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RESUMO

Introducdo: Angiossarcomas (AS) primarios (ASP) e secundarios (ASS) da mama séo
raros, agressivos, com alta morbi-mortalidade. Lesbes vasculares atipicas (LVA) sao
proliferacdes vasculares que se desenvolvem no sitio prévio de irradiacdo, em geral, com
evolucdo benigna. AS de baixo grau e LVA compartilham semelhancas morfolégicas,
porém sem critérios especificos para distingdo inequivoca entre estas lesdes. A
amplificacdo e expressdo do MYC tém sido indicadas como uma ferramenta diagndstica na
distingéo das lesdes vasculares da mama induzidas por radiagao.

Objetivos: Os objetivos do presente estudo foram avaliar as caracteristicas
clinicopatoldgicas, imuno-histoquimicas e evolutivas de uma série de casos de LVA da
mama; investigar a amplificagéo e superexpressdo do MYC em uma série de LVA e AS da
mama; verificar o papel diagnostico e se 0 MYC estd envolvido na patogénese e
prognostico de LVA e AS.

Material e método: Foram identificados 30 casos de LVA e 49 de AS da mama
diagnosticados entre 1999 a 2014. Fez-se estudo imuno-histoquimico (IHQ) para CD31,
D2-40, CD105 e Ki-67 em todos os casos de LVA. As LVA foram classificadas em tipo-
linfatico, LVA-TL (D2-40 positivo), ou tipo vascular, LVA-TV (D2-40 negativo).
Analisamos a amplificacdo do gene MYC e sua expressdo proteica pelas técnicas de
hibridizacdo in situ por fluorescéncia (FISH) e IHQ, respectivamente, em LVA, ASP e
ASS da mama. Dados sobre a evolucéo clinica das pacientes foram coletados e realizadas
analises de sobrevida, correlacionando-as com a amplificagcdo do MYC.

Resultados: Vinte e dois casos de LVA foram classificados com LVA-TL, seis casos
como LVA-TV, e o0 D2-40 ndo foi testado em 2 casos. Trés casos com margens cirirgicas
positivas para LVA evoluiram desfavoravelmente: um caso apresentou recidiva local de
LVA 32 meses apds o diagnostico inicial, e outras duas pacientes, uma como LVA-TL e a
outra como LVA-TV, progrediram para AS de alto-grau, 19 e 89 meses depois,
respectivamente. Quarenta e nove pacientes tiveram o diagndstico de AS da mama. Trinta
e sete pacientes tinham ASS e 12 pacientes tinham ASP. Vinte de 37 casos de ASS (54%)
mostraram amplificacdo do MYC. N&o foi observada amplificagdo do MYC em nenhum
caso de LVA ou de ASP. A concordancia entre os resultados do FISH e IHQ das LVA,
ASP e ASS foi de 100%. Analises de sobrevida mostraram que ASS com MYC
amplificado apresentaram pior sobrevida global quando comparados com casos sem
amplificacdo (P=0,035). Foi identificada tendéncia ndo-significativa a pior sobrevida livre
de doencga nos casos de ASS com amplificagdéo do MYC em relagdo aos casos sem
amplificagédo (P=0,155).

Conclus6es: Nao identificamos nenhum marcador imuno-histoquimico especifico para a
distingdo entre LVA e AS de baixo-grau. O subtipo de LVA, baseado na expresséo do D2-
40, ndo teve papel discriminador na evolugdo das LVVA, pois observamos o mesmo risco de



progressdo para AS nos dois tipos de LVA. Margens comprometidas associaram-se a
evolugdo clinica desfavoravel. Recomendamos excisdo completa das LVA e seguimento
clinico periddico, até que a historia natural destas lesGes seja esclarecida. A amplificacdo
do MYC é um marcador de alta especificidade e baixa sensibilidade para ASS e est4
associada a prognostico desfavoravel em ASS. As alteracdes genéticas e moleculares
envolvidas na patogénese dos AS e LVA permanecem obscuras; novos estudos séo
necessarios para melhor conhecimento da patogénese e evolucao destas lesdes.

Palavras-chave: angiossarcoma; cancer de mama; neoplasias induzidas por radiacéo;
lesGes vasculares atipicas; radioterapia; proliferacdes vasculares da mama; anormalidades
induzidas por radiacdo; sobrevida livre de doenca; prognostico.



ABSTRACT

Introduction: Angiosarcomas (AS) of the breast, primary (PAS) or secondary (SAS) to
radiotherapy, are rare and aggressive, with significant risk of morbidity and mortality.
Atypical vascular lesions (AVL) are vascular proliferations that develop within previously
irradiated skin usually with a benign clinical course. Low-grade AS and AVL share
morphological similarities, and, to date, there are no specific criteria to distinguish them.
Recently, MYC amplification and overexpression have been pointed as an important
diagnostic tool to distinguish post-radiation cutaneous vascular lesions of the breast.

Purpose: We evaluated clinicopathological, immunohistochemical, and evolutive
characteristics of a series of AVL of the breast. We also investigated and further compared the
presence of MYC amplification and overexpression in a series of AVL, PAS and SAS to
verify whether MYC is a useful diagnostic tool, and if it is implicated in the pathogenesis and
prognosis of radiation-induced vascular proliferations.

Methods: We selected 30 cases of AVL and 49 cases of AS of the breast diagnosed between
1999 and 2014. Immunohistochemical study for CD31, D2-40, CD105, and Ki-67 was
performed in all AVL cases. AVL were classified based on D2-40 expression: lymphatic type,
LT-AVL, (D2-40 positive) or vascular type, VT-AVL (D2-40 negative). We analyzed MYC
amplification and protein expression by fluorescent in situ hybridization (FISH) and IHC in
AVL, PAS and SAS. Follow-up data were collected, and survival analyses were performed,
comparing them with MY C amplification.

Results: Twenty-two AVL were classified as LT, six cases were classified as VT, and D2-40
was not tested in 2 cases. In three cases when margin was compromised, the patients
presented with unfavorable outcomes: one patient had local recurrence of AVL 32 months
after the diagnosis of AVL, and the other two cases progressed to high-grade AS 19 and 89
months later: one case was LT-AVL, and the other was VT-AVL, respectively. Of the 49
patients diagnosed with breast AS, thirty-seven patients had SAS, and twelve patients had
PAS. Between 37 patients with SAS, twenty cases showed high-level MYC amplification and
protein overexpression (54%). None of PAS or AVL cases showed MYC amplification or
protein expression. Concordance between MYC amplification (FISH) and protein expression
(IHC) was 100% in AVL, PAS, and SAS. Survival analysis of the SAS patients demonstrates
that cases with MYC amplification had a significantly worse overall survival compared with
cases without MY C amplification (P=0.035). There was a non-significant trend toward a poor
disease-free survival between cases with and without MYC amplification (P=0,155)

Conclusions: Our study could not identify a specific immunohistochemical marker to
distinguish AVL from low-grade AS. We cast doubt on the importance of classifying AVL
according to D2-40 expression, since we found the same risk for malignant progression on
both types of AVL. Since compromised surgical margins were associated with unfavorable
outcomes in AVL, we recommend complete excision and close follow-up of patients until the
natural history of the AVL is better explained. MYC amplification is a highly specific but
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poorly sensitive marker for SAS, and was associated with adverse prognosis. The genetic and
molecular aberrations involved in AS and AVL tumorigenesis remain poorly understood, and
further studies are necessary to better understand the pathogenesis and progression of these
lesions.

Keywords:

angiosarcoma; breast; breast cancer; post-radiation angiosarcoma; atypical vascular lesions;
radiotherapy; vascular proliferation; disease free survival; prognosis angiosarcoma; post-
irradiation; MYC; cutaneous; FISH.
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1. INTRODUCAO

O suprimento vascular normal da mama, assim como das demais estruturas subcutéaneas,
compreende artérias, capilares, veias e vasos linfaticos, presentes no tecido adiposo, estroma
fibrocolagenoso e estruturas nervosas dispersas pelo tecido. Proliferacdes vasculares da mama
clinicamente evidentes sdo diagnosticos raros e constituem um amplo espectro de leses que
véo desde lesdes benignas como hemangiomas e lesfes vasculares atipicas, transitando por
lesdes como hemangiopericitomas, hemangioedoteliomas, de baixo potencial maligno, a
angiossarcomas mamarios de alta agressividade (BRODIE; PROVENZANO, 2008).

Angiossarcomas sdo tumores raros e muito agressivos de origem endotelial e respondem por
2-3% de todos os sarcomas de partes moles em adultos (PENEL et al., 2011; HUNG et al.,
2013). Todavia, mais de 44% dos angiossarcomas ocorrem na mama (COZEN et al., 1999).
Angiossarcomas mamarios podem ser divididos em duas categorias maiores: priméria e
secundaria (relacionada a radioterapia prévia ou linfedema cronico). A despeito de ambos
compartilharem caracteristicas histopatolégicas semelhantes e apresentarem prognostico
reservado, ha diferencas marcantes entre estas categorias no que tange ao comportamento
tumoral, ao diagnostico diferencial e dados epidemioldgicos dos pacientes acometidos pela
doenga (LUINI et al., 2007; GLAZEBROOK; MAGUT; REYNOLDS, 2008; BISWAS et al.,
2009; FRAGA-GUEDES et al., 2012).

Angiossarcomas primarios geralmente acometem pacientes na pré-menopausa, em mulheres
mais jovens do que nos angiossarcomas secundarios (BRODIE; PROVENZANO, 2008;
BISWAS et al., 2009; FRAGA-GUEDES et al., 2012). Quanto a apresentacdo clinica, os AS
primarios costumam apresentar-se como tumoracgéo palpavel, com poucas altera¢fes cutaneas,
como descoloracdo da pele em apenas 34% dos casos (CHEN; KIRKEGAARD; BOCIAN,
1980; PANDEY et al., 2004; SHET et al., 2006). Os tumores secundarios se iniciam na
pele/derme na maioria dos pacientes (LUCAS, 2009; THARIAT et al., 2012; HUNG et al.,
2013), enguanto que os primarios tém origem predominantemente parenquimatosa (RAO et
al., 2003; BRENN; FLETCHER, 2005; TAHIR et al., 2006). Trabalho recente aponta que 0s
angiossarcomas secundarios costumam apresentar pior prognéstico e maiores taxas de
recidiva local quando comparados aos tumores primarios (FRAGA-GUEDES et al., 2012).
Porém, do ponto de vista histopatoldgico, ainda ndo foram definidos marcadores biologicos
especificos que possam permitir a distingdo exata entre as lesdes primarias e secundarias
(HUNG et al., 2013; SHON et al., 2014).



13

Em cerca de 3% dos casos, angiossarcomas de desenvolvem no contexto de sindromes
genéticas  predisponentes, como retinoblastoma  bilateral, neurofibromatose de
Recklinghausen, doenca de Ollier, Xeroderma pigmentoso (FURY et al., 2005; PENEL et al.,
2011). Contudo, linfedema crénico e radioterapia sdo os dois fatores classicos de risco para
angiossarcomas cutaneos e de partes moles. O primeiro caso descrito de angiossarcoma
cutdneo da mama associado a linfedema cronico pos-mastectomia radical foi descrito em
1948 por Stewart e Treves e ficou conhecido como Sindrome de Stewart-Treves, um quadro
extremamente raro (STEWART; TREVES, 1948; PENEL et al., 2011). A incidéncia deste
angiossarcoma pds-mastectomia era estimada entre 0,07% a 0,45% (KAUFMANN; CHU,;
KAUFMAN, 1991), mas o advento da cirurgia conservadora no cancer de mama e das
técnicas de bidpsia do linfonodo sentinela provavelmente reduziram estas taxas a numeros
ainda mais baixos (BRODIE; PROVENZANO, 2008). Contudo, a cirurgia conservadora da
mama trouxe consigo um maior numero de pacientes submetidas a radioterapia.
Concomitantemente, 0s angiossarcomas associados a radioterapia vém emergindo na

literatura, com varios casos descritos até a presente data (WEST et al., 2005).

A radioterapia (RT) é um dos principais tratamentos adjuvantes do cancer de mama. Em
paises como a Franca, 60% das 300.000 pacientes diagnosticadas com cancer de mama/ano
serdo submetidas a RT (THARIAT et al., 2012). Os beneficios da radioterapia no cancer de
mama no contexto de adjuvancia ja estdo bem estabelecidos, sobretudo no que tange a
menores taxas de recidiva locorregional e maior sobrevida livre de doenca quando do seu
emprego (VINH-HUNG; VERSCHRAEGEN, 2004; CLARKE et al., 2005; DARBY et al.,
2011).

O risco relativo para a ocorréncia de angiossarcoma apos radioterapia € 6 vezes maior, mas
ainda ndo estd claro porque algumas pacientes desenvolvem tumores secundarios apés a
irradiacdo e outras ndo o fazem. Os mecanismos patogenéticos que expliquem o surgimento
dos angiossarcomas secundarios a radioterapia ainda permanecem desconhecidos
(ITALIANO et al., 2012; HUNG et al., 2013).

Os efeitos da radioterapia séo tipicamente divididos em agudos ou precoces, que ocorrem dias
a semanas apos a exposicdo; e tardios ou crbnicos, que aparecem meses a anos depois. As
alteracbes precoces sdo secundarias a necrose dos queratinocitos em rapido processo de
divisdo celular (HELFRICH; SACHS; VOORHEES, 2008). Dilatacdo dos capilares e

aumento da permeabilidade vascular levam ao eritema. A atividade reduzida dos foliculos
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pilares e glandulas sudoriparas conduzem a queda de pélos e queratose. Apds 3 a 4 semanas,
calor, espessamento e edema podem ocorrer. Trombose de vasos, hemorragia, descamacéo,
exsudacdo, hiperpigmentacdo e ulceracdo sdo frequentes (HELFRICH; SACHS;
VOORHEES, 2008). Alteracdes cutaneas tardias incluem hialinizacao das fibras colagenas da
derme, edema das células endoteliais, teleangiectasias e proliferacdo dos vasos mais
profundos (MANDRELL; MEHTA; MCCLURE, 2008). Estas alterac6es, contudo, tendem a
regredir nos 3 primeiros anos apés a radioterapia. ApoOs este periodo, portanto, qualquer
alteracdo cutdnea deve ser considerada suspeita e encaminhada para investigacao
(MANDRELL; MEHTA; MCCLURE, 2008).

Nos ultimos 10 anos, um numero significativo de lesGes vasculares cutaneas associadas a
radioterapia tem sido descrito na literatura (GENGLER et al., 2007). Entre elas, destacam-se
as lesBes vasculares atipicas, conhecidas como lesdes benignas, e 0s angiossarcomas, tumores

malignos associados a alta morbi-mortalidade.

Do ponto de vista histoldgico, 0s angiossarcomas cutaneos se apresentam como tumores
difusamente infiltrativos, que, com frequéncia, invadem o tecido subcutaneo. Seu espectro
histoldgico varia de lesbes bem diferenciadas ou de baixo grau histoldgico a lesGes pouco
diferenciadas e de alto grau histoldgico; além disso, € comum a concomitancia de diferentes
graus de diferenciacdo celular em um mesmo tumor. Tumores de alto grau geralmente
apresentam necrose e alto indice mitético e, por vezes, podem apresentar um padrdo celular
epitelioide. Estes tumores que sdo predominantemente compostos de células epitelioides séo
denominados angiossarcomas epitelioides e constituem diagnostico diferencial de carcinoma
mamario (BRENN; FLETCHER, 2006).

Quando o diagnostico destas lesbes é questiondvel ou apenas um pequeno fragmento de
bidpsia esta disponivel para estudo, a imuno-histoquimica se torna ferramenta importante na
caracterizacdo destes tumores. Marcadores endoteliais como CD31, CD34 e fator VIII
auxiliam o diagnostico, porém as citoqueratinas podem se mostrar positivas focalmente em
tumores epitelidides em 35% dos casos (MEIS-KINDBLOM; KINDBLOM, 1998; BRENN;
FLETCHER, 2006; LUCAS, 2009). Em amostras de tecido maiores, um achado interessante
e relativamente frequente € a presenca de pequenas lesbes vasculares circunscritas, muitas
vezes indistinguiveis de areas de angiossarcoma de baixo grau, que foram denominadas de
lesbes vasculares atipicas (LVA) por Fineberg e Rosen (FINEBERG; ROSEN, 1994).
Fineberg e Rosen definiram o conceito de lesbes vasculares atipicas da pele da mama apés
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radioterapia e, desde ent&o, esta terminologia vem sendo adotada por diversos autores em
trabalhos posteriores sobre estas lesdes (DIAZ-CASCAJO et al, 1999; BRENN;
FLETCHER, 2005; PATTON; DEYRUP; WEISS, 2008).

Até 0 momento, ainda pouco se sabe sobre a patogénese das LVA na pele irradiada. Alguns
autores acreditam que as LVA resultam de uma dilatacdo permanente dos capilares linfaticos
associada com a interrupcao do fluxo linfatico (REQUENA et al., 2002). Outros autores as
consideram uma proliferagdo reativa secundaria ao dano vascular promovido pela irradiacdo e
cirurgia (FINEBERG; ROSEN, 1994; DIAZ-CASCAJO et al., 1999; SANTI et al., 2011).
Sabe-se que a irradiacdo causa danos ao DNA, podendo resultar em delecdes, rearranjos e

mudancas na expressao génica (SANTI et al., 2011).

A importancia das LVA consiste no seu diagnastico diferencial com angiossarcomas de baixo
grau e nas incertezas que rondam o seu comportamento biolégico. Apesar de LVA e AS
ocorrerem no sitio de irradiacdo prévia da pele apds o tratamento conservador do cancer de
mama com radioterapia, ha diferencas clinicas, histopatolégicas e evolutivas importantes

entre estas lesoes.

As LVA apresentam-se como papulas diminutas (geralmente < 5mm) na pele da mama
irradiada, de coloracdo rosea a acastanhada (PATTON; DEYRUP; WEISS, 2008; FRAGA-
GUEDES et al., 2014). Elas costumam ser multifocais, circunscritas, e incidem em pacientes
com idade média de 50 anos, uma década mais cedo que os angiossarcomas (MATTOCH et
al., 2007). Apesar da dose de irradiacdo prévia (40-60 Gy) reportada seja a mesma em ambos
os tumores (GENGLER et al., 2007), o intervalo de laténcia entre a RT e a incidéncia de
LVA é em média de 3 anos, enquanto que o tempo médio para a incidéncia de AS pés-RT €
de 7 anos (BRENN; FLETCHER, 2005; 2006). Na histopatologia, as LVA apresentam-se
como lesdes pequenas, circunscritas, simétricas na derme superficial e frequentemente
apresentam espacos vasculares dilatados (LUCAS, 2009). Em contraste com os AS, extensdo
para o tecido subcutaneo € infrequente, assim como a presenca de multiplas camadas
endoteliais, atipia celular importante, figuras mitoticas, necrose e “lagos de sangue”,
caracteristicas dos AS, ndo estdo presentes nas LVA (BRENN; FLETCHER, 2006;
GENGLER et al., 2007).

Contudo, as LVAS podem apresentar caracteristicas muito semelhantes aos angiossarcomas
de baixo grau e, portanto, nem sempre € possivel classificar facilmente uma leséo vascular

pos-irradiacdo. Até a presente data, o papel da imuno-histoquimica no diagnostico diferencial
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destas lesbes vasculares pds-irradiacdo nédo esta claro (MATTOCH et al., 2007). LVA e AS
mostram positividade para os marcadores endoteliais CD31, CD34 e fator VIII, assim como
para o marcador de endotelio linfatico D2-40 (podoplanina) (KAHN; BAILEY; MARKS,
2002; BRENN; FLETCHER, 2005; 2006; GENGLER et al., 2007).

Em contraste com os AS, as LVA apresentam um comportamento clinico benigno, e ndo ha
relato na literatura de metastases ou morte pela doenca (FINEBERG; ROSEN, 1994; DIAZ-
CASCAJO et al., 1999; REQUENA et al., 2002; GENGLER et al., 2007). Todavia, héa
trabalhos que mostraram casos de recidiva de LVA (BRENN; FLETCHER, 2005; GENGLER
et al., 2007), e até mesmo de progressdo para angiossarcoma cutaneo (DI TOMMASO,;
FABBRI, 2003; BRENN; FLETCHER, 2005; PATTON; DEYRUP; WEISS, 2008).

Patton et al tentaram analisar o risco de desenvolver AS a partir de LVA interpretando a
heterogeneidade morfoldgica entre as LVA (PATTON; DEYRUP; WEISS, 2008). Estes
autores classificaram as LVA em tipos linfatico (D2-40 positivo) e vascular (D2-40 negativo),
concluindo que o tipo linfatico de LVA é o mais frequente e de melhor prognostico, enquanto
que o tipo vascular tenderia a apresentar atipia celular mais acentuada e maior risco de
desenvolvimento de AS cutaneo subsequente. Contudo, neste trabalho, os autores observaram
dois casos de progressdo para AS, um partindo de uma LVA do tipo linfatico, outro do tipo
vascular. Conclui-se, portanto, que D2-40 ndo é um marcador inequivoco do comportamento

evolutivo das LVA.

No contexto atual pos-genébmico do cancer de mama, emerge a hipOtese de que o
conhecimento das transformacgdes genéticas no amplo espectro das proliferacdes vasculares
associadas a radioterapia da pele da mama podera ajudar a esclarecer a patogénese das LVA e
sua real relagdo com os AS. Santi et al. investigaram as alteracdes no gene supressor tumoral
TP53 em uma série de LVA e AS (SANTI et al., 2011). O TP53 é 0 gene que mais apresenta
mutac0es em uma ampla variedade de tumores. O TP53 pode ser um alvo potencial da
radiacdo ionizante, e a perda da sua funcdo parece estar relacionada com a tumorigénese nos
AS (SANTI et al., 2011). Alterages no TP53 induzem superexpressdo do VEGF (vascular
endotelial growth factor), um fator relacionado angiogénese tumoral, que poderia induzir o
surgimento dos AS, pelo menos em alguns casos (SANTI et al., 2011). Inativagcdo mutacional
do TP53 foi observada em taxas similares em LVA (83%) e AS cuténeos (87,5%), e 0s
autores concluiram que este fato corrobora com a hipdtese de que AS e LVA estdo

biologicamente associados, como extremos de um continuum morfoldgico.
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Todavia, estudos mais recentes que investigaram a amplificagdo do gene c-myc em AS e LVA
apontam para outra direcdo (SHEEN; DICKSON, 2002; MANNER et al., 2010; GUO et al.,
2011; MENTZEL et al., 2012). Estes trabalhos foram unanimes em afirmar que apenas os AS
secundarios apresentam amplificacdo do MYC, enquanto que as LVA e AS primarios nédo
apresentam esta alteracdo. Desta forma, corroboram com a hipdtese de que estas lesdes
apresentariam patogéneses distintas.

Os genes myc sdo uma familia de proto-oncogenes que inclui c-myc, N-myc e L-myc, sendo 0
c-myc o gene mais amplamente estudado. Este gene foi primeiramente identificado no inicio
da década de 80 em estudos abordando o linfoma de Burkitt. Translocacfes na regido do
cromossomo 8 contendo este gene sdo achados frequentes no linfoma de Burkitt,
demonstrando que o c-myc estd implicado em sua patogénese (DALLA-FAVERA et al.,
1982; TAUB et al., 1982). Desde entdo, expressdes aberrantes deste gene tém sido apontadas
em diversos tipos de tumores (NESBIT; TERSAK; PROCHOWNIK, 1999). O gene myc
esta localizado no cromossomo 8921 e consiste em 3 exons que estdo envolvidos na regulacao
da expressdo de numerosos outros genes, particularmente os genes relacionados com diviséo
celular, crescimento celular e apoptose. O c-myc codifica um fator de transcri¢do que funciona
na dimerizacdo e ligacdo do DNA e tem um papel fundamental na proliferacdo, regulacéo,
diferenciacédo e apoptose celulares (FELLER; MAHALINGAM, 2013). Portanto, as funcdes-
chave deste gene sdo: controlar o crescimento e proliferacdo das células e induzir morte
celular (apoptose). Desregulagdo do c-myc tem sido associada a um amplo espectro de
canceres em seres humanos além de estar envolvida na angiogénese (PELENGARIS; KHAN;
EVAN, 2002). A desregulacdo do MYC promove a proliferacdo celular através da entrada
inadequada da fase S para fase G1. Curiosamente, a superexpressdo de MYC in vitro induz
alteracdes da detencdo de G1/S secundaria a radiacdo ionizante. Estes achados sugerem que a
radioterapia em pacientes com cancer de mama pode predispor a angiossarcomas com MYC-
amplificado (GUO et al., 2011)

O papel do MYC na angiogénese tem importancia singular em tumores vasculares, como
angiossarcomas. Um dos principais eventos pré-angiogénicos mediados pelo MYC esta
relacionado a ativagdo do grupo miR-17-92. Este grupo miRNA, localizado no cromossomo
13g31,3, codifica 6 miRNA maduros: miR-17, miR-18a, miR-19a, miR-19b-1, miR-20a e
miR-92a-1, e é um alvo de transcri¢do direto do MYC (ITALIANO et al., 2012).
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Baudino et al demonstraram que a participacdo do gene c-myc é requisitada na expressao de
fatores angiogénicos-relacionados como a angiopoetina-1, angiopetina-2 e trombospondina-1,
sugerindo a possibilidade do c-myc tratar-se de um grande regulador de fatores angiogénicos
(BAUDINO et al., 2002).

Estes conhecimentos motivaram o estudo do gene c-myc nas proliferagdes vasculares da
mama, e, em alguns estudos, o c-myc vem sendo apontado como uma importante ferramenta
na diferenciacdo de LVA, ASP e ASS (MENTZEL et al.; MANNER et al., 2010; FELLER;
MAHALINGAM, 2013; KO et al., 2014). Contudo, apesar de todos os trabalhos disponiveis
na literatura até o0 momento ndo apresentarem nenhum caso de amplificacdo do c-myc em
LVA, estudos mais recentes apresentaram resultados conflitantes entre 0s angiossarcomas.
Dentre os casos de Manner et al., 55% dos ASS apresentaram amplificagdo do MYC, ou seja,
45% dos casos ndo apresentavam esta alteracdo (MANNER et al., 2010). Ginter et al., Shon et
al. e Italiano et al. mostraram casos de amplificacdo do MYC em angiossarcomas primarios
(ITALIANO et al., 2012; GINTER et al., 2013; SHON et al., 2014) . Desta forma, a presenca
de amplificacdo do MYC parece excluir um diagndstico de LVA, mas a sua auséncia nao

definiria nenhum diagnéstico.

E valido ressaltar, entretanto, que todos os trabalhos existentes até a presente data na literatura
que abordaram o papel do MYC em proliferacdes vasculares como sarcomas e LVA ndo se
restringiram as mamas. Ha importante heterogeneidade na selecdo dos sarcomas (incluséo de
sarcomas diferentes de angiossarcomas), dos pacientes (estudos incluiram pacientes de ambos
0s sexos), dos locais de acometimento dos sarcomas (membros, couro cabeludo, figado, etc.),
assim como dos fatores predisponentes para angiossarcomas secundarios (inclusdo
concomitante de casos de angiossarcoma secundario a irradiacdo e secundario a linfedema

cronico).

Além do valor diagnostico do c-myc, seu valor prognéstico nas proliferacbes e tumores
vasculares ainda é desconhecido (FELLER; MAHALINGAM, 2013). Em carcinomas da
mama, alguns estudos mostraram o c-myc como um fator preditivo de progressao de doenca,
de tumores com maiores didmetros e envolvimento metastatico linfonodal (BERNS et al.,
1992; PERTSCHUK et al., 1993; SENGUPTA; BIARNES; JORDAN, 2014) . Porém, até o
momento, 0s poucos trabalhos que investigaram a amplificacio do MYC em relacdo a
sobrevida em pacientes com angiossarcomas ndo conseguiram mostrar nenhuma associagdo
prognostica (ITALIANO et al., 2012; GINTER et al., 2013; SHON et al., 2014).
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Ainda ndo ha um regime de quimioterapia especifico para pacientes com angiossarcoma de
mama e a resposta ao tratamento atual é considerada muito pobre. Diante da possibilidade de
uma terapia alvo-especifica para pacientes com a expressao génica do c-myc desregulada, sua
manipulacdo farmacoldgica ainda € uma esperancga no tratamento de tumores tdo agressivos

como os angiossarcomas (DELMORE et al., 2011).

LVA e AS séo condices raras. Os resultados descritos na literatura correspondem a pequenas
séries de casos, geralmente representadas em estudos retrospectivos multicéntricos
(VORBURGER et al., 2005). Ha ainda importantes controvérsias em relacdo a patogénese e
ao comportamento bioldgico destas lesGes. Diante desta realidade, decidimos estudar LVA e
AS em seus aspectos histopatologicos, imuno-histoquimicos e moleculares, a fim de melhor

compreender a tumorigénese destas proliferacfes vasculares da mama.
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2. OBJETIVOS

Avaliar os aspectos clinico-patolégicos e imuno-histoquimicos de uma série de casos de

angiossarcomas e de lesGes vasculares atipicas da mama e:

a) Caracterizar o0s aspectos clinicos, histopatolégicos e de marcadores imuno-
histoquimicos em LVA;

b) Investigar e comparar a presenca de amplificagio do MYC em angiossarcomas
primarios e secundarios e em lesBes vasculares atipicas e se a amplificacdo génica esta

implicada na patogénese das proliferacdes vasculares induzidas por radiacao;

c) Avaliar a utilidade do FISH para amplificacdo do MYC e imuno-histoquimica para
sua expressao proteica como métodos diagnésticos auxiliares na avaliacdo de amostras de

ASS e LVA, comparando as duas técnicas.

d) Avaliar o MYC como fator prognostico nos casos em que foi observada a sua
amplificag&o.

MATERIAS E METODOS, RESULTADOS E DISCUSSAO

Serdo apresentados sob a forma de artigos cientificos aceitos e/ou submetidos para

publicagéo.
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Abstract  Atypical vascular lesions (AVL) that occur in
the field of prior radiation therapy for breast carcinoma are
placed within the differential diagnosis with low grade
angiosarcoma and other benign vascular lesions. Although
considered a benign entity, the exact biological behavior of
AVLs is not fully established because of the small number
of cases reported in the literature. We aim to further
characterize these lesions clinically and histopathological-
ly. and to study their behavior. We report a series of 30
patients with AVL of the breast occurring after radiation
exposure, diagnosed and treated at the European Institute
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of Oncology. Italy. Immunohistochemical study was per-
formed in all cases, using CD31, D2-40), CD105, and Ki-67
antibodies. Twenty-seven patients were treated with stan-
dard doses of conventional adjuvant radiation therapy for
the prior breast carcinoma. Three patients were treated with
intraoperative radiotherapy with electrons. The post-radi-
ation latency interval from breast carcinoma to AVL was
48.5 months (ranged from | to 146 months). Most of the
lesions were classified as lymphatic type (78.6 %) based on
D2-40) positivity. No extension into subcutaneous tissue or
significant atypia was noted in all cases. Despite the fact
that the AVL of our series have shown benign behavior in
93.3 %, one patient developed local recurrence of AVL,
and two cases progressed to angiosarcoma at the previous
AVL site. Further studies should be conducted to better
understand the clinical behavior and to propose additional
histopathologic diagnostic criteria to distinguish AVL from
low grade angiosarcoma and those AVL with increased risk
for malignant progression. Concerning current treatments
of AVL, we recommend complete excision with free sur-
gical margins and close follow up.

Keywords Atypical vascular lesion - Radiation therapy -
Vascular lesions - Breast cancer - Skin - Angiosarcoma

Introduction

Post-radiation vascular proliferations are well-known
complications of radiation exposure. and show heteroge-
neous clinical presentations and histopathologic features
[1-6]. A direct link has been made between adjuvant
radiotherapy and subsequent development of cutaneous

angiosarcoma (AS) and atypical vascular lesions (AVL) in
the radiation field [4. 7]. In 1994, Fineberg and Rosen [8§]
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reported for the first time cases of an unusual group of
vascular lesions occurring in mammary skin after radiation
therapy for breast carcinoma which they called “atypical
vascular lesion™. AVL are believed to arise as a result of
lymphatic obstruction following surgery and/or radiother-
apy, causing acquired dilation of superficial vascular
channels [9]. The skin of the breast or chest wall is by far
the most frequently affected site following radiation
treatment for breast carcinoma [4, 10].

AVL are usually classified as one of two immunohis-
tochemical patterns, based on D2-40 positivity, which are
designated as lymphatic type (LT-AVL, D2-40 positive) or
vascular type (VT-AVL, D2-40 negative) [11]. Most AVL
reported in the literature are of the LT-AVL, and the
diagnosis of LT-AVL and VT-AVL seems to have different
implications. In contrast to LV-AVL, VT-AVL seems to
have worse prognosis [11].

After the first description. most data on outcomes
favored a benign process, but some studies have questioned
this concept. suggesting that AVL and post-radiation
angiosarcoma represent a morphologic continuum, imply-
ing AVL as a precursor to angiosarcoma [9-12]. However,
the risk of malignancy is still undefined due to small
number of reported cases with follow-up information.

Aiming to further characterize these lesions clinically
and histopathologically. and to study their behavior, we
report our experience in a series of 30 patients with AVL of
the breast occurring after radiation exposure in the setting
of conservative therapy for breast carcinoma.

Materials and methods

A computerized search of the database from the Depart-
ment of Anatomic Pathology of the European Institute of
Oncology (IEO) disclosed all female patients that were
diagnosed as AVL of the breast from 1999 to 2012. Post-
radiation AVL arising at sites other than the breast and
AVL not associated with radiation were not included in this
study.

Clinical information was obtained from the hospital
records and the following data were collected: age, gender.
diagnosis of primary breast cancer and type of treatment.
time latency interval elapsed between radiation therapy and
diagnosis of the vascular lesion, clinical presentation,
location. and number of lesions. Follow-up information
was available for all patients. Local recurrence was defined
as any tumor recurrence at the primary disease site and the
loco-regional areas of the same histological subtype.

Hematoxylin and eosin stained sections from all cases
were reviewed by two authors (H.G and C.F.G), using
criteria proposed by Fineberg and Rosen (Table 1) to
define  AVL [8]. Immunohistochemical study was

@ Springer

Table 1 Histopathological features used to distinguish between
atypical vascular lesions from angiosarcoma (adapted from Fincberg
and Rosen [8])

Histopathological feature Atypical vascular Angiosarcoma

lesion
Papillary endothelial - +4+4
hyperplasia
Infiltration into subcutis - +++
Mitotic figures - +4+
Prominent nucleoli - ++4
Significant cytological - +++
atypia
“Blood lakes™ - ++
Dissection of dermal +/— +++
collagen
Anastomotic vessels ++ +++
Hypercromatic endothelial +++ ++
cells
Chronic inflammation +4++ +
Relative circumscription +++ -
Projections of stroma nto +++ =

lumen

performed in all cases, using the following antibodies:
CD31 (clone JCT0A. 1:100 dilution. Dako/USA), D2-40,
podoplanin (clone D2-40, 1:100 dilution, Signet/USA).
CD105, endoglin, (clone SN6h, 1:100 dilution, Dako/
USA). and Ki-67 (clone MIB-1, 1:100 dilution, Dako/
USA). All immunostainings were performed automatically
using a Ventana Benchmark XT staining system (Ventana
Medical Systems. Tucson, Arizona, USA) at A.C.Camargo
Cancer Center. The proportion of positive vessels for
CD31, D2-40. Ki-67, and CD105 was estimated as <25 %
(+). 25-50 % (++). and =50 % (+-++), regardless the
staining intensity. A semi-quantitative analysis of Ki-67
was performed, considering the percentage of endothelial
cells staining for this marker. Expression of Ki-67 was
classified as follows: negative (no staining): low (<10 %),
intermediate (10-25 %), and high (=25 %) expression.

The Ethical Committees from the IEO and Federal
University of Minas Gerais approved the study, and
informed consent was obtained from all patients and/or
guardians.

Results

From 1999 to 2012, 30 patients treated at the IEO were
diagnosed with atypical vascular lesions of the breast
(Table 2). All patients were women diagnosed, treated and
followed at the IEO. The median age at diagnosis of AVL
was 58.5 years old (ranging from 36 to 81 years old). All
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Table 2 Clinical features of the 30 atypical vascular lesions of the breast developed in the field of prior radiation therapy

# Age  Primary Surgery for Latency Clinical presentation Treatment  Follow-up (months)

disease breast cancer interval® of AVL

(months)

I 67 Ipsilateral BC  Conservative 17 Two erythematous papules PB Alive NED (16)
2 47 Ipsilateral BC  Conservative 57 Single erythematous nodule EB Dead of metastatic CRC(25)
3 67 Ipsilateral BC  Radical 1 Axillary erythematous papules  EB Alive NED (25)
4 51 Ipsilateral BC  Conservative 50 Two erythematous papules EB Dead of metastatic BC (63)
5 43 Ipsilateral BC ~ Conservative 19 Nodular lesion EB Alive NED (93)
6 54 Ipsilateral BC  Radical 31 Erythematous plaque PB Dead of metastatic BC (24)
7 60 Ipsilateral BC  Conservative 26 Erythematous plaque PB Alive NED (31)
8 59 Ipsilateral BC  Conservative 42 Three erythematous papules PB Alive NED (90)
9 57 Ipsilateral BC  Conservative 49 Single erythematous nodule EB Alive NED (93)
n 37 Ipsilateral BC  Conservative 28 Single erythematous nodule PB Alive, with recurrent AVL (26)
I 47 Ipsilateral BC ~ Conservative 124 Single erythematous papule EB Alive NED (27)
12 81 Ipsilateral BC  Conservative 124 Single erythematous nodule EB Alive NED (36)
13 67 Ipsilateral BC ~ Conservative 48 Not available PB Dead of cardiomyopathy (54)
14 65 Ipsilateral BC  Conservative 33 Single erythematous nodule EB Alive NED (61)
15 62 Ipsilateral BC  Conservative 80 Single erythematous nodule EB Alive NED (109)
16 67 Ipsilateral BC  Conservative 83 Nodular lesion PB Alive NED (72)
17 68 Ipsilateral BC  Conservative 93 Three erythematous papules EB Alive NED (38)
I8 55 Ipsilateral BC  Conservative 77 Single erythematous nodule PB Alive NED (60)
19 54 Ipsilateral BC  Conservative 37 Single erythematous nodule EB Alive NED (8)
20 75 Ipsilateral BC  Conservative 17 Erythematous plague PB Alive NED (41)
21 43 Ipsilateral BC  Conservative 56 Two erythematous nodules EB Lost to follow-up
22 51 Ipsilateral BC  Conservative 7 Erythematous plaque S Dead of metastatic BC (18)
23 62 Ipsilateral BC  Conservative 54 Single erythematous nodule PB Alive, progression to AS (97)
24 65 Bilateral BC Conservative 40 Nodular lesion PB Alive, progression to AS (107)
25 75 Ipsilateral BC  Conservative 34 Nodular lesion PB Alive NED (5)
26 73 Ipsilateral BC  Conservative 146 Axillary nodular lesion EB Alive NED (6)
27 44 Ipsilateral BC  Nipple Spaning 72 Erythematous plaque PB Alive NED (12)
28 50 Ipsilateral BC  Conservative 25 Erythematous plague PB Alive NED (2)
29 68 Ipsilateral BC  Conservative 41 Single erythematous nodule EB Alive NED (3)
30 50 Ipsilateral BC  Conservative 10 Single erythematous nodule PB Alive NED (2)

BC breast carcinoma, NA not available, #B punch biopsy, EB excisional biopsy. § surgery. NED no evidence of disease (AVL), CRC colorectal

cancer, AS angiosarcoma

* Latency interval between radiotherapy and development of AVL

patients had a history of previous infiltrating breast carci-
noma (ductal, 26; lobular, 1: medullary, 1: unknown, 2),
and were surgically treated by excision (quadrantectomy.
27: modified radical mastectomy, 2: nipple sparing mas-
tectomy. 1) with adjuvant radiation therapy. Twenty-seven
patients were treated with standard doses of conventional
adjuvant radiation therapy, fractionated over the course of
4-6 weeks. Three patients were treated with intraoperative
radiotherapy with electrons (ELIOT): two patients under-
went intraoperative radiotherapy boost (12 Gy) followed
by conventional radiation therapy (37 Gy). and one patient
received  nipple-areola  intraoperative  radiotherapy
(16 Gy). in the context of nipple sparing mastectomy.

Therefore, all patients had received a total dose ranging
from 12 to 60 Gy (median 50 Gy). The post-radiation
latency interval from breast carcinoma to AVL was
48.5 months (ranged from 1 to 146 months).

Axillary dissection was previously performed in 20/30
patients (66.6 % of the cases), and sentinel node biopsy in
9/30 patients (30 % of the cases). In one case, axillary
treatment was ignored.

Clinical presentation

Clinically, AVL presented as well-circumscribed and small
reddish papules in the irradiation field, including the skin
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of the breast (20 patients) or the thoracic region (2
patients). and axillary skin (1 patient). Six patients pre-
sented with a small, erythematous plaque. The lesion size
ranged from 0.3 cm to 1.1 cm (median 0.5 cm). Sixteen
patients had a solitary lesion and five patients presented
with multiple lesions synchronously (two or more lesions).
Clinical appearance was not given for one patient.

Imaging

No imaging studies performed were informative. Among
Il patients who underwent mammography, 90.9 % had a
negative report, and in only one patient a cutaneous nodule
was observed. Five patients underwent ultrasonography.
which was negative in 40 % of the cases. In three patients.
skin lesions were observed upon examination.

Diagnostic methods

The main method used for the pathological diagnosis of
AVL was punch biopsy (50 % of cases). Excisional biopsy
was performed in 14 patients (46.6 % of cases). One

Fig. 1 Atypical vascular lesion
of mammary skin (case 24).

a Atypical vascular proliferation
in the upper dermis. dissecting
collagen fibers. Hematoxylin
and cosin (% 20). b Proliferating
anastomosing vessels with
adjacent lymphocytic
infiltration. Hematoxylin and
cosin x 100. ¢ Proliferated
vessels showing papillary
projections within the vascular
lumen and mild nuclear atypia.
Hematoxylin and eosin ( x400).
d Endothelial cells positive for
CD-31 (x400). e Vessels with
endothelial cells positive for
D2-40 ( x400). [ Proliferated
vessels with endothelial cells
positive for CD 105 (x200)

@ Springer

patient with inflammatory breast carcinoma underwent a
mastectomy which showed the presence of one AVL in the
breast skin.

Histopathological features

The AVL were relatively well-circumscribed wedge-
shaped lesions confined to the upper dermis. composed of
anastomosing vascular channels infiltrating the dermal
collagen and around pilar muscle bundles when present
(Figs. 1a, b, 2a. b). The endothelial cell nuclei were usually
mild hyperchromatic with some hobnailing (Figs. lc. 2¢)
but without pleomorphism, mitotic figures, endothelial
multilayering or stroma bleeding. Intraluminal papillary
projections were present in 16 cases (Fig. Ic). The most
frequent finding was a patchy chronic inflammatory infil-
trate that accompanied all AVL to varying degree
(Figs. 1b, 2b). No extension into subcutaneous tissue was
noted. Intraluminal red blood cells were seen focally in two
lesions and projections of endothelium-covered stroma
protruding into lumina were a constant finding (Fig. lc).
Microscopically, the lesion size ranged from 0.3 to 1.1 cm,
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Fig. 2 Atypical vascular lesion
of mammary skin (case 23).

a Well circumscribed atypical
vascular proliferation within the
upper dermis (Hematoxylin and
cosin, x20). b Small vessels
proliferating in the upper dermis
with adjacent lymphocytic
infiltration (Hematoxylin and
cosin, x50). ¢ Vascular
channels covered by monolayer
of endothelial cells with very
mild hyperchromatic nuclei
(Hematoxylin and cosin, x 100).
d Endothelial cells positive for
CD-31 (x400). e Endothelial
cells weakly positive for D2-40
{x400). f Endothelial cells
focally positive for MIB-1
{x400)

with a median of (.5 cm. Twenty-one cases achieved
tumor-free surgical margins.

Immunohistochemistry

Immunohistochemistry was performed in all AVL. Endo-
thelial cells stained positive for CD31 in 18 of 30 cases
(Figs. 1d. 2d). AVLs appeared as one of two immunohis-
tochemical patterns according to Patton et al.’s classifica-
tion: lymphatic type, LT, (D2-40 positive: Figs. le, 2e) or
vascular type, VT (D2-40 negative). Twenty-two AVL
were classified as LT, 6 cases were classified as VT, and
D2-40 was not tested in 2 cases. The proportion of positive
vessels for D2-40 varied from <25 % (n = 5 lesions), to
25-50 % (n = 5 lesions). Twelve tumors showed diffuse
and strong immunoreactivity for D2-40 in almost 100 % of
the endothelial cells (Fig. le and 2e). Twenty-five AVL
(83 %) stained positive for CDI05 (<25 % = 5 cases;
25-50 % = 7 cases: =50 % = 13 cases) (Fig. 1f). Positive
cells for Ki-67 (Fig. 2f) were noted in 11/30 cases
(low = 6 cases; intermediate = 3 cases, and high expres-
sion: 2 cases).

Treatment

Because AVLs were considered as benign lesions, twenty-
nine patients were initially treated conservatively, either
with punch biopsy alone (15 patients) or with simple
excision (14 patients). One patient was elected to undergo
mastectomy because of synchronous recurrent breast
carcinoma.

Free surgical margins were found in 25 patients. and in
four patients, who underwent only a punch biopsy, the
margins were compromised. One patient who underwent
excisional biopsy had the description of positive margins.

Clinical outcomes

Follow-up information was available for 29 out of 30
patients with a median follow-up of 31 months (range
3-109 months). One patient was lost to follow-up and 9
patients had a follow-up =60 months.

One patient developed local recurrence of AVL
32 months after the diagnosis of AVL in a punch biopsy
for AVL. with compromised margins. This patient

@ Springer



e
wn
rJ

27

Breast Cancer Res Treat (2014) 146:347-354

presented with 2 red papules in the previous biopsy site by
the moment of recurrence and died of metastatic breast
cancer 2 years later. Of 29 patients with clinical follow-up,
26 are alive with no progression of disease.

Two patients developed angiosarcoma in the previous
biopsy site. One patient was submitted to punch biopsy with
positive margins for a LT-AVL 19 months earlier, and devel-
oped a high grade angiosarcoma of the breast. She is still alive,
with no evidence of disease during the 78-months follow-up
period. The other patient was initially submitted to conservative
therapy for synchronous bilateral breast cancer. She underwent
punch biopsy with compromised margins reference in the
context of AVL's diagnosis (VT-AVL), and developed a
bilateral high grade epithelioid angiosarcoma 89 months later.
This latter VT-AVL lesion stained positive for Ki-67 on
immunohistochemistry. She is still alive after 39 months of
follow-up. but she has progressive disease with bone and lung
metastasis from angiosarcoma, histologically confirmed.

To date, four patients died (13.3 %), three of them from
metastatic breast cancer and one from unspecified cardio-
myopathy. None developed any new vascular lesions prior
to death.

Discussion

In this study, we evaluated a series of AVLs diagnosed.
treated and followed in the same institution. All breast
AVLs of our series were well circumscribed vascular
proliferations, with mild endothelial atypia and were
placed within the differential diagnosis with other vascular
lesions [10]. AVLs diagnosed post-radiotherapy have been
categorized as having benign behavior, but there is dis-
agreement in the literature if they would not. in fact, be
premalignant or at risk for the development of angiosar-
coma [4, 10, 11]. Some authors believe that these lesions
are underdiagnosed angiosarcomas [2, 8].

When isolated. in limited samples, these lesions enter in
the context of differential diagnosis with low-grade angi-
osarcoma because of histological similarity and previous
history of RT [5]. To date, there are no specific criteria to
distinguish them completely [5].

In our series, the median age at diagnosis of AVL was
58.5 years, and the latency period between the RT for
breast cancer and the detection of AVL of 4 years. similar
to data reported in other studies [2, 4, 11, 13]. All AVL of
our series presented clinically as small solitary or multiple
vesicles or papules, with a wedge-shaped and circum-
scribed appearance. We did not find extension into subcutis
or significant atypia that was described by some authors [2.
I'1]. Chronic inflammatory cell infiltrate was a constant
finding in all cases of our series. as described in previous
reports [2, 7, 911, 14].

@ Springer

Thus far, the consensus which exists in the literature is
that these lesions have a benign behavior [2], but the
development of angiosarcoma in patients with a pre-
existing atypical vascular lesion has also been documented
[4. I1]. In our series, only a punch or an excisional biopsy
was performed, and it was observed that, in 93.3 % of
patients, this approach was sufficient. In our series, margin
involvement was also included in the analysis to establish
its importance as well as the prognosis. In three cases when
margin was compromised, the patients presented with
unfavorable outcomes: one patient had local recurrence of
AVL and the other two cases progressed to high-grade
angiosarcoma.

Among the AVL cases reported in the literature. there
are only two reports of progression to angiosarcoma [4,
11]. In our series, we observed two cases of angiosarcoma
that developed at the previous AVL site. The two initial
biopsies showed wedge-shaped lesions within the superfi-
cial to mid dermis, accompanied by a chronic inflammatory
infiltrate, but no cytologic atypia or multilayering was
observed. However, in both cases, subsequent angiosarco-
mas presented as high grade tumors. We cannot say whe-
ther this was a progression from a benign lesion towards
malignancy in these cases or the sample available for the
initial diagnosis was not representative of the entire lesion.
Angiosarcomas are very aggressive tumors, and even low-
grade tumors tend to have rapid growth and more promi-
nent clinical signs. It would be unlikely that a tumor with
such behavior would remain underdiagnosed for prolonged
periods, as observed in these two patients from our series
(19 and 89 months, respectively). Nevertheless, we cannot
rule out the possibility of an angiosarcoma which was not
presented in the initial diagnostic biopsy.

Patton et al. proposed two histologic patterns of AVLs
based on immunohistochemical endothelial markers
expression, which they designated as lymphatic type (LT)
or vascular type (VL). They suggested that the VT type
represents a premalignant lesion or “incipient angiosar-
coma” [11]. In our series, most of the lesions were clas-
sified as LT (78.6 %). However, among the patients who
developed angiosarcoma at the previous AVL site, one had
LT-AVL, and the other had VT-AVL. This latter case of
VT-AVL lesion also stained strongly positive for Ki-67 on
immunohistochemistry. The lesion of the patient who
developed local recurrence of AVL was LT. strongly
immunoreactive for D2-40. Therefore, based on our
immunohistochemical findings. we cannot confirm Patton's
suggestion that VL-AVL are at higher risk for malignant
progression.

Endoglin (CD105) has been suggested as an appropriate
marker for tumor-related angiogenesis and neovasculari-
zation [15]. To our knowledge, there are no previous
reported studies of endoglin expression in atypical vascular
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lesion of the breast. Hara H reported strong expression of
endoglin in endothelial cells of cutaneous angiosarcoma
and weak or negative expression in vascular endothelium
of normal tissues [16]. In our series. endothelial cells of 25
AVL stained positive for CD105, ranging from low to high
expression. However, we also noted low to high expression
for CD105 in the endothelium of normal vessels of the
adjacent stroma, suggesting nonspecific staining. It is
possible that the high sensitivity of the antibody used
(clone SN6h) may have overestimated the expression of
this marker.

Ki-67 expression has been used as a tool to distinguish
between benign and malignant lesions exhibiting histologic
overlap and to assess prognosis. Rare studies investigated
Ki-67 in vascular lesions of the breast [17] and, to our
knowledge. only one has been performed in AVL [3].
Theses authors reported complete negative staining for Ki-
67 in their cases. different from our findings. In our series,
20 % of the AVL cases showed low Ki-67 expression,
using a semi-quantitative analysis of this proliferation
marker. The two cases of our study that developed angio-
sarcoma showed high or intermediate expression for Ki-67.
However, the remaining cases that expressed significant
staining had a benign clinical behavior. Our results,
therefore. cannot support the Ki-67 immunohistochemical
stain for assessing prognosis.

There remains considerable overlap features between
AVL and angiosarcoma, and distinction may not always be
possible based only on clinical and morphologic and
immunohistochemical findings. Santi et al. [18] investi-
gated the presence of p53 alterations in a series of 12 cases
of AVL in comparison with 8 cases of postradiation cuta-
neous angiosarcoma. They reported TP53 variations in the
majority (83 %) of AVL and in a similar percentage
(87.5 %) of postradiation cutaneous AS, suggesting a
molecular link between AVL and AS. Their results support
the hypothesis that AVL and AS are biologically related
entities, the extremes of a morphological continuum [18].

Recently, few studies have explored the use of interphase
FISH and immunohistochemistry for the detection of Mye
amplification in both post-radiation angiosarcoma and AVL
[19-21]. A consistent Myc amplification has been reported
in post-radiation angiosarcoma, but not in AVL after
radiotherapy for breast cancer [19, 20, 22]. The lack of Mye
amplification in post-radiation AVL questions its role as a
true precursor of AS, and it could be speculated that AVL
has a distinct pathogenesis. This finding could be a useful
diagnostic tool in the assessment of secondary angiosarcoma
and AVL of the breast, however, Myc amplification is not
demonstrated in all cases of secondary AS. Manner et al.
[23] found Myc amplification in only 55 % of post-radiation
AS. These different results suggest that the pathogenesis of
AS and AVL and their relationship are still unclear.

The specific type, technique. and dosage of prior radi-
ation were not available for all cases and were not spe-
cifically analyzed in our study. however all AVLs were
observed within the radiation field. Twenty-seven patients
of our series have previously undergone conventional
radiation therapy. and three patients developed AVL after
intraoperative radiation therapy with electrons (ELIOT).
To our knowledge, these three patients are the first reported
cases of AVL following ELIOT reported in the literature.
One patient underwent ELIOT in the nipple-areola com-
plex in the context of nipple sparing mastectomy (16 Gy)
and developed AVL in the nipple 72 months later. The
other two patients underwent ELIOT boost (12 Gy) plus
conventional radiotherapy (37 Gy). and developed AVL in
the radiation field 8 and 10 months later, respectively. We
did not retrieve any case of AVL after standard ELIOT
single dose (21 Gy), a skin sparing technique.

Skin changes in the breast after radiation therapy should
alert the clinician. Our data indicates the need to sample a
significant amount of tissue for a definitive diagnosis,
since, to date. the proposed treatment of AVLs, considering
them benign lesions, is completely different from the
treatment of angiosarcomas.

Longer follow-up is necessary to determine the rate of
progression from AVL to cutaneous angiosarcoma. Con-
cerning current treatments of AVL for patients with a
history of surgery and/or radiation therapy. we strongly
recommend complete excision with free surgical margins
and close follow up, accompanied by clinical exams rather
than imaging until the natural history of the AVLs is better
explained.

In conclusion, data from our study and the controversies
found in the literature indicate that further studies should
be conducted to better understand the clinical behavior and
to propose additional histopathologic and immunohisto-
chemical diagnostic criteria to distinguish AVL from low
grade angiosarcoma and those AVL with increased risk for
malignant progression.
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MTC amplification 13 a highly specific but poorly sensitive marker for SAS and
24 therefore, a megative result does not exclude the diagmosis of angiosarcoma. MIT
25 amplification was associated with adverse prognosis, suggesting a prognoestic role of

28 MTT amplification status on SAS of the breast.

34 ABSTRACT

37 Background: MTT amplification has been reported as a prominent feature of secondary
angiosarcomas (SAS). The differential diagnesis between atypical wvascular lesion
47 (AVL) and low-grade angiosarcoma (AS) can be occasionally very difficult or even
44 impossible, and MITT amplification status has been pointed as an important diagnostic
46 tool to distinguish cutaneous vascular lesions of the breast. Methods: We assessed MIT
amplification and protein expression status by fluorescent mn situ hybridization (FISH)
51 and mmmohistochemistry (THC), respectively, m 49 patients diagmosed with breast
AS, and 30 patients diagnosed with postradiation AVL of the breast. Climical and
pathological features, and follow-up data were collected and suraval analyses were

performed. Results: Among 37 patients with SAS, twenty patients had tumors with
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high-level MTC amplification and protein overexpression (34%). MNone of primary
angiosarcomas (PAS) or AVL cases showed MTT amplification or protein expression.
Concordance between MITC amplification (FISH) and protein expression (THC) was
100% in AVL, PAS and SAS. Survival analysis of the SAS patients demonstrates that
those with MTT amplification had a sigmficantly worse overall survival compared to
cases without MYC amplification (P=0.033). There was a non-significant trend toward
a poor disease-free survival between cases with and without MIC amplification
(P=0,155). Conclusions: Our findings show that MTC amplification 1s a highly specific
but poorly sensitive marker for SAS and therefore, a negative result does not exclude
the diagmosis of angiosarcoma. MTC amplficaton was associated with adverse
prognoesis, suggesting a prognostic role of MTC amplification status on SAS of the
breast.

Kevwords

angiosarcoma; post-imadiation; MY C; cutaneous; FISH; atypical vascular lesion
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Introduction

Secondary angiosarcoma (SAS) 15 an aggressive fumor that anses mn the setiing of
previous imadiation field or chromc lymphedema (Stewart-Treves syndrome) and 15
associated with poor prognosis - Atypical vascular lesions (AVL) of the breast,
however, are a bemign radiation-associated wvascular proliferation that sheows
morphological similarities with low-grade secondary angiosarcomas *°. The differential
diagnosis between AVL and low-grade angicsarcoma (AS) can be occasionally very
difficult or even impossible, mostly i small sized skin biopsies, due to the histologic
overlap characteristics between low-grade AS and AVL * '° Some studies reported
patients with AVL who later developed AS, suggesting that AVL may be a precursor to

S - 57.11
OT an incipient anglosarcoma .

Fecently, some studies have shown that c-mpye amplification is a recurrent genetic
alteration In secondary angicsarcomas, but not in prmary angiosarcomas and AVL,
suggesting distinct pathogenetic mechanisms between them “'°. MIC is a proto-
oncogene that codes for a transcription factor involved in the regulation of cellular
proliferation. cell growth, and apoptosis * . The most common mechanisms by which
MTC activation occurs in tumors are gene amplification and gene rearrangement * '°.
The deregulation of c-nryc has been associated with numan cancers and has also been
implicated in angiogenesis '*. MYC protein expression promotes cell proliferation
through inapproprate entry to S-phase from Gl phase following ionizing radiation

resulting in its function as an oncogene .

As accurate morphological diagnosis between low-grade AS and AVL can be difficult

and the whlity of immmmohistochemical (THC) stains for this particular diagmostic
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dilemma has not been established . New methods to distinguish these two biologic

enfities are a welcome tool in the climcal setting.

In this study, we aim to evaluate the diagnostic utility of MITC amplification and
overexpression in the scemario of AVL and AS to further assess whether MIT

amplification 15 implicated in prognosis.

MATERIAL AND METHODS

We searched the database from the Department of Anatomic Pathology of the European
Institute of Oncology (IEO) Milan, Italy, and Portuguese Institute of Oncology (IPO),
Lisbon, Portugal, and retrieved all female patients with the diagnosis of either
angiosarcoma of AVL of the breast from 1999 to 2012. Post-radiation AVL and
anglosarcoma ansing at sites other than the breast and cases without representative
tumor blocks were not ncluded in this study. The medical records were reviewed and
hematoxylin and eosm-stained shdes were re-examined by three of the anthors (CFG,
54 and HG) to confirm the diagnosis. Histopathological diagnostic critenia proposed by
Fmeberg and Fosen % were used in the pathological review. Switable blocks were
chosen to obtain additional sections for MTC immmestainings and interphase FISH

analysis.

For IHC analysis, standard whole sections were immumostained for M1C with a rabbit
monoclonal anti-c-MTT antibody (Y69, 1:50, Epitomucs [Cat no. 1472-1], Burlingame,
CA) using heat-induced epitope retmeval and an automated mmmmmostainer (Ventana,
Oro Valley, AZ USA). Appropniate posiive and negative confrols were used. Only

nuclear reactivity was considered positive. Immunostained sections were then examined

37
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by routine light microscopy. The cases were scored as ‘negative” (=3% positive cells),
1+7 (5-25% posiive cells), “2+° (26-30% positive cells), or “3+° (= 31% positive

cells), as previously proposed by Shon et al 2.

Interphase FISH was performed using commercially available FISH probe for MIT
(8924). and a probe desizned to detect CEPS (Abbot Molecular, Des Plines, IL. TUSA).
All tissue secfions were pretreated, digested and washed as recommended by the probes
supplier. A mininmm of 50 non-cverlapping intact interphase maclel was assessed for
the presence of amplificaton and were analyzed by two observers blinded fo the
onginal diagnosis. The hybndized shides were reviewed and the ratio of MI'C (red) and
CEPE (green) signals was calculated MYC/CEPS ratio of 2.0 or higher defined MIT

amplification.

When comparing characteristics between primary, secondary angiosarcomas with MIC
amplification and secondary angiosarcomas without MTC amplification, for categorical
variables we used the Fisher's exact fest or the Chi-square test For continmous
vaniables, the non-parametric median two-sample test was used. Disease-free survival
(DES) was calculated from the date of diagnosis of anglosarcoma to any local, regional,
distant relapse or death from any cause, whichever oceurred first, or to last visit date in
case of no events. Overall survival (08) was defined as the time mterval from date of
diagnesis of anglosarcoma to death from any cause or to last date of follow-up. DFS
and O3 were calculated with the Eaplan—Meler method and compared across different
subgroups by means of the Log-rank test or Log-rank tfest for trend, as appropmate.
Multivaniable Cox regression models were used to adjust the effect of the different types
of angiosarcoma on survival. Vanables that were significant in the wnivanate analysis

were tested i the multivariable models and only sigmificant or borderline significant
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(F=0.10) vanables in the multivariable models were included i the final mode]l. Hazard
ratios (HE) and 95% confidence mtervals (CI) were reported. All analyses were carried
out with the Statistical Analysis System (SAS) software (SAS Instiute, Cary, NC) and

the F. (hitp://cran 1-project. org”) software. All the reported P values were two sided.

Informed consent was obtained from all patients andfor guardians and imstitufional

review board approvals were obtained for all parts of the study.

RESULTS
Clinicopathological features

Forty-mine patients were diagnosed with breast angiosarcoma. Of these 49 patients
diagnosed with breast angiosarcoma, thirty-seven patients had a previous history of
breast carcinoma treated with radiation therapy (Figure 1d), and twelve patients had a
diagnosis of pnmary (sporadic) angiosarcoma. Chmcopathological features from 28
cases of AS included in the present series were previously described *. Thirty patients
were diagnosed with post-radiation AVL of the breast (Figure 1a), but one patient was
excluded from this study because there was no more representative tumor block
available for MTTC analysis. Clinicopathelogical details of these patients with AVL were
published previously . The clinicopathological characteristics of the three study groups

are summarnized in Tables 1. 2. and 3.
Immunchistochemical data

Immmmohistochemical stains for MYC protein were performed on all cases of AVL and
AS. None of the 29 cases of AVL displayed muclear immuneoreactivity for MTC (Table

39
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1, Figure 1b). Twenty specimens of secondary anglosarcoma (34%) stained posifive for
c-nve (20037 cases= 34%), with strong positive staming (“3+° or =51% positive)
observed in 10 cases (10720 cases=30%) (Table 3, Figure 1e). None of the PAS cases

showed MYC protein expression (Table 2).

Fluorescence in situ hyvbridization (FISH)

Mone of the 29 cases of AVL (Figure 1c) or PAS showed MTC amplification (Tables 1
and 2). Twenty out of 37 cases (34%) of 5AS showed high-level MTT amplification
using interphase FISH analysis (Table 3, Figure 1f). Of 3 patients with secondary
angiosarcoma with epithelioid features, 2 cases showed MTC amplification and MYC
protein overeXpression.

Concordance between FISH and THC

Concordance between protein expression (IHC) and MTC amplification was 100% m
AVL, PAS and 5AS. The two cases of AVL that progressed to AS (Cases 22 and 23,

Table 1) showed ne MTC amplification or protein overexpression both at diagnosis of

AVL, as at the ime of diagnosis of AS (Cases 4 and 11, Table 3).

MYC amplification/protein overexpression as a prognostic factor

Climcal follow-up data of patients with diagnosis of breast angiosarcoma were available

for 48 of the 49 patients (median 32 months, range from 1 to 163 months).

There was no comelation between histological fumor grade and MTC amplification
(P=0.365). No significant association of fumor size and MTT amplification was found

(P=0.289).
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When comparing DFS between PAS, SAS without MIC amplification and 5AS with
MTT amplification, there were statistically significant differences at both univariate and
mmltivaniable analyses (P=0.033, Figure 2 and Table 5; P=0.016; Table 6a). When
comparing 05 between PAS, SAS without MTC amplification and SAS positive for
MTT amplification there were statistically significant differences only at multivaniable
analyses (P=0.084, Figure 3 and Table 5; P=0.012; Table 6a). When limiting the
survival analysis to the SAS patients, we observed that cases with MTC amplification
had a significantly worse OS5 compared to cases without MTC amplification (size and
grade-adjusted HE: 3.47 (1.09-11.1)). There was a non-significant trend toward a poor
DES befween cases with and without MTC amplification (s1ze and grade =adusted HE-

1.89 (0.78-4.55), Table 6b).

Other well established disease parameters (fumor size and tumor grade) were also
independently predictive of worse outcome In both pnmary and secondary
angiosarcomas. Paflents that presented tumeor size = 5cm had a shori-term DFS
(P=0.054) and poor OS (F=0.020) when compared with cases showing tumor size =
Jem i multvanable analysis (Table §a). High-grade tumors were associated with
worse DES and OS5 (P=0.056 and P=0.018, respectively; Table 6a) when compared with

low-grade tumors.

MTCT amplhfication, however, had no sigmficant association with a shorter latency
pericd (ime from radiation therapy to the diagnosis of secondary angiosarcoma) in

cases with versus in cases without MTC amplification (P=0.161).

41
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DISCUSSION

MTC amplification has been descnbed mm different solid tumors. MTC lugh-level
amplification has been reported as a prominent feature of radiation-indnced
angiosarcomas and 15 also prevalent in other radiation-induced sarcomas, suggesting a
strong association between irradiation and MTC gene amplification **. The perspective
of MTT as an important anticancer target determines the importance to understand the

specific role of MTC in different subsets of sarcomas ***'.

Or study evaluated the largest senes of MIT amphification m the largest senes of
primary and secondary angiosarcomas and AVL of the breast, and it is the unique study
that explored exclusively vascular lesions occuming within the breast. In our study,
MTC amplification was detected in 34% of secondary breast anmosarcomas. Two other
sudies found 33% and 67% of MIT amplification in secondary angiosarcomas,
respectively '***. We did not find MTC amplification or protein overexpression in any
case of AVL or primary angiosarcoma of the breast, and owr results confirm previcus

: - 5,10,13-15
findings of other series :

Some studies however, have found that a high level of amplification of MIT on
chromosome 8g24-21 i1s presemt im 100%: of the patients with post-radiation
angiosarcoma and lymphedema-associated angiosarcoma, but not in AVL and primary

angiosarcoma - 10 13 19

, suggesting MTT amalysis as a crucial diagnostic tool i the
setting of vascular lesions. All these studies, however, mnvolved small case senes. They
also studied cases of anglosarcoma from nonmammary sites and lymphedema-
assoclated angiosarcoma all together, and this fact may represent a selection bias.
Kacker et al. found 58% frequency of MIC high-level amplifications in their series of

radiation-mmduced angiosarcomas, including sarcomas of the breast but they also
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included AS of other organs. When only AS of the breast were counted, the frequency
of MTC high-level amplifications was 86% '°.

Based on ow findings, the diagnoshe usefulness of mferphase and MIT
immunchistechemisiry in disingmshing low-grade secondary anglosarcoma from AVL
13 linmted due to the low sensiivity of these assays. Indeed 2 negative result does ot

exclude the diagmosis of anglosarcoma.

In our semes, none of the 1) prnmary angiosarcoma of the breast showed MIT
amplification. Fecent studies, however, have shown a small subset of pnmary
angiosarcoma that also presemts MIT amplificaton suggesting that genomuc
amplification of MTC is not restricted to secondary AS, as previously recognized '% 1>
*_ Shon et al. detected MTC abnormalities in a small munber of primary cutaneous
angiosarcomas, but they mcluded male and female patients with anglosarcomas from
nonmammary skin . Italiano et al. found MTC amplification in three out of the six
primary cases of angiosarcoma (2 out of the 3 cases occurring within the breast) 2. It
seems that the absence of high-level gene amplifications does not exclude a possible
role of MIT m the pathogenesis of pnmary angiosarcomas. We can also hypothesize
that MIC amplification is not a specific genomic abemration induced by lonizing
radiation in secondary anglosarcomas, as MI'C amplification has alse been shown even

in lymphedema-associated angiosarcomas 1% 9.

Two patients of our senes with matial diagnosis of AVL showed progression to hugh-
grade cutaneous angiosarcoma (Cases 22 and 23, Table 1). Both at diagnosis of AVL, as
at the time of diagnoesis of AS, no MTC amplification and protein overexpression were
observed. Santi et al. found a common mutational pathway (mutational inactivation of

IF35 gene) among AVL and A5, suggesting that they are biolegically related enfibies

43
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and could represent the extremes of a morphological contimnm # Most studies that
explored MTC amplification status cast doubt on this hypothesis, since, to date, no case
of MTC amplification in AVL has been 1denfified U1 However, based on our findings.
the hypothesis that AVL may represent a precursor lesion should not be discarded based
only on MIT amplification stafus, since not all cases of post-radiation angiosarcoma

shows MTC amplification.

We also found excellent FISH and IHC concordance in primary and secondary
angiosarcomas, and AVL of the breast, confirmmg previcus studies B Different from
our results, Ginter et al. found a poor concerdance (§5%) between IHC and FISH for
MIC in AS of nonmammary sites ', Shon et al. reported MYC protein overexpression
in cases lacking gene amplification in primary cutaneous angiosarcomas, suggesting
other mechamsms of MTC activation, but they alse mncluded cases of AS from other
organs °. Therefore, we can conclude that MTC amplification and protein
overexXpression In anglosarcomas 15 a highly specific but low sensifive marker for the

diagnosis of angiosarcomas of the breast and other nonmammary sites.

Our findings confirm the fact that secondary tumors have a worse prognosis when
compared with primary disease, as we previcusly reported in a series addressing a
smaller mumber of cases > **. We also found a sigmificant association between MIT
amplification and poor prognosis in secondary angiosarcomas of the breast. Previous
studies have shown an association between gene amplification andor protein
overexpression of WI1T and advanced stage in a vanety of non-angiosarcoma human
malignancies '***, but none of the available studies that explored the prognostic role of
MIC gene In anglosarcomas was able to find amy association between MIT

amplification and clinical prognosis or tumor grade %%
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Our study is the first one to demonstrate a consistent association between MIT
amplification status and climcal outcome on secondary angiosarcoma. We did not find
amy association between MTC amplification and tumeor size, fumor grade or shorter
latency peniod from radiation therapy and diagnoesis of AS. To date, only the sudy of
Kacker et al. found a non-significant statistical trend toward a shorter latency between

primary tumeor and sarcoma in cases with MTC amplification (p=0,2).

Diata from current literature and our results demonstrate that the genefic and molecular
aberrations mvolved In AS mumeongenesis remain poorly understood. The genetic
heterogeneity of these tumors has been observed by other authors, and new potential
genomic events have been investigated. Guo et al. identified FLT4 gene coamplification
with MIC in 25% of secondary angiosarcomas, but none of AVL and primary AS
showed this abnormality . Italiano et al. observed that the NOTCH pathway effector
gene MAMII (5g935.3) 15 amplified and overexpressed m 12% of secondary
angiosarcomas, m all these cases, coamplified with FLTS They did not find any
difference m climical or patholegic charactenstics between AS with and without 5935

amplification =

Fadiation-mnduced AS seems to be genetically different from primary angiosarcomas
and AVL, but there is a clear evidence of genetic heterogeneity even among secondary
cases. Therefore, further studies are necessary to identify the oncogenic mgger events

of thiz subset of tumors.

45
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FIGURE LEGENDS

Fig. 1a AVL of the breast skin showing circumscribed proliferation of vessels i the

=T B R B SR (R

upper dermis, nuld endothelial afypia and associated lymphocytic mfiltration

12 Hematoxylin and eosin, x200.

i5 Fig. 1b In a MYC-immmostained section of the same AVL, there was no nuclear

17 staiming in endothelial cells.
20 Fig. 1c FISH for MTTC amplification showing no MY'C amplification in AVL.

23 Fig. 1d Secondary AS with epithelioid morpholegy showing proliferation of atypical

25 vessels. Hematoxylin and eosim, x200.

28 Fig. le Secondary AS showing muclear MYC protein expression in proliferative tumor

30 cells.
33 Fig. 1f FISH analysis showed high-level MIC gene amplification in the secondary AS.
Fig. 2 Disease-free survival according to type of angiosarcoma and MYC amplification

Fig. 3 Overall survival according fo type of angiosarcoma and MYC amplification



Table 1: Clinicopathological, FISH and IHC data for atypical vascular lesion

# Age  Latency Location Follow-up (months) FISH IHC
interval
*(months)
1 67 117 Breast skin Alive NED (16) NAMP -
2 47 57 Breast skin Dead of metastatic CRC(25) NAMP -
3 67 1 Axillary skin Alive NED (25) NAMP -
4 43 19 Breast skin Alive NED (93) NAMP -
5 54 31 Breast skin Dead of metastatic BC (24) NAMP -
6 60 26 Breast skin Alive NED (31) NAMP -
7 59 42 Breast skin Alive NED (90) NAMP -
8 57 49 Breast skin Alive NED (93) NAMP -
9 37 28 Breast skin Alive, with recurrent AVL (26) NAMP -
10 47 124 Breast skin Alive NED (27) NAMP -
11 81 124 Breast skin Alive NED (36) NAMP -
12 67 48 Not available Dead of cardiomyopathy (54) NAMP -
13 65 33 Breast skin Alive NED (61) NAMP -
14 62 80 Breast skin Alive NED (109) NAMP -
15 67 83 Breast skin Alive NED (72) NAMP -
16 68 93 Breast skin Alive NED (38) NAMP -
17 55 77 Breast skin Alive NED (60) NAMP -
18 54 37 Breast skin Alive NED (8) NAMP -
19 75 17 Breast skin Alive NED (41) NAMP -
20 43 56 Breast skin Lost to follow-up NAMP -
21 51 79 Breast skin Dead of metastatic BC (18) NAMP -
22 62 54 Breast skin Alive, progression to AS (97) NAMP -
23 65 40 Breast skin Dead, progression to AS (107) NAMP -
24 75 34 Breast skin Alive NED (5) NAMP -
25 73 146 Axillary skin Alive NED (6) NAMP -
26 44 72 Breast skin Alive NED (12) NAMP -
27 50 25 Breast skin Alive NED (2) NAMP -
28 68 41 Breast skin Alive NED (3) NAMP -
29 50 10 Breast skin Alive NED (2) NAMP -

NED, no evidence of disease (AVL); BC,breast cancer; CRC, colorectal cancer; AS, angiosarcoma. NAMP, no amplification

*Latency interval between radiotherapy and development of AVL.

Table 2: Clinicopathological, FISH an IHC data for primary angiosarcomas (AS)

# Age Location Tumorsize Tumorgrade FISH IHC  Follow-up (months)
1 61 Breast 1.0cm Intermediate  NAMP - Lost to follow-up
2 55 Breast 2.1cm Low NAMP - Alive NED (133)
3 38 Breast 2.2cm Intermediate NAMP - Alive NED (164)
4 34 Breast 3.0cm Intermediate NAMP - Alive NED (149)
5 69 Breast 3.0cm High NAMP - Dead (53)

6 42 Breast 3.0cm Low NAMP - Alive LR (104)
7 42 Breast 10.0cm High NAMP - Alive NED (58)
8 36 Breast 8.0cm High NAMP - Dead MT (12)
9 30 Breast 15.0cm Intermediate  NAMP - Dead MT (30)
10 45 Breast 14.0cm Intermediate  ~ NAMP - Dead (42)

1 77 Breast 10.0cm High NAMP - Dead LR (14)
12 59 Breast 10.0cm High NAMP - Alive NED (28)

NAMP, no amplification; NED, no evidence of disease (AS); LR, local recurrence; MT, metastasis
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1
2
3
4
5
? Table 3: Clinicopathological. FISH and immunohistochemical (THC) data for secondary angiosarcomas (SAS)
8 # Age Location Latency Tumor size Tumor grade FISH IHC Follow-up (months)
9 interval
10 *(months)
11 1 69 Breast 18 1.4cm Low NAMP - Alive NED (159)
12 2 66 Breast 70 1.2cm High NAMP - Dead LR{48)
13 3 78 Breast 192 7.0cm High NAMP - Dead MT(9)
14 4 64 Breast 70 5.5cm High NAMP - Alive NED (122)
15 5 30 Breast 118 6.0cm High AMP + Dead (20)
186 6 48 Breast 105 0.7cm Low NAMP - Dead LR (31)
17 7 63 Breast 82 2.0em High AMP ++ Dead LR (24)
18 8 8 Breast 66 2.0cm High AMP =+ Dead LR (63)
0 43 Breast 283 95cm Intermediate NAMP - Alive LR (86)
19 10 80 Breast 43 6.0cm Low NAMP - Alive LR (81)
20 11 73 Breast 134 8.0cm High/Epithelioid NAMP - Dead CR (32)
21 12 46 Breast 111 2.5em Low NAMP - Alive NED (71)
22 13 62 Breast 41 11.0cm High/Epithelioid AMP =+ Dead MT(12)
23 14 66 Breast 104 NA High AMP + Dead MT (2)
24 15 77 Breast 120 42cm High AMP + Dead MT (19)
25 16 70 Breast 60 3.0cm High AMP +H+ Dead LR (13)
26 17 69 Breast 97 2.0cm Low AMP ++ Alive NED (32)
27 18 37 Breast 31 35cm High NAMP - Alive LR (65)
28 19 88 Breast 113 2.0cm High AMP + Dead LR (25)
29 w73 Breast 118 8 0cm High/Epithelioid AMP + Dead LR (8)
a0 21 60 Breast a0 35cm Lp'\\' AMP + Al@\'e LR (34)
22 40 Breast 82 3.0cm High AMP i+ Alive LR (22)
31 13 66 Breast 7 4.0cm High AMP r Dead MT (25)
32 w71 Breast 53 55em Low AMP + Alive LR (40)
33 25 70 Breast 146 2.5em High AMP + Alive MT (32)
34 26 81 Breast 60 14.0cm Low AMP — Alive NED (66)
a5 27 36 Breast 118 20.0cm Intermediate NAMP - Dead of disease (33)
a6 28 77 Breast 71 10.0cm High NAMP - Dead of disease (37)
a7 0 77 Breast 135 6.0cm Intermediate AMNP —+ Dead of disease (8)
a8 30 67 Breast 138 17.0cm High NAMP - Dead of disease (1)
ag 31 &4 Breast 33 7.0cm Intermediate NAMP - Dead of disease (4)
40
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6 #  Age Location Latency Tumor size Tumor grade FISH IHC Follow-up (months)
7 interval
8 *(months)
9 32 70 Breast 93 4 5cm Low NAMP - Alive NED (21)
10 33 66 Breast 75 12.0cm High AMP —++ Dead of disease (§)
11 34 B84 Breast 106 5.0cm Low AMP —+ Alive NED (12)
12 3l 72 Breast 03 7.0cm Intermediate AMP - Dead of disease (17)
13 6 79 Breast 87 3.0cm Intermediate NAMP - Dead of disease (133)
14 37 69 Breast 261 14.0cm Low NAMP - Alive NED (2)
15 NA. not available: NAMP. no amplification: AMP. amplification: NED. no evidence of disease (AS): LE. local recurrence; MT. metastasis: CR. contralateral recurrence
:11?, * Latency interval between radiotherapy and development of AS. Cases 4 and 11 (highlighted) had previous dingnosis of AVL that progressed to AS.
18
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PAS SAS SAS
Variable Classification MYC AMP negative ~ MYC AMP positive  P-value  P-value®
No. (col %) No. (col %) No. (col %)

All patients 12 (100.0) 17 (100.0) 20 (100.0)

Median (range) 44 (30-77) 67 (37-80) 70 (40-88) 0.027 0.278

<60 9 (75.0) 5(29.4) 3(15.0) 0.020 0.637
Age (years)

61-70 2(16.7) 6 (35.3) 8 (40.0)

> 70 1(8.3) 6 (35.3) 9 (45.0)

Median (range) 5.5 (1.0-15.0) 6.0 (0.7-20.0) 4.2 (2.0-14.0) 0.460 0.210

<2 1(8.3) 3(17.7) 3(15.8) 0.524 0.289
Diameter (cm) 2.1-5 5 (41.7) 3(17.7) 8 (42.1)

>5 6 (50.0) 11 (64.7) 8 (42.1)

Missing 0(-) 0(-) 1(-)

1 2(16.7) 6 (35.3) 5 (25.0) 0.254 0.365
Grade 2 5(41.7) 4 (23.5) 2(10.0)

3 5(41.7) 7(41.2) 13 (65.0)

Median (range) - 9.3 (1.5-27.7) 7.2 (3.4-12.2) - 0.260
Time from <7 - 5 (29.4) 8 (40.0) - 0.161
?;:rasgy radiotherapy - 5 (29.4) 9 (45.0)

>10 - 7(41.2) 3(15.0)

PAS, primary angiosarcoma; SAS, secondary angiosarcoma; MYC AMP, MYC amplification. “Among secondary
angiosarcomas only. Percentage calculations did not include missing values. Age and time from radiotherapy were
categorized in tertiles, diameter according to standard categorization.
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Table 5. Univariate survival analysis

i DFS: Events OS: Events
At risk p. p.
Variable Classification G (5-year value  (5-year value
' survival) survival)

<60 17 11 (33.6) 0.158 6 (60.1) 0.035
Age (years) 61-70 15 10 (24.1) 10 (23.0)

> 70 16 13 (17.1) 11 (38.4)

<5 22 13 (40.5) 0.044 10 (56.0) 0.045
Diameter (cm)

>5 25 20 (14.7) 16 (30.7)

1 13 5 (54.0) 0.006 1 (90.0) <0.001
Grade 2 10 8 (30.0) 7 (40.0)

3 25 21(8.8) 19 (20.5)
Time from <7 13 10 (23.1) 0.445 7 (52.8) 0.092
primary 7-10 14 10 (30.6) 8 (36.5)
radiotherapy
(vears) > 10 10 8 (11.3) 7 (22.5)

PAS 11 6 (39.8) 0.033  5(49.1) 0.084
Angiosarcoma  SASMYCAMP 12 (29.3) 9 (47.9)

neg
group

FSJQSS MYCAMP 50 16 (15.6) 13 (35.9)

PAS, primary angiosarcoma; SAS, secondary angiosarcoma; MYC AMP, MYC amplification; neg,

negative for MY C amplification; pos, positive for MY C amplification.
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Table 6a. Multivariable analysis in all patients

DFS ON)

. . P- P-
Variable Comparison | |
HR (95% Cl) V&Y€ HR (9506 1) VAIUE
. 2.15 (0.99- 3.15 (1.20-
<
Diameter >5vs<5 4.69) 0.054 8.26) 0.020
2.46 (0.76- 15.9 (1.79-
2vsl 7.97) 141)
Grade 0.056 0.018
3.42 (1.25- 19.6 (2.50-
Svsl 9.35) 154)
SAS MYC AMP negvs 2.31 (0.86- 1.44 (0.47-
Angiosarcoma PAS 6.24) 4.43)
0.016 0.012
group SASMYC AMP pos  4.56 (1.62- 5.69 (1.67-
vs PAS 12.8) 19.4)

SAS, secondary angiosarcoma; MYC AMP neg, negative for MYC amplification; MYC AMP

pos, positive for MYC amplification; PAS, primary angiosarcoma.
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Table 6b. Multivariable analysis in secondary angiosarcoma patients (SAS)

DFS

oS

amplification.

: . P- P-
Variable Comparison I |
HR (95% Cl) V&Y€ HR (9506 1) VaIUe
. 2.14 (0.89- 2.92 (0.99-
<
Diameter >5vs<5 5.21) 0.090 3.68) 0.053
2.67 (0.72- 13.6 (1.46-
2vsl 9.91) 125)
Grade 0.055 0.030
3.90 (1.29- 16.7 (2.09-
Svsl 11.8) 133)
1.89 (0.78- 3.47 (1.09-
MYC AMP Pos vs Neg 4.55) 0.155 11.1) 0.035
MYC AMP Pos, positive for MYC amplification, MYC AMP Neg, negative for MYC



Figure 1: a) AVL of the breast skin showing circumscribed proliferation of vessels in the upper

dermis, mild endothelial atypia and associated lymphocytic infiltration. HE, x200; b) in a MYC-
immunostained section of the same AVL, there was no nuclear staining in endothelial cells; ¢) FISH
for MYC amplification showing no MY C amplification in AVL; d) Secondary AS with epithelioid
morphology showing proliferation of atypical vessels. HE, x200; e) secondary AS showing nuclear
MY C protein expression in proliferative tumor cells; f) FISH analysis showed high-level MYC gene

amplification in the secondary AS.
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Figure 2. Disease-free survival according to type of angiosarcoma and MYC amplification
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5. CONSIDERACOES FINAIS

Nossos resultados mostraram que LVA sdo lesdes que se apresentam em pacientes com
mediana de idade de 58,5 anos, apds um intervalo de laténcia entre a radioterapia e
diagnostico de cerca de 4 anos. Clinicamente, as LVA se apresentam como diminutas
papulas solitarias ou multiplas no sitio de irradiacdo prévia da mama, e costumam ser bem
circunscritas, sem extensao para o tecido subcutaneo e sem atipia significativa. A presenga
de infiltrado inflamatdrio € achado frequente, mas lagos de sangue, polimorfismo nuclear

ou multiplas camadas endoteliais ndo foram observados em nenhum dos nossos casos.

Identificamos trés casos de LVA que surgiram na mama ap0s o emprego de radioterapia
intraoperatoria, e estes foram o0s (inicos casos descritos na literatura até a presente data. E
valido, entretanto, ressaltar que, nestes casos, a pele da mama nédo foi poupada, uma vez
que duas destas pacientes receberam dose de ataque de 12 Gy (boost) no intraoperatério,
porém, realizou-se RT convencional complementar de 37 Gy na sequéncia do tratamento.
Estas pacientes desenvolveram LVA apés 8 e 10 meses da conclusdo da RT,
respectivamente. A terceira paciente recebeu a dose total de 16 Gy no complexo aréolo-
papilar no contexto de adenomastectomia preservadora do CAP, tendo detectado LVA 72
meses apos a realizacdo da RT. O fato destas trés pacientes terem desenvolvido LVA na
mama pode, portanto, ser explicado pela radiacdo que atingiu a pele e em dose ainda mais
concentrada de uma Unica vez. Ha dois trabalhos na literatura que relataram a ocorréncia
de angiossarcoma ap0s braquiterapia para cancer de mama com MammoSite®, técnica em
que também héa exposicdo da pele a radiacdo (ANDREWS et al., 2010; MANSFIELD;
ZYNGER; AGNESE, 2014). Contudo, ndo ha, até a presente data, nenhum registro na
literatura de LVVA ou angiossarcoma desenvolvido na mama no contexto de radioterapia
intraoperatodria de Unica dose (21Gy), técnica que classicamente poupa a pele da radiagéo.
Este fato ratifica a importdncia da participacdo da RT da pele da mama no

desenvolvimento destas lesGes secundarias.

Dado relevante deste trabalho foi a progressdo para AS de dois casos com diagnostico
prévio de LVA. Apesar deste achado ja ter sido relatado por Brenn e Fletcher e Patton et
al.(BRENN; FLETCHER, 2005; PATTON; DEYRUP; WEISS, 2008) nos tivemos a
oportunidade de estudar estes dois casos também do ponto de vista molecular, que é
inédito até o momento. Observamos que estes dois casos apresentaram caracteristicas

comuns, como a presenca de margens comprometidas quando da realizacdo da bidpsia
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cutanea (punch biopsy) da LVA, a expressdao do marcador Ki-67 (>10%), assim como
auséncia de amplificacdo do MYC, tanto no momento do diagndstico de LVA, quanto no
momento do diagndstico do AS. O Ki-67 € um marcador de proliferacdo celular ja bem
estudado em carcinoma de mama e que esta relacionado a maior agressividade tumoral
(INIC et al.,, 2014; NISHIMURA et al., 2014). Um questionamento que poderia ser
levantado seria a possibilidade destes casos se tratarem, na verdade, de angiossarcomas,
subamostrados e subdiagnosticados no momento da biopsia cutanea que identificou a
LVA. Porém, ambos os casos evoluiram para AS de alto grau histoldgico 19 e 89 meses
apos o diagnostico de LVA, respectivamente. Seria pouco provavel que um AS de alto
grau fosse confundido com uma LVA, ainda que em uma bidpsia de pequeno fragmento
tecidual. Além disso, angiossarcomas sdo tumores muito agressivos, € mesmo os de baixo
grau histolégico tendem a ter um crescimento rapido e sinais clinicos expressivos. A
auséncia de amplificacdo do MYC no momento do diagnédstico de LVVA é outro fato que
corrobora com seu diagnostico, ainda que ndo afaste por completo a possibilidade de AS.

A importancia das margens cirurgicas livres também pode ser verificada no Unico caso de
recidiva de LVA que observamos neste estudo. A paciente foi submetida a biopsia cutanea
quando teve diagndstico de LVA, e este foi o unico tratamento oferecido. Trinta e dois
meses apds o diagnostico de LVA, a paciente apresentou outras duas lesdes no sitio da
bidpsia prévia. Tendo em vista os trés casos de LVA com margens comprometidas que
tiveram progndstico desfavorével, a despeito da bidpsia cuténea ter sido um tratamento
suficiente em 93,3% dos nossos casos, sugerimos ressec¢do completa da LVA, com

margens livres de doenca.

Outra contribui¢do de nosso trabalho foi a caracterizagcdo imuno-histoquimica das LVA.
Mostramos que o uso de marcador D2-40 com a finalidade de subdividir estas lesdes em
LVA tipo-linfatico e LVA tipo-vascular segundo a proposta de Patton et al. (PATTON;
DEYRUP; WEISS, 2008) ndo ¢ de utilidade na pratica clinica, uma vez que identificamos
evolucédo desfavoravel em ambos os tipos de LVA (um caso de progressdo para AS era do
tipo linfatico, e o outro era do tipo vascular). Todavia, conseguimos identificar que 20%
dos nossos casos apresentavam baixa expressao de Ki-67 e 17% apresentavam
intermediaria ou alta expressdo deste marcador. O Unico estudo disponivel na literatura
sobre a expressdo do Ki-67 em LVA foi o de Requena et al., que mostraram negatividade
para este marcador em todos os casos de LVA que analisaram (REQUENA et al., 2002).

De acordo com nossos resultados, o estudo do Ki-67 em LVA nédo pode ser usado para
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fins de progndstico ou diagndstico diferencial com angiossarcomas, uma vez que outros
casos que apresentaram maior expressao do Ki-67 tiveram um comportamento clinico

benigno.

Durante a revisdo das laminas, pudemos constatar a dificuldade em diferenciar alguns
casos de LVA de angiossarcomas de baixo-grau histoldgico, sobretudo em fragmentos de
biopsia muito diminutos. Mesmo seguindo os critérios de Fineberg e Rosen (FINEBERG;
ROSEN, 1994), em alguns casos, o diagndstico diferencial baseado nas caracteristicas
histopatologicas foi dificil. Estas lesdes guardam semelhangas entre si, dai a necessidade
de se encontrar marcadores moleculares e/ou imuno-histoquimicos que possam auxiliar o

patologista nesta diferenciacao.

N&o conseguimos identificar nenhum marcador que pudesse oferecer um diagnéstico
inequivoco de LVA. Estudamos a expressdo da endoglina (CD105), avaliado pela
primeira vez na literatura nestes casos. Hara H relatou forte expresséo deste marcador nas
células endoteliais de angiossarcomas cutaneos (HARA, 2012). Contudo, obtivemos
positividade para o CD105 em quase todos os casos de LVA (83%), porém com
marcacao, além de células endoteliais das lesdes, também das células endoteliais de vasos
normais do estroma adjacente. Realizamos a IHQ com dois clones diferentes para CD105
(clones 8A1 e SN6) e o desfecho se repetiu. E possivel que a alta sensibilidade destes
clones tenha interferido e superestimado o resultado encontrado, porém, devido a
inespecificidade da marcagéo, em nosso trabalho, o0 CD105 n&o se mostrou um marcador

atil.

Nos ultimos cinco anos, surgiram alguns trabalhos que pareciam, finalmente, ter
encontrado importante ferramenta diagnostica para diferenciacdo das proliferacoes
vasculares pds-radioterapia: o estudo da expressdo protéica do produto do gene MYC por
IHQ ou a amplificacdo do MYC pelo FISH. Alguns autores apontaram a amplificacdo do
MYC como condicdo exclusiva dos angiossarcomas secundarios, afirmando que, quando
presente, descartaria o diagnostico de LVA e angiossarcomas primarios, uma vez que
encontraram amplificacdo em 100% dos tumores secundarios e ndo identificaram nenhum
caso de amplificaggo do MYC em LVA nem em angiossarcomas primarios
(FERNANDEZ et al., 2011; GUO et al., 2011; MENTZEL et al., 2012). Esta descri¢édo
motivou estudos posteriores que investigarem a importancia do MYC em LVA e AS, mas

resultados conflitantes vém sendo descritos.
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Nosso trabalho avaliou a maior casuistica de LVA e angiossarcomas da mama que foram
submetidos ao estudo do MYC. Ao contrario de outros trabalhos que apontaram 100% dos
ASS com MYC amplificado, detectamos amplificacdo do MYC em 54% dos nossos casos
de ASS. Dois outros trabalhos demonstraram 55% e 67% de amplificacdo do MYC em
ASS, respectivamente (MANNER et al.,, 2010; ITALIANO et al, 2012). Né&o
identificamos amplificagdo do MYC em nenhum dos casos de LVA ou ASP da mama,
confirmando os achados prévios de outras séries de casos (MANNER et al., 2010;
FERNANDEZ et al., 2011; GUO et al., 2011; MENTZEL et al., 2012; GINTER et al.,
2013). Diante destas observagdes, questionamos a utilidade do estudo do MYC por IHQ
ou pelo FISH para distingdo entre LVA e AS de baixo grau histoldgico, uma vez que,
além de implicar em aumento de custos, um resultado negativo para amplificacdo do MYC

ndo exclui o diagndstico de AS.

Ainda que ndo haja nenhum caso de LVA mostrando amplificacdo do MYC descrito na
literatura até a presente data, trabalhos recentes apontaram casos de amplificacdo do MYC
em ASP (ITALIANO et al., 2012; GINTER et al., 2013; SHON et al., 2014). Este dado
sugere que a amplificacdo do MYC ndo é achado restrito aos ASS como se pensava, e
pode-se inferir um possivel papel do MYC também na patogénese dos ASP. Ainda mais
relevante, podemos levantar a hipotese de que a alteracdo genémica do MYC ndo seja um
fendmeno especifico induzido pela radiacdo ionizante, uma vez que casos de
angiossarcomas secundarios a linfedema cronico (Sindrome de Stewart-Treves)
apresentando amplificacdo do MYC também ja foram descritos na literatura (MANNER
etal., 2010; GUO et al., 2011; MENTZEL et al., 2012; GINTER et al., 2013).

Nosso estudo foi o Unico a conseguir demonstrar o papel do MYC no progndstico dos
casos de AS que apresentaram amplificacdo. Os poucos trabalhos disponiveis na literatura
que avaliaram sobrevida versus amplificacdo do MYC em AS néo encontraram nenhuma
associagcdo com a evolugdo clinica dos pacientes estudados (MANNER et al., 2010;
ITALIANO et al., 2012; KACKER et al., 2013; SHON et al., 2014). N6s observamos
piora significativa da sobrevida global entre os casos de ASS com MYC amplificado
versus 0s que nao apresentaram amplificacdo, além de uma tendéncia ndo-significativa a
pior sobrevida livre de doenga nos casos com amplificacdo do MYC. Os ASS apresentam
pior progndstico que os ASP confirmando achados prévios de nosso grupo e agora com
maior numero de casos (FRAGA-GUEDES et al., 2012). Demonstramos ainda que o grau

histologico e o didmetro tumoral sdo também fatores progndsticos em angiossarcomas.
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A despeito do conceito vigente de que as LVA séo lesdes benignas, de bom prognostico, o
fato de dois de nossos casos de LVVA terem progredido para AS é um achado relevante do
nosso estudo, e levanta discussdo sobre a patogénese destas lesdes e seu potencial como
possivel lesdo precursora de AS. Estudando a amplificacdo do MYC em ambos 0s casos,
ndo identificamos amplificagdo nas LVA nem nos AS que surgiram posteriormente.
Portanto, ndo podemos afirmar nem descartar a possibilidade de LVA serem lesdes

precursoras de AS baseados no estudo do gene MYC.

Nossos resultados acrescentam informagdes importantes a literatura, uma vez que
utilizamos critérios de selecdo de pacientes mais rigidos, que diminuem a possibilidade de
vieses de selecdo. Todas as pacientes foram do sexo feminino, todos os tumores foram
restritos as mamas, e tanto LVA quanto ASS se desenvolveram no contexto de
radioterapia prévia para carcinoma mamario. N&o incluimos casos de Sindrome de
Stewart- Treves, assim como tumores de outros sitios além das mamas como todos 0s
demais trabalhos ja publicados que avaliaram a amplificacdo do MYC nestas proliferacfes
vasculares. Da mesma forma, nossos achados também devem ser avaliados com cautela na
tentativa de reproduzi-los quando no contexto de proliferagdes vasculares de outros sitios

além das mamas e em demais tipos de sarcomas que ndo foram o foco do nosso trabalho.

Por fim, concluimos que as alteracBes genéticas e moleculares envolvidas na patogénese
dos AS e LVA ainda ndo estdo bem esclarecidas. Nossos achados, assim como os achados
da literatura, sugerem a possibilidade de LVA e AS se tratarem de lesdes geneticamente
distintas, mas também alertam para a importante heterogeneidade que existe mesmo entre
0s angiossarcomas secundarios e primarios da mama. Novos estudos sdo necessarios para
identificar outros possiveis eventos genémicos que consigam explicar a patogénese deste

grupo de lesdes vasculares da mama.
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6- CONCLUSOES

a) A mediana de idade das pacientes com LVA foi 58,5 anos, apds intervalo de laténcia
entre a RT e diagnostico de 4 anos. LVA se apresentaram como papulas circunscritas,
solitarias ou multiplas no sitio de irradiacdo prévia da mama. A maioria é positiva para
CD31, D2-40 e CD105, com baixa expressdo de Ki-67 e com evolucdo benigna,
entretanto, dois casos progrediram para AS.

b) Amplificagdo do MYC foi encontrada apenas em ASS (54% dos casos), sendo
marcador de alta especificidade e baixa sensibilidade para ASS, porém um resultado

negativo ndo descarta a possibilidade de ASS.

¢) Houve 100% de concordancia entre as técnicas de FISH e IHQ para 0 MYC em LVA,
ASP e ASS, porém, devido a baixa sensibilidade dos dois métodos, sua utilizacdo no

diagnostico diferencial entre LVA e AS de baixo-grau ndo é recomendada.

d) A amplificacdo do MYC nos ASS correlacionou-se com pior sobrevida global e

tendéncia ndo-significativa a pior sobrevida livre de doenca.
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9- ANEXOS

9.1 ANEXO I: APROVAGCAO DO COMITE DE ETICA EM PESQUISA DA UFMG
(COEP)

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Parecer n2. ETIC 0216.0.203.000-10

Interessado(a): Profa. Helenice Gobbi
Depto. de Anatomia Patolégica e Medicina Legal
Faculdade de Medicina - UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 13 de julho de 2010, apés atendidas as solicitagdes de diligéncia, o
projeto de pesquisa intitulado "Angiossarcoma e lesdes vasculares
atipicas da mama: estudo clinico, patolégico e imunofenotipico
comparativo” bem como o Termo de Consentimento Livre e
Esclarecido.

O relatério final ou parcial devera ser encaminhado aoc COEP um
ano apoés o inicio do projeto.

Profa. Maria Teresa Marques A;léaral

Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa Il - 2° andar — Sala 2005 — Cep:31270-901 — BH-MG
Telefax: (031) 3409-4592 - ¢-mail: coepi@prpg.ufing.br



9.2 ANEXO Il: APROVACAO DO COMITE DE ETICA EM PESQUISA DO IEO

+ii W IEO
i Istituto Europeo di Oncologia

Istituto di Ricovero € Cura a Carattere Scientifico (DM 18/1/96)
Via Ripamenti 435, 20141 Milano - Italla

Comitato Etico
Tel +39 02 57 489 848 Fax +39 02 57 489 781
E-mail: comitato.etico@leo.lt

Milano, 10 novembre 2009 Dssa Conceicao Maria Fraga Guedes
AN/dt IEO Sede

Oggetto: Angiosarcoma della mammella e lesioni vascolari atipiche: studio
clinico, patologico e immuno-fenotipico comparativo.

Con la presente si prende atto, per quanto di competenza, dello studio in
oggetto.

Questo studio retrospettivo dovra essere condotto nel rispetto di quanto
previsto dal Codice di protezione dei dati personali, utilizzando i dati clinici
ed i campioni biologici di pazienti per i quali ¢ disponibile il consenso
informato, ottenuto attraverso 'apposito modulo IEO per il Consenso delle
prestazioni sanitarie.

Si richiede che al termine dello studio venga resa disponibile una relazione
riassuntiva dei risultati.

Distinti saluti.

Dott, Atanasio Nonis
Responsabile Segreteria Tecnico-Scientifica
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9.3 ANEXO I1I: APROVACAO DO COMITE DE ETICA EM PESQUISA DO IPO

;f ka‘i INSTITUTO PORTUGUES DE ONCOLOGIA DE LISBOA
_;k j’ FRANCISCO GENTIL, E.P.E.
YU iidade e Investigagio Clinica
NOTA DE SERVICO
De: Unidade de Investigacéo Clinica Data: 18/11/2014
Para: Dr. Jodo Oliveira N.°: 107/2014

Vogal do Conselho de Administragéo

ASSUNTO: Projecto de investigagéo intitulado “Estudo clinico-patolégico, imunohistoquimico
e molecular (amplificagdo do gene cMYC) em angiossarcomas e lesbes vasculares atipicas
da mama em pacientes tratadas para carcinomas mamarios com radioterapia”— UIC/926.

Obtidos os pareceres favoraveis do Conselho de Investigagdo e da Comissdo de Etica, junto
envio o processo do estudo mencionado em epigrafe para autorizagao final.
Com os melhores cumprimentos,

F J idade de Investigac oCII?ica 70 4 2014

Dancod] Sosx @ﬂ

JOAO OLIVEIRA
Vogal do Conselho de Administragdo

1) Q Q fatdi
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9.4 ANEXO IV: COPIA DA ATA DE DEFESA DE TESE

UNIVERSIDADE FEDERAL DE MINAS GERAIS

UG

PROGRAMA DE POS-GRADUAGAO EM PATOLOGIA

ATA DA DEFESA DE TESE DA ALUNA

CONCEICAO MARIA FRAGA GUEDES

Realizou-se, no dia 28 de novembro de 2014, as 14:00 horas, Sala 526 ou 340,
Faculdade de Medicina da UFMG, da Universidade Federal de Minas Gerais, a
defesa de tese, intitulada ESTUDO CLINICO-PATOLOGICO,
IMUNO-HISTOQUIMICO E MOLECULAR (AMPLIFICACAO DO GENE MYC) EM
ANGIOSSARCOMAS E LESOES VASCULARES ATIPICAS DA MAMA.,
apresentada por CONCEICAO MARIA FRAGA GUEDES, numero de registro
2010758433, graduada no curso de MEDICINA, como requisito parcial para a
obtencdo do grau de Doutor em PATOLOGIA, a seguinte Comissdo Examinadora:
Prof(a). Helenice Gobbi - Orientador (Universidade Federal de Minas Gerais, UFMG),
Prof(a). Geovanni Dantas Cassali (Universidade Federal de Minas Gerais, UFMG),
Prof(a). Henrique Lima Couto (Fundagdo Hospitalar de Minas Gerais), Prof(a).
Isabela Werneck da Cunha (AC Camargo Cancer Center), Prof(a). Marina De Brot
Andrade (Universidade Federal de Minas Gerais, UFMG), Prof(a). Rafael Malagoli
Rocha (Fundagao Antodnio Prudente).

A Comissao considerou a tese:
(3() Aprovada

() Reprovada

Finalizados os trabalhos, lavrei a presente ata que, lida e aprovada, vai assinada por
mim e pelos membros da Comiss&o.

Bel,p Horizonte, 28 de novembro de 2014.

i \
| T8 S ’Lk,\\
Prof(a). Helenice Gobbi ( Doutor )
e,

Prof(a). Ra{ﬁe)/l Malagoli Rocha ( Doutor )
L \

/

/;" ‘/ (AT
Prof(a). Hen que Lima,Couto ( Doutor)

Prof(a). Isabela\Wérheck da Cunha ( Doutora )

Mg
Prof(a). Marina De Brot Andrade { Doutora )



9.5 ANEXO V: COPIA DA FOLHA DE APROVACAO

UNIVERSIDADE FEDERAL DE MINAS GERAIS

PROGRAMA DE POS-GRADUAGAO EM PATOLOGIA

UG

FOLHA DE APROVACAO

ESTUDO CLINICO-PATOLOGICO, IMUNO-HISTOQUIMICO E MOLECULAR
(AMPLIFICACAO DO GENE MYC) EM ANGIOSSARCOMAS E LESOES
VASCULARES ATIPICAS DA MAMA.

CONCEICAO MARIA FRAGA GUEDES

Tese submetida a Banca Examinadora designada pelo Colegiado do Programa de
Pos-Graduagdo em PATOLOGIA, como requisito para obtengdo do grau de Doutor em
PATOLOGIA, area de concentragio PATOLOGIA MEDICA.

Aprovada em 28 de novembro de 2014, pela banca constituida pelos membros:

\M:\»\M. N Ci’\

Prof(a). Helenice Gobbi - Orientadora
Universidade Federal de Minas Gerais, UFMG

Je LI
A

Prof(a). Henrique Lima Couto
Fundagdo Hospitalar de

inas Gerais

Prof(a). Isahe{ Wer r!?da Cunha
AC Camargo/Cancer Center

M3
Prof(a). Marina De Brot Andrade
Universidade Federal de Minas Gerais, UFMG

Prof(a). Ralb‘ie] alayoli Rocha
Fundagdo'Antdnio Prudente

Belo Horizonte, 28 de novembro de 2014.
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