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Resumo da Dissertagao

Introdugao:

O cancer de mama, se diagnosticado precocemente e tratado de forma
adequada, possui bom progndstico. Algumas caracteristicas do tumor e do
linfonodo sentinela estdo comprovadamente relacionadas com o status axilar,
alterando a sobrevida e a resposta ao tratamento.

Objetivos:

Este estudo pretende correlacionar a positividade do linfonodo sentinela
com a presenca de metastase em outros linfonodos axilares, além de
correlacionar os fatores prognésticos do cancer de mama com a positividade
dos linfonodos sentinela e axilares.

Material e Métodos:

Foram revisados todos os casos de mastectomia ou setorectomia com
diagndstico de carcinoma ductal ou lobular infiltrante de mama, com bidpsia de
linfonodo sentinela positiva e esvaziamento axilar entre janeiro de 2014 e julho
de 2015. Os fatores clinicopatolégicos e a classificagdo molecular foram
avaliados como preditores de metastase em linfonodos axilares através das
analises estatisticas univariada e multivariada.

Resultados:

Das 105 pacientes incluidas no nosso estudo, 58,1% apresentaram
metastase axilar apds o esvaziamento radical de linfonodos axilares.
Encontramos também relagao estatisticamente significativa entre metastase em
linfonodos n&o-sentinela e multifocalidade do tumor e presenga de invasao

linfatica nas analises univariada e multivariada. A analise univariada revelou



que a presencga de invasao extracapsular do linfonodo sentinela € um fator de
risco estatisticamente significativo para metastase em linfonodos axilares.
Conclusoées:
E importante que novos estudos sejam feitos a fim de que se possa
estabelecer um grupo de risco para doenga linfonodal metastatica,
possibilitando a indicacéo precisa do esvaziamento axilar radical, otimizando o

tratamento das pacientes, e proporcionando melhor qualidade de vida.

Palavras-chave: Axillary lymph node dissection; Breast cancer;

Prognostic factors; Sentinel lymph node biopsy



1. Introducao

Nas estatisticas mundiais, o cancer de mama é o segundo tipo mais
comum e o mais frequente entre as mulheres. Segundo dados da Organizagéo
Mundial de Saude (WHO, 2012), sua incidéncia aumentou dez vezes nas
décadas de sessenta e setenta. Conforme estimativa do Instituto Nacional do
Cancer (INCA, 2016), sédo previstos 57.960 novos casos em 2016, sendo
responsaveis por 14.388 mortes. Em 2012, a taxa de mortalidade por cancer de
mama foi de 12,10 6bitos/100.000 mulheres (INCA, 2014).

A idade média do aparecimento da doenca varia entre 50 e 60 anos,
sendo a idade avangada o principal fator de risco para o seu desenvolvimento.
Entre outros fatores, estdo a histéria familiar e/ou pessoal de cancer de mama,
a presenca de mutagdes genéticas, principalmente nos genes BRCA1 e
BRCA2, a exposicdo prolongada ao estrogénio, a exposi¢do a radiagao
ionizante, a ingestdo regular de bebidas alcodlicas, o sedentarismo e a
obesidade (Buitrago et al., 2011; WHO, 2012)

O cancer de mama, se diagnosticado precocemente e tratado de forma
adequada, possui bom progndstico, com sobrevida média em cinco anos de
89,4%, podendo chegar a 98% nos casos de doenga localizada. Por isso se faz
necessario estudos que visem ndo sé o diagndstico em fases iniciais e o
tratamento efetivo, mas também a qualidade de vida e a morbidade péds-
tratamento (Buitrago et al., 2011).

Dentre os fatores prognosticos, o tamanho do tumor € um dos mais
importantes. Sabe-se que tumores menores de 1,0 cm possuem apenas 10%
a 20% de chance de apresentarem metastase linfonodal. Outros dois fatores

relacionados a sobrevida sdo a graduacdo histologica (Classificagdo de



Nottingham) e o tipo histolégico do tumor. Pacientes com carcinoma de tipo
ductal infiltrante possuem geralmente maior envolvimento linfatico em relagcéo
as pacientes com outros tipos de carcinomas infiltrantes de mama (Elston et al.,
1991; Buitrago et al., 2011; WHO, 2012).

O estado linfonodal é o fator progndstico mais importante, além de estar
intimamente relacionado com a sobrevida no cancer de mama. Quando ha
envolvimento ganglionar, a taxa de recidiva é de 70%, enquanto nas pacientes
com linfonodo negativo é de 20%. Além disso, o numero de linfonodos
acometidos e a presencga de invasao extra-capsular também contribuem para o
aumento do risco de recidiva da doencga (Buitrago et al., 2011; Reeder-Hayes
etal., 2011; Andree et al., 2012; Vohra et al., 2015; Yildiz et al., 2015).

Duas das principais questdes discutidas atualmente sdo a sensibilidade
do linfonodo sentinela em detectar metastase do cadncer de mama e seu valor
em indicar o esvaziamento axilar quando positivo. Apesar de o esvaziamento
axilar proporcionar uma melhor avaliagdo prognostica e um melhor controle
regional, aumentando a sobrevida, alguns pacientes desenvolvem
complicagdes em longo prazo decorrentes da cirurgia. Dessa forma, conhecer
as caracteristicas clinicas e histopatoldgicas que determinam a necessidade do
esvaziamento axilar possibilita a indicagao correta da cirurgia, diminuindo a
iatrogenia e proporcionando melhor qualidade de vida e menor morbidade para

as pacientes (Cheng et al., 2013; Gulben et al., 2014).

1.1. Classificagao histolégica dos carcinomas invasivos da mama

A Organizagao Mundial de Saude (WHO, 2012) classifica os carcinomas
invasivos mamarios em de tipo nao especial e de tipo especial. O carcinoma de

tipo ndo especial compreende o anteriormente chamado de carcinoma ductal



sem outra especificagdo, ou seja, sem as caracteristicas citolégicas ou
arquiteturais que permitem classifica-lo em algum tipo especial. Este tipo é
considerado o mais comum, representando 40 a 75% das neoplasias mamarias
e seu prognostico é variavel, dependendo principalmente das caracteristicas do
tumor, como tamanho e grau histolégico e da presenca de metastase linfonodal

(WHO, 2012; Sinn e Kreipe, 2013; Nenutil, 2015).

O de tipo especial envolve aqueles com caracteristicas peculiares,
como, por exemplo, secregcdo de muco; e ainda sio divididos em especiais
puros (padrao presente em mais de 90% da neoplasia) e mistos (quando ha um
componente ndo especial em 10 a 49% da neoplasia). Dentre os carcinomas
de tipo especial, estdo o lobular, o tubular, o cribriforme, o metaplasico, o
mucinoso, o papilar e o micropapilar, bem como aqueles com padrao
neuroenddcrino e medular (WHO, 2012; Sinn e Kreipe, 2013; Nenutil, 2015).

O carcinoma lobular, que é o segundo tipo mais comum de neoplasia
mamaria, pode ser classificado em tipo classico ou em variantes (sdlida,
alveolar, pleomorfica, tubulopapilar ou mista). As variantes apresentam
prognostico diferente daquele encontrado nos carcinomas lobulares do tipo
classico. Enquanto que 76% dos casos do tipo classico correspondem ao grau
histolégico Il de Nottingham, a maioria dos casos de variante soélida ou
pleomérfica correspondem ao grau lll (WHO, 2012; Sinn e Kreipe, 2013).

Os demais carcinomas de tipo especial: carcinomas tubular, cribriforme,
mucinoso puro e com padrao medular e padrdo neuroendocrino apresentam
bom progndstico, ja que normalmente sdo de baixo grau histolégico, enquanto
que os metaplasicos podem ser de baixo ou alto grau, e geralmente possuem

pior prognaostico, assim como 0 mucinoso misto. O carcinoma micropapilar esta
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associado a maior invasao angiolinfatica, o que determina um desfecho n&o
favoravel (WHO, 2012; Sinn e Kreipe, 2013; Nenutil, 2015).

Para a graduacdo histologica dos carcinomas invasivos, utiliza-se a
Classificacdo de Nottingham, que leva em consideragdo a formagéo de tubulos,
avaliando a diferenciagdo glandular, o pleomorfismo celular e o numero de
mitoses. Para avaliar essas trés caracteristicas utiliza-se um escore de um a
trés. Assim, se a neoplasia apresenta formagao tubular em mais de 75% da
superficie recebe um ponto, se em 10 a 75% recebe dois pontos, e se em
menos de 10% recebe trés pontos. Quanto ao pleomorfismo nuclear, se
apresenta células regulares com nucleos pequenos recebe um ponto, se ja ha
irregularidade moderada recebe dois pontos, e se ha marcada variagao recebe
trés pontos. O numero de mitoses € contado em dez campos de grande
aumento. Dessa forma, até quatro mitoses recebe um ponto, de cinco a nove
recebe dois pontos e acima de dez, trés pontos. Apds, soma-se o grau final,
classificando a neoplasia em grau | — bem diferenciada (3-5 pontos), grau Il —
moderadamente diferenciada (6-7 pontos) e grau lll — pouco diferenciada (8-9

pontos) (Elston et al., 1991; WHO, 2012).

1.2. Bidpsia do linfonodo sentinela

Até o inicio da década de 80, tanto as mastectomias, quanto as cirurgias
conservadoras eram seguidas do esvaziamento axilar completo. No entanto,
complicagdes como linfedema, diminuicido do sensoério, formacido de seroma e
dor ocorriam em 20 a 55% dos casos (Gourney et al., 2013).

A presenca de metastase axilar reduz em 40% a sobrevida média em
cinco anos, além de diminuir a resposta ao tratamento. Porém, ela é

encontrada em menos da metade dos casos de cadncer de mama. Nesse
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sentido, estudos visaram encontrar uma alternativa confiavel para avaliar o
status axilar, sem aumentar a morbidade pés-operatoria (Cheng et al., 2013;
Goodman et al., 2014; Gllben et al., 2014).

A bidpsia do linfonodo sentinela esta associada a menor morbidade no
pos-operatorio. A incidéncia de linfedema nos pacientes submetidos a
linfadenectomia axilar completa é de 30%, enquanto que nos pacientes que
realizaram apenas bidpsia do linfonodo sentinela varia entre 3,5 e 11%. Essas
complicagdes locais axilares contribuem fortemente para a morbidade e
diminuicao da qualidade de vida em longo prazo (Miller et al., 2012; Gourney et
al., 2013; Manca et al., 2015).

Atualmente, a técnica do linfonodo sentinela esta estabelecida como um
método minimamente invasivo e com alta acuracia para avaliar a presencga de
metastase axilar em pacientes clinicamente negativos. Assim, o esvaziamento
axilar esta indicado quando o linfonodo sentinela for positivo, pelo risco de que
outros linfonodos também possam ser metastaticos (Geertsema et al., 2010;
Zhou et al., 2012; Van la Parra et al., 2015).

O linfonodo sentinela é definido como o primeiro linfonodo a receber a
drenagem linfatica vinda do tumor primario. No pré-operatério, injeta-se o
contraste azul e o marcador radioativo na mama por abordagem peritumoral,
periareolar ou intradérmica. A partir dai, identifica-se o linfonodo marcado com
o radiois6topo, que pode ser supraclavicular, infraclavicular, paraesternal ou,
mais comumente, axilar. Uma incisdo é feita no local, retirando-se os linfonodos
de interesse para analise (Goodman et al., 2014; Manca et al., 2015).

O exame transoperatorio de congelagdo é o método mais utilizado para

avaliar o linfonodo sentinela. Vohra et al. (2015) encontrou uma acuracia de
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96%, com sensibilidade de 89%. Entretanto, o procedimento adotado por cada
laboratorio pode variar. Cserni et al. (2004) demostrou que 71% dos
laboratorios utilizavam imunoistoquimica nos casos em que nao era possivel
identificar metastase pela coloragdo com hematoxilina-eosina. Nestes casos,
20% dos exames negativos se tornaram positivos apdés a marcagao com
citoqueratinas.

Estudos foram realizados no sentido de definir a necessidade de exames
complementares para o diagnostico de metastases ocultas. Weaver et al.
(2011) encontraram uma taxa de sobrevida média em cinco anos de 94,6%
para aquelas pacientes em que a metastase oculta foi identificada apés exame
imunoistoquimico e de 95,8% para as pacientes sem metastase, ndo indicando
beneficio clinico das técnicas complementares.

Dessa forma, a recomendacdo atual € de que sejam feitos cortes
seriados de todo o linfonodo em intervalos minimos, a fim de identificar tanto as
macrometastases (definida como maior de 2,0mm) quanto as micrometastases
(menor ou igual a 2,0mm) e as células tumorais isoladas (menor ou igual a
0,2mm ou menos de 200 células) (Viale et al., 2001; Giuliano et al., 2011;

Goodman et al., 2014).

1.3. Estudos que relacionaram a positividade do linfonodo
sentinela com a presengca de metastase axilar apdés esvaziamento

completo

A partir da década de 90, estudos foram sendo realizados a fim de
comprovar a sensibilidade do linfonodo sentinela em detectar metastase axilar
e sua capacidade de predizer a necessidade do esvaziamento axilar radical,

uma vez que este esta associado a alta morbidade. Uma dessas pesquisas foi
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realizada por Turner et al. (1997) que selecionaram 103 pacientes de fevereiro
de 1994 a outubro de 1995 com carcinoma mamario, os quais realizaram
mastectomia seguida de biopsia do linfonodo sentinela e esvaziamento axilar.
O linfonodo sentinela foi examinado pelo exame transoperatoério de congelagao
e apos processado e corado pela hematoxilina-eosina. Se negativo para
metastase, era submetido a técnica de imunoistoquimica. Os demais linfonodos
foram corados pela hematoxilina-eosina e também submetidos a
imunoistoquimica. Do total de pacientes, 59% nao apresentaram metastase
linfonodal. Dentre os que apresentaram, em 25% o linfonodo sentinela foi
positivo, ndo se identificando metastase nos demais linfonodos, e em apenas
uma paciente com linfonodo sentinela negativo foi encontrada metastase em
outro linfonodo axilar pela imunoistoquimica. Os resultados revelaram que se o
linfonodo sentinela for negativo, a chance de metastase axilar € menor do que

0,1% (Miller et al., 2012; Gourney et al., 2013).

Na mesma perspectiva, Weaver et al. (2000) realizaram um estudo
multicéntrico com 431 pacientes com carcinoma mamario submetidas a bidpsia
do linfonodo sentinela seguida do esvaziamento axilar total. Eles
demonstraram sensibilidade do linfonodo sentinela em detectar metastase
axilar de 88%, com especificidade de 100% e acuracia de 96,4%.
Corroborando com os resultados do estudo de Turner et al. (1997),
encontraram metastase axilar apds o esvaziamento em 5% dos casos em que
o linfonodo sentinela havia sido negativo. Analisaram também a relagdo das
caracteristicas tumorais com a presenca de metastase, encontrando ampla

relagdo do tamanho do tumor com o numero de linfonodos axilares positivos.
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Nos et al. (2003) também investigaram a tematica em um estudo com 800
pacientes recrutadas de 1997 a 2002, e encontraram relacdo do tamanho da
metastase no linfonodo sentinela com a possibilidade de metastases em outros
linfonodos axilares. Em 6% dos casos em que as células tumorais foram
identificadas apenas com o método complementar de imunoistoquimica, € em
7% dos casos de micrometastases identificadas pela coloragdo usual foram
encontrados linfonodos positivos apds o esvaziamento, comparado com o0s
39% dos casos com macrometastases. Entretanto, este estudo n&o conseguiu
identificar um grupo em que a chance de metastases em linfonodos nao-
sentinelas fosse remota a ponto de nado indicar o esvaziamento axilar
complementar.

A partir dai, novas pesquisas surgiram, demonstrando que 40 a 70% dos
pacientes com linfonodo sentinela positivo ndo apresentam metastase axilar
em outros linfonodos, sendo que esta taxa sobe para 80% nos casos de
micrometastase e 88% nos casos de células tumorais isoladas. Além disso, a
taxa de recorréncia axilar se mostrou baixa apds o esvaziamento em pacientes
com linfonodo sentinela positivo, variando de 0,2 a 0,9% nos casos de
micrometastase e 1,0% nos casos de macrometastase. Pesquisas
demonstraram que esta taxa se mantém baixa mesmo nos pacientes que nao
realizaram o esvaziamento. Reforcando esses resultados, Giuliano et al.
(2010), no estudo ACOZOG Z0011, demonstraram que nao havia diferenca
estatisticamente significativa na sobrevida e na taxa de recidiva entre os
pacientes que realizaram esvaziamento radical e os que realizaram apenas

bidpsia do linfonodo sentinela (Giuliano et al., 2011; Francissen et al., 2012;
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Verry et al., 2012; Tvedskov et al., 2012; Gulben et al., 2014; Van La Parra et
al., 2015; Yildiz et al. 2015).

Estes resultados levaram a um questionamento sobre a necessidade do
esvaziamento axilar completo em todos os casos. Dessa forma, grandes
estudos vém sendo realizados na tentativa de definir os fatores de risco que
determinam a presenca de metastase axilar, para que se possa determinar os
grupos de pacientes que realmente se beneficiam de uma cirurgia radical. Com
0 objetivo de identificar esses fatores, Cserni et al. (2004) selecionaram 107
pacientes com carcinoma mamario. Em 40% dos casos foi encontrada
metastase axilar em pelo menos um linfonodo nao-sentinela. Este estudo
encontrou um aumento de 62% no risco de metastase axilar para cada
centimetro do tumor, de 13% para cada milimetro do tamanho da metastase no
linfonodo sentinela e de 192% quando ha invaséo extracapsular do lindonodo.
Assim, os resultados demonstram que a presenca de macrometastase e de
invasao extracapsular aumentam significativamente o risco de metastase para
outros linfonodos, ao contrario de micrometastase ou células tumorais isoladas.

Mais recentemente, com a consolidacdo da classificagdo molecular dos
carcinomas da mama, estudos incluiram ndo sé as caracteristicas
histopatoldgicas dos tumores e do linfonodo sentinela, como também a
classificagcdo através do estudo imunoistoquimico. Nesta classificacdo os
tumores sao divididos em cinco grupos, de acordo com os marcadores que eles
expressam. O chamado Luminal A apresenta receptores de estrogénio e
progesterona, com indice proliferativo (Ki67) menor ou igual a 14%, o que o
difere do Luminal B, em que o indice proliferativo € maior que 14%. O subtipo

Luminal-HERZ2 € caracterizado por C-erbB-2 positivo e receptores hormonais
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positivos, enquanto o subtipo HER-2 apresenta C-erbB-2 positivo e receptores
hormonais negativos. Ja o Triplo Negativo apresenta todos os marcadores
negativos, e é dividido em basal, quando CK5/6 positivo, e ndo-basal, quando
este € negativo (Perou et al., 2000; Zhou et al., 2012; Gulben et al., 2014;
Marrazzo et al., 2015).

Seguindo esta linha, Zhou et al. (2012), em uma pesquisa com 130
pacientes com linfonodo sentinela positivo, encontraram como tipo histolégico o
carcinoma ductal infiltrante em 95,4% dos casos. Além disso, metastase axilar
foi encontrada em 58,4% dos casos. Neste estudo, os fatores mais importantes
para a presenca de metastase linfonodal foram o tamanho tumoral, o tamanho
da metastase no linfonodo sentinela e o grau histolégico do tumor. Quanto a
classificagdo molecular, os subtipos Luminal A e Luminal B apresentaram maior
risco.

Ja Gulben et al. (2014) avaliaram 480 pacientes com carcinoma invasor
de mama que realizaram bidpsia do linfonodo sentinela e esvaziamento axilar
radical de abril de 2009 a setembro de 2013. Os linfonodos foram processados
e corados pela hematoxilina-eosina e avaliados por patologistas, que
classificaram as metastases em micro (menor ou igual a 2,0mm) ou
macrometastase (maior que 2,0mm). O tumor foi classificado de acordo com os
resultados imunoistoquimicos em Luminal A (receptor de estrogénio e/ou
recepetor de progesterona positivos e HER2 negativo), Luminal/HER2,
Superexpressdo do HER2 (receptores hormonais negativos e HER2 positivo) e
Triplo Negativo (receptores hormonais negativos e HER2 negativo). Foram
avaliados fatores como idade, estado menopausal, tamanho do tumor primario,

grau histolégico do tumor, invasdo linfovascular, tamanho da metastase
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linfonodal, invasdo extracapsular do linfonodo e subtipo do tumor como
peditores de metastase axilar. Este estudo ndo encontrou associacédo da idade,
do estado menopausal, do tamanho da metastase no linfonodo sentinela e da
invasao extracapsular com a presenca de metastase em outros linfonodos
axilares. Entretanto, o tamanho do tumor primario, a presenga de invasao
angiolinfatica, o grau histologico e o subtipo do tumor foram identificados como
fatores de risco para metastase axilar. Dentre os subtipos, pacientes com
Luminal HER2 e Superexpressao do HER2 apresentaram risco aumentado.
Marazzo et al. (2015) fizeram um estudo de coorte com 612 pacientes,
avaliando idade, tamanho do tumor, grau histologico, invasdo vascular e
linfatica e subtipo histoldgico (Luminal A, Luminal B HER2 positivo, Luminal B
HER2 negativo, Superexpressdo do HER2 e Triplo Negativo) como fatores de
risco para metastase em linfonodos n&o-sentinela. Encontraram um efeito
positivo da invasao vascular e angiolinfatica e do tamanho do tumor, enquanto
o subtipo Triplo Negativo se mostrou como efeito negativo na presencga de
metastase. Com isso concluiram que pacientes com subtipo Triplo Negativo e
que nao apresentam invasdao angiolinfatica nao se beneficiam da
linfadenectomia axilar radical.
Caracteristicas do tumor, como grau histolégico e tamanho no maior
eixo, e caracteristicas do linfonodo sentinela, como invasdo extracapsular e
tamanho da metastase, sdo alguns dos fatores ja comprovadamente
relacionados com o status axilar. O subtipo molecular também parece interferir,
porém nado existem evidéncias consistentes até o momento (Ganaraj et al.,
2003; Reyal et al., 2012; Zhou et al., 2012; Gllben et al., 2014; Marrazzo et al.,

2015).
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Dessa forma, é importante que novos estudos sejam feitos a fim de que
se possa estabelecer ndo s6 o risco de doencga linfonodal metastatica, mas
também a indicacdo precisa do esvaziamento axilar radical, otimizando o

tratamento das pacientes, e proporcionando melhor qualidade de vida.
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2. Objetivos

2.1. Objetivo principal

Descrever e correlacionar os dados clinicos, histopatologicos e
moleculares dos carcinomas ductal e lobular infiltrantes da mama de
espécimes cirurgicos de mastectomia e setorectomia associados a biopsia de

linfonodo sentinela e ao esvaziamento axilar

2.2. Objetivos secundarios

Relacionar a positividade do linfonodo sentinela com a presenga de

metastase em outros linfonodos axilares

Relacionar os fatores progndsticos do cancer de mama com a

positividade dos linfonodos sentinela e axilares
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3. Artigo cientifico redigido em inglés

Axillary metastasis in sentinel lymph node on ductal and lobular

breast infiltrating carcinomas and correlation with positive axilla

Keywords: Axillary lymph node dissection, Breast cancer, Prognostic

factors, Sentinel lymph node biopsy

Abstract

Some characteristics of the tumor and of the sentinel lymph node are
proven to be related with the axillary status in breast cancer. This study aims to
correlate the positivity of the sentinel lymph node with the presence of
metastasis in other axillary lymph nodes, besides correlating the prognostic
factors of breast cancer with the positivity of sentinel and axillary lymph nodes.
All cases of mastectomy and breast conserving surgery with diagnosis of ductal
or lobular infiltrating breast carcinoma, with positive sentinel lymph node biopsy
and axillary dissection between January, 2014 and July, 2015 were reviewed.
The clinicopathological factors and molecular classification were evaluated as
metastasis predictors in axillary lymph nodes after radical dissection. Sixty of
105 patients exhibited non-sentinel lymph node metastasis. Statistically
significant relationship was also found between metastasis in non-sentinel
lymph nodes and tumor multifocality and presence of lymphatic invasion in
univariate and multivariate analysis. The univariate analysis revelead that
presence of extracapsular invasion of the sentinel lymph node was a significant
risk factor of axillary lymph nodes metastasis. It is important that new studies

are performed so that it is possible to establish a risk group for lymph node
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metastasis, allowing the precise indication of radical axillary dissection, in order

to optimize the treatment of patients and to proportionate a better quality of life.

Introduction

Breast cancer, if diagnosed early and properly treated, has good
prognosis, with mean survival in five years of 89.4%, reaching 98% in cases of
localized disease. Among the prognostic factors, the tumor size is one of the
most important ones. It is known that tumors smaller than 1.0 cm have only
between 10% and 20% of chances of having lymph node metastasis. Two other
factors related to survival are the histological grade (Nottingham classification)
and the histological type of the tumor [1].

Lymphonodal status is the most important prognostic factor, besides
being closely related with survival in breast cancer. When there is nodal
involvement, the recurrence rate is 70%, while in patients with negative lymph
node it is 20%. Besides, the number of affected lymph nodes and the presence
of extra-capsular invasion also contribute for the increase of illness recurrence
[1-5].

Until the beginning of the 80’s, both mastectomies as well as
conservative surgeries were followed by complete axillary dissection. However,
complications such as lymphedema, decreased sensorimotor, seroma formation
and pain happened in 20% and 55% of the cases [6].

Biopsy of the sentinel lymph node is associated with smaller morbidity in
post-operatory. The incidence of lymphedema in patients submitted to complete
axillary lymphadenectomy is 30%, while in patients that performed only biopsy
of the sentinel lymph node it ranges between 3.5% and 11%. Thus, the sentinel

lymph node technique was accepted as a minimally invasive method and
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having good accuracy to evaluate the presence of axillary metastasis in
clinically negative patients. Therefore, axillary dissection is indicated when the
sentinel lymph node is positive, due to the risk that other lymph nodes may also
be metastatic [6-9].

Studies demonstrate that between 40% and 70% of patients with positive
lymph node have no axillary metastasis in other lymph nodes. This rate
increases to 80% in cases of micrometastasis and to 88% in cases of isolated
tumoral cells. Those results lead to a questioning about the need of complete
axillary dissection in all cases [8, 10-16].

Besides that, the rate of axillary recurrence is small after dissection in
patients with positive sentinel lymph node, ranging from 0.2% until 0.9% in
cases of micrometastasis and until 1.0% in cases of macrometastasis.
Recently, new researchers demonstrated that this rate remains low even in
patients that did not perform the dissection, not changing the survival in this
group. Reinforcing those results, the ACOZOG Z0011 (2011) [18] study
demonstrated that there was no statistically significant difference in the survival
and recurrence rate among patients who performed radical dissection and the
ones that only performed biopsies of the sentinel lymph node [5, 14-20].

Thus, large studies have been executed trying to define the risk factors
which determinate the presence of axillary metastasis. Tumor characteristics,
such as histological grade and size along the greater axis and characteristics of
the sentinel lymph node, such as extracapsular invasion and size of the
metastasis, are some of the factors already proved to be related with the axillary
status. Molecular subtype also seems to interfere, but there are no consistent

evidences until this moment [8, 19, 21-23].
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This study aims to correlate the positivity of the sentinel lymph node with
the presence of metastasis in axillary lymph nodes, besides correlating the
prognostic factors of breast cancer with the positivity of sentinel and axillary

lymph nodes.

Methods

This is a retrospective study, in which all cases of mastectomy or breast
conserving surgery with pathological diagnosis of ductal or lobular infiltrating
breast carcinoma, with positive sentinel lymph node biopsy and axillary
dissection, from the Laboratory of Pathology and Cytology of Hospital Santa
Rita, in the Santa Casa de Misericérdia de Porto Alegre Hospital Complex,
between January, 2014 and July, 2015 were reviewed. The Committee of Ethics
in Research from the “Irmandade Santa Casa de Misericérdia de Porto Alegre”
approved the study with number 525.170, according to Resolution 466/2012
from the CNS/MS.

Medical records and pathological reports were analyzed, as well as
slides stained with hematoxylin and eosin and slides from the
immunohistochemical tests of surgical specimens stored in paraffin block.
Besides, all pathological and immunohistochemical tests were analyzed by the
same group of pathologists, using staining with hematoxylin and eosin for
evaluating the primary tumor and the presence of axillary metastasis. The
immunohistochemical was performed in all cases, selecting the cut with more
representativeness of the primary tumor. This included Estrogen Receptor
(clone SP1), Progesterone Receptor (clone 1E2), CK 5/6 (clone D5/16B4 —
Ventana), E-cadherin (clone 36 - Ventana), Ki67 (clone 30-9 — Ventana), P53

(clone DO-7) and CerbB2 (clone 4B5).
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According to the expression of those markers, neoplasms were classified
into five categories: Luminal A (positive hormonal receptors, negative HER2,
Ki67 lower than 14%), Luminal B (positive hormonal receptors, negative HER2,
Ki67 greater than 14%), Luminal-HER2 and HER2 (positives hormonal
receptors and HER2 or negatives hormonal receptors and positive HER2),
Triple Negative Basal (negatives hormonal receptors and HER2 and positive
CK5/6) and Triple Negative Non-Basal (negatives hormonal receptors, HER2
and CK5/6).

Factors including age, tumor size along the greater axis, multifocality,
multicentricity, histological diagnosis, degree of differentiation, Nottingham
histological grade, vascular invasion, lymphatic invasion, perineural invasion,
skin and nipple impairment, necrosis in the infiltrating component, presence of
microcalcification, lymphoplasmacytic response, presence of in situ associated
component, extracapsular invasion of the sentinel lymph node and molecular
classification of the neoplasm were evaluated as metastasis predictors in
axillary lymph nodes by chi-squared and Fisher's exact test. Statistically
significant risk factors for non-sentinel lymph node metastasis in the univariate
analysis were included in a multivariate analysis using the logistic regression
model. A value of p < 0.05 was considered as statistically significant. All data

analyses were carried out using the SPSS version 18.0 for Windows.

Results

One-hundred and five (105) patients with diagnosis of ductal or of lobular
infiltrating breast carcinoma were identified, having metastasis in the sentinel
lymph node and that performed mastectomy and breast conserving surgery,

followed by radical axillary lymphadenectomy. The average age of those
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patients was 56 years old (ranging from 27 until 90 years old) and 96.2% had
diagnosis of infiltrating ductal carcinoma. Most of the tumors (59.0%) measured
between 2.0 and 5.0 cm along the greater axis, 13.3% of them were multifocal
and 2.9% were multicentric. Regarding the degree of differentiation, 72.4%
were poorly differentiated and 56.2% corresponded to Nottingham’s grade lil.
Lymphatic, vascular and perineural invasion was identified in 63.8%, 4.8% and
7.6% of the cases, respectively. In 34.3% of the infiltrating carcinomas there
was component of in situ carcinoma associated. Skin and nipple impairment,
necrosis in the infiltrating component, microcalcification and lymphoplasmacytic
response were present in 7.6%, 8.6%, 18.1% and 61.9% of the cases,
respectively. Luminal A molecular classification was found in 46.7% of cases,
followed by Luminal B, which corresponded to 37.1% of cases.

In 22.9% of sentinel lymph node biopsies the presence of extracapsular
invasion has been identified. Regarding axillary dissection, 58.1% of the
patients had metastasis at least in one lymph node. When grouped according to
the pTNM Pathological Classification, 21.0% had metastasis in 1, 2 or 3 lymph
nodes (pN1), 26.7% had between 4 and 9 lymph nodes (pN2) and 10.5% had
between 10 or more lymph nodes (pN3). The pathological characteristics of the
sample are resumed in Table 1.

In univariate analysis the presence of lymphatic invasion was more
commonly observed in the group with metastasis in axillary lymph nodes
(75.4% vs. 47.7%, p=0.003). Tumor multifocality was also a statistically
significant risk factor (19.7% vs. 4.5%, p=0.021), as well as the presence of

extracapsular invasion of the sentinel lymph node (29.5% vs. 13.6%, p=0.045).
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Factors age, tumor size along the greater axis, multicentricity, histological
diagnosis, degree of differentiation, Nottingham histological grade, vascular
invasion, perineural invasion, skin and nipple impairment, necrosis in the
infiltrating component, presence of microcalcification, lymphoplasmacytic
response, presence of associated component in situ and molecular
classification of the neoplasm have not shown to be statistically significant risk
factors. Results of the univariate analysis are represented in Table 2.

In the multivariate analysis (Table 3), lymphatic invasion (p=0.004) and
multifocality (p=0.039) were significant predictors of non-sentinel lymph node
metastasis. Otherwise, extracapsular invasion of the sentinel lymph node has

not shown to be a significant factor of metastasis in axillary lymph nodes.

Table 1. Pathological characteristics of patients with breast invasive carcinoma

and metastasis in sentinel lymph node

Characteristics Number(%)

Multicentricity

Present 3(2.9)

Absent 102 (97.1)
Multifocality

Present 14 (13.3)

Absent 91 (86.7)
Tumor size

<2.0cm 40 (38.1)

2.0-5.0cm 62 (59.0)

>5.0cm 3(2.9)



Histological diagnosis
Ductal
Lobular

Notthingham'’s classification
Degree |
Degree
Degree |l

Lymphatic invasion
Present
Absent

Perineural invasion
Present
Absent

Vascular invasion
Present
Absent

In situ carcinoma
Present
Absent

Skin and nipple impairment
Present
Absent

Molecular classification
Luminal A

Luminal B

31

101 (96.2)

4 (3.8)

5 (4.8)
41 (39.0)

59 (56.2)

67 (63.8)

38 (36.2)

8 (7.6)

97 (92.4)

5 (4.8)

100 (95.2)

36 (34.3)

69 (65.7)

8 (7.6)

97 (92.4)

49 (46.7)

39 (37.1)
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Luminal-HER2 and HER2 9 (8.6)
TN Basal 6 (5.7)
TN Non-basal 2(1.9)

Extracapsular invasion of SL
Present 24 (22.9)
Absent 81 (77.1)

Metastasis in NSL

Absent 44 (41.9)
1-3 linf. 22 (21.0)
4-9 linf. 28 (26.7)
10 or more linf. 11 (10.5)

TN = Triple Negative; SL= Sentinel Lymph Node; NSL = Non-sentinel Lymph

Node

Table 2. Univariate analysis of risk factors for axillary metastasis

Variable Negative NSL Positive NSL  p-value

Multicentricity 0.622
Present 1 2
Absent 43 59

Multifocality 0.021
Present 2 12
Absent 42 49

Tumor size 0.237
<2.0cm 20 20

2.0-5.0cm 22 40



>5.0cm

Notthingham'’s classification
Degree |
Degree Il
Degree Il

Lymphatic invasion
Present
Absent

Perineural invasion
Present
Absent

Vascular invasion
Present
Absent

In situ carcinoma
Present
Absent

Skin and nipple impairment
Present
Absent

Molecular classification
Luminal A
Luminal B
Luminal-HER2 and HER2

TN Basal

18

22

21

23

39

42

16

28

39

23

17

23

37

46

15

58

58

20

41

58

26

22

0.168

0.003

0.196

0.652

0.430

0.196

0.428

33
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TN Non-basal 0 2

Extracapsular invasion of SL 0.045
Present 6 18
Absent 38 43

TN = Triple Negative; NSL = Non-sentinel Lymph Node; SL= Sentinel Lymph

Node;

Table 3. Multivariate analysis of risk factors for axillary metastasis

Variable OR 95% CI p-value
Lymphatic invasion 3.36 1.46-7.70 0.004
Multifocality 5.14 1.08 —24.30 0.039
Extracapsular invasion of SL  2.65 0.95-7.36 0.061

SL= Sentinel Lymph Node;

Discussion

The sentinel lymph node technique is established as a trustable method
for evaluating axillary status, besides causing less morbidity in the
postoperative. The radical axillary dissection would be then indicated when the
sentinel lymph node was positive for metastasis. However, large studies
demonstrated that not all patients benefit from the dissection, especially those
in the initial stages of breast cancer. Thus, researches are being executed
aiming to define the clinical and pathological characteristics that predict the
increased risk of lymph node metastasis, indicating the need of radical axillary
dissection.

From the 105 patients included in our study, 58.1% had axillary metastasis

after radical dissection, corroborating data already demonstrated in other
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researches, in which 30% to 60% of patients with positive sentinel lymph node
also had metastatic axillary lymph nodes [8, 12-16].

Statistically significant relationship between metastasis in non-sentinel
lymph nodes and tumor multifocality was also found. Patients with multiple
focus of carcinoma in the same quadrant had higher risk than those ones with
one tumor only (19.7% vs. 4.5%, p=0.021). Similarly, the presence of lymphatic
invasion also demonstrates to increase the risk of axillary metastases (75.4%
vs. 47.7%, p=0.003). Considering the characteristics of the sentinel lymph node,
although the presence of extracapsular invasion was a statistically significant
risk factor in univariate analysis (29.5% vs. 13.6%, p=0.045), in the multivariate
analysis it did not reach statistical significance. Sample size may have
contributed to this result. Otherwise, the odds of non-sentinel lymph node
metastasis is 3.36 higher in the presence of lymphatic invasion compared to
absence and is 5.14 higher in the presence of multifocality compared to
absence (p=0,004 and p=0,039, respectively).

Researches performed so far found some similar results. Weaver et al.
(2000) [25] found large relationship between tumor size and number of positive
axillary lymph nodes. Posteriorly, Nos et al. (2003) [11] found relationship
between size of metastasis in lymph node and the possibility of metastases in
other axillary lymph nodes. In 6% of the cases where tumoral cells were
identified only using the additional method of immunohistochemistry and in 7%
of the cases of micrometastases identified by the usual staining, positive lymph
nodes were found after dissection, compared with 39% of cases with

macrometastases. However, this study could not identify a group where the
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chance of metastases in non-sentinel lymph nodes was remote, so that the
additional axillary dissection was not indicated.

According to the same theme, Cserni et al. (2004) [13] found an increase
of 62% in the risk of axillary metastasis for each centimeter of tumor, of 13% for
each millimeter of the size of the metastasis in the sentinel lymph node and of
192% when there is extracapsular invasion of the lymph node. Thus, the results
demonstrated that the presence of macrometastasis and of extracapsular
invasion significantly increase the risk of metastasis for other lymph nodes,
unlike micrometastasis or isolated tumor cells.

More recent studies have confirmed some of the findings and led to a
questioning about other factors, such as degree of differentiation, histological
classification and molecular classification. In the study of Zhou et al. (2012) [8]
the most important factors for the presence of lymph node metastasis were
tumor size, metastasis size in the sentinel lymph node and histological grade of
the tumor. Regarding the molecular classification, subtypes Luminal A and
Luminal B had higher risk.

Gulben et al. (2014) [19] found association between axillary metastasis
and size of the primary tumor, presence of angiolymphatic invasion, histological
grade and subtype of tumor. Among the subtypes, patients with Luminal HER2
and overexpression of HER2 had increased risk. One year later, Marazzo et al.
(2015) [23] demonstrated positive effect of vascular and angiolymphatic
invasion and tumor size and a negative effect of subtype triple negative over the
presence of metastasis. Based on that, they concluded that patients with
subtype triple negative and that do not have angiolymphatic invasion are not

benefited from radical axillary lymphadenectomy.
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Results found in this study and in other works corroborate the hypothesis
that tumoral characteristics such as size, presence of lymphatic and vascular
invasion, histological grade and multifocality and the extracapsular invasion of
the sentinel lymph node have significant relationship with the axillary status.
However, the molecular classification is not yet well defined, since results from
researches were divergent until this moment [8, 19, 21 — 23].

Limitations of our study include the sample size, the retrospective
character and not specifying the metastasis size in the sentinel lymph node.
However, the findings corroborate what was demonstrated in other researches.
Thus, it is important that new studies are carried out with a larger sample in
order to establish not only the risk of lymph node metastatic disease, but also
the precise indication of the radical axillary dissection, in order to optimize the

treatment of patients and to proportionate a better quality of life.
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4. Consideragoes finais

Este estudo faz parte de uma pesquisa maior, intitulada Estudo dos
marcadores tumorais no cancer de mama, aprovada pelo Comité de Etica em
Pesquisa da ISCMPA (parecer numero 525.170) de acordo com a Resolugao
466/2012 do CNS/MS. Esta iniciou em 2013, com o objetivo de investigar os
marcadores preditivos no cancer de mama, visando contribuir com informacodes
sobre o perfil das pacientes e as caracteristicas do tumor, correlacionando ao
progndstico e a sobrevida.

Sabe-se que o estado linfonodal é o fator progndéstico mais importante,
além de estar intimamente relacionado com a sobrevida no cancer de mama. A
técnica do linfonodo sentinela esta estabelecida como um método confiavel
para avaliar o status axilar, além de causar menor morbidade no poés-
operatdrio. O esvaziamento axilar radical estaria entdo indicado quando o
linfonodo sentinela fosse positivo para metastase. Entretanto, grandes estudos
demonstraram que nem todos os pacientes se beneficiam do esvaziamento,
principalmente aqueles em estagios iniciais do cancer de mama. Sendo assim,
pesquisas vém sendo realizadas no sentido de definir as caracteristicas
clinicas e histopatolégicas que predizem o risco aumentado de metastase
linfonodal, indicando a necessidade do esvaziamento axilar radical.

Os resultados encontrados no presente estudo e em outros trabalhos
confirmam a hipotese de que algumas caracteristicas tumorais, como tamanho
no maior eixo, multifocalidade, invaséo linfatica e vascular e grau histologico, e
do linfonodo sentinela, como tamanho da metastase e invasdo extracapsular,

possuem relagao significativa com o status axilar. No entanto, a influéncia da
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classificagcdo molecular ainda n&o esta bem definida, uma vez que os
resultados das pesquisas foram divergentes até o momento.

As limitagdes do nosso estudo incluem o tamanho da amostra, o carater
retrospectivo e a ndo especificacdo do tamanho da metastase no linfonodo
sentinela. Entretanto, os achados corroboram o que foi demonstrado em outras
pesquisas. Dessa forma, € importante que novos estudos com uma amostra
maior sejam feitos a fim de que se possa estabelecer ndo s6 o risco de doenga
linfonodal metastatica, mas também a indicagao precisa do esvaziamento axilar
radical, garantindo o melhor tratamento e proporcionando melhor qualidade de

vida para as pacientes.
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5. Anexos

5.1. Pathology & Oncology Research - Instructions for authors

Aims and Scope

Pathology & Oncology Research (POR) is an interdisciplinary Journal at
the interface of pathology and oncology including the preclinical and
translational research, diagnostics and therapy. Furthermore, POR is an
international forum for the rapid communication of reviews, original research,
critical and topical reports with excellence and novelty. Published quarterly,
POR is dedicated to keeping scientists informed of developments on the
selected biomedical fields bridging the gap between basic research and clinical
medicine. It is a special aim for POR to promote pathological and oncological
publishing activity of colleagues in the Central and East European region. The
journal will be of interest to pathologists, and a broad range of experimental and
clinical oncologists, and related experts. POR is supported by an acknowledged

international advisory board and the Aranyi Fundation for modern pathology.

Title Page

The title page should include:

The name(s) of the author(s)

e A concise and informative title

o The affiliation(s) and address(es) of the author(s)

e The e-mail address, telephone and fax numbers of the corresponding

author
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Abstract

Please provide an abstract of 150 to 250 words. The abstract should not

contain any undefined abbreviations or unspecified references.

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.

Text Formatting

Manuscripts should be submitted in Word.

Use a normal, plain font (e.g., 10-point Times Roman) for text.

e Use italics for emphasis.

o Use the automatic page numbering function to number the pages.

e Do not use field functions.

¢ Use tab stops or other commands for indents, not the space bar.

¢ Use the table function, not spreadsheets, to make tables.

e Use the equation editor or MathType for equations.

e Save your file in docx format (Word 2007 or higher) or doc format (older

Word versions).

Manuscripts with mathematical content can also be submitted in LaTeX.

o LaTeX macro package (zip, 182 kB)

Headings

Please use no more than three levels of displayed headings.
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Abbreviations

Abbreviations should be defined at first mention and used consistently

thereafter.

Footnotes

Footnotes can be used to give additional information, which may include
the citation of a reference included in the reference list. They should not consist
solely of a reference citation, and they should never include the bibliographic
details of a reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should
be indicated by superscript lower-case letters (or asterisks for significance
values and other statistical data). Footnotes to the title or the authors of the
article are not given reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a
separate section on the title page. The names of funding organizations should

be written in full.

Citation

Reference citations in the text should be identified by numbers in square
brackets. Some examples:
1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].
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3. This effect has been widely studied [1-3, 7].

Reference list

The list of references should only include works that are cited in the text

and that have been published or accepted for publication. Personal

communications and unpublished works should only be mentioned in the text.

Do not use footnotes or endnotes as a substitute for a reference list.

The entries in the list should be numbered consecutively.

Journal article

Gamelin FX, Baquet G, Berthoin S, Thevenet D, Nourry C, Nottin S,
Bosquet L (2009) Effect of high intensity intermittent training on heart
rate variability in prepubescent children. Eur J Appl Physiol 105:731-738.

doi: 10.1007/s00421-008-0955-8

Ideally, the names of all authors should be provided, but the usage of “et

al” in long author lists will also be accepted:

Smith J, Jones M Jr, Houghton L et al (1999) Future of health insurance.

N Engl J Med 965:325-329

Article by DOI

Slitka MK, Whitton JL (2000) Clinical implications of dysregulated

cytokine production. J Mol Med. doi:10.1007/s001090000086
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« Book

South J, Blass B (2001) The future of modern genomics. Blackwell,

London

o Book chapter

Brown B, Aaron M (2001) The politics of nature. In: Smith J (ed) The rise

of modern genomics, 3rd edn. Wiley, New York, pp 230-257

e Online document

Cartwright J (2007) Big stars have weather too. IOP Publishing
PhysicsWeb. http://physicsweb.org/articles/news/11/6/16/1. Accessed 26

June 2007

« Dissertation

Trent JW (1975) Experimental acute renal failure. Dissertation, University

of California

Always use the standard abbreviation of a journal’s name according to

the ISSN List of Title Word Abbreviations, see

e ISSN.org LTWA

If you are unsure, please use the full journal title.
For authors using EndNote, Springer provides an output style that

supports the formatting of in-text citations and reference list.

o EndNote style (zip, 2 kB)
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Authors preparing their manuscript in LaTeX can use the bibtex file

spbasic.bst which is included in Springer’s LaTeX macro package.

Tables

o All tables are to be numbered using Arabic numerals.

o Tables should always be cited in text in consecutive numerical order.

e For each table, please supply a table caption (title) explaining the
components of the table.

o Identify any previously published material by giving the original source in
the form of a reference at the end of the table caption.

o Footnotes to tables should be indicated by superscript lower-case letters
(or asterisks for significance values and other statistical data) and

included beneath the table body.

Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific
record. As a member of the Committee on Publication Ethics (COPE) the
journal will follow the COPE guidelines on how to deal with potential acts of

misconduct.

Authors should refrain from misrepresenting research results which could
damage the trust in the journal, the professionalism of scientific authorship, and
ultimately the entire scientific endeavour. Maintaining integrity of the research
and its presentation can be achieved by following the rules of good scientific

practice, which include:



48

The manuscript has not been submitted to more than one journal for
simultaneous consideration.

The manuscript has not been published previously (partly or in full),
unless the new work concerns an expansion of previous work (please
provide transparency on the re-use of material to avoid the hint of text-
recycling (“self-plagiarism”)).

A single study is not split up into several parts to increase the quantity of
submissions and submitted to various journals or to one journal over time
(e.g. “salami-publishing”).

No data have been fabricated or manipulated (including images) to
support your conclusions

No data, text, or theories by others are presented as if they were the
author's own (“plagiarism”). Proper acknowledgements to other works
must be given (this includes material that is closely copied (near
verbatim), summarized and/or paraphrased), quotation marks are used
for verbatim copying of material, and permissions are secured for

material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Consent to submit has been received explicitly from all co-authors, as
well as from the responsible authorities - tacitly or explicitly - at the
institute/organization where the work has been carried out, before the

work is submitted.
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Authors whose names appear on the submission have contributed
sufficiently to the scientific work and therefore share collective

responsibility and accountability for the results.

In addition:

Changes of authorship or in the order of authors are not accepted after
acceptance of a manuscript.

Requesting to add or delete authors at revision stage, proof stage, or
after publication is a serious matter and may be considered when
justifiably warranted. Justification for changes in authorship must be
compelling and may be considered only after receipt of written approval
from all authors and a convincing, detailed explanation about the
role/deletion of the new/deleted author. In case of changes at revision
stage, a letter must accompany the revised manuscript. In case of
changes after acceptance or publication, the request and documentation
must be sent via the Publisher to the Editor-in-Chief. In all cases, further
documentation may be required to support your request. The decision on
accepting the change rests with the Editor-in-Chief of the journal and
may be turned down. Therefore authors are strongly advised to ensure
the correct author group, corresponding author, and order of authors at
submission.

Upon request authors should be prepared to send relevant
documentation or data in order to verify the validity of the results. This

could be in the form of raw data, samples, records, etc.
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If there is a suspicion of misconduct, the journal will carry out an
investigation following the COPE guidelines. If, after investigation, the allegation
seems to raise valid concerns, the accused author will be contacted and given
an opportunity to address the issue. If misconduct has been established beyond
reasonable doubt, this may result in the Editor-in-Chief’'s implementation of the

following measures, including, but not limited to:

o If the article is still under consideration, it may be rejected and returned
to the author.

o If the article has already been published online, depending on the nature
and severity of the infraction, either an erratum will be placed with the
article or in severe cases complete retraction of the article will occur. The
reason must be given in the published erratum or retraction note.

e The author’s institution may be informed.
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