis). Cases were then categorized into five
stages: | (TINOMO); 11 (T2NOMO); IH1 (T3NOMO); IV (T1,2,3N1MO0); and V (T1,2,3N0,1M1)
(Owen, 1980). The presence of lymph node metastasis was diagnosed through hematoxylin-
eosin (H&E) routine staining and was confirmed by immunohistochemistry (IHC)
(cytokeratin AE1/AE3 and/or vimentin). To rule out distant metastasis at time of diagnosis, all

dogs were underwent thoracic radiography and abdominal ultrasound examination only when
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serum biochemical changes or increased abdominal size were observed. The cases that
displayed systemic metastases were excluded, and 54 cases of primary mammary carcinomas
with lymph node metastasis (N1) and 29 primary mammary carcinomas without lymph node
metastasis (NO) were selected. Of the 54 cases of primary mammary carcinomas with lymph
node metastasis, a total of 99 lymph nodes were evaluated and diagnosed metastasis in 76
lymph nodes. However, in only 25 lymph nodes metastasis (of 25 cases) was possible an

evaluation of the tumor markers.

Histopathology

All tumors and lymph node specimens were previously fixed in 10% neutral buffered
formalin, paraffin-embedded and routinely prepared and stained with H&E. Tumors were
classified according to the veterinary histological classification (Cassali et al., 2014; Misdorp
et al., 1999). Furthermore, tumors were graded according to the Nottingham Grading System
(Elston e Ellis, 1998) and the presence of angiolymphatic invasion (presence of neoplastic
cells within the intratumoral and/or peritumoral angiolymphatic vessel spaces) was also
evaluated. In the lymph node histological analysis, the presence and the number of lymph
node affected with extracapsular extension (ECE) (the presence of neoplastic cells through the

capsule of the lymph node metastasis into the perinodal tissue) were evaluated.

Immunohistochemistry

Consecutive 3 um thick sections of primary mammary carcinomas (NO and N1) and
lymph nodes metastasis were cut for IHC analysis, and the antigen was immunodetected using
the Dako Advance (HRP) Visualization Method (Dako, Carpinteria, CA, USA). Endogenous
peroxidase activity was blocked with a 3% hydrogen peroxide solution in methyl alcohol. The

reagents were applied manually and immunoreactivity was visualized with the chromogen
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diaminobenzidine (DAB Substrate System, Dako, Carpinteria, CA, USA) Details of the
antibodies, dilutions, antigen retrieval procedures, and incubation times used are provided in
Table 1. The cytokeratin (CK) AE1AE3 was used to confirm the presence of metastasis.
Sections from the HER-2, EGFR and Cox-2, positive canine mammary carcinoma were used
as positive controls. Negative controls were assessed using normal serum (Ultra VV Block,

Laboratory Vision) as the primary antibody.

HER-2 expression were determined by a scoring system established by the American
Society of Clinical Oncology, College of American Pathologists (ASCO/CAP) (Wolff et al.,
2013) (0 = no membrane staining or incomplete and faint/barely perceptible membrane
staining in < 10% of tumor cells; 1+ = incomplete and faint/barely perceptible membrane
staining in > 10% of tumor cells; 2+ = incomplete and/or weak/moderate membrane staining
in > 10% of tumor cells or complete and intense membrane staining in < 10% of tumor cells;
and 3+ = complete and intense membrane staining in > 10% of tumor cells). In our study,
specimens with scores of 0, 1+ and 2+ were regarded as negative, and score of +3 were

defined as positive.

EGFR expression was evaluated by adapted criteria HER-2 assessment (Wolff et al.,
2013) and specimens with scores of 0, 1+ and 2+ were regarded as negative, and score of 3+
were defined as positive.

Positivity for Cox-2 was indicated by cytoplasmic staining. The number of Cox-2
positive cells was evaluated semi-quantitatively, with the distribution score defined by the
estimated percentage of positive cells in 5 fields at 400X magnification: 0 = absent, 1 = <
10% of cells were stained, 2 = between 10% and 30% of cells were stained, 3 = between 31%

and 60% of cells were stained, 4 = more than 61% of cells were stained. To evaluate staining
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intensity, values from 0 to 3 were attributed: 0 = absence (—), 1 = weak staining (+), 2 =
moderate staining (++), and 3 = strong staining (+++). The distribution score and intensity
were multiplied to obtain a total score, which ranged from 0 to 12, with scores from 0 to 5

considered low and scores from 6 to 12 considered high (Lavalle et al., 2009).

The cell proliferative index was calculated by counting the number of nuclei positive
for Ki-67 staining in a total of 1000 neoplastic cells from each lesion in hot spot areas (Dutra
et al., 2008). A cut-off of 24% positive neoplastic cells for the analysis of Ki67 was used
(Pené et al., 1998), with >24% Ki67 index considered to be a high cell proliferation index and

< 24% Ki67 index considered to be a low cell proliferation index.

Overall survival
The overall survival was defined as the period (in days) between surgical tumor
removal and death due to the tumor. The follow-up period was 1370 days. Animals that died

from unknown causes or from causes unrelated to the mammary tumor were censored.

Statistical analysis

Statistical analysis was performed with the software GraphPad Prism 6.0. The
D’Agostino & Pearson omnibus normality test was used to determine if the data were
normally distributed. The Mann—Whitney and unpaired t tests were used to compare the Ki67
index means and size tumor. Possible correlations were investigated by Spearman tests and
the associations were described by Chi-square and Fisher’s exact tests. The survival curves
were calculated with the Kaplan—Meier estimate using the log-rank test. Values were

considered statistically significant when P<0.05.
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The agreement between the HER-2, EGFR, Cox-2 and Ki67 status of primary tumors
and paired lymph node metastasis was expressed by the Cohen Kappa coefficient using the
software GraphPad Prism QuickCalcs. The relation between the values and the levels of
agreement were those used by Landis and Koch (1977) with values of 0.00-0.20 indicating
slight agreement, values of 0.21-0.40 indicating fair agreement, values of 0.41-0.60
indicating moderate agreement, values of 0.61-0.80 indicating substantial agreement, and

values of 0.81-1.00 indicating almost perfect agreement.

Results

Clinical-pathological parameters in canine primary mammary carcinomas and regional
lymph nodes

The clinical-pathological features of the animals with primary mammary carcinoma
without metastasis (NO) and with lymph node metastasis (N1) are summarized in Table 2. The
ages of the animals at the time of surgery ranged from 4 to 16 years with a mean of 10.88+2.7
years and 10.51+2.9 years in dogs with lymph node metastasis and without metastasis,

respectively (P>0.05).

The anatomic location of the carcinomas was more frequent in inguinal glands in dogs
with lymph node metastasis (16/28, 57.1%) and in caudal abdominal glands in dogs without
metastasis (13/25, 52%) (P=0.02). The thoracic location was observed only in three primary

mammary carcinomas with lymph node metastasis.

Higher frequency of carcinoma in mixed tumors (21/32, 65.6%) in dogs without

metastasis and of non-mixed tumors and carcinosarcomas (43/51, 84.3%) in dogs with lymph
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node metastasis (P<0.001) were observed. Grade | (12/19, 63.2%) was more predominant in
primary mammary carcinomas without metastasis and grade Il (29/44, 65.9%) and grade 111
(17/19, 89.5%) were more predominant in primary mammary carcinomas with lymph node

metastasis (P<0.01).

The tumor size ranged from 0.5 to 10 cm (mean of 3.62+2.49 cm) in primary
mammary carcinoma without metastasis and from 0.4 to 15 cm (mean of 5.39+3.53 cm) in
primary mammary carcinoma with lymph node metastasis (P=0.02). Angiolymphatic invasion
(22/27, 81.5%) was more frequent in primary mammary carcinoma with lymph node

metastasis than primary mammary carcinoma without metastasis (P<0.01).

In the lymph node histological analysis, ECE was identified in 42.1% (32/76) of the
lymph nodes metastasis. Additionally, ECE was observed in 40.74% (22/54) of cases of
primary mammary carcinomas studied. In 68.2% (15/22) and in 31.8% (7/22) of these cases,

one lymph node and > 2 lymph nodes with ECE, respectively, were observed.

In primary mammary carcinoma without metastasis, high histological grade correlated
with larger tumors (r= 0.45, P= 0.01) and with the presence of angiolymphatic invasion (r=
0.41, P= 0.02). Furthermore, the presence of angiolymphatic invasion was correlated with

larger tumors (r=0.47, P=0.01).

In primary mammary carcinoma with lymph node metastasis, the presence of
angiolymphatic invasion was correlated with high histological grade (r= 0.40, P= 0.003), with
the presence of ECE (r= 0.53, p< 0.001) and with a high number of lymph nodes with ECE

(r= 0.48, P<0.001).
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Molecular parameters in primary mammary carcinomas with lymph node metastasis and
without metastasis

The immunohistochemical data of the primary mammary carcinomas with lymph node
metastasis and without metastasis are summarized in Table 3. There was no significant
difference in the frequency of the expression of all markers between primary mammary
carcinomas with lymph node metastasis and without metastasis. The mean expression of the
Ki67 index in primary mammary carcinomas with lymph node metastasis and without

metastasis was of 26.33+19.80% and 19.27+22.03%, respectively (P>0.05).

In primary mammary carcinomas with lymph node metastasis, the HER-2-positive

tumors were positively correlated with a high cell proliferation index (r=0.32; P=0.03).

Relationship between the molecular parameters in primary mammary carcinomas and in
lymph node metastasis

The lymph node metastasis immunohistochemical data are also summarized in Table
3. A higher frequency of positivity of HER-2 in lymph node metastasis was observed in

relation to primary mammary carcinomas (P=0.01).

The mean expression of Ki67 index in primary mammary carcinomas and in lymph

node metastasis was of 26.33+19.80% and 28.91+20.79%, respectively (P>0.05).

The HER-2, EGFR, Cox-2 and Ki67 status of the primary mammary carcinomas and
paired lymph nodes metastasis are shown in Table 4. The HER-2 status of the primary

mammary carcinomas and paired lymph nodes metastasis was concordant in 15 of 21 cases
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(71.4%), including 2 (9.5%) with positivity to HER-2 and 13 (61.9%) with negativity to this
marker. The Cohen K coefficient was 0.25, indicating fair agreement. The EGFR status
agreed in 14 of 21 cases (66.7%), all with negativity to EGFR. However, the Cohen K
coefficient was -0.195, indicating discordance. The Cox-2 status agreed in 17 of 20 cases
(85%), including 3 (15%) with high score and 14 (75%) with low score. The Cohen K
coefficient was 0.571, indicating moderate agreement. Finally, Ki67 status agreed in 12 of 17
cases (70.6%), including 8 (47.1%) with a high cell proliferation index and 4 (23.5%) with a
low cell proliferation index. The Cohen K coefficient was 0.397, indicating fair agreement.
Additionally, in the correlation analysis, high Cox-2 score in primary mammary

carcinomas correlated with high Cox-2 score in lymph nodes metastasis (r= 0.57, P= 0.008).

Relationship between clinical-pathological and molecular parameters

In primary mammary carcinomas without metastasis, high histological grade
correlated with a high cell proliferation index (r=0.60, P= 0.004) and positivity to HER-2
(r=0.50, P=0.008). Furthermore, positivity to EGFR correlated with the presence of

angiolymphatic invasion (r=0.40, P=0.03) and with larger tumors (r=0.52, P=0.007).

In primary mammary carcinomas with lymph node metastasis, a high cell proliferation
index correlated with presence of ECE (r=0.37, P=0.008) and a high number of lymph nodes

with ECE (r=0.39, P=0.006).

Overall Survival

Survival data were available for 78 dogs. In total, 33 (42.3%) dogs died because of

mammary carcinoma, 5 of which were euthanised because of the disease. Twenty eight
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(35.9%) dogs were alive up between 152 and 1095 days post-surgery and 17 (21.8%) dogs

died from causes unrelated to the mammary tumor between 27 and 1370 days post-surgery.

The mean overall survival of dogs with primary mammary carcinoma with lymph
node metastasis and without metastasis was 351.56+£272.17 days and 552.04+327.79 days
(P=0.004), respectively. The log rank test showed longer overall survival of dogs with
primary mammary carcinoma without metastasis (not reached the median survival time) than

those with lymph node metastasis (median 395 days) (P=0.002) (Fig 1).

In dogs with primary mammary carcinoma with lymph node metastasis, shorter
survival was correlated with high histological grade (r= -0.32, P= 0.02), the presence of
angiolymphatic invasion (r= -0.29, P= 0.04), the presence of ECE (r= -0.55, P<0.001) and
high number of lymph nodes with ECE (r= -0.56, P<0.001). However, no correlation between
overall survival and clinical pathological parameters was observed in dogs with primary

mammary carcinoma without metastasis.

In the survival curve analysis, a statistically significant difference in overall survival
was observed with histological grade in dogs with primary mammary carcinoma without
metastasis, with tumor size and ECE in dogs with primary mammary carcinoma with lymph
node metastasis, and with angiolymphatic invasion in dogs with primary mammary carcinoma

with lymph node metastasis and without metastasis.

When evaluated the primary mammary carcinomas with lymph node metastasis, a

shorter overall survival was observed in dogs with T2 tumors (median 275 days, P=0.02) (Fig
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2), with the presence of angiolymphatic invasion (median 188 days, P=0.01) (Fig 3) and with

the presence of ECE (median 180 days, P<0.0001) (Fig 4).

A poor clinical outcome was associated with the presence of angiolymphatic invasion
(median 341 days, P=0.008) (Fig 5) and with grade 11l tumors (median 263 days; P=0.005) in
dogs with primary mammary carcinomas without metastasis (Fig 6).

There were not significant correlations between overall survival and tumor markers
expression in dogs with primary mammary carcinomas with lymph node metastasis and
without metastasis. These results were confirmed in survival curve analyses (P>0.05).
However, a shorter overall survival of animals with high proliferative tumors (median 322
days) in relation to animals with a low proliferative tumors (not reached the median survival
time) was observed in primary mammary carcinomas with lymph node metastasis (P=0.03)
(Fig 7). Additionally, when the expression of HER-2, EGFR, Cox-2 and Ki67 was evaluated
in lymph node metastasis, no significant difference was observed in the overall survival curve

analysis (P>0.05).

Discussion

Primary mammary carcinomas with metastasis have a significant up-regulation of
genes associated with cell cycle regulation, matrix modulation, protein folding and
proteasomal degradation, and downregulation of differentiation genes, growth factor pathway
genes and regulators of actin organization (Klopfleisch et al., 2010). In our study, the
frequency of expression of HER-2, EGFR, Cox-2 and Ki67 did not differ significantly

between primary mammary carcinomas with lymph node metastasis and without metastasis.
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Some studies have demonstrated that the high frequency of HER-2 protein
overexpression in in situ ductal carcinomas of the breast could be an early event in
carcinogenesis (Xu et al., 2002). This fact can explain the similar frequency of this marker in
the invasive primary carcinomas studied (with lymph node metastasis and without
metastasis). However, lymph nodes metastasis (34.8%) had a significantly higher frequency
of positivity to HER-2 compared to primary mammary carcinomas (8.3%). The epithelial
phenotype is an event necessary in the formation of secondary tumors in lymph nodes (Hugo
et al., 2007). HER-2 expression occurs mainly in neoplastic epithelial cells in a variety of
solid tumors, including mammary tumors (Slamon et al., 1987; Baccus et al., 1994).
Furthermore, one study demonstrated a correlation between the phenomenon of epithelial to
mesenchymal transition in breast cancer and triple-negative tumors (HER-2 negative, estrogen
and progesterone receptors negative) (Jeong et al., 2012). Therefore, our findings may suggest
an important role of HER-2 overexpression in the mechanism related to the implantation of
neoplastic cells in metastatic niches, such as the mesenchymal to epithelial transition in
canine mammary tumors. Moreover, the biologic phenomenon of tumor heterogeneity
described in breast cancer could explain the selection of HER-2-positive subclones in the
metastasis observed in canine mammary tumors (Malinowsky et al., 2012; Niikura et al.,

2012).

Another marker of the same family of human epidermal growth factor receptors,
EGFR was not associated with survival in the present study or in the literature (Gama et al.,
2009). In our series, we did not find a significant difference in the overall survival of dogs

with positivity or negativity for EGFR when evaluated primary mammary carcinomas with
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lymph node metastasis, primary mammary carcinomas without metastasis and lymph nodes
metastasis. Furthermore, the frequency of EGFR expression did not differ between primary
mammary carcinomas with lymph node metastasis and without metastasis. EGFR expression
has been suggested to be an early event in the carcinogenesis of canine mammary carcinoma,
which could explain the findings of the present study (Bertagnolli et al., 2011; Ferreira et al.,
2012; Silva et al., 2014). However, an association between the positivity to EGFR and the
presence of lymph node metastasis was observed by Guimardes et al., 2014 but not by Gama
et al., 2009. These conflicting results may be related to the different analytic methods for
evaluating EGFR expression in these studies. In our study, positivity to EGFR was correlated
with the presence of angiolymphatic invasion and larger tumors in primary mammary
carcinomas without metastasis. These findings are consistent with previous studies that found
a correlation between positivity to EGFR and factors related to biologic aggressiveness such
as larger tumors, high grade histologic, the presence of necrosis and the presence of lymphatic

invasion (Carvalho et al., 2013; Gama et al., 2009; Kim et al., 2013; Guimarées et al., 2014).

To our knowledge, the present study is the first description of the overall survival of
dogs with metastatic carcinoma according to Cox-2 expression in lymph node metastasis.
Interestingly, a positive correlation between Cox-2 expression in primary tumors and lymph
node metastasis was observed. However, in our study, there was not a significant difference in
the frequency of the expression of Cox-2 in primary mammary carcinomas with lymph node
metastasis and without metastasis. Few studies have found that the high expression of Cox-2
is associated with the presence of lymph node metastasis in dogs (Guimaraes et al., 2014;
Queiroga et al., 2010). An analysis of Cox-2 expression in canine metastatic lesions was
presented only by Pereira et al., 2009. These authors found that in almost all cases, the

labeling intensity of metastatic lesions (pulmonary and lymph node metastasis) was similar or
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stronger than that of the primary, indicating that Cox-2 metabolic products contributing to

metastatic spread of neoplastic cells.

Additionally, the present study did not demonstrate the prognostic relevance of Cox-2
expression when evaluated primary mammary carcinomas with lymph node metastasis,
primary mammary carcinomas without metastasis and lymph nodes metastasis. Although the
role of Cox-2 and its derived metabolites in tumorigenesis appears to be clear, the prognostic
relevance of Cox-2 expression in cancer has not been clearly established (; Soslow et al.,
2000; Surh et al., 2001; Lavalle et al., 2009). Some studies in veterinary medicine have found
that dogs with mammary carcinoma and high Cox-2 expression have a shorter survival time
(Milanta et al., 2006; Lavalle et al., 2009; Queiroga et al., 2010). In the current study, only 6
dogs with primary mammary carcinomas with lymph node metastassis had high Cox-2 score,
which could explain our findings. Thus, the evaluation of Cox-2 in canine primary tumors and

metastases should be investigated in additional studies using different molecular techniques.

In the presenty study, we demonstrated that Ki67 have prognostic relevance in dogs
with primary mammary carcinomas with lymph node metastasis. A shorter overall survival of
dogs with a high Ki67 index was also described in previous studies (Pend et al., 1998; Santos
et al., 2013). Some multivariable studies, however, reported contrasting results, which may be
explained by the fewer number of malignant tumors included in these studies (Lohr et al.,
1997; Lee et al., 2004). In our series, a fair agreement between primary mammary carcinomas
and paired lymph node metastasis was observed, and most of the concordant cases had high
Ki67 index. Interestingly, 23.5% of the cases had a high cell proliferation index in the primary
carcinomas but not in lymph node metastasis and 5.9% of the cases had a high cell

proliferation index in lymph node metastasis but not in primary carcinomas. Using a cut-off of
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24% for Ki67 was not observed significative difference in the frequency between primary
mammary carcinomas with lymph node metastasis and without metastasis. Additionally, the
frequency also did not differ between the primary carcinomas and lymph node metastasis.
Thus, our results may suggest that the primary mammary carcinoma and paired lymph node
metastasis are in general made up of cell populations with similar characteristics. Changes in
the proliferative activity may occur during growth as a result of the selection of
subpopulations with a high metastatic potential, due to the heterogeneity of the primary
tumor, genotypic instability, or clonal proliferation during the process of metastasis (Kakeji et
al., 1991). Furthermore, the association between the Ki67 index and the presence of lymph
node metastasis is controversial in human and canine studies of mammary tumors (De Matos

et al., 2006; Leonardi et al., 1992; Pend et al., 1998).

Interesting, in the current study, a significant correlation between a high Ki67 index in
primary mammary carcinomas with lymph node metastasis and the presence of ECE and a
high number of lymph nodes with ECE was found. Furthermore, dogs presenting lymph
nodes with ECE had shorter overall survival in relation to those without ECE. The evaluation
of extracapsular extension in the lymph nodes metastasis of dogs with mammary carcinomas
is a novel aspect of the present study. This parameter has been studied in human breast cancer
and its prognostic relevance has been proven (Yajima et al., 2015). In canine mammary
tumors, ECE has not previously been described and our findings suggest that this feature

could indicate more extensive disease and may explain the lower survival of these dogs.

Conclusions
Our study demonstrates that primary mammary carcinomas with lymph node

metastasis, presenting a high expression of HER-2, Cox-2 and Ki67 also have a high

68



expression of these markers in paired lymph node metastasis. However, higher frequency of
positivity to HER-2 in lymph node metastasis than in primary carcinomas was observed.
Furthermore, a high Ki67 index, larger tumor size and the presence of angiolymphatic
invasion in canine primary mammary carcinomas with lymph node metastasis and the
occurrence of ECE in lymph nodes metastasis were also related to poor prognosis and shorter
overall survival. Thus, our results suggest that the molecular parameters studied are associated
or correlated with tumor aggressiveness and may be considered in future studies of canine

mammary tumors and applied in clinical management.
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Table 1. Details of immunohistochemical reagents and methods used in the study

Retrieval

Tar_get Clone Manufacturer Dilution AR method solution I_ncubatlon
antigen (bH) time (h)
HER-2  polyclonal Dako 1:200  Water bath (98 °C) (%'t(;;‘te 16
EGFR 31G7 Zymed 1:50 Enzymatic Pepsin 16

Cox-2  SP21  Labvision  1:80  Water bath (98 °C) gt(;;‘te 16

) . ) Pressurised heating Citrate

Ki67 Mib-1 Dako 1:25 (125°C) (6.0) 1
Cytokeratin AE1AE3  Dako 1:100  Water bath (98 °C) gt(;;‘te 1

HER-2: human epithelial grown factor receptor 2; EGFR: epithelial grown factor receptor;
Cox-2: cyclooxygenase 2; AR: antigen retrieval
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Table 2. Clinical-pathological parameters of the primary mammary carcinomas with lymph

node metastasis and without metastasis

Primary mammary
carcinomas with lymph

Primary mammary
carcinomas without

n (%) node metastasis® metastasis®
Age (meanxSD) 79 10.88+2.7 10.51+2.9
Breed
Crossbreed 21 17 (81) 4 (19)
Pure breeds © 58 34 (58.6) 24 (41.4)
Reproductive status *
Intact 47 27 (57.4) 20 (42.6)
Spayed 21 19 (90.5) 2 (9.5
Tumor Localization*
Thoracic 3 3 (100) 0 (0)
Cranial abdominal 12 11 (91.7) 1(8.3)
Caudal abdominal 25 12 (48) 13 (52)
Inguinal 28 16 (57.1) 12 (42.9)
Multicentric 12 10 (83.3) 2 (16.7)
Histological type*
Mixed tumour carcinoma 32 11 (34.4) 21 (65.6)
Tubular carcinoma 3 3 (100) 0(0)
Papillar carcinoma 11 8 (72.7) 3(27.3)
Solid carcinoma 17 13 (76.5) 4 (23.5)
Micropapillary
carcinoma 12 12 (100) 0(0)
Special types of
carcinoma * 2 2 (100) 0(0)
Carcinosarcoma 6 5 (83.3) 1(16.7)
Histological grade* °
I 19 7 (36.8) 12 (63.2)
I 44 29 (65.9) 15 (34.1)
I 19 17 (89.5) 2 (10.5)
Tumor size
T1 (< 3cm) 25 12 (48) 13 (52)
T2 (>3 and < 5cm) 23 14 (60.9) 9(39.1)
T3 (>5cm) 31 24 (77.4) 7 (22.6)
Stage (TNM)*
I 13 0 (0) 13 (100)
I 9 0 (0) 9 (100)
i 7 0 (0) 7 (100)
v 54 54 (100) 0 (0)
Angiolymphatic
Invasion*
Present 27 22 (81.5) 5 (18.5)
Absent 55 31 (56.4) 24 (43.6)
Extracapsular extension
(ECE)
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Present 22 22 (100) NA

Absent 32 32 (100)

Number of lymph nodes with ECE

1 15 15 (100) NA
>) 7 7 (100)

ECE: extracapsular extension; NA: not applied

* significant difference (p < 0.05) in Exact of Fisher or Chi-square test

a Some data were not available or an evaluation was not possible for all 54 primary mammary
carcinomas with lymph node metastasis

b Some data were not available for all 29 primary mammary carcinomas without metastasis

c pure breeds included Cocker Spaniel, Dachshund, Pitbull, German Shepherd, Pinsher, Schnauzer,
Basset Hound, Bichon Frise, Brasilian Fila, Golden Retriever, Siberian Huscky and Yorkshire;

d Special types of carcinoma included rich in lipids carcinoma and pleomorphic lobular carcinoma
e Histological grading based on that of Elston and Ellis, 1998.

f 1 (TINOMO), Il (T2NOMO), Il (T3NOMO) and IV (T1,2,3N1MO0)
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Table 3. Immunohistochemical data of primary mammary carcinomas without metastasis,
primary mammary carcinomas with lymph node metastasis and lymph node metastasis

Primary mammary
carcinomas without

metastasis
n/total (%)*

Primary mammary
carcinomas with
lymph node metastasis

n/total (%)°

Lymph nodes

metastasis
n/total (%)°

HER-2°
Negative
Positive
EGFR®
Negative
Positive
Cox-2
Low score
High score
Ki67 index
<24%
>24%

23/25 (88)
3/25 (12)

22/26 (84.6)
4126 (15.4)

21/23 (91.3)
2/23 (8.7)

15/21 (71.4)
6/21 (28.6)

44/48 (91.7)
4148 (8.3)*

42/48 (87.5)
6/48(12.5)

43/50 (86)
7/50 (14)

24148 (50)
24/48 (50)

15/23 (65.2)
8/23 (34.8)*

22/25 (88)
3/25 (12)

19/24 (79.2)
5/24 (20.8)

9/19 (47.4)
10/19 (52.6)

* significant difference (p = 0.01) in Exact of Fisher test between primary mammary

carcinomas and lymph node metastasis.

a Evaluation of HER-2, EGFR, Cox-2 and Ki67 staining was not possible in all 29 primary

mammary carcinomas without metastasis.

b Evaluation of HER-2, EGFR, Cox-2 and Ki67 staining was not possible in all 54 primary
mammary carcinomas with lymph node metastasis.
¢ Evaluation of HER-2, EGFR, Cox-2 and Ki67 staining was not possible in all 25 lymph

node metastasis.
d Negative: scores 0, 1+ and 2+/Positive: score 3+
e Negative: scores 0, 1+ and 2+/Positive: score 3+

f Low score: score 0 to 5/ High score: score 6 to 12
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Table 4. HER-2, EGFR, Cox-2 and Ki67 index status in primary mammary carcinomas and paired
lymph node metastasis

Lymph node metastasis n (%)*
HER-2° EGFR® Cox-2° Ki67 index*
Positive Negative Positive Negative Low score High score <24% >24%

Mammary

carcinomas

n (%)*

HER-2°

Positive 2(9.5) 1(4.8)

Negative 5(23.8) 13(61.9)

EGFR®

Positive 0 (0) 4 (19)

Negative 3(14.3) 14 (66.7)

Cox-2°

Low score 14 (70) 2 (10)

High score 1(5) 3(15)

Ki67 index*

<24% 4 (23.5) 1(5.9)
>24% 4 (23.5) 8 (47.1)

* The evaluation of HER-2, EGFR, Cox-2 and Ki67 status in primary mammary carcinomas and
paired lymph node metastasis not was possible in all 25 cases

a K coefficient: 0.250 (95% confidence interval: -0.158 to 0.658)

b K coefficient: -0.195 (95% confidence interval: -0.345 to -0.046)

¢ K coefficient: 0.571 (95% confidence interval: 0.142 to 1.000)

d K coefficient: 0.397 (95% confidence interval: -0.015 to 0.809)
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Figure legends

Figure 1. Kaplan-Meier survival curve for the animals with primary mammary carcinoma
with lymph node metastasis (n=50, median, 395 days) and without metastasis (n=28, not
reaching median survival) (P=0.002). Figure 2: Kaplan-Meier survival curve for the animals
with primary mammary carcinoma with lymph node metastasis according to size tumor: T1
(<3 cm, n=11, not reaching median survival), T2 (> 3 and < 5 cm, n=14; median, 275 days)
and T3 (>5 cm, n=22, median, 308 days) (P<0.02). Figure 3: Kaplan-Meier survival curve for
the animals with primary mammary carcinoma with lymph node metastasis according to
angiolymphatic invasion: without angiolymphatic invasion (n= 28, median, 503 days) and
with angiolymphatic invasion (n= 21, median, 188 days) (P=0.01). Figure 4: Kaplan-Meier
survival curve for the animals with primary mammary carcinoma with lymph node metastasis
according to extracapsular extension: without extracapsular extension (n=30, not reaching
median survival) and with extracapsular extension (n=20, median, 180 days) (P<0.0001).
Figure 5: Kaplan-Meier survival curve for the animals with primary mammary carcinoma
without metastasis according to angiolymphatic invasion: without angiolymphatic invasion
(n= 23; not reaching median survival) and with angiolymphatic invasion (n= 5, median, 341
days) (P=0.008). Figure 6: Kaplan-Meier survival curve for the animals with primary
mammary carcinoma without metastasis according to histologic grade: grade 1 (n= 11, not
reaching median survival), grade Il (n= 15, not reaching median survival) and grade Il (n= 2,
median 263 days) (P=0.005). Figure 7: Kaplan-Meier survival curve for the animals with
primary mammary carcinoma with lymph node metastasis according to the Ki67 index: Ki67
>24% index (n=22, median 322 days) and Ki67 <24% index (n=22, not reaching median

survival) (P=0.03).
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7. CONSIDERACOES FINAIS

Devido a alta incidéncia, importancia clinica e a busca por novas terapias alvo para neoplasias
mamarias caninas, hd um crescente interesse no estudo de biomarcadores prognosticos e
preditivos envolvidos na progressdo tumoral. Nosso grupo de pesquisa desenvolveu durante
o0s Ultimos anos varios projetos priorizando o conhecimento e a classificacdo dos tumores, 0
estadiamento clinico, a graduacgdo histolégica, a padronizacdo de marcadores progndsticos e
preditivos, a padronizacdo de critérios para avaliagdo macroscopica e microscopica dos
tumores e também a utilizacdo de tratamento terapéutico com inibidores de Cox. Nesse
sentido, a realizacdo de projetos visando estudar as metastases regionais dos carcinomas

mamarios seria primordial para a nossa linha de pesquisa.

De acordo com 0s nossos resultados observamos que o namero de linfonodos com metastase é
um parédmetro progndstico importante para cadelas com carcinomas mamarios e que deveria
ser levado em consideracdo na analise patoldgica dos linfonodos. Além disso, 0s animais com
macrometastase e com células tumorais isoladas tiveram pior sobrevida. E importante
ressaltar, contudo, que uma porcentagem alta de tumores com células tumorais isoladas foram
diagnosticados como carcinossarcoma e carcinomas sélidos, tipos histologicos extremamente
agressivos. Além disso, a avaliacao criteriosa dos linfonodos permitiu observar que animais
com metastases > 7,32mm de didmetro tinham pior sobrevida em relacdo a aqueles com
metastases < 7,32mm. Desse modo, as diferencas de sobrevida nesses animais demonstram
que o comportamento das macrometastases pode ser diferente e que o atual sistema de
classificacdo, baseado em humanos, pode nao ser 0 mais adequado para utilizacdo em caes. A
adocdo de sistemas de classificacdo diferentes do que sdo usados em humanos e adaptados
para a medicina veterinaria ja foi debatido por outros autores. Pelo fato das macrometastases
atingirem dimensdes consideraveis em cadelas, um sistema de subclassificacdo dessas

macrometastases deveria ser discutido.

Outro objetivo importante do nosso trabalho foi avaliar, em linfonodos com metéastase, a
expressdo de marcadores moleculares como o0 HER-2, EGFR, Cox-2 e Ki67 bem estudados
em tumores primarios mamarios de humanos e caninos. Nossa hipétese era que a frequéncia
de positividade ou alta expressdo desses marcadores seria maior nas metastases em relacédo
aos tumores primarios. Porém isso somente foi observado para o HER-2. E sabido que o
fendtipo epitelial é necessario para a formacgdo dos tumores secundarios e sendo esse
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marcador expresso principalmente em celulas epiteliais de varios tumores sélidos, poderiamos
sugerir o possivel papel da superexpressdo dessa molécula no mecanismo associado a
implantacdo das células epiteliais neoplasicas no linfonodo, como o fendmeno de transicéo
mesenquimal-epitelial. Aliado a isso, ndo observamos nenhuma relagdo da expresséo dessas
moléculas nos linfonodos com metéastase com a sobrevida dos animais. Esses resultados
devem ser confirmados em futuros estudos, porém, nossos achados sugerem inicialmente que
a avaliacdo da expressao desses marcadores nas lesdes metastaticas de cdes com neoplasias
mamarias ndo levaria a nenhum beneficio na conduta clinica a ser tomada junto a esse

paciente.

Uma contribuicdo significativa do trabalho é a relevancia prognoéstica da identificacdo de
extensdo extracapsular em linfonodos com metastase. Essa lesdo é de facil diagnostico e
também sugerimos sua inclusdo na analise patoldgica desses linfonodos, o que poderia
auxiliar na escolha da conduta clinica a ser tomada junto ao cdo. Porém, o nimero de
linfonodos com extensdo extracapsular ndo foi importante para avaliacdo progndstica desses

animais, e esse achado deve ser confirmado com mais estudos.

Uma das limitacdes do trabalho esta relacionada ao tratamento quimioterapico heterogéneo
realizado em aproximadamente 38% dos animais. Nao foi possivel realizar as analises em
separado do grupo dos animais tratados somente com cirurgia em relacdo aqueles tratados

com quimioterapia adjuvante.

Em medicina humana, os trabalhos relacionados as metéastases do cancer de mama, com
relagdo a quantificagdo da carga metastatica, ao tamanho das metéstases, ao nimero de
linfonodos e a expressdo de marcadores moleculares sdo mais numerosos e consistentes. Ja
em medicina veterinaria, esses estudos sdo incipientes e os resultados encontrados no presente
trabalho poderdo contribuir de forma significativa para futuras propostas de estudos nessa

area.
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8. CONCLUSOES GERAIS

I. A presenca de metéastase é um fator prognostico negativo em cadelas com carcinomas

mamarios.

Il. Nesse estudo, a presenca de macrometastases ou de células tumorais isoladas em

linfonodos de cadelas com carcinomas mamarios estdo associadas a pior prognastico.

I1l. Mais de 1 (um) linfonodo positivo para metastase bem como linfonodos com area de
metastase >20.11 mm?2 e com didmetro metastatico >7.32 mm estdo associados com menores
tempos de sobrevida. O numero de focos metastaticos e a area metastatica total ndo sdo

parametros prognosticos relevantes em cadelas com carcinomas mamarios.

IV. A presenca de extensdo extracapsular em linfonodos com metastase é um fator
prognéstico significativo, porém a avaliagdo do numero de linfonodos com extenséo

extracapsular foi indiferente para avaliacdo progndstica dos animais.

V. O tamanho médio dos carcinomas mamarios com metéstase linfonodal foi maior que
aqueles sem metastase, mostrando ser um parametro prognéstico significativo em cadelas

com carcinomas mamarios com metastase linfonodal.

Os carcinomas em tumores mistos foram mais frequentes nos animais sem metastase sendo 0s
tumores ndo mistos e 0s carcinossarcomas mais frequentes em animais com metastase
linfonodal. Os animais com carcinoma sélido, carcinossarcoma e os incluidos na categoria de
raros tipos de tumores mamarios malignos tiveram pior sobrevida quando comparado aos

animais com carcinomas em tumores mistos e carcinomas papilares e tubulares.

O grau histoldgico | foi mais frequente nos carcinomas mamarios sem metastase, enquanto
que os graus Il e Il em carcinomas mamarios com metastase linfonodal. A relevancia
prognéstica do grau histoldgico foi demonstrada apenas nos carcinomas mamarios sem
metastase, apesar de haver uma correlagdo negativa entre o grau histolégico dos carcinomas

mamarios com metéstase linfonodal e sobrevida.
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Invasdo angiolinfatica foi mais frequente nos carcinomas mamarios com metastase linfonodal
sendo considerado um parametro progndstico relevante tanto nos animais apresentando

carcinomas mamarios com metastase linfonodal e também naqueles sem metéstase.

Nos carcinomas mamarios com metastase linfonodal foi observada correlacdo positiva entre
invasdo angiolinfatica, com grau histologico, com presenca de extensdo extracapsular e com
namero de linfonodos com extensdo extracapsular. Nos carcinomas mamarios sem metastase
foi observada correlacdo positiva entre grau histolégico com tamanho tumoral e com invasdo
angiolinfatica. Além disso, nesses tumores invasao angiolinfatica estava positivamente

correlacionada com tamanho tumoral.

VI. Nao houve diferencas nas frequéncias de expressdo dos marcadores moleculares
estudados nos carcinomas mamarios com e sem metastase linfonodal. Contudo, alto indice de
proliferacdo celular estava relacionado com pior sobrevida em animais com carcinomas
hmamarios com metastase. Observamos uma maior frequéncia de positividade para Her-2 nos
linfonodos com metéstase em relacdo aos carcinomas primarios. Porém, ndo foram
observadas diferencas na frequéncia de expressdao entre os linfonodos com metéstase e os
tumores primarios em relacdo aos outros marcadores estudados. A avaliacdo da expressdo dos
marcadores Her-2, Egfr, Cox-2 e Ki67 nas metéstases linfonodais ndo mostrou ser um
parametro prognostico significativo em cadelas com carcinomas mamarios. Além disso, na
analise do coeficiente de Kappa foi observada concordancia na expressdo de Her-2, Cox-2 e
Ki67 e discordancia na expressdao de Egfr entre carcinomas primarios e suas respectivas

metastases linfonodais.

VII. Nos carcinomas mamarios com metastase linfonodal, um alto indice de proliferacéo
celular estava correlacionado com presenca de extensdo extracapsular e com um maior

namero de linfonodos com extensédo extracapsular.

Em carcinomas mamarios sem metastase, alto grau histologico estava correlacionado com
positividade para Her-2 e com um alto indice de proliferacao celular. Além disso, positividade
para Egfr nos tumores sem metéstase estava correlacionada com presenca de invasao

angiolinfatica e elevado tamanho tumoral.
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10. ANEXOS

Anexo I. Carta de aprovacéo do CETEA/UFMG — Agosto 2011

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM EXPERIMENTACAO ANIMAL
-CETEA-

CERTIFICADO

Certificamos que o Protocolo n° 174/2011, relativo ao projeto intitulado
“Metdastases de carcinomas mamarios caninos em linfonodos regionais:
abordagem clinicopatoldgica, imunofenotipica e génica’, que tem como
responsavel(is) Geovanni Dantas Cassali , estd(20) de acordo com os Principios
Eticos da Experimentacio Animal, adotados pelo Comité de Etica em
Experimentacdo Animal (CETEA/UFMG), tendo sido aprovado na reunido de
10/ 08/2011.

Este certificado expira-se em 10/ 08/ 2016.

CERTIFICATE

We hereby certify that the Protocol n® 174/2011, related to the project entitled
“Canine mammary carcinoma metastasis in regional lymph nodes:
approach clinicopathological, immunophenotypic and gene’, under the
supervisiors of Geovanni Dantas Cassali, is in agreement with the Ethical
Principles in Animal Experimentation, adopted by the Ethics Committee in Animal
Experimentation (CETEA/UFMG), and was approved in August 10, 2011.

This certificate expires in August 10, 2016.
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