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LESOES NAO NEOPLASICAS DA GLANDULA MAMARIA DE CADELAS E SUA
RELAGAO COM CARCINOMAS ADJACENTES

RESUMO -S&o0 escassos estudos de lesdes ndo neoplasicas (LNN) em caes, assim
como a relagdo entre a presenca destas alteragdes e a ocorréncia simultanea de
neoplasias mamarias,seja na mama adjacente ou nas demais mamas da cadeia
mamaria onde ocorreu o tumor. O objetivo desse estudo foi determinara ocorréncia de
lesdes nao neoplasicas no parénquima mamario adjacente a tumores e em mamas
sem nodulos palpaveis localizadas em cadeias mamarias de cadelas com neoplasias e
correlacionar com tipo e grau histolégico de carcinoma.Para tanto, foi feita analise
histopatolégica de 314 amostras de mama com ou sem nddulo palpavel de 68 cadelas
submetidas a mastectomia. As alteragdes neoplasicas e ndao neoplasicas localizadas
adjacentes aos tumores e também nas mamas sem noédulos palpaveis na cadeia
mamaria foram identificadas esua ocorréncia foi associada com neoplasias malignas e
benignas por analise de contingéncia(Teste exato de Fischer). A idade minima das
cadelas nesse estudo (3 anos) coincide com a ocorréncia do primeiro ou segundo ciclo
estral. Em mamas sem nodulos palpaveis associadas a neoplasias na cadeia mamaria
ha ocorréncia de LNN e neoplasicas, demonstrando o risco de desenvolvimento de
uma nova neoplasia mamaria em outras glandulas de cadelas diagnosticadas com
carcinoma mamario. Este dado reforca a recomendacao de se realizar mastectomia
total, mesmo em cadelas que apresentem apenas um nodulo na cadeia. As LNN da
glandula adjacente a neoplasias e nas demais mamas sem nodulos estavam mais
frequentemente associadas a neoplasias malignas quando comparadas com as
neoplasias benignas. As mamas sem nédulos nas cadeias mamarias com mais de um
tipo de neoplasia maligna tiveram mais LNN do que aquelas com apenas um tipo de
neoplasia. HLA, que é considerada precursora de carcinomas invasivos de mama em
cadelas, ocorreu com maior freqiéncia associada aos carcinomas do que os demais
tipos de hiperplasia.

Palavras-chave: Canina; Glandula mamaria; Hiperplasia; Displasia; Prevaléncia.



NON-NEOPLASIC LESIONS OF CANINE MAMMARY GLANDS AND THE
RELATIONSHIP WITH ADJACENT CARCINOMAS

SUMMARY - Few studies analyzing non-neoplastic lesions (NNL) in mammary gland of
female dogs, as well as the relation between the presence of these alterations and the
simultaneous occurrence of mammary neoplasias, either in the mammary tissue
adjacent of mammary neoplasm or in the other breasts of the mammary chain with
tumor. The objective of this study was to determine the occurrence of non-neoplastic
lesions in the mammary tissue adjacent to tumors in breasts with no palpable nodules
located in the mammary chains of female dogs with neoplasms and to correlate with
histological type and grade of carcinoma. For this, a histological analysis of 314 breast
samples with or without a palpable nodule of 68 bitches submitted to mastectomy was
performed. The neoplastic and non neoplastic alterations located adjacent to the tumors
and also in the breasts without palpable nodules in the mammary chain were identified.
Their occurrence was associated with malignant neoplasms and benign by a
contingency analysis (Fischer's exact test). The minimum age of bitches in this study (3
years) coincides with the occurrence of the first or second estrous cycle. In breasts with
no palpable nodules associated with breast neoplasms there is an occurrence of NNL
and neoplastic lesions, demonstrating the risk of developing a new mammary neoplasia
in other glands of dogs diagnosed with breast carcinoma. This data reinforces the
recommendation to perform total mastectomy, even in female dogs with only one node
in the chain. NNL of the gland adjacent to neoplasias and in the other breasts without
nodules were more frequently associated with malignant neoplasias when compared
with benign neoplasias. Mammary glands without nodules in mammary chains with
more than one type of malignant neoplasm had more NNL than those with only one type
of neoplasia. ALH, which is considered the precursor of invasive breast carcinomas in
bitches, occurred more frequently associated with carcinomas than other types of
hyperplasia.

Keywords:Canine; mammary gland; hyperplasia; dysplasia; prevalence.
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CAPITULO 1 — CONSIDERAGOES GERAIS

1. INTRODUGAO

LesGes nao neoplasicas da glandula mamaria, tais como hiperplasia ductal, com
ou sem atipia sédo lesbes proliferativas nao invasivas do parénquima mamario
(MOUSER et al., 2010) e possivelmente estdo envolvidas no processo de progressao
tumoral, principalmente de neoplasias epiteliais (WITHROW; VAIL, 2007).

Modificagdes no componente epitelial mamario podem estar relacionados com o
maior risco de desenvolvimento do cancer de mama. No processo de carcinogénese, a
transformacdo celular € um processo gradativo que se iniciaria com proliferagéo
epitelial tipica (hiperplasia tipica), com posterior transformacao atipica (hiperplasia
atipica), para entao, ocorrer a transformagao em carcinoma nao invasivo, que poderia
resultar em progressao para invasao tecidual e formacdo de metastases em 6rgaos
distantes (LAKHANI, 1999).

Esta hipotese tem sido reforgada por varios autores ao verificarem que as
alteragcdes hiperplasicas da mama canina representam etapas evolutivas no processo
de carcinogénese, por meio da avaliagcdo da expressdo de marcadores moleculares
como receptores de estrégeno, progesterona, Ki67 e HER2(ANTUOFERMO et al.,
2007), expressao de genes envolvidos na proliferagado celular (RAO et al., 2009)e
proteinas de adesao de células epiteliais (JAKAB et al., 2008).

Similaridades morfolégicas e fenotipicas sado vizualizadas entre as lesdes
mamarias encontradas nos humanos e caninos, fazendo deste ultimo um modelo
adequado para estudos sobre o cancer em humanos. Além disso, devido a
caracteristicas epidemioldgicas, clinicas e antigénicas compartilhadas entre tumores
mamarios da espécie humana e canina possibilitam que tumores mamarios caninos
sejam utilizados como modelos comparativos de cancer de mama na mulher
(STRANDBERG; GOODMAN, 1974; WARNER, 1976; LINDBLAD-TOH et al., 2005).

Estudos sobre a prevaléncia de lesbes mamarias nao neoplasicas em caes séo
escassos, assim como a relagdo entre a presenca destas alteragdes e a ocorréncia
simultanea de neoplasias mamarias (FERREIRA et al., 2010), seja na mama adjacente
ou nas demais mamas da cadeia mamaria onde ocorreu o tumor.

Recentemente demonstrou-se que ha maior expressao de Ki-67 e PCNA na

mama nao tumoral adjacente a tumores fenotipicamente mais agressivos e esses
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fatores estdo associados ha menor sobrevida. Os autores sugeriram que os fatores de
crescimento produzidos pelo tumor podem agir na glandula mamaria adjacente nao-
neoplasica de forma paracrina, contribuindo para um microambiente tumoral altamente
proliferativo, o que demonstra que essas lesdes devem ser mais bem exploradas
(CARVALHO et al., 2016).

2. REVISAO DE LITERATURA

2.1. Desenvolvimento, anatomia, fisiologia e histologia da glandula mamaria.

O parénquima mamario se origina embriologicamente a partir de aparecimento
de dois espessamentos ectodérmicos ventrais lineares para o interior de regides
especializadas do mesoderma subjacente. Estes espessamentos s&do denominados de
crista mamaria e se desenvolvem em cinco pares de mamas estendendo-se da regiao
axilar até a regiao inguinal, evidenciando-se por volta do 25° dia de gestagao quando o
embrido tem 14mm de comprimento (SORENMO et al., 2011; EVANS; DE LAHUNTA,
2013).

As papilas mamarias se originam das células epiteliais do espessamento que, no
30° dia (19 mm), formam um cordao continuo de células que crescem no mesénquima
subjacente, posteriormente se ramificam para formar um broto mamario. No interior de
cada broto um lumen se forma através de um processo de cavitacido que se comunica
externamente via uma regiao do epitélio especializado e que se torna o teto na
superficie corporea. Cada broto ira formar o ducto papilarna glandula mamaria no
adulto (Figura 1) (DYCE; SACK; WENSING, 2004; SORENMO et al., 2011; EVANS;
DELAHUNTA, 2013).

No momento do parto a glandula mamaria consiste em uma complexa estrutura
ductal-lobular-alveolar associada com secrecao alveolar. Posteriormente, as glandulas
continuam crescendo em proporcd0 com o crescimento corporal e seu
desenvolvimento comeca na fémea adulta com a puberdade, com a liberagdao de
estrogenos pelo ovario e se completa durante a gravidez com o aumento dos niveis de
progesterona quando o epitélio ductal se prolifera e ha uma diferenciacao tubulo-
alveolar (SILVER, 1966; SORENMO et al., 2011).
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Figura 1: Formacéo do sistema de ductos papilares da glandula mamaria. 1 — Broto
primario quedaraorigem ao seio lactifero.
Fonte: Modificado de Dyceet al., 2004.

Geralmente os caes desenvolvem cinco pares de mama, porém alguns animais
podem apresentar quatro ou seis pares. No sentido cranio-caudal estao dispostas em
pares sendo quatro toracicas (M1 e M2 direita e esquerda), quatro abdominais (M3 e
M4) e duas inguinais (M5). Cada mama é caracterizada por um corpo mamario
(constituido de 8-12 Iébulos, tecido conjuntivo e pele) e uma papila mamaria (mamilo)
(Figura 2) (SILVER, 1966; EVANS; DELAHUNTA, 2013).

A glandula mamaria € uma glandula sudoripara modificada presente no tecido
subcutédneo (ALLISSONR; MADDUX, 2009; SORENMO et al., 2011). Caracterizada
histologicamente, quando ativa, por uma estrutura tubulo-alveolar composta que
secreta os nutrientes do leite de forma apdcrina e mesdécrina pelos adendmeros tubulo-
alveolares, que tem numero variavel de lobos separados por tecido conjuntivo e
adiposo. As unidades secretoras da glandula mamaria sdo constituidas por tubulos e
alvéolos secretores formados por células epiteliais cubicas rodeadas por células
mioepiteliais, que contraem sob influéncia da ocitocina.Uma capsula fibroelastica de
tecido conjuntivo frouxo reveste o corpo da glandula e sua porgao secretora € mantida

por um estroma de tecido conjuntivo frouxo (SAMUELSON, 2007).
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Figura 2: Glandula mamaria, topografia e estrutura.
Fonte: Modificado de Evans e DelLahunta, 2013.

Cada lobo é drenado por seu préprio ducto tubulo-lactifero, que antes de se abrir
no mamilo, é revestido por epitélio estratificado pavimentoso queratinizado. Cada ducto
se dilata formando um seio lactifero, este e o ducto lactifero (maiores) que se dirige a
ele sdo revestidos por epitélio cubodide estratificado, enquanto os ductos menores que
saorevestidos por epitélio colunar simples, ambos sédo rodeados por células fusiformes
mioepiteliais, situadas entre o epitélio e lamina basal. (GARTNER, G. P.; HIATT, J. L.,
2007). As células do alvéolo secretorio variam de cubdides a colunares com numero
variavel de goticulas de gordura que se acumulam em seu lumen, ja os alvéolos nao
secretorios tém células similares com as dos ductos menores. Rodeando os alvéolos
encontram-se células mioepiteliais em formato estrelado e em formato de raquete de
ténis (Figura 3) (LARSON, 1985; SORENMO et al., 2011).
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Figura 3: Estrutura do alvéolo e ducto associado.
Fonte: Modificada deLarson, 1985.

O tecido mesenquimal, quesustenta o componente epitelial da glandula
mamaria,se desenvolveu do mesoderma embriolégico e é composto por tecido
conjuntivo fibroso, que pode ser dividido em dois componentes: componente
intralobular envolvendo os ductos intralobulares, composto por finas fibras colagenas
envolvidas por ampla matriz extracelular, enquanto que o componente
interlobularsepara os lébulos e é composto por fibras coldgenas mais densas e menos
matriz extracelular. Além de tecido conjuntivo fibroso, o mesénquima contém tecido
adiposo, vasos sanguineos, nervos, e vasos linfaticos, também pode-se encontrar
histiocitos, mastoécitos e linfocitos no estroma(SORENMO et al., 2011).

A inervacdo da glandula mamaria canina esta associada principalmente com a
vascularizagdo e consiste de nervos peptidérgicos, que podem estar envolvidos na
regulacdo do fluxo sanguineo local. A presenca de neuropeptideos sensoriais nos
nervos que abastecem o mamilo sugere que estes peptideos podem também
desempenhar um papel na via aferente do reflexo de ejecdo de leite(PINHO;
GULBENKIAN, 2007).

A glandula mamaria dos cdes é um 6rgdo hormoénio-dependente que tem
atividade ciclica associada a fases de desenvolvimento e regressdo consecutivas que,
altera a histologia mamaria gerando caracteristicas diferentes entre as glandulas ao
longo da vida reprodutiva (Figura 4) (REHM; STANISLAUS; WILLIAMS, 2007;
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SANTOS; MARCOS; FAUSTINO, 2010). A descrigao e o conhecimento da histologia
da glandula mamaria durante o ciclo estral sdo importantes para avaliar alteragbes
patoldgicas que ocorrem no 6rgao (SORENMO et al., 2011; PENA et al., 2014).

No proestro de cadelas adultas é observado tecido glandular atréfico (glandula
inativa) composto por ductos interlobulares com pouca e pequenas estruturas lobulares
de lumen vazio e dupla camada de epitélio cubico rodeado com mioepitélio alongado e
continuo, alguns botdes finais e quantidade extensiva de tecido conjuntivo interlobular e
intralobular. Nos I6bulos menores, proveniente do ciclo estral anterior, pode haver
ocasionalmente estruturas alveolares revestidas por células epiteliais achatadas ou
cubicas vacuolizadas com uma camada descontinua de mioepitélio. No lumen desses
alvéolos e solto no tecido conjuntivo interlobular existem macréfagos com lipofuscina
(REHM; STANISLAUS; WILLIAMS, 2007; SANTOS; MARCOS; FAUSTINO, 2010).
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Figura 4: Representagéo das caracteristicas histolégicas da glandula mamaria durante

o ciclo estral, incluindo a fase pré-pubere e o 1° proestro.
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Fonte: Santos et al., 2010.

No inicio do estro o epitélio dos ductos interlobulares se tronam proliferados com
formacédo de multiplos ductos menores revestidos por uma ou mais camadas epiteliais
similares as células dos botdes finais. Com o aumento dos niveis de progesterona na
fase inicial do dietro ha maior desenvolvimento dos ductos, com a formagao de Iébulos.
O epitélio que reveste esses ductos apresentam varias camadas, e as células sao
pouco aderidas com nucleos eucromaticos arredondados a ovalados com 1-2 nucléolos
proeminentes e numerosas figuras de mitose. Os fibroblastos dentro do estroma
interlobular tém nudcleos mais proeminente e pode apresentar aumento da atividade
mitética. Na fase final do diestro ha formacao de alvéolos secretores na extremidade
terminal dos ductos intralobulares, preenchidos com uma secregao protéica e
revestidas por células que variam de cubdide para um epitélio mais fino. No inicio do
anestro os alvéolos contém menos secregcdo e sdo revestidos por ceélulas epiteliais
sustentadas por uma membrana basal mais proeminente. Alguns Iébulos mostram
mudangas associadas com a regressdo da glandula mamaria com o aumento da
quantidade de tecido conjuntivo intralobular e um infiltrado composto por linfocitos e
plasmocitos. No final de anestro o Ilumen do ducto é preenchido com material
eosinofilico, tem menor didmetro e |6bulos de menor tamanho. As células com nucleos
picnéticos formam ductos e alvéolos. O intersticio € mais abundante, as fibras de
colagenas sao compactas, e pode haver um infiltrado por linfécitos, plasmdcitos e
macrofagos contendo lipofuscina. O estroma interlobular € mais abundante e compacto
(SANTOS; MARCOS; FAUSTINO, 2010).

2.2. Frequéncia das neoplasias mamarias

As neoplasias estao entre as afecgdes mais comuns em caes, sendo os tumores
mamarios espontaneos os mais frequentes em cadelas adultas ndo castradas. Mais de
50% dos tumores sao malignos e representam um grupo de grande heterogeneidade
em termos de morfologia e comportamento biolégico (NERURKAR et al.,, 1989;
RUTTEMAN; WITHROW; MACEWAN, 2001; SORENMO, 2003; SLEECKX et al.,
2011).

Os tumores mamarios caninos serem o tipo mais comum de neoplasias em
cadelas (SLEECKX et al., 2011), os dados sobre sua incidéncia na populagédo canina

sao baseados em dados obtidos de hospitais veterinarios onde a populagdo é
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representativa somente de casos atendidos em clinicas veterinarias ou a partir de
bidpsias e necropsias realizadas nesses caes (VASCELLARI et al., 2016).

A taxa de incidéncia anual foi estimada em 198/100.000, sendo trés vezes maior
que na espécie humana (MISDORP, 2002). Em um estudo realizado na California,
(SCHNEIDER, 1970) foi reportada a incidéncia anual de 145/100.000 cadelas afetadas.
Estudos na Itdlia mostraram uma taxa anual de aproximadamente 200/100.000
(DOBSON et al., 2002; MERLO et al., 2008; VASCELLARI et al., 2009, VASCELLARI
et al., 2016).

Considerando que a maioria dos cées no Brasil sdo mestigos, torna-se dificil
definir se alguma raga especifica € mais afetada(KAMIGUCHI et al., 2016). No entanto,
uma maior frequéncia tem sido reportada em cdes das ragas Dachshunds, Cocker
Spaniels, Poodles toy, GermanShepherds, Pointer, Fox Terrier, Boxer e Beagleque
(RUTTEMAN, 1990; MISDORP, 2002).

As glandulas mamarias abdominais caudais e inguinais sdo as mais afetadas.
Multiplos tumores s&o encontrados entre aproximadamente 50% a 70% das cadelas
com neoplasias mamarias (MISDORP, 2002; SORENMO, 2003; SORENMO et al.,
2009). Nos casos de multiplos tumores, diferentes tipos podem estar presentes em
uma mesma mama (RUTTEMAN; WITHROW; MACEWAN, 2001).

Em média 70% das neoplasias mamarias apresentarem caracteristicas de
malignidade (OLIVEIRA FILHO et al.,, 2010). Dentre os carcinomas o subtipo mais
frequentemente descrito na literatura é o carcinoma em tumor misto (CASSALI, 2000;
CAVACANTI & CASSALI, 2006; RIBEIRO et al., 2009; TORIBIO et al., 2012). As
neoplasias malignas tem potencial de metastizacado e a distribuicdo dessas metastases
€ determinada de acordo com a drenagem sanguinea e linfatica do local do tumor
primario, os locais de eleicdo para metastases sédo os linfonodos regionais e

principalmente os pulmdes (DE NARDI et al., 2013).

Fatores prognésticos

Fatores prognésticos podem ser definidos como uma ou mais caracteristicas
clinicas, patoldgicas ou biologicas especificas de individuos e de seus tumores que
permitem a previsao da evolugao clinica e sobrevida do paciente sem ser submetido a
terapias adjuvantes adicionais apos a cirurgia inicial (CAVALCANTI; CASSALI, 2006).
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De outro modo, a avaliacdo de marcadores preditivos permite a selecao de pacientes
para tratamentos especificos e individualizados (MARINHO et al., 2008).

Diferentes fatores podem influenciar o desenvolvimento de tumores mamarios
em caes. Exposicéo a fatores de crescimento e horménios, principalmente estrégeno e
progesterona, aumentam o risco de formagao desses tumores, o que pode ser reduzido
significantemente pela condugéo de ovarioesterectomia precoce (SCHNEIDER; DORN;
TAYLOR, 1969; QUEIROGA et al., 2005).

A incidéncia de neoplasias mamarias em cadelas é extremamente alta em
regides onde a ovarioesterectomia precoce (antes dos dois anos de idade) ndo é uma
pratica na rotina clinica (DORN et al., 1968). O componente etiolégico hormonal é o
principal elemento estudado, sendo que o risco de aparecimento desse tumor nas
cadelas castradas antes do primeiro cio é de 0,05%, apds o primeiro cio 8% e apds o
segundo, o risco aumenta para 26% (OLIVEIRA et al., 2003; SORENMO, 2003;
PETROV et al., 2014). Os hormdnios sdo responsaveis por grande parte do controle no
metabolismo das células. Quando ha descontrole da secre¢do hormonal ocorre a
proliferagdo celular com consequentes mutagbes genéticas, levando a varias
alteragdes, dentre elas o cancer (MISDORP, 2002; SILVA; SERAKIDES; CASSALI,
2004; CASSALI et al., 2014).

A administracdo de horménios pode levar a maior probabilidade de ocorréncia
de neoplasias mamarias (PETROV et al., 2014). A utilizacdo de progestagenos
exdgenos como método contraceptivo gera uma estimulagdo da sintese de horménio
do crescimento na glandula mamaria, proliferacdo Iébulo-alveolar e consequente
hiperplasia de elementos mioepiteliais e secretorios, induzindo a formacao de nédulos
benignos em animais (RUTTEMAN; WITHROW; MACEWAN, 2001).

As cadelas de meia idade sdo mais afetadas (em média 09 a 11 anos) e um
aumento da incidéncia comecga a ocorrer aproximadamente aos 06 anos de idade. O
desenvolvimento de tumores mamarios malignos antes dos cinco anos de idade é
pouco frequente, e quando ocorre, normalmente € menos agressivo. Cadelas mais
jovens geralmente apresentam displasia ou hiperplasia (ALENZA et al., 2000).

Além de maior chance de serem malignos, os tumores em animais mais velhos
também sao de maior tamanho (PETROV et al., 2015; KAMIGUCHI et al., 2016). Com
0 aumento da preocupacdo com a sanidade dos animais devido a interacdo homem-
animal, a longevidade da populagdo canina tem aumentado. Assim como a

possibilidade de encontrar uma maior freqiéncia de tumores mamarios € maior
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incidéncia de tumores malignos em relagao aos benignos (BRODEY; GOLDSCHMIDT;
ROSZEL, 1983).

Outros fatores como predisposi¢cao genética e a dieta podem estar relacionadas
com o aparecimento de tumores mamarios. Animais obesos e com dietas ricas em
gordura, geralmente apresentam maior risco de desenvolver essas neoplasias
(BRANDAO et al., 2013; LIM et al., 2015). Sobrepeso ou obesidade em cadelas pode
estar associado com o aparecimento de tumores mamarios em cadelas mais jovens e
com maior invasao linfatica (LIM et al., 2015).

A determinacdo do estadiamento clinico permite a definicdo da extensdo do
tumor, a partir de indicagdes precisas relativa ao material enviado para analise para o
patologista e para a comparacdo de observagdes clinicas de diferentes fontes. Isso
permite um prognostico a ser estabelecido e o tratamento a ser planejado (HERMANEK
et al., 1997).

O estadiamento clinico é determinado de acordo com o sistema TNM
estabelecido pela Organizagdo Mundial de Saude (OMS) para tumores mamarios
caninos. Com base neste sistema, o tamanho da lesdo primaria (T), a extensédo da sua
expansao para os noddulos linfaticos regionais (N) e a presenca ou auséncia de
metastases distantes (M) deve ser avaliado (OWEN, 1980) (Tabela 1).

Tabela 1:Estadiamento clinico (TNM) de tumores mamarios caninos (modificado de OWEN, 1980).

T — Tamanho do tumor primario

T1 <3cm
T2 3-5cm
T3 >5cm

N - Linfonodo regional
NO Histologico ou citolégico — sem metastase
N1 Histoldgico ou citoldégico — metastase presente

M — Metastase a distancia
MO sem metastase a distancia
M1 com metastase a distancia

T N M
Estadiol T1 NO MO
Estadio Il T2 NO MO
Estadio lll T3 NO MO
Estadio IV Qualquer T N1 MO

Estadio V Qualquer T Qualquer N M1
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O tamanho do tumor é considerado um fator prognodstico independente para
tumores mamarios em cadelas, os tumores de tamanho 3,0 centimetros ou menores
sao significativamente correlacionadas com melhor prognéstico em comparagdo com
tumores maiores. Este parametro pode ser facilmente obtido e deve ser considerado na
tomada de decisbes a respeito de terapia complementar (SORENMO, 2003;
CAVALCANTI, 2006).

Durante um estudo sobre tumores mamarios, relatou-se que a maioria das
lesdes maiores que 5,0 cm (T3) foram malignas, com uma taxa de proliferacdo maior e
menor positividade para receptores de progesterona (RP), quando comparado com a
tumores menores (T1, T2) (FERREIRA et al., 2009).

Com relagao ao tipo histologico, neoplasias mamarias sao classificadas de
acordo com a origem celular. Frequentemente s&do de origem epitelial, mas podem
também ser de origem mesenquimal ou mista. Neoplasias mistas apresentam
proliferacdo de tecido epitelial e mesenquimal, mais tarde podem sofrer metaplasia
cartilaginosa ou 6ssea (CASSALI et al., 2012).

As caracteristicas macroscopicas como o tamanho, tempo de crescimento e
evolucédo, ulceragao, aderéncia a pele e tecidos subjacentes, sao critérios que podem

sugerir malignidade ou benignidade da neoplasia (MISDORP, 2002).

2.3. Lesodes nao neoplasicas da glandula mamaria em cadelas

A glandula mamaria de cades pode ser acometida por uma variedade de
patologias proliferativas epiteliais. Essas lesbes podem ser divididas em néo-
neoplasicas e neoplasicas (SCHNEIDER, 1970). Lesdes epiteliais ndo neoplasicas sao
frequentemente diagnosticadas em cadelas (MISDORRP et al., 1999).

A Organizagcdo Mundial de Saude (MISDORP et al., 1999)propdés uma
classificagdo para as lesdes neoplasicas e ndo neoplasicas de mamas de cadelas,
sendo esta classificagdo amplamente utilizada. Porém, no decorrer dos anos, varios
novos subtipos histolégicos de neoplasias mamarias em caes tem sido descritos.

Mais recentemente foram propostos outros consensos que estabeleceram

critérios de diagndstico e descricdo morfoldgica dessas lesdes, com o intuito de
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padronizar a classificagao das lesdes mamarias e facilitar a comparagao entre estudos
sobre patologia e prognéstico de lesdes mamarias em cadelas (GOLDSCHMIDT et al.,
2011; CASSALI et al., 2014). Porém, infelizmente, ainda ndo ha uma padronizagao
quanto a classificagado das neoplasias e hiperplasias/displasias mamarias utilizadas em
trabalhos cientificos na area veterinaria, o que dificulta a comparacédo entre estudos
(LIPSCOMB, 2012; MATOS et al., 2012).A Tabela 2mostra a comparagao entre as

classificagdes propostas para lesbes mamarias nao neoplasicas em cadelas.

Tabela 2: Classificagao histolégica de lesbes mamarias ndo neoplasicas em cadelas.

Misdorpet al.(1999) Goldschmidtet al.(2011) Cassaliet al. (2014)

1. Hiperplasia Ductal 1. Epiteliose 1. Hiperplasia Epitelial

2. Hiperplasia Lobular 2. Hiperplasia Lobular 1.1. Hiperplasia ductal
2.1. Hiperplasia epitelial 2.1. Regular 1.2.Hiperplasia lobular
2.2. Adenose 2.2. Com atividade 1.3.Adenose

Secretoria
3. Cisto 2.3. Com fibrose 2. Lesao de células
colunares
4. EctasiaDuctal 2.4. Com atipia 2.1. Alteracdo de células
colunares

5. Fibrose Focal 3. EctasiaDuctal 2.2. Hiperplasia de
(fibroesclerose) células colunares

6. Ginecomastia 4. Papilomatose 2.3.Lesdo de células

colunares com atipia

5. Alteracdo
Fibroadenomatosa

6. Ginecomastia

Goldschmidt e colaboradores (2011) classificam as lesdes ndo neoplasicas na
cadela em: ectasia ductal, hiperplasia lobular (regular, com atividade secretéria, com
fiborose e com atipia), epiteliose, papilomatose, alteracdo fibroadenomatosa e

ginecomastia.
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Histologicamente, a Ectasia Ductal (ED) apresenta dilatagao cistica dos ductos
maiores, no lumen dos ductos ha acumulo de debris necroticos e variavel numero de
macrofagos espumosos em meio a material lipidico e cristais de colesterol
(GOLDSCHMIDT et al., 2011). O padrdo de marcagao imunohistoquimica da ED é
similar aos padrées encontrados na glandula mamaria normal(VOS et al., 1993). Afeta
cadelas castradas e n&o castradas de varias idades e ndo existe associagdo com o
aumento do risco de acontecimento de neoplasia mamaria em cadelas com essa
alteracédo (MILLER et al., 2001).

A hiperplasia lobular (HL) é caracterizada pela proliferagdo nao neoplasica dos
ductos intralobulares, com aumento do numero de ductos e acinos por lobulo. Essas
lesGes podem ser encontradas no parénquima mamario adjacente a neoplasias
benignas ou malignas. Podem exibir células epiteliais sem alteragcbes atipicas, sendo
denominada hiperplasia lobular regular (HLR). Quando apresentam células cuboidais
com atividade secretora e acumulo de secrecdo no lumen dos acinos, caracterizam
hiperplasia lobular com atividade secretoria (HLS). No caso da hiperplasia apresentar
grande quantidade de tecido conjuntivo fibroso interlobular € denominada hiperplasia
lobular com fibrose (HLF). A hiperplasia sera denominada como hiperplasia Lobular
com atipia (HLA) quando exibir atipia celular com nucleos hipercromaticos,
anisocariose e anisocitose e até mesmo variavel numero de figuras de mitose
(GOLDSCHMIDT et al., 2011). A HLA com um alto grau de atipia pode ser dificil de ser
diferenciada do carcinoma in situ (MISDORP et al., 1999).

A epiteliose (EP), também chamada de Hiperplasia Intraductal, caracteriza-se
pela proliferacao regular de células epiteliais para dentro do lumen dos ductos, com
agregados celulares preenchendo o lumen dos mesmos. As células exibem nucléolo
hipercromatico com nucleo pequeno. A proliferacao epitelial papilar intraductal focal a
multifocal, ndo sustentada por tecido fibrovascular, € denominada de papilomatose
intraductal (Pl) (GOLDSCHMIDT et al., 2011).

Hiperplasia ductal ou lobular pode progredir para displasia e depois para uma
neoplasia e a partir de um adenoma benigno se transformar em carcinoma nao invasivo
e, no estagio final, em formas invasivas(FOSTER, 2013). Estudos demonstram que
cadelas que apresentam lesdes histoldgicas pré-cancerosas (hiperplasia atipica) tém
maior risco de desenvolver neoplasias mamarias (ANTUOFERMO et al., 2007,
MOUSER et al., 2010).
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Sorenmo e colaboradores (2009) demonstraram que tumores malignos podem
se desenvolver a partir de um tumor benigno pré-existente. Sugerindo que lesdes
hiperplasicas, displasicas e benignas participam de etapas do processo de
cancerizagdo, sendo precursoras do cancer de mama (ANTUOFERMO et al., 2007,
MOUSER et al., 2010; SORENMO et al., 2009). Isso pode ser explicado pelo fato de
todo parénquima mamario estar exposto a mesma quantidade de hormdnios,
justificando o desenvolvimento de multiplos tumores e a presenga de varios estagios de
transformacao do epitélio mamario ao mesmo tempo (SORENMO et al., 2009).

As hiperplasias mamarias caninas apresentam alteragdes de expressao génica
envolvidas em proliferacdo e adesao celular, que estdo relacionadas a homeostase
celular, e quando desreguladas podem causar o cancer. Alteragbes no padrdo de
expressao de fatores de transcrigdo, ou nos genes envolvidos em manter a integridade
do DNA e motilidade celular também podem indicar estagios iniciais de transformacao
neoplasica (RAO et al., 2009).

Em mulheres, maior risco de aparecimento de neoplasias malignas tem sido
associado com bidpsia prévia de lesbes ndo neoplasicas. Sugerindo que a maioria dos
tumores mamarios em humanos também se origina de lesdes benignas, consideradas
com potencial de pré-malignidade (ARPINO; LAUCIRICA; ELLEDGE, 2005;
HARTMANN et al., 2005).

O atual modelo de progressao do cancer de mama humano propde um processo
de passo multiplo linear que inicia como atipia epitelial, progride para hiperplasia ductal
atipica e evolui para carcinoma ductal in situ, progredindo para fase potencialmente
letal do carcinoma ductal invasivo. Isso sugere que na carcinogénese da glandula
mamaria, atipia € um elo importante entre a lesdo benigna e maligna (ARPINO;
LAUCIRICA; ELLEDGE, 2005; BOMBONATI; SGROI, 2011).

Alteragbes como adenose, papiloma intraductal, papiloma com esclerose,
hiperplasia ductal, hiperplasiaductal atipica e carcinomain situ foram identificadas em
associagao com tumores mamarios em cadelas. Lesbes mamarias intraepiteliais sem
atipia foram associadas a tumores benignos, enquanto as lesdes com atipia
(hiperplasia ductal atipica) e carcinoma ductal in situ geralmente foram associadas com
neoplasias mamarias malignas (ANTUOFERMO et al., 2007). Além disso, o perfil
molecular dessas lesdes sugere que hiperplasia mamaria atipica e o tecido nao

neoplasico adjacente aos tumores mamarios podem ter importante papel no processo
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de transformacdo neoplasica maligna e representar uma alteracdo pré-cancerosa
(ANTUOFERMO et al., 2007; FERREIRA et al., 2012).

Mouser e colaboradores (2010) realizaram analise histologica e
imunohistoquimica de lesdes intraepiteliais, em cadelas sem evidencias clinicas(sem
ndédulos mamarios palpaveis) ou historico de doenga mamaria. Nesse estudo, 52%das
cadelas apresentavam pelo menos um tipo de lesao intraepitelial, incluindo hiperplasia
ductal e hiperplasia ductal atipica ou carcinoma ductal in situ, sendo que 21 céaes
(19,4%) tinham mais de um tipo de lesédo intraepitelial. Porém, até onde se pode saber,
nao ha estudos que tenham avaliado prevaléncia das lesdes intraepiteliais, em mamas

sem noédulos palpaveis, de cadelas acometidas por neoplasias mamarias.
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Correlation of non-neoplastic mammary lesions with type and histological grade of dogs with
mammary neoplasm

Tais Meziara Wilson'*, Mariana Ribeiro de Castro', Natascha Almeida Marques da Silva?
Alessandra Aparecida Medeiros- Ronchi!

Summary

Hyperplasias and dysplasia of the canine mammary gland are evolutionary stages in the
carcinogenesis, few studies describe these lesions, as well as their epidemiological characteristics
and association with mammary neoplasms. The aim of this study was to determine the
occurrence of non-neoplastic mammary lesions adjacent to mammary tumors and no palpable
nodules located in the mammary chains of female dogs with neoplasias, as well as to verify the
influence of the number of malignant neoplasms in the mammary chain, of histological grade
and type of carcinoma in the frequency of these non neoplastic lesions. 314 samples of
mammary tissue from 68 female dogs that were submitted to mastectomy due to mammary
tumors. All mammary glands tissue, with or without a nodule, were submitted to
histopathological analysis to evaluate the neoplastic and non neoplastic alterations located
adjacent to the tumors and also in the mammarys without palpable nodules in the mammary
chain. Fischer's exact test was applied to verify the association between the occurrence of non
neoplastic changes and the histological grade and type of the neoplasms. The average age of the
dogs was 9.8 years, with a minimum of 3 years. Of the mammary samples, 138 had palpable
nodules and 176 had no palpable nodules. Histopathology 18 (13%) samples from mammarys
with nodules presented non neoplastic lesions, and 120 (87%) presented neoplastic lesions. In the
mammarys that didn’t have palpable nodules, 145 (82.40%) samples presented non-neoplastic
lesions, 25 (14.2%) samples had neoplasms, and in only six (3.4%) no alterations were observed
in the mammary tissue. In the evaluation of non neoplastic lesions in the mammary tissue
adjacent to the tumors, 253 lesions were observed, being DE (n= 126), LH (n = 37), ALH (n =
22), SLH (n = 18), LHF (n=11), EP (n = 20) and IP (n = 19). ALH occurred with a higher
frequency of mammary tissue adjacent to carcinomas. However, there was no correlation of
histological type and degree with the occurrence of non-neoplastic lesions. The 160 samples with
hyperplastic and dysplastic lesions located in the mammarys without tumor of the same
mammary chain were: ED (n = 131), LH (41), ALH (n = 13), LHS (n = 32), LHF (n=12), EP (n
=38) and PI (n = 37). In these mammarys [P and SLH were more frequent when the tumor was
malignant and FLH and EP were more frequent when the tumor was benign and histological
grade did not influence in the frequency of NNL. NNL were more frequent in the other
mammarys when the bitch had more than one tumor in the mammary chain in the other
mammarys in the mammary chain. In conclusion, the type and histological grade did not
influence the frequency of non neoplastic lesions, but the histopathological analysis of mammary
glands without nodules should not be neglected, since the non neoplastic changes of the gland
adjacent to neoplasms and in the other mammarys without nodules in the mammary chain whith
tumor were more frequently associated with malignant neoplasias when compared with the
benign neoplasms.

Keywords: Hyperplasias, dysplasias, prevalence, female dog, mammary neoplasia.



36

Introduction

Mammary tumor progression model in women proposes that modifications in the
mammary epithelial component lead to gradual cell transformation, starting with typical
epithelial proliferation (typical hyperplasia), subsequent atypical transformation (atypical
hyperplasia), modifying in non-invasive carcinoma, which could result in progression to tissue
invasion and formation of distant organ metastases (Wellings and Jensen 1973; Lakhani 1999).

This model has been suggested for dogs by several authors who verified that hyperplastic
changes in the canine mammary represent evolutionary stages in the carcinogenesis process,
evaluating the expression of molecular markers such as estrogen, progesterone, Ki67 and HER2
receptors (Antuofermo et al., 2007) gene expression involved in cell proliferation (Rao et al.,
2009, Carvalho et al., 2016) and epithelial cell adhesion proteins (Jakab et al., 2008).

Few studies describe non-neoplastic lesions (NNL), such as dysplasias and hyperplasias
in dogs without neoplastic disease (Nelson et al. 1973; Mouser et al. 2010) or associated with
mammary neoplasms (Antuofermo et al., 2007, Ferreira et al., 2010, Carvalho et al., 2010).

To the best of our knowledge, there have been no studies evaluating the prevalence of
these lesions in mammarys without palpable nodules of female dogs affected by mammary
neoplasms. In order to generate information that may contribute to the clarification of the role of
these lesions in tumor progression, this study aimed to: 1) verify the occurrence of NNL in the
mammary tissue adjacent to mammary tumors, as well as in mammarys with no palpable nodules
located in mammary chains of dogs with neoplasias; 2) to verify if the type and histological
grade of carcinoma influences the frequency of NNL in the adjacent mammary tissue and in
other mammals of the mammary chain, and 3) to verify if the number of carcinomas in the
mammary chain influences the frequency of NNL in the other mammarys.

Materials and methods
Animals and samples

Total of 314 samples of mammary tissue from dogs of the Animal Pathology Laboratory
of the Federal University of Uberlandia (UFU) were studied. Samples came from 68 dogs of
different races and ages, with mammary lesions, which were voluntarily referred for clinical and
surgical care at the Veterinary Hospital of UFU.

After the clinical evaluation and according to the veterinary medical recommendation, the
dogs were submitted to surgical treatment using partial mastectomy techniques, unilateral total
mastectomy or bilateral total mastectomy, with removal of regional lymph nodes. As for the age
group, dogs were grouped as: young (up to one year), adults (one to eight years) and elderly
(more than eight years).

Immediately after surgical excision, the excised mammary chains were sent to the
Pathology Laboratory and palpated to identify palpable nodules, which were measured using a
Zaas® caliper. Samples were then collected from all excised mammarys (affected or not by
nodules or palpable masses), containing skin and subcutaneous tissue. Each sample was
identified with anatomical denomination of each mammary (thoracic mammals - M1 and M2,
abdominal - M3 and M4 and inguinal - M5) and stored separately in a 10% buffered formalin
solution.

Histopathological analysis
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Samples were processed and histological sections of 4um were stained with the
hematoxylin and eosin (HE) technique. Diagnosis of mammary lesions was performed in a
double-blind study by two pathologists according to Goldschmidt et al. (2011).

Neoplastic lesions, as well as non-neoplastic lesions (NNL), were evaluated. These were
grouped, according to location, into: 1) lesions in the mammary adjacent tissue to the tumors; 2)
lesions in the other mammarys without tumor of the same mammary chain. Neoplastic lesions
were grouped into benign and malignant, and these were grouped into complex and simple
carcinomas. Histological histology of mammary carcinomas was attributed according to Elston
& Ellis (1991).

Statistical analysis

Statistical evaluation was performed using GraphPadInstat® software. Contingency
analysis was performed by Fischer's exact test to verify the association between the occurrence
of NNL adjacent to the tumors and in the mammarys without palpable nodules located in the
mammary chain of dogs with neoplasms with the type and histological grade of the neoplasias.

Results

We obtained information on the age of 64 dogs, and none of the dogs were young. The
mean age was 9.8 years, ranging from 3 to 16 years. The frequency of NNL was similar in adult
and elderly dogs (Table 1).

Intraepithelial neoplasms (hyperplasias and dysplasias) were identified in the mammary
adjacent tissue to the tumors and in the mammary tissue without tumor of the same mammary
chain, including ductal ectasia (ED), lobular hyperplasia regular (LH), lobular hyperplasia with
atypia (ALH), regular hyperplasia with secretory activity (LHS), lobular hyperplasia with
fibrosis (LHF), epitheliosis (EP) and intraductal papillomatosis (IP) (Fig. 1) (Table 1).

Ductal ectasia was the most frequent alteration, followed by LH, PI and ALH, both in the
mammary adjacent tissue of tumors and in the mammary tissue without tumor of the same
mammary chain.

Of the mammarys evaluated (n = 314), 138 had palpable nodules and 176 had no palpable
nodules. At the histopathological examination, 18 (13.04%) samples from mammarys with
nodules had NNL, and 120 (87%) had neoplastic lesions. In the mammarys that did not have
palpable nodules, 145 (82.40%) samples presented NNL, 25 (14.2%) samples presented
neoplasms and in only six (3.4%) no alterations were observed in the mammary tissue.
Considering 308 samples with neoplastic or non-neoplastic lesions, neoplastic proliferations
were identified in 145 samples and NNL were found in 163 samples.

Of neoplastic lesions, 44 were benign and 104 were malignant. Among the benign tumors
the simple adenoma was the most frequent and among malignant the complex carcinoma. The
benign neoplasms identified were: simple adenoma (n = 18), benign mixed tumor (n = 13),
complex adenoma (n = 9), intraductal papillary adenoma (n = 3) and myoepithelioma (n = 1). 60
complex carcinomas were diagnosed: complex carcinoma (n = 34), carcinoma in mixed tumors
(n = 25) and carcinosarcoma (n = 1); (n = 9), carcinoma in situ (n = 8), solid carcinoma (n = 8),
papillary carcinoma (n = 3), papillary carcinoma adenovasal carcinoma (n = 3), intraductal
papillary carcinoma (n = 2), comedocarcinoma (n = 1) and micropapillary carcinoma (n = 1).

Of the 18 (13.04%) samples from mammarys with nodules that presented non-neoplastic
lesions, considering that some mammarys presented more than one lesion, were evidenced ED (n
=16),EP(n=7),PI5),LH(n=5), ALH (n=1), LHF (n=1), LHS (n=1).

In the case of mammarys without palpable nodules that presented neoplastic
proliferations (n = 25), histological types identified were: carcinoma in situ (n = 5), tubular
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carcinoma (n = 2), solid carcinoma (n = 1), simple adenoma (n = 9), complex adenoma (n = 2),
benign mixed tumor (n = 2), complex carcinoma (n = 3), and mixed tumor carcinoma (n = 1).

Histological grade was assigned to 96 carcinoma samples, with the exception of
carcinoma in situ, of which 60 were complex carcinomas and 36 were simple carcinomas. Most
of the complex carcinomas were found to be Grade I (66.7%), 30% grade II and 3.3% grade III,
while simple carcinomas showed grade II (43.2%) more frequently, followed by grade I (29.6%)
and grade III (9.3%).

In the evaluation of the non-neoplastic lesions in the mammary adjacent tissue of tumors,
253 lesions were observed, considering that in a simple sample with mammary neoplasia, more
than one type of adjacent non-neoplastic lesion was identified. The most frequent non-neoplastic
lesion was ED (n = 126), followed by LH (n = 37), ALH (n = 22), LHS (n = 18), LHF and PI (n
= 19) (Table 2). However, there was no association between type (p = 0.6503) and histological
grade with frequency (p = 0.4826) of NNL.

Of the 68 dogs evaluated, 16 had mammarys without palpable nodules associated with
only one type of benign neoplasia, 17 had mammarys without palpable nodules associated with
only one type of malignant neoplasia, and 35 had mammarys without palpable nodules
associated with more than one type of malignant neoplasia.

Considering all mammarys without palpable nodules, regardless of being associated with
only one type of benign neoplasia (n = 16), with only one type of malignant neoplasm (n = 17) or
with more than one type of neoplasm = 35), we identified 160 samples with NNL. Considering
that more than one type of alteration was observed in a single sample, ED (n = 131) was the most
frequent lesion, followed by LH (41), ALH (n = 13), LHS (n = 32), LHF (n = 12), EP (n = 38)
and PI (n = 37).

In the evaluation of the relationship between the type and histological grade of the tumor
and the NNL in the other mammarys in the mammary chain associated to only one type of
neoplasia, it was verified that the IP and LHS were more frequent in the other mammarys in the
mammary chain when the tumor was malignant and LHF and EP were more frequent when the
tumor was benign. However, the histological grade did not influence the frequency of NNLs in
the other mammarys in the mammary chain. Table 3 summarizes the occurrence of NNL of
mammarys without nodules located in mammary chains with only one type of benign or
malignant neoplasia.

We also evaluated the frequency of NNLs located in mammary mammarys that had only
one type of malignant neoplasia in relation to the frequency of NNL in the mammarys located in
the mammary chain with more than one neoplasia (Table 4). It was found that in all cases there
was at least one type of malignant neoplasm associated and it could be associated with other
malignant neoplasm (s) or benign neoplasm (s). It was observed that the NNL were more
frequent in the other mammarys when the bitch had more than one tumor in the mammary chain.

Discussion

The minimum age of dogs affected by neoplasms and NNL in this study was three
years, and the frequency of NNL was similar between adult and old dogs. Warner (1976)
evaluated the frequency of dysplasias in dogs from six months to four years of age, and found
this change only in dogs older than two years of age, more frequently in dogs three to four years
of age, suggesting that two-year-old is probably the age of onset of development of these lesions
coinciding with the full growth of the mammary gland of dogs soon after the first or second
estrous cycle. In the present study, LH, PI and ALH were frequent, both in the mammary
adjacent tissueto the tumors and in the mammary tissue without tumor of the same mammary
chain.NNL were described in dogs with no history of mammary neoplasia, and 51.9% of the
dogs presented at least one NNL (ductal hyperplasia, with or without atypia, or carcinoma in
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situ) and 19.4% had two or more NNLs simultaneously and about 22.2% of the dogs had atypical
hyperplasia (Mouser et al., 2010).

Although ED is the most frequent alteration in the present study, references regarding
this NNL are rare. ED affects castrated and uncastrated dogs of various ages, and there is no
association with increased risk of mammary cancer in dogs with this alteration, but ED can occur
concomitantly with neoplasms (Miller et al., 2001).

In the evaluation of mammarys with palpable nodules (less than 0.5 cm), 18 (13.04%)
were diagnosed as hyperplasias and dysplasias, among them ectasiaductal, epitheliosis,
papillomatosis, regular atypical lobular hyperplasia with secretory activity and with fibrosis.
Previous studies have reported the occurrence of non-neoplastic mammary nodules, but with a
much higher frequency (56%) (Cameron and Faulkin 1971). Premalignant lesions such as
adenoma with atypia, lobular hyperplasia, ectasiaductal carcinoma, in situ carcinoma,
epitheliosis, and secretory hyperplasia have been identified in previously palpable tumors and are
considered precursors of malignant mammary tumors, due to the fact that malignant tumors are
often larger than the benign ones (Sorenmo et al., 2009).

In the present study neoplastic alterations, both malignant and benign, were evidenced in
mammarys without palpable nodules. Mouser et al. (2010) identified neoplasms in dogs without
evidence of nodules, but only benign neoplasms. These authors reported that adult dogs develop
spontaneous intraepithelial lesions even in the absence of tumors. In the present study, in which
dogs had mammary neoplasms, 82.40% of mammarys without palpable nodules presented non-
neoplastic lesions, and in only six (3.4%) no alterations were observed in the mammary tissue.
The occurrence of hyperplasia / dysplasias in mammary-feeding palpable nodules associated
with the presence of neoplasms in the mammary chain (14.25%), as observed in this study,
reinforces the hypothesis of other authors (Antuofermo et al. et al., 2010; Foster 2013) that
carcinomas may develop from intraepithelial lesions.

Ductal or lobular hyperplasia may progress to dysplasia and then to a neoplasm and
from a benign adenoma to non-invasive carcinoma and, in the final stage, to invasive forms
(Foster 2013). Studies have shown that dogs with precancerous histological lesions (hyperplasia,
atypical hyperplasia and carcinoma in situ) are at higher risk of developing mammary cancers
(Antuofermo et al., 2007; Mouser et al. 2010).

Non-neoplastic mammary lesions are detected adjacent to mammary neoplasms
(Antuofermo et al., 2007, Ferreira et al., 2012, Carvalho et al., 2016). However, in the present
study, both histological type and grade did not influence the frequency of non-neoplastic lesions.
Intraepithelial lesions without atypia were associated with benign tumors, whereas lesions with
atypia (atypical ductal hyperplasia and ductal in situ carcinoma) were generally associated with
malignant mammary neoplasms (Antuofermo et al., 2007). The ALH occurred with a higher
frequency of the mammary adjacent tissue to the carcinomas. This data corroborates reports that
this type of lesion is a precursor of invasive mammary carcinomas in dogs (Ferreira et al., 2012)
and this hypothesis has also been supported by studies in humans (Rao et al. 2002, 2009; Arpino
et al. 2005; Hartmann et al. 2005; Bombonati e Sgroi 2011).

In the case of the other mamma without nodules located in the mammary chain with
tumor, it was verified that the NNL, PI and LHS, were more frequent in the other mamma in the
mammary chain when the tumor was malignant and the LHF and EP were more frequent when
the tumor was benign.

Growth factors produced by the tumor may contribute to the formation of a highly
proliferative tumor microenvironment, thus influencing the adjacent non-neoplastic mammary
gland in a paracrine manner (Carvalho et al., 2016). It is not yet known if these growth factors
could also act on other mamma in the mammary chain.

Sorenmo et al. (2009) have demonstrated that malignant tumors can develop from a pre-existing
benign tumor. We suggest that hyperplastic, benign and dysplastic lesions participate in stages of
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the cancerization process, being precursors of mammary cancer (Antuofermo et al., 2007,
Sorenmo et al., 2009).

Pre-cancerous / dysplastic / hyperplastic changes in mamma without palpable masses,
located in the mammary chain with at least one neoplasia, were not previously reported. There
was a high frequency (82.4%) of these alterations, thus, due to the possibility of intraepithelial
lesions evolving to malignant neoplasias (Antuofermo et al., 2007, Mouser et al., 2010), this
study reinforces the recommendation of complete mastectomy, even in dogs that present only
one node in the chain, due to the chance of recurrence (Stratmann et al., 2008).

Regarding the chance of recurrence, 58% of dogs that were treated with regional
mastectomy of a simple mammary tumor developed a new tumor in the remaining mammary of
the same mammary chain, demonstrating that there is a greater risk of developing a new
mammary neoplasm in other dogs glands previously diagnosed with mammary carcinoma
(Stratmann et al., 2008).

In previous studies the pathological and immunophenotypic characteristics of
intraepithelial and hyperplastic lesions adjacent to mammary tumors were compared with similar
lesions in humans, suggesting that the dog may be a suitable model for the study of the
progression and biological behavior of these lesions in women (Antuofermo et al. 2007; Ferreira
et al., 2010). Mammary-palpable mammarys with mammary-chain NNL of dogs undergoing
amastectomy is an easily accessible material that could be used in molecular studies on
neoplastic progression in dogs and as a model for women.

Antuofermo et al. (2007) demonstrated a high prevalence of intraepithelial lesions
adjacent to malignant mammary tumors when compared to benign ones, and these intraepithelial
lesions are considered to be at high risk for progression to an invasive carcinoma. In the present
study, in the evaluation of the relationship between the number of tumors in the mammary chain
and the frequency of NNLs in the other mammarys in the mammary chain, it was observed that
the NNL were more frequent when dog had more than one tumor in the mammary chain.
However, further studies are needed to determine the role of NNLs in tumor progression and the
process of canine cancerization

Conclusions

Non-neoplastic alterations of the mammary gland occur frequently, both in adjacent tissue to
mammary neoplasms, and in mammarys without palpable nodules present in the neoplasia chain.
The type and histological grade do not influence the frequency of NNL. When the bitch has more
than one mammary carcinoma, the frequency of NNLs in the other mammarys without palpable
nodes present in the neoplasia chain is higher. Thus, the histopathological analysis of all
mammarys of dogs with mammary tumors submitted to mastectomy should be performed for
investigation of non-neoplastic and neoplastic lesions.
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Table 1. Number of dogs with non-neoplastic lesions according to age and location (adjacent to the tumor and in the
other breasts of the mammary chain).

Tipo Age ' Local'ization .

NNL Adult (3 - 8 years) Elderly (> 8 years) Adjacente without palpgble nodules in the
(n=28) (n=36) to tumor (n=68) chain (n=68)

DE 28 (100%) 31 (86,1%) 64 (94,1%) 62 (91,2%)

LHR 12 (42,9%) 15 (41,7%) 25 (36,8%) 28 (36,8%)

ALH 4 (14,3%) 7 (19,5%) 18 (26,4%) 18 (26,5%)

LHS 7(12%) 3(8,3%) 11 (16,2%) 12 (17,6%)

LHF 4 (14,3%) 3(8,3%) 8 (11,8%) 5(7,4%)

EP 10 (35,7%) 13 (36,1%) 17 (25%) 23 (33,8%)

IP 14 (50%) 11 (30,6%) 20 (29,4%) 26 (38,2%)

NNL: Non-neoplastic lesion; DE: ductal ectasia; LH: regular lobular hyperplasia; ALH: lobular hyperplasia with
atypia; LHS: regular hyperplasia with secretory activity; LHF: lobular hyperplasia with fibrosis; EP: epitheliosis; IP:

intraductal papillomatosis.

Table 2. Frequency of non-neoplastic lesion in the mammary adjacent tissue to the tumors, according to histological

type and grade.
Type of non-neoplastic lesion
Histological type DE LH ALH LHF EP 1P
S (n=126) (n=37) m=22 MBSO oy w200 @e19)

Benign Neoplasms 38,1% (48)  24,3% (9) 18,2% (4)  27,8% (5) 18,2%(2) 20% (4) 21% (4)
Simple adenoma 15 3 2 - 2 1 2
Benign mixed tumor 10 5 1 - - 2 -
Adenoma Complex 20 1 - 3 - 1 2
Myoepithelioma 1 - 1 - - - -
Intraductal Papillary Adenoma 2 - - 2 - - -

Malignant Neoplasms 61,9% (78)  75,7% (28)  82% (18)  72,2%(13) 81,8%(9) 80% (16)  79% (15)
Tubulo-papillary  carcinoma 7 3 3 2 - 2 1
Tubular carcinoma 7 2 2 - 1 2 2
Carcinoma in situ 6 3 3 3 2 1 -
Solid carcinoma 3 2 - - 1 2
Papillary carcinoma 2 1 - - - - -
Adenoescamous carcinoma 3 - - 1 - - -
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Intraductal Papillary

; 2 - - - - - -
Carcinoma
Comedocarcinoma 1 1 - - | - -
Micropapillary carcinoma - - 1 - - 1 -
Complex carcinoma 24 10 6 6 2 6 5
Carcinoma—mixed type 22 6 3 - 3 3 5
Carcinossarcoma 1 - - - - - -
Histological grade
Grade I 43 14 9 4 6 6 10
Grade 11 24 11 6 5 1 8 4
Grade 111 2 - 1 - - 2 1
DE: ductal ectasia; LH: regular lobular hyperplasia; ALH: lobular hyperplasia with atypia; LHS: regular hyperplasia
with secretory activity; LHF: lobular hyperplasia with fibrosis; EP: epitheliosis; IP: intraductal papillomatosis.
Table 3. Frequency of non-neoplastic lesion in mamma without palpable nodules in the same mammary chain,
according to the type and histological grade of the neoplasia.
Type of non-neoplastic lesion
Histological type ED LH ALH LHS LHF ED 1P
(n=79) (n=23) (n=6) (n=14) (n=4) (n=16) (n=17)
Benign Neoplasms 51,9% (41)  52.2% (12)  50% (3) 28,6% (4) 75% (3)  69,7% (11) 35,3% (6)
Simple adenoma 13 3 1 - - 3
Benign mixed tumor 18 8 - - 3 7 3
Adenoma Complex 4 1 1 - - 1 -
Intraductal Papillary 5 ) 1 4 ) i 3
Adenoma
Malignant Neoplasms 48,1% (38) 47,8% (11)  50% (3)  71,4% (10) 25% (1)  31,3%(5) 64,7% (11)
Tubulo-papillary carcinoma 5 - - 1 - 1 1
Tubular carcinoma - - - - - - -
In situ carcinoma 2 - - 4 - - 2
Solid carcinoma 2 2 - - - - 1
Papillary carcinoma 4 1 - 1 - 2 2
Adenoescamous carcinoma - - - - - -
Intraductal Papillary )
Carcinoma ) } . . ) )
Comedocarcinoma - - - - - - -
Micropapillary carcinoma 1 1 - - - - -
Complex carcinoma 10 4 1 - 1 4
Mixed type carcinoma 12 3 3 3 1 1 1
Histological grade
Grade | 17 7 6 2 - 4 4
Grade Il 16 2 - 3 4 6 6
Grade 111 2 3 - - - - 1

DE: ductal ectasia; LH: regular lobular hyperplasia; ALH: lobular hyperplasia with atypia; LHS: regular hyperplasia
with secretory activity; LHF: lobular hyperplasia with fibrosis; EP: epitheliosis; IP: intraductal papillomatosis.
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Table 4. Frequency of non-neoplastic lesions in breasts without palpable nodules according to the amount of
malignant tumor types in the mammary chain.

Number of malignant Type of non-neoplastic lesion

tumors in the chain ED LH ALH LHS LHF EP 1P

One type 42,2% (38)  379%(11) 30%(3) 357%(10) 11,1% (1) 18,5% (5) 35,5% (11)
More than one type 57,8% (52)  62,1% (18)  70% (7) 64,3% (18) 88,9% (8)  81,5% (22) 64,5% (20)

DE: ductal ectasia; LH: regular lobular hyperplasia; ALH: lobular hyperplasia with atypia; LHS: regular hyperplasia
with secretory activity; LHF: lobular hyperplasia with fibrosis; EP: epitheliosis; IP: intraductal papillomatosis.

Figures

Fig. 1. EctasiaDuctal showing dilation of the ducts with accumulation of necrotic debris and eusinophilic material in
the lumen. HE. Bar, 4pm.

Fig.2. Epitheliosis showing regular proliferation of epithelial cells into the lumen of the ducts, with cell aggregates
filling the lumen of the ducts, cells exhibit hyperchromatic nucleoli with small nuclei. . HE. Bar, 10pum.
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Fig.3. Lobular hyperplasia with fibrosis showing large amount of interlobular fibrous connective tissue. HE. Bar,
4um.

Vi e 2
Fig.4. Lobular hyperplasia with atypia showing epithelial cells with cellular atypia, including epithelial hyperplasia,
hyperchromatic nuclei, anisocariasis and anisocytosis.HE. Bar, 4pm.

Fig.5. Papillomatosis showing multifocal intraluminal papillary epithelial proliferation.HE. Bar, 10pm.
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Fig.6. Lobular hyperplasia with secretory activity showing epithelial cells with secretory activity and accumulation
of secretion in the lumen of the acini. HE. Bar, 4pum.
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further information. Authors can also self-archive their manuscripts immediately and enable public
access from their institution's repository after an embargo period. This is the version that has been
accepted for publication and which typically includes author-incorporated changes suggested during
submission, peer review and in editor-author communications. Embargo period: For subscription
articles, an appropriate amount of time is needed for journals to deliver value to subscribing customers
before an article becomes freely available to the public. This is the embargo period and it begins from
the date the article is formally published online in its final and fully citable form. Find out more.

This journal has an embargo period of 12 months.

The Journal of Comparative Pathology is published in British and not American English. Authors
who feel their English language manuscript may require editing to eliminate possible grammatical
or spelling errors and to conform to correct scientific English may wish to use the English Language
Editing service available from Elsevier's WebShop http://webshop.elsevier.com/languageediting/ or
visit our customer support site http://support.elsevier.com for more information.

Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Submit your article
Please submit your article via https://www.evise.com/profile/api/navigate/YJCPA/.
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PREPARATION

This journal operates a single blind review process. All contributions will be initially assessed by the
editor for suitability for the journal. Papers deemed suitable are then typically sent to @ minimum of
two independent expert reviewers to assess the scientific quality of the paper. The Editor is responsible
for the final decision regarding acceptance or rejection of articles. The Editor's decision is final. More
information on types of peer review.

Articles must be concise and unnecessary duplication of data in text, tables and graphs should be
avoided. Allusions to published work must be brief and limited to what is necessary to evaluate the
findings in the manuscript. Extensive reviews of the literature will not be permitted, except in Review
Articles.

To avoid repetition, if a related article by the same authors, or some of them, is being offered to a
different journal, a copy of that article must be provided, in confidence, for comparison.

Before submitting manuscripts authors are recommended to consult recent issues of the Journal to
see the form in which the articles appear.

Manuscripts should be word processed. Times New Roman font at 12 pitch should be used, with
generous margins and full double spacing throughout. Each line should be numbered by using the
line numbering facility within the word processing package.

Papers should normally comprise:

1. A Summary of the findings presented in the paper and the conclusions drawn from them. Authors
may, if they wish, suggest not more than four Keywords that should follow the summary.

2. A brief Introduction stating the purpose of the paper.

3. A concise account of the Materials and Methods used. Authors should note that appropriate positive
and negative controls should be performed for all experimental techniques and the nature of these
controls should be described with the methodology.

4. A record of the Results. Systeme Internationale (S.1.) units should be used.
5. A Discussion of the significance of the results.

6. Any necessary Acknowledgments for assistance. All contributors who do not meet the criteria for
authorship as defined above should be listed in an acknowledgments section. Examples of those who
might be acknowledged include a person who provided purely technical help, writing assistance, or a
department chair who provided only general support. Authors should disclose whether they had any
writing assistance and identify the entity that paid for this assistance. Finally, the acknowledgments
section should include a declaration concerning Funding and any Role of the Funding Source. Authors
should declare the role of study sponsors, if any, in the study design, in the collection, analysis and
interpretation of data; in the writing of the manuscript; and in the decision to submit the manuscript
for publication. If the study sponsors had no such involvement, the authors should so state.

7. A Conflict of Interest statement. All authors must disclose any financial and personal relationships
with other people or organisations that could inappropriately influence (bias) their work. Examples

of potential conflicts of interest include employment, consultancies, stock ownership, honoraria, paid
expert testimony, patent applications/registrations, and grants or other funding.

References to published work cited in the text, in alphabetical order. The form should be:

Durand S, Murphy C, Zhang Z, Alexandersen $ (2008) Epithelial distribution and replication of foot-
and-mouth disease virus RNA in infected pigs. Journal of Comparative Pathology, 139, 86-96.

Where a reference has more than five authors, please give the first five authors followed by et al.

AUTHOR INFORMATION PACK 12 Oct 2017 www.elsevier.com/locate/jcpa 6

51



Beuermann C, Beck ], Schmelz U, Dunkelberg H, Schiitz E et al. (2009) Tissue calcium content in
piglets with inguinal or scrotal hernias or cryptorchidism. Journal of Comparative Pathology, 140,
182-186.

In the text, references to publications by three or more authors should be given in the style "Jones
et al." on each occasion.

Titles of books must be given in full with publisher, place of publication and edition if other than
first, e.g. Dellman HD (1998) Endocrine system. In: Textbook of Veterinary Histology, 5th Edit., HD
Dellman, J Eurell, Eds., Lippincott, Williams and Wilkins, Philadelphia, pp. 287-302.

PhD theses should be cited as: Allenspach K (2002) Chronic Enteropathies in Dogs - Research into
the Pathogenesis, Diagnosis and Treatment. PhD Thesis, University of Berne.

The Journal will publish a 'graphical abstract’ in the on-line version of the Table of Contents for each
issue of the Journal. Graphical abstracts comprise a single image (that may or may not be one of
the figures in a paper) that encapsulates the subject of the paper. The image may be accompanied
by a single sentence of text (of no more than 50 words) that describes the key message of the
paper. Graphical abstracts will not be published in the print or on-line versions of the actual paper.
Graphical abstracts are optional, but where authors would like to include such an abstract the image
and proposed sentence must be submitted with a revised manuscript. The sentence may be modified
by the Editor-in-Chief.

Tables require captions and should be self-explanatory. Each column should have a heading that
accurately describes all entries beneath. Tables should be submitted on separate sheets and designed
to fit into the type area of one printed page or less. Authors should consult a recent copy of the
Journal and follow as closely as possible the format of tables therein.

All illustrative material must be of high quality. Text figures (i.e., diagrams, charts, graphs), should
bear lettering, numbers and symbols large enough to be legible after sizing to the journal pages. The
figures will be inserted in the text at appropriate places. Authors may wish to have several illustrations
grouped into a compaosite plate. If so, they should submit a sketch plan of the suggested layout but not
electronically group the photographs as this work will be undertaken by the Publisher. Such composite
blocks should be of the same proportions as the page of the Journal. Where the author wishes to
draw attention to particular features by means of arrows or lettering, these should be superimposed
electronically on the photographs. No charge will be made for a reasonable number of figures
or for the use of colour for photographic illustrations if, in the Editor's opinion, it enhances
the presentation of results. The maximum page area available for blocks is 23 x 16.9 cm. Figures
designed to span one or both columns on a page should be 8.2 cm or 16.9cm wide, respectively.

Legends to all illustrations submitted should be shown separately and, where appropriate, should
state the stain and magnification. The latter should be given in the form of a magnification bar inserted
directly onto the image.

The following formats can be used to submit figures electronically: EPS; TIFF (minimum resolution
of 300 dpi for colour and halftones, 1000 dpi for bitmapped line drawings and 500 dpi for
combination halftone/line drawing); DOC/XLS/PPT (if figures are created in any Microsoft Office
application please supply "as is"). For a detailed guide on electronic artwork please visit our website
http://www.elsevier.com/artworkinstructions.

If excerpts from other copyrighted works are included, the Author(s) must obtain written permission
from the copyright owners and credit the source(s) in the article. Elsevier has preprinted forms for
use by Authors in these cases: contact Elsevier's Rights Department, Oxford, UK: phone (+1) 215
239 3804 or +44(0)1865 843830, e-mail healthpermissions@elsevier.com. Requests may also be
completed online via http://www.elsevier.com/permissions.
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Material in unpublished letters and manuscripts is also protected and must not be published unless
permission has been obtained.

e Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae.

* Author names and affiliations. Where the family name may be ambiguous (e.g., a double name),
please indicate this clearly. Present the authors' affiliation addresses (where the actual work was done)
below the names. Indicate all affiliations with a superscript symbol immediately after the author's
name and in front of the appropriate address. The heirarchy of symbols used by this Journal may
be seen by consulting a recent issue. Provide the full postal address of each affiliation, including the
country name.

s Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. Ensure that phone numbers (with country and area
code) are provided in addition to the e-mail address and the complete postal address.
Contact details must be kept up to date by the corresponding author.

* Present/permanent address. If an author has moved since the work described in the article
was done, or was visiting at the time, the current affiliation of that author may be indicated in the
Acknowledgments section of the manuscript.

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:

Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaal.

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Data references

This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the "Track Changes' option
in Microsoft Office files as these will appear in the published version.

This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.
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Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking

If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.

There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data

This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement

To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

The journal encourages authors to supplement in-article microscopic images with corresponding high
resolution versions for use with the Virtual Microscope viewer. The Virtual Microscope is a web based
viewer that enables users to view microscopic images at the highest level of detail and provides
features such as zoom and pan. This feature for the first time gives authors the opportunity to
share true high resolution microscopic images with their readers. More information and examples.
Authors of this journal will receive an invitation e-mail to create microscope images for use with
the Virtual Microscope when their manuscript is first reviewed. If you opt to use the feature, please
contact virtualmicroscope@elsevier.com for instructions on how to prepare and upload the required
high resolution images.

AFTER ACCEPTANCE

The Digital Object Identifier (DOI) may be used to cite and link to electronic documents. The DOI
consists of a unique alpha-numeric character string which is assigned to a document by the publisher
on initial electronic publication. The assigned DOI never changes. Therefore, it is an ideal medium
for citing a document, particularly 'Articles in press' because they have not yet received their full
bibliographic information. Example of a correctly given DOI (in URL format; here an article in the
journal Physics Letters B):

http://dx.doi.org/10.1016/j.physletb.2010.09.059

When you use a DOI to create links to documents on the web, the DOIs are guaranteed never to
change.

AUTHOR INFORMATION PACK 12 Oct 2017 www.elsevier.com/locate/jcpa 9

54



One set of page proofs (as PDF files) will be sent by e-mail to the corresponding author (if we do
not have an e-mail address then paper proofs will be sent by post) or, a link will be provided in the
a2-mail so that authors can download the files themselves. Elsevier now provides authors with PDF
proofs which can be annotated; for this you will need to download the free Adobe Reader, version 9
(or higher). Instructions on how to annotate PDF files will accompany the proofs (also given online).
The exact system requirements are given at the Adobe site.

If you do not wish to use the PDF annotations function, you may list the corrections (including replies
to the Query Form) and return them to Elsevier in an e-mail. Please list your corrections quoting line
number. If, for any reason, this is not possible, then mark the corrections and any other comments
(including replies to the Query Form) on a printout of your proof and scan the pages and return via e-
mail. Please use this proof only for checking the typesetting, editing, completeness and correctness
of the text, tables and figures. Significant changes to the article as accepted for publication will only
be considered at this stage with permission from the Editor. We will do everything possible to get your
article published quickly and accurately. It is important to ensure that all corrections are sent back
to us in one communication: please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Authors submitting a manuscript do so on the understanding that if it is accepted for publication,
axclusive copyright in the paper shall be assigned to the Publisher. In consideration for the assignment
of copyright, the Publisher will supply 25 offprints of each paper or a PDF file of the article via e-
mail. The PDF file is a watermarked version of the published article and includes a cover sheet with
the journal cover image and a disclaimer outlining the terms and conditions of use. Further paper
offprints may be ordered at extra cost at the proof stage.

As an author you (or your employer or institution) may do the following:

*» make copies (print or electronic) of the article for your own personal use, including for your own
classroom teaching use

*» make copies and distribute such copies (including through e-mail) of the article to research
colleagues, for the personal use by such colleagues (but not commercially or systematically, e.g., via
an e-mail list or list server)

* post a pre-print version of the article on Internet websites including electronic pre-print servers,
and to retain indefinitely such version on such servers or sites

* post a revised personal version of the final text of the article (to reflect changes made in the peer
review and editing process) on your personal or institutional website or server, with a link to the
journal homepage (on elsevier.com)

* present the article at a meeting or conference and to distribute copies of the article to the delegates
attending such a meeting

» for your employer, if the article is a 'work for hire', made within the scope of your employment,
your employer may use all or part of the information in the article for other intra-company use (e.g.,
training)

* retain patent and trademark rights and rights to any processes or procedure described in the article
¢ include the article in full orin part in a thesis or dissertation (provided that this is not to be published
commercially)

» use the article or any part thereof in a printed compilation of your works, such as collected writings
or lecture notes (subsequent to publication of your article in the journal)

» prepare other derivative works, to extend the article into book-length form, or to otherwise re-use
portions or excerpts in other works, with full acknowledgement of its original publication in the journal

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.

You can also check the status of your submitted article or find out when your accepted article will
be published.
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