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Estrutura da Tese

Esta tese € apresentada no formato de dissertacoes e teses da Universidade
Estadual de Campinas (Unicamp) e de acordo com o disposto em “Normas,
procedimentos e orientagdes para publicacbes de dissertacbes e teses da
Faculdade de Ciéncias Médicas” (2005).

Faz parte de uma linha de pesquisa conjunta que envolve os Departamentos
de Tocoginecologia (DTG) e de Radiologia, servicos de Medicina Nuclear e
Ressonancia Nuclear Magnética, da Faculdade de Ciéncias Médicas da Universidade
Estadual de Campinas (FCM-Unicamp). Iniciada em 2003, tem por objetivo estudar

novos métodos que auxiliem no diagndstico e tratamento cirlrgico do cancer de mama.

Contém uma introdugéo ao tema com justificativas da pesquisa, os objetivos
do projeto, descricao dos sujeitos de pesquisa e métodos utilizados. Entdo sao
apresentados trés artigos originais na lingua inglesa ja publicados, sendo o primeiro
no Breast Journal (2006), o segundo no European Journal of Surgical Oncology
(2007) e o terceiro no Annals of Surgical Oncology (2007). Os resultados e discussdes
estdo inseridos nos artigos. Em seguida, a tese apresenta uma discussao geral
relacionando os artigos, as conclusdes finais e referéncias bibliograficas. O resumo

e 0 summary apresentados no inicio da tese abordam os trés artigos.

Nos anexos foram incluidos os instrumentos para coleta de dados, os termos
para obtencao de consentimento livre e esclarecido dos sujeitos da pesquisa, a
planilha com os dados coletados, os pareceres da Comissao de Pesquisa do DTG-
FCM-Unicamp, do Comité de Etica em Pesquisa (CEP) da FCM-Unicamp e o

algoritmo do estudo.
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Resumo

Objetivos: Estudar a utilizagdo de cirurgia radioguiada com **"Tc-sestamibi
associada a ressonancia nuclear magnética (RNM) no cancer de mama. Para isso,
foram desenvolvidas duas novas técnicas: uma intitulada Avaliagéo Intra-operatéria
Radioguiada das Margens (Radioguided Intraoperative Margins Evaluation -
RIME) que usa um radiofarmaco intravenoso para auxiliar, através de uma sonda
detectora de radiacdo (probe), a resseccao tumoral; a outra intitulada Fusédo da
Ressonancia Nuclear Magnética e Cintilografia Mamaria (Magnetic Resonance
Imaging/ Scintimammography fusion — MRI/SM) que procura determinar a extensao
tumoral. Dessa forma, esta tese visa avaliar a factibilidade das técnicas, o valor da
RIME em obter margens livres e o valor da MRI/SM em determinar o tamanho
real do tumor comparando com outros exames. Sujeitos e métodos: Foi realizado
um estudo experimental descritivo em 23 mulheres com carcinoma ductal invasivo
de mama estadios IIA a lllA, agendadas para mastectomia. Dois a dez dias antes da
cirurgia, as pacientes foram submetidas a cintilografia mamaria com *™Tc-sestamibi,
na qual foi localizado o tumor e estimado o tempo ideal para iniciar a cirurgia
radioguiada através de uma curva de contagem de radia¢éo por tempo. No mesmo
dia, 20 pacientes realizaram uma ressonancia nuclear magnética com gadolineo. No

momento da cirurgia, a mesma dose de *™Tc-sestamibi foi injetada intravenosamente.
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Esperou-se o tempo ideal estimado previamente e entdo foi realizada uma
segmentectomia com auxilio do probe, que determinou as margens de ressec¢do. A
ressonancia foi usada para avaliar comprometimento da pele, fascia profunda a
outros focos de tumor que foram incluidos na segmentectomia. Isso caracterizou a
RIME. Apés, todas as pacientes foram submetidas a mastectomia. A segmentectomia
e a mama residual foram examinadas histologicamente. Paralelamente, foi
desenvolvido um programa de computador em linguagem visual que realizou, de
forma semi-automatica, a fusdo das imagens de ressonancia e cintilografia em 20
pacientes (MRI/SM). Foi determinado como tumor na MRI/SM a area de intersec¢ao
das imagens, o tumor foi medido e comparado com a medida no exame histolégico,
ressonancia nuclear magnética, mamografia e exame clinico. Para analise estatistica
foram utilizados os testes exato de Fisher, t de Student, Wilcoxon e regressao linear.
Resultados: Em todas as pacientes foi possivel realizar as técnicas de RIME e
MRI/SM (factibilidade de 100%). A RIME permitiu a ressec¢do do tumor com
margens livres em 19 pacientes, com média de margem de 4,8mm. Em 11 casos nao
havia doenca residual na mama apds a segmentectomia. A média do tamanho da
doenca residual na mama foi 3,6mm e geralmente estava localizado préximo ao leito
tumoral (<1,5cm em 10 pacientes). Nao houve associacao entre presenca de doenca
residual e o tamanho do tumor ou estado das margens. A medida do tumor na
MRI/SM teve uma correlacdo com o exame histolégico melhor que a ressonancia, a
mamografia e exame clinico em todos os didmetros estudados. Conclusées: As
técnicas de RIME e MRI/SM séo factiveis. A RIME permitiu auxiliar a resseccao
tumoral com margens livres na maioria das vezes. A MRI/SM parece ser melhor que

ressonancia, mamografia e exame clinico para determinar a extensao tumoral.
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Summary

Aims: To study the use of radioguided surgery with **"Tc-sestamibi, associated
with magnetic resonance imaging (MRI), for breast cancer evaluation. For this, we
developed two techniques: the first was dominated Radioguided Intraoperative
Margins Evaluation (RIME), a technique that uses a radiopharmaceutical agent
to distinguish normal and cancer tissue with a probe; the second was termed
Magnetic Resonance Imaging and Scintimammography fusion (MRI/SM) to
determine the extension of cancer. Thus, this study aims to assess the feasibility of
techniques, the ability of RIME to obtain free margins and the ability of MRI/SM
to determine the real tumor extension, in comparison to other examinations.
Subjects and methods: A descriptive experimental study was carried out on 23
women with invasive ductal breast carcinoma, stages IlA to IlIA, programmed for
mastectomy. Two to 10 days before the surgery, the patients were submitted to
a scintimammography with **™Tc-sestamibi to localize the tumor and to estimate
the optimal time to begin radioguided surgery, through a curve of radiation count
per time. On the same day, 20 patients realized a MRI with gadolinium. At the
moment of the surgery, the same dose of **"Tc-sestamibi was injected

intravenously, after a previously-estimated optimal time a segmentectomy was
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performed with a probe that determined the resection margins. MRI was used to
evaluate the compromising of the skin, deep fascia and the other tumor foci that
were included in the segmentectomy, characterizing the RIME. All the patients
were then submitted to mastectomy. The segmentectomy and residual breast
were histopathologically examined. In parallel, software was developed in visual
language to perform the MRI/SM fusion in 20 patients. The intersection area
between the MRI and scintimammography was determined as tumor in MRI/SM and
the tumor was measured and compared with the measurement in the pathological,
MRI, mammography and clinical examination. The Fisher's exact test, Student’s
t-test, Wilcoxon’s test and linear regression were used for statistical analysis.
Results: The RIME and MRI/SM techniques were successfully performed in all
patients (feasibility of 100%). The principal tumor was removed by RIME and
provided histologically-free margins in 19 patients (mean margins, 4.8mm).
Additionally, 11 patients were without residual disease after segmentectomy.
The mean size of residual carcinoma was 3.6mm and generally located near the
tumor bed (< 1.5cm in 10 patients). There was no significant association between
presence of residual disease and tumor size or margin status. The MRI/SM cancer
measurements correlated better with pathology than MRI, mammography and
clinical examination in all diameters analyzed. Conclusions: The RIME and
MRI/SM techniques are feasible. In general, RIME aids in tumor resection with
free margins. MRI/SM seems to be better than MRI, mammography and clinical

examination to determine the tumoral extension.
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1. Introducao

O cancer de mama ¢é a terceira neoplasia maligna mais freqliente no mundo
em numero de casos novos € a mais comum entre as mulheres. Apresenta uma
razéo de mortalidade por incidéncia em torno de 61% e encontra-se como a quinta
causa de morte entre os canceres no geral, sendo a primeira entre as mulheres
(Parkin et al., 1999). No Brasil, 0 cancer de mama € a principal causa de morte por
cancer nas mulheres (Winsch Filho e Moncau, 2002) e estimativas para o ano de

2006 o apontaram como o de maior incidéncia na populagao feminina (Brasil, 2006).

Com o passar dos anos, os tratamentos para o cancer de mama foram sendo
desenvolvidos no sentido de diminuir sua morbidade, melhorar a qualidade de
vida e a sobrevida das pacientes. Nesse contexto, as cirurgias radicais foram sendo
substituidas pelas cirurgias conservadoras nos estagios iniciais da doenca. Isso se
deveu a estudos aleatorizados publicados primeiramente no inicio da década de
80, que mostraram a equivaléncia do tratamento conservador na sobrevida global
das pacientes quando comparadas a mastectomia; resultados que foram confirmados

apo6s 20 anos de seguimento (Fisher et al, 2002; Veronesi et al., 2002). Se, por um
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lado, a sobrevida global das pacientes na cirurgia conservadora foi semelhante a
da cirurgia radical, por outro a taxa de recorréncia local da doenga nas cirurgias
conservadoras (8,5% a 14,3%) foi significativamente maior que nas cirurgias

radicais (2,2% a 8%) (Fisher et al., 2002; Veronesi et al., 2002).

Especula-se que as maiores taxas de recidiva local apés o tratamento
conservador devem-se ao fato da permanéncia de doenca nao detectada apés
a cirurgia. Na literatura existem varios indicios indiretos da persisténcia de

doenca residual (DR) apés cirurgia conservadora.

Um desses indicios € mostrado através de estudos clinicos aleatorizados que
compararam pacientes submetidas a cirurgia conservadora com e sem radioterapia
e verificaram uma freqiéncia maior de recidiva local quando a radioterapia era
omitida (Veronesi et al., 1993; Veronesi et al., 2001; Fisher et al., 2002; EORTC,
2006). Além disso, Bartelink et al. (2001) estudando mais de 5300 mulheres que
realizaram radioterapia apds cirurgia conservadora, mostraram taxa de recorréncia
local significativamente menor (4,3% versus 7,3%, P<0,001) quando foi realizado um
reforco de radiacao no leito tumoral. Essas evidéncias sugerem que a radioterapia
possa tratar os possiveis focos residuais de carcinoma. Assim, atualmente a cirurgia

conservadora é acrescida de radioterapia para melhor controle local da doenca.

Outro elemento que sugere a persisténcia de DR apds cirurgia
conservadora é o fato das recidivas locais ocorrerem freqlientemente préximas
ao leito do tumor primario. Veronesi et al. (2001) verificaram que em cerca de 85%

das vezes as recorréncias estavam restritas a area de resseccdo. Esses dados
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estdo em concordancia com estudos realizados por Silverstien et al. (1994) e Schnitt

et al. (1994), que mostraram uma maior freqtiéncia de recidivas no leito tumoral.

A presenca de um extenso componente de carcinoma intraductal (ECI)
associado ao componente invasivo € mais um fator que sugere a permanéncia
de DR. Alguns trabalhos mostraram uma maior taxa de recorréncia entre
pacientes com ECI quando comparadas com aquelas sem (Voogd et al., 2001).
Holland et al. (1990), avaliando pecas de mastectomias, concluiram que as
pacientes cujos tumores primarios apresentam um ECI mais freqlientemente

tém doenca residual quando comparadas as pacientes sem ECI.

A DR pés-cirurgia conservadora é um fato indesejavel e sua consequéncia é
a recorréncia local da doencga. A recidiva local deve ser evitada ja que existem
evidéncias de que se relaciona ao aumento do risco de metastase a distancia e
também a pior sobrevida global das pacientes (Meric et al., 2003; Vicini et al.,
2003). Um estudo de meta-andlise realizado por Clarke et al (2005), incluindo
42 mil mulheres em 78 estudos randomizados, mostrou que a cada quatro
casos de recidivas locais evitadas, pode-se evitar um caso de morte por cancer
de mama. Dessa forma, o controle local da doenga causa um impacto na

mortalidade e, portanto, torna-se fundamental nao ter DR.

Uma forma de se minimizar o risco de DR é obter margens de resseccao
do tumor livres de neoplasia. O Quadro 1 apresenta uma série de estudos nos
quais as pacientes foram submetidas a cirurgia conservadora e, apos, a ampliacao

das margens ou mastectomia. Esses estudos mostraram maior freqiéncia de

Introdugdo 18



DR quando as margens iniciais estavam comprometidas. Além disso, alguns
autores relataram que a extensao de comprometimento das margens se associa a
presenca de DR (Silverstein et al., 1994; Wazer et al.,1997, Papa et al., 1999).
A consequéncia do comprometimento neoplasico das margens de ressecgéo € o
aumento do risco de recidiva local da doenga. Esse fato foi verificado em alguns
trabalhos que mostraram freqtiéncias significativamente maiores de recorréncia
local ap6s tratamento conservador em pacientes que apresentaram margem
cirdrgica tumoral positiva comparada a pacientes com margem negativa (Schinitt et

al., 1994; Freedman et al., 1999; Kodaira et al., 2001).

Por esse motivo, a avaliacdo da margem de resseccdao no momento da
cirurgia para se obter auséncia de doenga torna-se importante. Com esse
intuito, técnicas intra-operatoérias foram desenvolvidas para se obter margens
livres, como a utilizacdo do ultra-som (Moore et al., 2001), avaliacdo patoldgica
intra-operatéria das margens (Pinotti e Carvalho, 2002; Barros et al., 20083;

Barros et al., 2004) e radiografia da peca operatéria (Oakley e Going, 1995).

Contudo, a margem tumoral livre ndo indica necessariamente que a mama
restante esta livre de doenca (Rubin et al., 1996; Gennaro et al., 2001, Scopa et al.,
2006). Como mostra o Quadro 1, focos de carcinomas residuais sdo encontrados
em até 43% das pacientes cuja ressecg¢ao tumoral apresentava margens negativas
(Silverstein et al., 1994). Esse fato ocorre devido a alta freqiiéncia de multifocalidade
do cancer de mama, ou seja, a presenca de focos tumorais separados por tecido
mamario sadio. Em estudo com espécimes de mastectomias foi verificada a presenca

de focos de carcinoma além de 2cm do tumor inicialmente diagnosticado em 43% e,
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em 10% dos casos, além de 4cm (Holland et al., 1985). Em outro estudo, apenas
50% dos tumores malignos da mama apresentam uma extensao limitada, isto €&,
auséncia de focos de tumor a mais de 1cm do tumor dominante (Faverly et al.,
2001). Portanto, é importante um método que auxilie o cirurgido a identificar as

margens do tumor dominante e outros focos da doenga durante a cirurgia.

Quadro 1. Fregliéncia de doenca residual (DR) segundo o estado da margem
de resseccao em diferentes estudos.

Freqiiéncia de DR (%)

Autor N Margem Margem

positiva negativa
Silverstein et al.,1994 181 73 43
Smitt et al., 1995 289 36 25
Beron et al., 1996 87 29 13
Saarela et al., 1997 55 37 15
Wazer et al., 1997 265 56 17
Beck et al., 1998 144 59 22
Scopa et al., 2006 201 63 21

Durante o procedimento cirdrgico, os cirurgiées buscam um equilibrio entre a
retirada completa da doencga, para obter mama livre da neoplasia, e um bom
aspecto cosmético final. Contudo, muitas vezes ¢é dificil para o cirurgiao diferenciar
no periodo intra-operatério o tecido neoplasico do normal. Esse fato pode leva-lo a
resseccoes econdmicas, com a permanéncia de DR, ou a ressecgoes excessivamente
amplas que comprometam a estética. Isso porque ainda nao se tem desenvolvido
um método capaz de direcionar a retirada completa do carcinoma. Além disso, nao
foi definido o quanto de tecido deve ser ressecado, além do tumor macroscopico,

para garantir a auséncia de doenca residual (Gennaro et al., 2001).
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Atualmente, a mamografia, o ulta-som e o exame clinico (palpacao) sao
0s métodos mais utilizados para direcionar a retirada do tumor na cirurgia
conservadora, porém nao garantem a sua retirada completa. Em apenas 52% e
77% das vezes a palpacao e a mamografia, respectivamente, conseguiram
mostrar o tamanho real do tumor (Holland et al., 1985). Renton et al. (1996)
verificaram que a utilizacao apenas da clinica para determinar margem tumoral
livre na cirurgia conservadora gerou alta taxa de recidiva local. Em um estudo com
400 mulheres, Dummin et al. (2007) mostraram que o ultra-som subestima o
tamanho do tumor em 52% dos casos. Em geral, a mamografia, o ultra-som e o
exame clinico subestimam a extensao real do tumor, podendo levar o cirurgiao
a deixar tecido neoplasico na mama. Nesse contexto, & necessario desenvolver

novos métodos que direcionem a retirada completa de toda a extensao tumoral.

Métodos diagnésticos cada vez mais sofisticados estdo sendo utilizados no
estudo do cancer de mama. A ressonancia nuclear magnética (RNM) é um método
que vem sendo introduzido na pratica clinica do mastologista. O exame fundamenta-
se na detecgao de sinal de ressonancia nuclear magnética emitido por prétons
presentes na agua e gordura dos tecidos, com o objetivo de formar imagens
anatdbmicas. O aparelho de RNM cria um campo magnético que sutilmente magnetiza
os prétons no corpo, fazendo com que eles emitam um sinal de ressonancia
nuclear magnética. Entao, o sinal é captado por uma bobina que fica ao redor da
mama (Schnall, 2006). Para realizagao da RNM maméria é usado um contraste
infundido em veia periférica do paciente, capaz de avaliar a vascularizacao local

e a permeabilidade vascular. Como os tumores da mama apresentam uma
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neovascularizagao, eles sdo detectados pela RNM. Assim, a RNM pode ser
considerada um exame que estuda a angiogénese tumoral. O gadopentetato de
dimeglumina (mais conhecido como gadolineo ou Gd-DTPA) é o contraste mais
utilizado atualmente para RNM da mama. Ele € um agente de baixo peso molecular
que se difunde com relativa facilidade através das membranas capilares e dentro

do espaco extracelular, ndo entrando no compartimento intracelular.

Os primeiros estudos de RNM em mama datam da segunda metade da
década de 70 (Medina et al., 1975; Bovee et al., 1978). Nos anos 80, foi desenvolvida
uma bobina especifica para mama que melhorou a qualidade das imagens (Stelling
et al., 1985), porém o contraste natural dos tecidos ainda era insuficiente para uma
boa deteccdo do cancer de mama. Enfim em 1989, Heywang et al. (1989) e Kaiser e
Zeitler (1989), independentemente, relataram o0 uso de um contraste intravenoso
para detectar cancer de mama, o gadolineo. Com a introdugdo do gadolineo e
surgimento de aparelhos mais modernos de 0,5 a 4 Tesla (T), atualmente a RNM da

mama é capaz de produzir imagens com altissima definicao e detalhamento.

Por essas caracteristicas, a RNM tem-se mostrado melhor que a mamografia,
ultra-som e exame clinico na determinagdo da extensao tumoral (Boetes et al.,
1994; Davis et al., 1996; Patridge et al., 2002). Alguns estudos verificaram uma
boa correlagao entre o tamanho do tumor medido pela RNM e o tamanho real
medido no exame histopatologico (Kuroki et al., 2002; Wasser et al., 2003). Por
esse motivo, a RNM tem sido aplicada no acompanhamento da resposta tumoral em

pacientes submetidas a quimioterapia neo-adjuvante (Weatherall et al., 2001;
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Wasser et al., 2003), principalmente quando clinicamente ndo se detecta doenca

residual apos a quimioterapia (Partridge et al., 2002).

A RNM apresenta bons resultados na detecg¢do de pequenos tumores de
mama. Isso foi retratado por Heywang-Krobrunner et al. (1999) e Lampe et al.
(2002), que conseguiram localizar com precisdo carcinomas menores que 1cm. Os
focos de carcinoma in situ também podem ser identificados pela RNM. Em um estudo
recente, Kuhl et al. (2007) mostraram 92% de sensibilidade da RNM no diagnéstico
de carcinoma in situ puro, sendo que a sensibilidade para lesées de alto grau foi de
98%. Além disso, a RNM apresenta a capacidade de detectar multifocalidade
tumoral (Caramella et al., 2007). Sendo assim, a RNM tem sido considerada um
exame que pode auxiliar a selecionar paciente candidata a cirurgia conservadora
(Zhang et al., 2002), quer para prever a extensao do tumor na mama ipsilateral

quer para avaliar lesées ocultas na mama contralateral (Lehman et al., 2007).

Outra indicagao classica do uso da RNM é na avaliagdo de mulheres
com implantes mamarios. Neste grupo, este exame tem sido um bom método
diagnéstico para avaliagdo de doencas benignas e malignas. Além disso, alguns
estudos tém mostrado que a RNM é a melhor técnica para avaliar a integridade

dos implantes (Scaranelo et al., 2004; Hélmich et al., 2005).

A RNM também tem aplicacdo no rastreamento do cancer de mama
como auxiliar a mamografia. Segundo as recomendacdes da American Cancer
Society, que sao baseadas em evidéncias, a RNM ¢ indicada para pacientes com

mutacao nos genes BRCA, pacientes com parentes de primeiro grau portadores
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de mutacdo no BRCA e pacientes com risco de desenvolver cancer de mama
maior ou igual a 20%-25% ao longo da vida, determinado por algum modelo de risco
(Saslow et al., 2007). Alguns estudos fundamentam essas recomendacdes. Um
estudo holandés com 1909 mulheres de alto risco para cancer de mama, que foram
inseridas em um programa de triagem anual com mamografia e RNM, mostrou apés
um seguimento médio de 2,9 anos que a RNM parece ser mais sensivel na
deteccao do cancer nesse grupo de pacientes (Kriege et al., 2004). Esses resultados
estdo de acordo com os do estudo conduzido por Kuhl et al. (2005), que avaliou
529 mulheres assintomaticas com histéria familiar de risco para cancer de mama ou
mutacaéo no gene BRCA e que foram acompanhadas por uma média de 5,3 anos
realizando exame clinico, mamografia, ultra-sonografia € RNM anuais. Os autores
concluiram que a RNM aumentou significativamente a sensibilidade diagnéstica e
que a mamografia, isoladamente ou combinada com ultra-sonografia, € insuficiente
para o diagndstico precoce do cancer nesse grupo de mulheres. Warner et al. (2004)
também mostraram a superioridade da RNM em 236 mulheres com mutac¢ao no
gene BRCA 1/2. Tais observacdes podem estar relacionadas ao fato da sensibilidade

da RNM nao ser influenciada pela densidade mamografica (Bluemke et al., 2004).

Apesar de a RNM apresentar alta sensibilidade para diagnéstico de
carcinoma de mama, variando de 80% a 100%, sua especificidade é considerada
moderada, variando de 49% a 97% (Palmedo et al., 1996; Tiling et al., 1997;
Bluemke et al. 2004; Hata et al., 2004). Esse método detecta inUmeros artefatos e
estruturas que ndo sao cancer, ou seja, mostra um grande nimero de resultados

falsos positivos. Assim, a RNM apresenta a limitacdo de muitas vezes superestimar
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a extensao real da doenca. Hata et al (2004), estudando pacientes que fizeram
RNM, mostraram que o tamanho real do carcinoma pode ser superestimado
em grande parte dos casos; tal fato pode levar a cirurgias mais extensas
desnecessariamente. Portanto, seria importante o desenvolvimento de técnicas

para auxiliar a RNM a determinar com mais precisao a real extensao tumoral.

Uma outra limitacdo do exame de RNM ¢é ainda a dificuldade de abordar
cirurgicamente as imagens suspeitas no exame. Para isso, foram criadas técnicas
especificas para localizacao das lesdes através da RNM. Orel et al. (1994)
mostraram uma série de 12 pacientes nas quais utilizaram técnicas de localizacao
de alteracbes na mama guiadas pela RNM. Estudos posteriores apresentando
maiores casuisticas verificaram a viabilidade das técnicas de localizacao por
RNM (Lampe et al., 2002; Morris et al., 2002; Siegmann et al. 2005). Entretanto,
atualmente, os equipamentos para localizacdo através de RNM ainda sdo pouco
disponiveis em nosso meio e a técnica é pouco dominada. Além disso, 0s
dispositivos hoje existentes para localizagdo somente conseguem apontar a lesdo
suspeita e ndo permitem auxiliar o cirurgido a determinar uma ressec¢ao tumoral
com margens livres. Dessa forma, seria necessaria a criacao de novas tecnologias

que facilitassem a cirurgia de lesdes detectadas pela RNM.

A medicina nuclear é uma das tecnologias que vém sendo incorporadas
ao arsenal diagnéstico e terapéutico da mastologia. Técnicas como a biépsia do
linfonodo sentinela guiada por radiofarmacos e localizacéo radioguiada de lesdes
ocultas (ROLL), tornaram-se rotina na cirurgia do cancer de mama. Uma outra

técnica de medicina nuclear usada no estudo do cancer de mama é a cintilografia
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mamaria (CM) ou mamocintilografia. Esse exame baseia-se na injecdo de um
radiofarmaco com afinidade pelas células tumorais em uma veia periférica do
paciente; entdo o sinal emitido pelo radiofarmaco € captado através de uma
camara detectora de radioatividade gama (gama-camara) que, dessa forma, mostra

a localizacdo tumoral. O Tc%"

-methoxyisobutyl isonitrile (mais conhecido como
%9mTe-sestamibi ou MIBI) é o radiofarmaco mais comumente usado na CM e foi o
primeiro aprovado pelo Foods and Drugs Administration (FDA) para uso nas CM. O
seu exato mecanismo de acumulo nas células tumorais ainda ndo esta esclarecido,
mas parece estar relacionado a grande presenca de mitocondrias, ao conteddo
mitocondrial e ao potencial da membrana plasmatica das células (Tiling et al., 1997),

sendo um mecanismo dependente de energia (Cordobes et al., 1996). Portanto, a

CM pode ser considerada um exame da fisiologia ou metabolismo tumoral.

A CM tem sido estudada principalmente para auxiliar o diagnéstico do
cancer de mama, diferenciando lesdes benignas de malignas. Alguns estudos
tém avaliado o uso da mamocintilografia em mulheres que previamente apresentam
lesbes suspeitas a palpacao ou mamografia (Palmedo et al., 1996; Tiling et al.,
1997; Taillerfer, 1999). Sua especificidade para deteccao do cancer de mama varia
de 75% a 88% e a sensibilidade de 62% a 85%, em diferentes estudos (Imbriaco et
al., 2001; Tiling et al., 2002; Bone et al., 2003). Devido a sua capacidade de
marcar a célula neoplasica, a cintilografia também permitiu, em alguns estudos,
identificar os carcinomas in situ (Palmedo et al., 1996; Tiling et al., 1997). A
cintilografia também foi utilizada na detecgao da multifocalidade, multicentricidade e

bilateralidade do cancer de mama (Derebeck et al., 1999; Vargas et al., 2001).
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Teoricamente, o **™Tc-sestamibi tem afinidade por todas as células
tumorais, provavelmente devido a maior quantidade de mitocéndrias presentes;
portanto poderia ser capaz de marcar toda a extensdo do tumor. Esta
caracteristica permitiu 0 uso da cintilografia para avaliar resposta a quimioterapia
neo-adjuvante. Foi verificado que quando houve resposta evidente a quimioterapia,
com diminui¢cdo do tamanho tumoral, observou-se uma diminuigdo do tamanho da
area de captacao pela cintilografia (Tiling et al., 2002). Porém, a captacdo do
%mTc-sestamibi e sua identificacdo na cintilografia sdo mais comuns em tumores
maiores que 1cm e em tumores palpaveis, embora alguns autores identificaram

tumores de 5mm (Palmedo et al., 1996; Tiling et al., 1997; Tiling et al., 2002).

A capacidade do ®™Tc-sestamibi em marcar mais o tecido neoplasico que o
normal, possibilita sua utilizagdo na resseccdo do carcinoma de mama. Nesse
sentido, foram desenvolvidos estudos em que a cintilografia foi utilizada com o
objetivo de guiar a bidpsia para o diagndstico de cancer de mama (Scafé et al.,

2002; Soluri et al., 2002).

Cox et al. (1996) foram os primeiros a descrever um relato de caso no
qual foi usado *™Tc-sestamibi intravenoso e, com a ajuda de uma sonda de
deteccdo de radiagdo gama (gama probe ou probe), conseguiram localizar na
mama um carcinoma oculto. Barbera et al. (2003) utilizaram o mesmo método
em uma série de cinco pacientes para também encontrar carcinoma oculto na
mama. Esses dois estudos puderam mostrar que 0 gama-probe pode permitir a
diferenciacao intra-operatéria de tecido mamario normal do neoplasico, ja que

esse Ultimo apresenta maior captagdo do **"Tc-sestamibi. Atualmente o uso do
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gama probe é largamente utilizado nas cirurgias radioguiadas de localizagdo de
lesbes impalpaveis (ROLL), na localizagédo do linfonodo sentinela e na combinagao
das duas técnicas (Krag et al. 1993; Veronesi et al., 1997; Zurrida et al., 1998; Luini
et al., 1999; Gennari et al., 2000; Barros et al., 2002). Nesses casos, um coldide como

dextran, fitato ou albumina, marcado por *™Tc, é injetado diretamente na mama.

O conceito de cirurgia radioguiada, na qual o ®™Tc-sestamibi é infundido
intravenosamente e entao é detectado no tumor com o gama-probe, atualmente
€ utilizado em cirurgias de adenoma da paratiredide (Mariani et al., 2003). Da
mesma forma que acontece nas cirurgias da mama, nas cirurgias de adenoma
da paratiredide ¢ dificil diferenciar o tecido doente do sadio adjacente; assim a
cirurgia radioguiada permite facilitar a distingdo entre paratiredide e tirdide

normais do tecido neoplasico paratireoidiano.

A literatura médica apresenta varios trabalhos utilizando RNM e CM no
estudo do cancer de mama, porém sempre comparando a acuracia dos exames no
diagnostico da doenca (Palmedo et al., 1996; Tiling et al., 1997; Imbriaco et al.,
2001; Bagni et al, 2003; Bone et al., 2003; Howarth et al., 2005). Entretanto, néo se
encontram estudos associando os dois métodos para auxiliar no diagndéstico nem no
tratamento do cancer de mama. Como ja foi visto, a RNM é um exame capaz de
detectar lesdes pequenas, porém tem limitacdes como superestimar a extensao da
doenca e dificuldade para guiar ressecgdo. A CM € um exame que tem limitagdes
em pequenas lesdes, mas pode auxiliar a resseccao através da cirurgia radioguiada.
Dessa forma, a associacdo de um exame da anatomia tumoral (RNM) e da

fisiologia tumoral (CM) poderia ajudar a suprir as limitagdes de ambos os métodos.
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Nesse sentido, foi realizado um projeto de pesquisa no qual foram
desenvolvidas duas novas técnicas para associar RNM e CM com %™Tc-
sestamibi. A primeira, intitulada Avaliagcdo Radioguiada Intra-operatéria das
Margens (Radioguided Intraoprative Margins Evaluation — RIME), utiliza o *™Tc-
sestamibi intravenoso no momento da cirurgia para auxiliar a ressecgao tumoral
com margens livres através de uso de um gama-probe. A segunda, intitulada
Fusdo da Ressonancia Nuclear Magnética e Cintilografia Mamaria (Magnetic
resonance imaging/ scintimammogarphy fusion — MRI/SM), consiste na unido
das imagens de RNM com CM através de um programa de computador a fim de

se obter uma melhor avaliacdo da real extensao do tumor.
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2. Objetivos

2.1. Objetivo Geral

Estudar a cirurgia radioguiada com *™Tc-sestamibi intravenoso associada &

ressonancia nuclear magnética no cancer de mama

2.2. Objetivos Especificos

ARTIGO 1

m Avaliar a factibilidade da técnica de Avaliagdo Radioguiada Intra-operatéria

das Margens (Radioguided Intraoperative Margins Evaluation - RIME).

ARTIGO 2
m Avaliar se a RIME pode auxiliar a ressecgéo do cancer de mama com

margens livres.
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ARTIGO 3

m Avaliar a factibilidade da técnica de fusdo de imagens de RNM e CM

(MRI/SM).

m Determinar a correlagdo do tamanho tumoral medido na MRI/SM e o

exame histopatolégico.

m Comparar o tamanho tumoral medido pela MRI/SM com RNM, mamografia

e exame clinico.
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3. Sujeitos e Meéetodos

3.1. Desenho do estudo

Foi realizado um estudo experimental descritivo.

3.2. Tamanho amostral

Como as técnicas estudadas nesta pesquisa sao inéditas, na revisao da
literatura ndo foram identificados estudos nos quais tivessem sido aplicadas.
Por isso ndo foi possivel o céalculo de um tamanho amostral. Foi decidido estudar
mulheres que seriam submetidas a mastectomia no Centro de Atengao Integral
a Saude da Mulher (Caism) da Universidade Estadual de Campinas (Unicamp)

no periodo de um ano. Foram estudadas 23 mulheres.

3.3. Variaveis

As variaveis estudadas, suas definicoes e respectivas categorias sao:

» Intensidade de captacao cintilografica: quantidade de radiagdo emitida pelo

radiofarmaco e detectada pela cintilografia mamaria, segundo laudo do

médico nuclear: Categorias: ausente, discreta, moderada e acentuada.
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Padréo de captacdo cintilogréfica: tipo de imagem formada pela cintilografia

mamaria apos deteccdo da radiacdo emitida pelo radiofarmaco, segundo
laudo do médico nuclear: Categorias: homogéneo focal, homogéneo difuso,

heterogéneo focal, heterogéneo difuso.

Tempo ideal para cirurgia radioguiada: intervalo transcorrido, em minutos,

desde a infusao do radiofarmaco até que a relagéo entre a contagem de
radiacdo do tumor e radiacdo de fundo seja maxima, avaliado pelo médico
nuclear através das curvas de contagem de radiacdo por tempo das

imagens cintilogréaficas dinamicas.

Contagem de radiacdo na mama oposta: quantidade de radiagdo na

mama sem cancer detectada pelo probe, em contagens por segundo
(cps), no periodo intra-operatério apés injecao do radiofarmaco, realizada

pelo cirurgido no tempo ideal para cirurgia radioguiada.

Contagem de radiagcdo no tumor: quantidade de radiagdo no tumor

detectada pelo porbe, em contagens por segundo (cps), no periodo intra-
operatério apo6s injecao do radiofarrmaco, realizada pelo cirurgiao no

tempo ideal para cirurgia radioguiada.

Contagem de radiacéo peritumoral: quantidade de radiacdo préxima ao tumor

detectada pelo probe, em contagens por segundo (cps), no periodo intra-
operatério apos injecao do radiofarmaco, realizada pelo cirurgiao no tempo

ideal para cirurgia radioguiada nas margens superior, inferior, medial e lateral.

Tecido retirado pela cirurgia radioguiada (segmentectomia): tamanho, em

milimetros, do tecido mamario ressecado com a orientacdo da cirurgia
radioguiada, medido pelo cirurgido com uma régua milimetrada em 3

diametros: transversal, longitudinal e anteroposterior.

Doenca residual: foco de carcinoma restante na mama apoés a cirurgia

radioguiada, verificado pelo patologista. Categorias: ausente, in situ, invasor,

in situ e invasor.
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Distancia do foco residual: distancia, em milimetros, entre o foco mais

distante do carcinoma na mama residual e a margem de resseccao da

area retirada, medida microscopicamente pelo patologista.

Tamanho da doenca residual: dimensdes, em milimetros, do maior foco de

carcinoma encontrado na mama residual, avaliada microscopicamente.pelo

patologista

Margem da segmentectomia: presenca de foco de carcinoma no limite

do tecido mamario ressecado pela cirurgia radioguiada, verificado
microscopicamente pelo patologista. Categorias: presente (comprometida)

e ausente (livre).

Distancia das margens livres: distancia, em milimetros, entre o tumor na

segmentectomia e a margem de resseccao, medida microscopicamente

pelo patologista em quatro localizagdes: superior, inferior, medial e lateral.

Margens comprometidas: face da segmentectomia que apresenta

comprometimento por carcinoma, avaliado pelo patologista microscopicamente.

Categorias: medial, lateral, superior, inferior.

Tamanho do tumor: dimensoes, em milimetros, do maior foco de carcinoma,

medido macro e microscopicamente pelo patologista, em trés diametros:

transversal, longitudinal e anteroposterior.

Tamanho clinico do tumor: dimensoées, em milimetros, do maior foco de

carcinoma a palpagao prévia a cirurgia, medido pelo pesquisador com

uma régua milimetrada, em dois didmetros: transversal e longitudinal.

Tamanho mamografico do tumor: dimensdes, em milimetros, do maior

foco de carcinoma segundo a ultima mamografia realizada pela mulher antes
da cirurgia (sem magnificacdo) medida pelo pesquisador com uma régua

milimetrada, em trés diametros: transversal, longitudinal e anteroposterior.
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Tamanho do tumor na RNM: dimensdes, em milimetros, do maior realce

de contraste correspondente ao tumor no exame de RNM, medido pelo
radiologista na tela do computador, em trés diametros: transversal,

longitudinal e anteroposterior.

Tamanho do tumor na MRI/SM: dimensdes, em milimetros, da area de

interseccao entre a RNM e a CM, medida pelo pesquisador na tela do
computador, em dois didmetros: longitudinal e anteroposterior.

Idade: tempo transcorrido em anos entre a data de nascimento (que consta
no prontuario) e data de admissao ao estudo, calculada pelo pesquisador
principal.

Mama submetida a cirurgia: A mama acometida pelo cancer, segundo

consta no prontuario médico. Categorias: direita e esquerda.

Biopsia: tipo de abordagem realizada para diagnéstico histolégico do
cancer de mama, segundo o prontudrio médico. Categorias: agulha

grossa ou cirurgica.

Local do tumor: regido da mama onde esta situada a maior extensao tumoral,

segundo a palpacao realizada pelo pesquisador. Categorias: quadrante
supero-lateral (QSL), quadrante supero-medial (QSM), quadrante infero-
lateral (QIL), quadrante infero-medial (QIM), quadrante central (QC).

Tamanho da mama: volume mamario, avaliado através do numero do sutia

usado pela mulher, referido por ela no momento da inclusdo no estudo.
Categorias: pequena (38 a 42); média (44 ou 46); grande (48 a 56).

Estadiamento clinico do tumor: avaliagdo da extensao da doenca, segundo

consta do prontuario médico antes da cirurgia. Categorias: |, Il, Il e IV
(AJCC, 2002).

Padrdo de densidade mamografica: porcentagem de tecido glandular da

mama em relacdo ao tecido gorduroso, avaliada pelo pesquisador na
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ultima mamografia realizada pela mulher antes da cirurgia. Categorias:
baixa [padrdao N1 e P1]; alta [padrao P2 e DY] (Wolfe, 1976).

m Numero de fragmentos: quantidade de seccées da mama utilizadas pelo

patologista para realizar o exame histopatologico

3.4. Selecao dos sujeitos

Os sujeitos foram mulheres acompanhadas no Ambulatério de Patologia
Mamaria do Caism da Unicamp. A admissdo no estudo foi feita no préprio
Ambulatério e restringiu-se as mulheres com cancer de mama que tinham indicacao
de mastectomia de forma consecutiva, no periodo de janeiro a dezembro de
2005. As mulheres foram abordadas pelo pesquisador que explicou brevemente o
estudo e perguntou se elas estariam interessadas em participar. O pesquisador
aplicou a Lista de Verificacdo (Anexo 1) a cada uma para garantir o cumprimento

dos critérios de admissao.

3.4.1. Critérios de inclusao

Seguem os critérios de inclusao e suas definigbes:

a) Diagnéstico de carcinoma ductal invasivo de mama — tumor maligno de

mama confirmado por estudo histoldgico de bidpsia.
b) Tumor unilateral — presencga de cancer em apenas uma das mamas.

¢) Tumor unifocal — presenca de um unico foco de tumor diagnosticado até
o momento da inclusdo no estudo pelo exame clinico, mamografia ou

ultra-som.
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3.4.2. Critérios de exclusao

Seguem os critérios de exclusao e suas defini¢coes:

a) Bidpsia excisional — tumor retirado por completo para o diagnéstico.
b) Quimioterapia neo-adjuvante — realiza¢éo de quimioterapia prévia a cirurgia.
c¢) Doenca recidivada — retorno da doencga apéds tratamento prévio.

d) Material metalico no corpo — presencga de qualquer objeto de metal no corpo
da mulher que nao possa ser retirado, como proéteses, parafusos, placas,

pin0s, marcapassos.

e) Claustrofobia — estado psicopatoldgico caracterizado pelo medo de estar
ou passar em lugares fechados ou de tamanho reduzido.

3.5. Técnicas

3.5.1. Medida do tumor na mamografia e exame clinico

Todas as mulheres incluidas no estudo tinham mamografia recente (ha
menos de 1 més antes da cirurgia) nas incidéncias cranio-caudal e médio lateral
obliqgua sem ampliagées. O tumor foi medido em trés didmetros com uma régua
milimetrada pelo pesquisador na sala operatéria, com as imagens colocadas em
um negatoscopio. Na incidéncia cranio-caudal foram medidos os didametros

anteroposterior e transversal, na médio-lateral-obliqua o diametro longitudinal.

O exame clinico foi realizado pelo pesquisador no momento da cirurgia. As
pacientes ficaram em decubito dorsal com os bracos abertos e o tumor palpavel foi

medido em dois didmetros (transversal e longitudinal) com uma régua milimetrada.
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3.5.2. Cintilografia mamaria (CM)

As mulheres foram submetidas & CM com **™Tc-sestamibi (Cardilite®,

Bristol-Myers Squibb Medical Imaging, Inc., Massachusetts, USA), dois a dez dias
antes da cirurgia, no Hospital das Clinicas (HC) da Unicamp, Servico de Medicina
Nuclear. Utilizou-se a dose de 740MBq (20 mCi), administrada em veia previamente
cateterizada com cénula plastica estéril no pé contralateral a lesédo da mama (para

evitar captacao do sitio de injecéao), seguido de 10ml de solugéo salina a 0,9%.

A CM foi realizada em uma camara de cintilacdo equipada com colimadores
de furos paralelos e de baixa energia (Sopha DST, Sopha Medical Vision),
acoplada a um computador. A paciente ficou deitada em uma maca na posicao
decubito ventral com as mamas pendentes e sem compressdo. As imagens
foram obtidas nas projecdes laterais e obliquas posteriores das mamas e

anteriores do torax e axilas.

Nos primeiros 15 minutos ap6s a administragdo do radiofarmaco foram obtidas
imagens dindmicas na projecao lateral da mama acometida com a neoplasia. Em
seguida, foram realizadas as imagens estaticas. Nas imagens dindmicas foram
tracadas regides de interesse (region of interest - ROI) ao redor do tumor (alvo) e no
tecido normal (radiacédo de fundo ou background — BG) e gerado por computador
um grafico de contagem de radiacao por unidade de tempo. Entao foi possivel
verificar, em cada paciente, o tempo no qual houve maior diferenca de contagem de
radiacdo entre o tumor e a mama normal (BG). Com isto, determinou-se o tempo

ideal para iniciar a cirurgia radioguiada. As imagens foram analisadas em filme
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fotografico e por leitura direta na tela do computador pelo método de anélise

duplo cego, por dois médicos nucleares.

3.5.3. Ressonancia nuclear magnética (RNM)

O exame de RNM foi realizado no HC- Unicamp, Servico de Ressonancia
Magnética, com um aparelho de 2.0T (Elscint Gyrex 2T Prestige, Elscint Ltd, Haifa,
Israel), no mesmo dia em que a paciente realizou a CM. As mulheres foram
posicionadas em decubito ventral em bobina especifica para exame mamario,

ficando as mamas pendentes e sem qualquer compressao durante o procedimento.

As sequéncias de imagens realizadas foram: T1 com saturacdo de
gordura (TE 16, TR 730, TA 160, NEX 2, 4mm sem gap, matriz 300x240), T2 com
saturacéo de gordura (TE 96, TR 6000, TA 150, matriz 300x242, NEX 2, 4mm sem
gap) e gradiente eco 3D pré-contraste e nos minutos 1, 2, 5 e 6 apds a injecao
do contraste, sem mobilizacdo da paciente. Utilizou-se a dose de 0,1mmolkg de
gadolineo (Viewgam®, Laboratérios Bacon S.A.l.C., Buenos Aires, Argentina)
infundido em bolo em veia do membro superior, apos prévia cateterizagdo com
canula plastica estéril. As seqiiéncias T1 e T2 foram realizadas nos trés planos
(coronal, sagital e axial) e o gradiente eco 3D no plano sagital. Foram
realizadas imagens de subtracdo para definir qual a seqtiéncia ap6s contraste

que tinha o maior realce.

Foi avaliada qualguer imagem de realce de contraste suspeita, correspondente

ao tumor e outros focos. O tumor foi medido no computador em trés didametros -
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anteroposterior, transversal e longitudinal - na seqiéncia de maior realce de contraste.
As imagens foram analisadas em filme fotografico e por leitura direta na tela do

computador, pelo mesmo radiologista.

3.5.4. Cirurgia

No momento da cirurgia, ap6s as pacientes estarem anestesiadas, foi
injetado 740Mbq de *°™Tc-sestamibi da mesma forma descrita anteriormente na
realizacdo da CM. Esperou-se o tempo ideal para iniciar a cirurgia radioguiada,
estimado previamente em cada paciente. Primeiramente, a contagem de radiagéo

da mama contralateral sem cancer foi medida com uma sonda de deteccao dos raios
gama - probe (Europrobe® systems CE0459, Eurorad, France) e foi determinada

como a radiacao de fundo (background — BG). Entdo, a contagem de radiacao
do tumor foi verificada, sendo sempre maior que BG. Assim, foi realizada uma
segmentectomia com o auxilio do probe para definir as margens de resseccao
(cirurgia radioguiada). Partindo com o probe do tumor, as margens foram
consideradas livres quando a contagem de radiacao era menor ou igual ao BG.
O probe sempre foi angulado de forma a ndo ser apontado para o térax da
paciente. O acometimento de pele, da fascia profunda e a presenca de outros
focos tumorais foram analisados na RNM para serem englobados na resseccao.
O procedimento descrito caracterizou a Avaliacao Radioguiada Intra-operatéria das
Margens (Radioguided Intraoprative Margins Evaluation — RIME). As incisdes
da pele utilizadas dependiam da localizagdo do tumor, sendo semelhantes as

incisdes feitas em cirurgias conservadoras.
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Apds a segmentectomia, verificou-se a contagem de radiagcéo de leito tumoral
e se a radiacao residual fosse maior que o BG, aquela margem era ampliada. A
contagem de radiacao ex-vivo das margens da segmentectomia também foi realizada.
Apéds a retirada do tumor, as pacientes foram submetidas a mastectomia radical
modificada, segundo Madden (Madden et al., 1972). As margens da segmentectomia
foram identificadas com fios de sutura. As duas pecas (segmentectomia e mama

residual) foram submetidas a exame anatomopatolégico.

3.5.5. Fusao da Ressonéancia nuclear magnética e Cintilografia mamaria
(MRI/SM)

Para a fusdo das imagens foi desenvolvido um software em linguagem
visual, usando-se o ambiente do MATLAB® software versdo 6.5 (The MathWorks,
Inc.,USA). O software contém trés janelas de visualizacdo na parte superior, onde
sao abertas as imagens de RNM, CM e a da fusao (MRI/SM). Na parte inferior
estao presentes os médulos de comando: “Abrir RNM", "Abrir CM", "Mudar corte da
RNM", "zoom" e "ajuste de posi¢ao" para RNM e CM e “Medir”. Inicialmente, a
imagem de RNM no plano sagital foi aberta na primeira janela e ajustou-se 0 zoom
e a posicao da imagem. Na sequiéncia, a imagem de CM na visao lateral foi aberta
na segunda janela, sendo realizados os ajustes do zoom e da posi¢ao para que

o tamanho do pixel de ambas as imagens (RNM e CM) fossem idénticos.

A imagem de fusao foi formada na terceira janela de visualizacao através da
movimentacdo das imagens de RNM e CM até que os contornos da mama se
tornassem coincidentes, utilizando-se alguns pontos de referéncia como o mamilo e

a juncdo da mama com o musculo peitoral. Como a CM é uma imagem planar, foi

Sujeitos e Métodos 41



utilizado para realizacao da fuséo o corte da RNM que continha o mamilo, por ser o
de maior area. Entdo, os cortes da RNM eram mudados, usando o médulo “Mudar

corte da RNM”, até se atingir o corte que continha a maior dimens&o tumoral.

Para realizar a medida do tumor na MRI/SM considerou-se a area de
interseccao das imagens do tumor na RNM e CM. Foi utilizada para a fusdo das
imagens a sequéncia da RNM gradiante eco 3D pos-contraste. O tumor foi medido
em dois didmetros: anteroposterior e longitudinal. O tamanho do pixel da RNM em
um padrao DICOM 3.0 foi usado para realizar as medidas, sempre considerando
0s ajustes de zoom que eram feitos automaticamente pelo software. Todas as

imagens foram interpretadas pela mesma pessoa.

3.5.6. Anatomopatolégica

O tecido retirado pela cirurgia radioguiada (segmentectomia) teve as
suas margens marcadas com tinta nanquim, bem como o leito tumoral na mama
residual. Foram realizados cortes em todo o material a cada 1cm e realizado
estudo macroscépico das pecas. Toda area suspeita a macroscopia e mais trés
a quatro fragmentos aleatérios ndo suspeitos em cada quadrante foram
inseridos em bloco de parafina. As laminas foram coradas por hematoxicilina-

eosina (HE) e estudadas por microscopia éptica (microscopio Zeiss®).

O tamanho do tumor foi medido em trés didmetros (anteroposterior,
transversal e longitudinal) macroscopicamente e confirmado microscopicamente.

Na segmentectomia foi analisada a presenca ou auséncia de carcinoma invasor
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ou in situ, comprometendo as margens. Foi considerada margem comprometida
quando os focos de carcinoma estavam em contato com a tinta nanquim a
microscopia. Na mama residual foi avaliada a presenga ou auséncia de focos
tumorais invasivos ou in situ remanescentes, suas dimensdes, sua localizacao e

sua distancia do leito tumoral.

3.6. Instrumentos para coleta dos dados

Foram utilizados dois instrumentos: lista de verificacdo e ficha de coleta
de dados (Anexos 1 e 2), criados especialmente para este estudo. A Lista de
Verificagao foi testada em mulheres que sao atendidas no Ambulatério. A Ficha
de Coleta de Dados foi testada, pelo pesquisador, nas primeiras mulheres

submetidas a técnica cirurgica do estudo.

3.7. Coleta de dados

Os dados foram coletados pelo pesquisador, o qual transferiu as informacdes
das mulheres e dos laudos dos exames (exame clinico, mamografia, RNM, CM,
MRI/SM e anatomopatolégico) para a Ficha de Coleta de Dados. O algoritmo do

estudo encontra-se no Anexo 7.

3.8. Controle de qualidade

Para garantir a qualidade do estudo, primeiramente os instrumentos e o
Termo de Consentimento Livre e Esclarecido foram testados em mulheres do

Ambulatério de Patologia Mamaria e as modificacdes necessarias foram feitas.
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Para assegurar a homogeneidade das técnicas, as imagens da CM foram
analisadas por apenas dois médicos nucleares experientes de maneira duplo-
cega e, em caso de discordancia entre eles, um terceiro foi utilizado. Da mesma
forma foram analisadas as RNM por médicos radiologistas experientes. As
cirurgias foram realizadas pela mesma equipe cirurgica composta por trés médicos
mastologistas apods prévia padronizacao da técnica. O exame anatomopatoldgico foi
laudado por dois médicos patologistas experientes. A analise das imagens de MRI/SM

foi realizada pelo pesquisador que desconhecia o resultado dos outros exames.

3.9. Processamento e analise dos dados

Todas as fichas foram revisadas e as eventuais informacdes faltantes ou
incoerentes foram reanalisadas pelo pesquisador, mediante consulta aos laudos
dos exames. Foi criada uma planilha de dados no programa Microsoft EXCEL®

(Anexo 3), que indica qualquer inconsisténcia nos dados inseridos.

Foi realizada uma analise descritiva e percentual dos dados coletados,
calculou-se média, desvio padrao e mediana. A associagao entre presenca de
doenca residual e estado da margem foi analisada usando o teste exato de Fisher.
Para as variaveis continuas foram usados o teste t de Student e o teste de
Wilcoxon (Altman, 1987). A analise por regressao linear (F test) foi usada para
correlacionar as medidas dos diferentes exames, calculados o coeficiente de
determinagao (R?), valor Slope e erro padrao (SE). O coeficiente de correlagdo de

Pearson (r) foi também calculado. A analise dos dados foi feita com o software
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SAS versdo 8.2 (SAS Institute Inc., Cary, NC), e estabelecido como nivel de

significaAncia um valor P<0,05.

3.10. Aspectos éticos

Neste estudo foram respeitados os principios éticos enunciados na Declaracao
de Helsinque (World Medical Association, 2000) e na Resolucao 196/96 do
Conselho Nacional de Saude (Brasil, 1996). O projeto de pesquisa foi aprovado pelo
Comité de Etica em Pesquisa (CEP) da Faculdade de Ciéncias Médicas FCM/
Unicamp (Anexo 4) e Comissao de Pesquisa do DTG/FCM/Unicamp (Anexo 5). Por

se tratar de pesquisa com seres humanos, algumas observacgoes foram feitas:

m As mulheres incluidas na pesquisa receberam um esclarecimento verbal,
dado pelo pesquisador, no Ambulatério de Patologia Mamaria do Caism/
Unicamp. Durante o esclarecimento foram informados os seguintes itens
do estudo: objetivos, justificativa, procedimentos realizados, riscos
possiveis, beneficios esperados, sigilo da identidade e liberdade de

recusa em participar, sem nenhum prejuizo.

m Depois as mulheres que se interessaram em participar, receberam e
leram o Termo de Consentimento Livre e Esclarecido (TCLE) [Anexo 6].
Foram incluidas na pesquisa apenas as mulheres que voluntariamente
concordaram em participar do estudo. Elas assinaram o TCLE e

receberam uma copia do mesmo.

m Com relagéo a cintilografia mamaria, nenhuma reacao adversa grave foi
verificada com a infusdo do **™Tc-sestamibi como angina, dor torécica
e morte (Torizuka et al., 1991). Sintomas mais leves foram descritos

como cefaléia, nauseas, alteracbes do paladar e parosmia, porém
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infreqientemente. Raramente ocorrem reagfes alérgicas ou anafilaticas
graves como eritema multiforme associada ao uso do *™Tc-sestamibi
(Thomson e Allman, 2001).

Com relacao a ressonancia magnética, as mulheres que possuem qualquer
material metalico no corpo sdo contra-indicadas a realizar o exame, por isso
esse foi um critério de exclusao da pesquisa. As mulheres que tém
claustrofobia necessitariam ser sedadas para realizar o exame;
portanto foram também excluidas. O contraste utilizado (gadolineo)
mostrou-se seguro, apresentando reacdes adversas em apenas 2,4%
das vezes (Nelson et al., 1995). Dentre as reacdes descritas, a maioria
foi leve, como nauseas, vomitos, urticaria, eritema difuso, irritacdo na pele
(Murphy et al., 1996), cefaléia, perversdao do paladar e vasodilatacdo
(Kirchin et al., 2001). Reagbes graves sdo extremamente raras, tendo
sido descritos relatos de casos de anafilaxia (Weiss, 1990, Murphy et
al., 1996), artralgia generalizada (Wexler e Spencer, 1993) e nenhum
caso de 6bito (Murphy et al., 1996). Foram utilizados protetores

auriculares durante o exame devido ao ruido do aparelho.

Com relagdo ao tratamento do cancer, ndo houve prejuizos para as mulheres
que participaram da pesquisa. Isso porque, apds a segmentectomia
radioguiada (RIME) foi realizada a mastectomia conforme o tratamento

cirurgico do cancer proposto antes da mulher ser incluida no estudo.

O tempo de cirurgia aumentou em alguns minutos, tempo estimado

para realizacdo da segmentectomia radioguiada.

Foi mantida em sigilo a identidade da mulher, cujos dados foram

identificados apenas pelo nimero de registro no estudo.
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4.1. Artigo1

ORIGINAL ARTICLE

Radioguided Surgery Using Intravenous *°™T¢ Sestamibi
Associated with Breast Magnetic Resonance Imaging for
Guidance of Breast Cancer Resection

Giuliano Mendes Duarte, MD,* César Cabello dos Santos, PhD,* Renato Zocchio
Torresan, PhD,* Marcelo Alvarenga, PhD,! Gilliat H. Q. Telles, MD,! Susana Trigo
Bianchessi, MD,* Nelson Caserta, MD,?Silmara R. Segala, MD,% Mariana da Cunha
Lopes de Lima, MD,* Elba Cristina Sd de Camargo Etchebehere, PhD,’

and Edwaldo E. Camargo, PhD$

* Department of Gynecology, Division of Oncology and Senology, 1Department of Anatomic Pathology,
tDepartment of Radiology, Division of Magnetic Resomance Imaging, and Y Department of Radiology,
Division of Nudear Medicine, State University of Campinas, Campinas, Sdo Paudo, Brazl

B Absiract The purpose of this study was to evaluate the feasibility of surgery radioguided with intravenous ®™Tc sestamibi
associated with magnetic resonance imaging (MRI) of the breast to detect tumer extent and guide complete tumor resection. A
deacriptive experimental study was developad with 10 breast cancer patients (stage 1A-IIB) who underwent mastectomy. From
2 to 10 days before surgery, the patients underwent breast MR1 with 0.1 mmol/kg of gadolinium and scinimammeography with a
740 MBq of ®MTc sestamibi. A region of interest was drawn around the tumor image and an uptake curve as a function of ime
was plotted to calculate the optimal time to perform radioguided surgery. In the perioperative period, the same dose of ®MTe
sestamibi was intravenously injected into the patients. Tumor resaction was parformed under the guidance of a gamma probe.
MR was u=ed to evaluate the skin and deep fasda involvement and to deted occult tumor foci which wera also excised. Subag-
quently a modified radical mastectomy was performed. Tumor and residual breast wera histopathologically examined. In a sares
of 10 women, all demonstrated %™ Tc sestamibi uptake in tumor cells. Eight patients showed no disease in the residual breast,
one presanted with one foci of invasive ductal carcinoma measuring 0.5 cm in diameter located & em from the tumor bed, and
one presanted with one foci of ductal carcinoma in situ maasuring 0.8 cm at the rasection margin. The mean tumor size in the
histopathologic assessment was 3.3 cm and in MRl was 5.0 cm. Radioguided surgery using BMe sestamibi associated with MR
is a feasible technique that can be employed in tumor resection. =

Key Words: breast cancer, magnetic resonance imaging, radicguided surgery, ®M T aastamibi

Breas:-mmewing surgery for breast cancer has been
established as the surgical rechnique of choice for
early stage tumors in view of the fact that patient survival
has not changed in comparison with postmastectomy
survival (1,2). The purpose of conservative surgery is to
improve cosmetic outcome and achieve adequate local
control of the disease. However, it has been demonserated
that local disease recurrence is more frequent in this type
of procedure (1,2). It occurs most often in the tumor bed
(3,4), a fact suggesting that residual disease may remain

Addraes comeepondencs and reprint reguests to: Gidiano Mendea Duarks,
MO, Rua 24 de Maio, 313, ap 21, Gampinas, S840 Paulo, Brazil, or e-mai:

guliaro.duartai@ig.com.br.

i 2004 Blackswell Publishing, Tne., 1075122 X006
The Breast Jowrmal, Voluse 12 Nusber 3, 2004 202-207

after primary treatment. Nevertheless, apart from macro-
scopic tumor size, the amount of tissee to be removed to
ensure that no residual disease remains has not yer been
defined (5).

For local control of the disease, several intraoperative
techniques have been developed to obtain umor-free
margins, including ultrasound (&), frozen section analysis
of tumor margins, and cytologic evaluation of the tumor
bed (7). However, a tumor-free margin does not necessarily
indicate that the remaining breast is free of disease (5,8)
dueto the high frequency of multifocality in breast cancer.
It is known that during conservative surgery it is difficule
to distinguish malignant tissue from normal tissue. In
order to achieve this, the surgeon wsually uses physical
breast examination (palpation) and mammography, but
both may underestimate the real extent of disease.
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BmTe sestamibi is a radiopharmaceutical thar has an
affinity for tumor cells, probably related to thelarge num
ber of mitochondria present, Tt has been wsed to evalware
suspicious lesions dunng palpation or mammogram (9
11),and in radioguided surpery for parathyroid adenoma
(12). Magnetc resonance imaging (MRI) of the breast is
an examination thar produces high-definition images and
shows a good correlanon with real tumaor siee (13). MRI
5 betrer than mammogeaphy, ulteasound, and palpanon
for determuning tumoe excent (14,15), and it has proved
to bea good ool for selecting which patiencs are eligible
for breast-conserving surgery (16).

The aim of this study was to evalware the feasibil oy of
using & radioguded surgical rechnigue with intravenous
e sestamibi sssociated with MRI o aid in complete
resection of breast cancer, avoiding remaining residual
disease.

MATERIALS AND METHODS

A descnprive experimental study was carrted out with
10 breast cancer parients (stage [A-MIB) scheduled for
mastectomy from fanwaey 20005 m June 2005 arche Women's
Integral Healtheare Cenrer of the Stare University of
Campinas, 530 Paulo, Brazil. Inclusion criteris were his
L |.|..|1;|(. di:!ElHJQLq 8] t i[]\'i']'“\-"n:' Ijl.‘l-L"L:!l CACCLIOITLE, E[!’li L lt‘ l.x.".!l
and unilateral tumor. Exclusion criteria were excisional
hiopsy, neoadjuvant chemothe capy, recurrent disease, pre
sence of metallic maverwlinthe body, and clavstrophobia.
The ethics commirtee appeoved the study and all patients
gave their informed consent, Two o 10 days before surgery
the patients included inthe study underwent scintimammao
graphy with ™™T¢ sestamibi and breast MRIL

Scimtmamemographi

Scintimanumogeaphy was performed ina gamma camera
equipped with a low-energy, parallel hole collimaror
(Sopha DST; Sopha Medical Vision, Buc, France) connecred
to a computer. A 740 MBq (20 mCi) dose of T e sesta
mibi (Cardiolive; Bristol-Myers Squibb Medical Imaging,
Inic., Billerica, MA) was injected into a pedal vein previ
ously cathererized with asterile plasnic cannula, followed
by 10 ml of 0.9% salne solution. The panents were posi
tioned prone on 2 special imaging table, Breast images
were acquired in the lateral and posterior oblique views.
Images of the chest and axillary region were obrained in
the anerior view.

Within 15 minutes after administeation of the radio
pharmaceutical, dynamuc images of the breast with tumaor
were acquired in a bateral view. Subsequently static imapes

Figure 1. Scinimammography with ®mTc sestamibi (lateral view:)
using RO technigque in the wmar (1) and normal breast tiesue (2).

were acquired. In the dynamic images, regions of interest
were drawn (ROIs) around the tumor (target) and nocmal
tissue (background radiaoon). A graph of the radiation
countagainst a unitof ime was generated (Figs, 1and 2).
In each paneny the time when the greatest difference in
radiation count oceurred berween the tumor (target) and
normal breast tissue (background radiation) was observed.
Thiss the oprimal time to begin radioguided surgery was
determined. Imapes were analyzed by photograph and by
direct reading on a compurer screen using a double-blindad
method, performed by two nuclear physicians,

Magnenc Resonance Imaging

Magpenc resonance imaging was performed with 2 20T
(Elscint Cryrex 2T Prestige; Elscine Lid., Haifa, Israel)
device, Patients were positioned proneon an imaging tahle
g0 that the breasts wers hanging freely into a cushioned
recess containing dedicated breast coils. Imaging sequences
were T1 with far saturation (TE 16, TR 730, TA 160,
NEX 2.4 mmwith nogap, 300 = 240 marrix), T2 with far
saturation (TE %6, TR 6000, TA 150, 300 = 242 marrix,
NEX 2, 4 mm with no gap), and three-dimensional (3D)
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Figure 2. Cunves of radioactive counts against ime. Line 1 reprasents
the tumor; line 2 represents normal breast tissue; line T shows the
optimal time to bagin radioguided surgery in this casa.

gradient-echo sequence prior to contrast injection and at
1, 2, 5, and & minutes afrer contrast injection without
patient movement. & bolus of 0.1 mmol/ kg gadolinium
(gadopentetate dimeglumine) (Viewgam; Bacon Labora
tores 5. ALC, Buenos Aires, Argentina) was intravenously
injected in an upper limb vein after prioe catheterization
with a sterile plastic cannula. T1 and T2 sequences were
performed in three planes (coronal, sagireal, and asial). A
D gradient-echo sequence was performed in the plane
containing the largest tumor diameter (Fig. 3).

The size of any caprured image corresponding to the
tumor was estimated. Measurements in the three diame
ters were taken in millimeters and other foci of contrast
uptake were evaluared. All images were interpreted in a
photographor filmofselecte d views by the same radiologist.

Surgery

At the time of surgery, after anesthesia, a bolus of 740
MBq "™ Tc sestamibi was inteavenously injected in the
same manner previously described. The optimal time to
begin radioguided surgery was awaited. First, the radi
ation count of the tumor site and contralateral breast (no
cancer ) were measured with a gamma ray detection probe
(Europrobe; Eurorad, Strasbourg, France). The radiation
count of the contralateral breast was considered as back
ground radiation. Then the tumor was excised under the
guidance of a handheld gamma probe. Starting from
the tumor site, margins were considered tumor free when
the radiation count was close tothe background radiation.

Figure 3. Magnetic resonance imaging of the breast showing tumaor
{A) bafore and (B) after contrast administration in the 30 gradient-acho
sequence.

The handheld probe was always angled away from the
chestwall of the patient. Involvement of the skin and deep
fascia and the presence of other tumor foci were analyzed
in the MRI and were then included in the surgical resec
rion. Afrer tumaor removal, the tumor bed was checked for
residual radioactivity grearer than the background radi
ation; if any was present the resecion margin was enlarged.
The ex vivo counts of the tumors and their marging were
also identified with the handheld gamma probe.

All patients underwent modified radical mastectomy.
The margins of the umor and residual breast were
identified. Both were sent to the anatomic pathology lab
for examination.

Pathology

The tumor bed and marging were marked with China
ink. Surgical specimens were longitudinally cur into
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Table 1. Distribution of Patients Regarding Tumor
Size at MR, at Pathology, and Free Margins

Tumor aize at Tumeor aize at Langest frae Smalleat free
Patiant MRl {cm) pathology (cm)  margin {cm) margin {crmj
1 70 30 3.5 o8
2 4.0 241 a.z 1.0
3 4.8 25 5.0 o
4 4.8 30 3.0 1.5
5 0.8 40 3.0 0.5
-] a7 3.8 5.0 1.2
T 4.8 4.1 22 1.4
-] 28 B4 5.0 0.1
] 3.8 25 2.6 1.0
10 55 | 4.7 03
Mean 5.0 2.3 —_ —_

10 mm thick sectionsand a macroscopic examination was
performed. All macroscopically suspicious areas and three
or four nonsuspicious areas in each sector of the residual
breast were selected for inclusion in paraffin blocks. All
areas were identified to determine the distance of the tumor
or tumor bed. The slides were stained with hemaroxylin-
ensin and examined under an optical microscope.

RESULTS

Ten patients were included in this study, age 29-70
years, diagnosed with clinical stage ITA-TIB breast cancer.
All presented with "™ T¢ sestamibi uptake in tumor cells
and were identified by MRI. Tumor resection was per-
formed under the guidance of a gamma probe. The optimal
time to begin radioguided surgery ranged from 2 to §
minutes and the mean difference in radiation counts berween
the tumor and background radiation was 150 counts per
second (cps) (range 680-300cps). Infive casesthe intensity
of radiopharmaceurical uptake was marked and the umaor
had a focal and homogeneous pattern.

The mean tumor size was 33 mm (range 21-51 mm) in
the pathology examination and 50 mm (range 28 - %6 mm)
on the MRI{Table 1). Five rumors were located in the right
breast. In nine cases tumor margins were free, and in one
case the margin was focally compromised by intraductal
carcinoma. When analyzing the residual breast, it was
confirmed that eight casesshowed no disease, one presented
withone foci of invasive ductal carcinoma measuring 0.5 cm
in diameterlocated 5 cm from the tumor bed, and another
presented with one foci of intraductal carcinoma measue-
ing 0.8 cm at the resection margin (Table 2). The mean
number of fragments including the rumor and residual
breast examined under a microscope was 55 per patient.

DISCUSSION

This study showed the feasibility of using radioguided
surgery with *"™T¢ sestamibi associated with MRI for the
resection of breast cancer. In all the patients included in
the study, tumor resection was assisted by this technigue.

PImTe sestamibi is a radiopharmaceutical used in sur-
gery for parathyroid adenoma, where it has an affinity for
the tumor. Thus it permits differentiating berween abnor-
mal parathyroid and normal adjacent tissue under the
guidance of a probe (12). In the breast, itis difficulr ro dis-
tinguish malignant tissue from clinically benign tissue.
Radioguided surgery with "™ Tcsestamibi may be used to
facilitate differentiation, similar to what is done in the para-
thyroid. Scintimammography with ™™ Tc sestamibi has
been shown to be capable of diagnosing mulrifocality and
multicentricity in breast cancer (17,18). However, radio-
pharmacentical uptake is more common in tumors larger
than 1 cmor those that are pal pable. Thus the association
of radicguided surgery with MRI was fundamental, since
MRI is an examination with high sensitivity that can
locate tumor foci smaller than 1cm (19,20).

Table 2. Distdbution of Patients According to Margin Status and Residual Disease

Status of tumor Digtance from residual Bize of

Patiant manging Reaidual diseass disaase to tumor bad residual disaass
1 Fresa Absant — —
2 Fresa Absant — —
3 Fozaly compromisad Ductal carcinoma in aitu At mangin & mm
4 Fresa Absant — —
5 Fresa Absant — —
g Fresa Abeant —
T Fresa Immasive ductal carcinoma 5 cm 5mm
8 Fresa Absant — —
8 Frea Abeant — —
10 Fresa Absant — —
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It is likely that™™Te sestamibi has an affinity for tumor
cells because of the high concentration of mitochondria in
these cells. In the present study, it was necessary to angle
the probe away from the chest wall during surgery so as
to prevent radiation uptake in the chest. Thus a difference
in radiation count could be detected berween the tumor
and background radiationthar ranged from &0 1o 300 cps.
This difference was the factor that allowed the perfor-
mance of radioguided surgery.

The difference in uptake must be maximal to facilitate
surgery. Inorderto achieve this, an uprake curve was plot-
ted against the time for uptake in benign and malignant
tissue in each patient studied. The shapes of the curves
were similar in all patients. A rapid rise was followed by
a platean, showing a greater difference in uptake berween
the curves. This was the optimal time for starting radio-
guided surgery. The onserof surgery was regarded asearly,
ranging from 2 to 5 minures afrer administration of the
radiopharmaceutical.

Several studies have used radioguided surgery with
I e sestamibi for the breast, although their aim was to
diagnose cancer. Cox et al. (21) reported a case in which
they used ¥*™Tc sestamibi to identify occult breast cancer
under the guidance of a probe. A similar technique was
used in this study, but the purpose was to aid in complete
removalofthe tumor. Scafe et al. (22) wsed a portable gamma
camera during surgery to detect breast carcinoma in
patients who had received an injection of "™ T ¢ sestamibi.

In breast-conserving surgery, some techniques have
been developed to facilitate the identification and com-
plete resection of the tumor. Moore et al. (£) used intra-
operative ultrasound to obtain tumaor-free margins. Pinotri
and Carvalho (7) used frozen section analysis of tumor
margins and cyrologic evaluation of the tumor bed to
obtain tumor-free margins. In owr study, the technigue
used to facilitare surgery was based on two tumor charac-
teristics: physiology and anatomy. Radioguided surgery
with #™Tcsestamibiis based onthe increased merabolism
of cancer cells compared to normal breast tissue. MRI is
asensitive examination that can show the entire anatomic
extent of the lesion. In view of the above features, these
methods may also be incorporated into breast-conserving
surgery. Radioguided surgery in association with MRI
provided a more hel pful guidance of actual rumor exrent
during surgery.

Radioguided surgery has become routine in breast
cancer surgery with techniques such as sentinel lymph
node biopsy and radicguided occule lesion localization
(ROLL). The current study showed the feasibility of using
a radicguided surgical modality in which the radiophar-

maceutical is not injected into the breast, as occurs
in previously menooned techniques, but is intravenously
injected into the patient. Perhaps this technique can be
integrated with sentinel lymph node procedures using
radioisotopes if the sentinel node biopsy can be made
befare "™T¢ sestamibi injection.

CONCLUSION

Radioguided surgery using intravenous ™ Tesestamibi
associated with MRI is a feasible technique thar may be
introduced into breast-conserving surgery. However, it
needs to be further investigated in larger case studies.
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Abstract

Aims: Women undergoing breast-conserving surgery for cancer can present residual disease. We have developed a technigue called Radio-
guided Intracperative Margins Evaluation (RIME) that uses a radiopharmaceutical to distinguish normal and cancer tissues. The aim of this
study was to assess whether RIME is a feasible technigue, and if it could help in breast cancer resection with free margins, minimizing
residual disease,

Methads: Twenty-three breast cancer patients programmed for mastectomy were selected. Before surgery, the patients were submitted to scin-
timammography with ™*T'c-sestamibi to estimate the optimal time to begin mdioguided surgery. Twenty patients were submitted to magnetic
resonance imaging { MRI), to evaluate skin, deep fascia and to detect other umor foci. At the beginning of the surgery, the same dose of ™ Te-
sestamibiwas intavenously injected into patients. Tumor resection was performed under guidance of agamma-probe, chameterizing the RIME
technique. Finally, modified radical mastectomy was performed. Tumor and residual breast were hi stopathologicall y exami ned.

Resitz: The RIME technigque was successfully performed in all patients. The principal tumaor was removed by this technigque and provided
H2.6% of histologically free margins (mean margins, 4.8 mm). Additionally, 47 % of patients wene without residual disease. The mean size
of residual cardnoma was 367 mm and generally located near the tumor bed (1.5 cm). There was no significant assodation between
presence of residual disease and tumor size or margin status,

Concusion: RIME is a feasible technigue that could help tumor resection with free margins; howewver, it seems to be limited for small car-
cinoma foci.

@ 007 Elsevier Lid. All rights reserved.

Keywaonds: Breast cancer; Magetic resonance imaging: Margin; Radioguided surpery; ™™ Te-sestamibi

Introduction

Breast-conserving surgeryis curmently the favored standard
of care in primary management of patients with early breast
cancer. Breast conservation techniques demonstrate similar
survival rates when compared to mastectomy, however, these

* Correaponding suthor. Rua 24 de maio, 313, Ap. 21, Campinas, S3o
Paule, CEP: 13035-370, Braml Tel: +55 19 32722438; fax: +55 19
32427064

E-rmail address: giulianodosame@ig com br (GM. Duane).

O748-TIRE - aze from mater & 2007 Elsavier Lud All rghts reserved.
dod: 100 100 6. ef s 200703021

surgeries have demonstrated higher levels of local recurrence
than radical su.tgerg.r.j Local recurrence after breast conserva-
tive surgery is most frequent in patients without radiother-
apyj 2 and usually oocurs in the tmor h-ed,s"" suggesting
that residual disease may remain after the primary treatment.

The breast surgical procedures are usually based on breast
palpation, mammography, ulirasound and, more recently,
magnetic resonance imaging (MRI). Since all these methods
may underestimate the real extent of the disease, the ability
to distinguish malignant tissue from normal tissue has be-
come a challenge to clinicians.” Resection margin evaluation

Please cite this anticle in press & Doare GM etal,

Radioguided Intracperative Marging Evaluation (RIME): Preliminary results of anew techniguoe 1o aid
breast cancer resection, Eur I Surg Oncol (2007, dod: 10010064, ¢js0. 2007.03.021
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has become an important method to assess the local cancer
control; however, due tothe high multifocality of breastcan-
cer,” a tumor-free margin does not necessarily indicate that
the remaining breast tissues are cancer-cell free®

HmTe-sestamibi is the most commonly used radiophar-
maceutical for the detection of breast cancer and was the
first to be approved by the Food and Drug Administration
(FDA) for scintimammography. The drog has an affinity
for cancer cells, probably due to its high metabolism and mi-
tochondrial concentration. Thus, scintimammography with
#mTe-sestamibi has shown an overall sensitivity of 85%
and specificity of 89% in detecting breast cancer” In addi-
tion, it has been widely used for multifocal, bilateral'® and
multicentric breast carcinoma detection.?

Previous studies have demonstrated the use of *™Te-
sestamibi in breast cancer surgery to localize oocult breast
carcinoma' > and to uide b'mpsle.':.’d Since “™Tc-sesta-
mibi uptake is higher in cancer cells than breast normal
cells, it may be used as a radioguide in breast cancer surger-
ies. Thus, radioguided surgery using intravenous b o8
sestamibi, associated with breast magnetic resonance imag-
ing (MRI), for breast cancer resection has been tested with
success.™ MRI is a high definition image examination that
has shown a good correlation with real tumor size'® and to
be better than mammography, ultrasound and palpation in
determining the tumor extent,’” 4

In this context, in order to achieve a more specific
method to estimate the real extent of disease and reduce re-
sidual disease in breast cancer resection, we have devel-
oped a novel technique that we have entitled Radioguided
Intraoperative Marging Evaluation (RIME). Thus, the aim
of this study was to assess whether RIME is a feasible tech-
nigque and whether it may help in breast cancer resection
with free margins and minimizing residual disease.

Patients and methods
Patients selection

Twenty-three breast cancer women (stage ILA—LILA)
scheduled for mastectomies, weme consecutively selected
from January 20035 to December 20035 at the Women’s Inte gral
Healthcare Center of the University of Campinas. The fol low-
ing inclusion criteria were used: histologic diagnosis of irva-
sive ductal carcinoma by core biopsy or incisional biopsy,
unifocal and unilateral tumor on clinical examination, recent
mammography (at least 1 month). Patients with excisional bi-
opsy, neoadjuvant chemotherapy, recurrent disease, presence
of metallic material in the body and claustrophobia were
excluded. The ethics committes of the institution above ap-
proved the smdy and all patients gave their in formed consent.

Scintimammography

Two to ten days before mastectomies all patients were
submitted to scintimammography with ST ¢ sestamibi,

The radiclabeling and quality control procedures for
e Te-sestamibi (Cardiolite™, Bristol-Myers Squibb Medi-
cal Imaging, Inc., Massachusetts, USA) were carried out
according to the manufacturer’s instructions. Briefly, scinti-
mammographies were performed in a dual-head gamma
camera (Sopha DST, Sopha Medical Vision) equipped
with a low-energy, parallel hole collimator, with the pa-
tients placed in a prone position. A 740-MBq (20 mCi)
dose of P™Tc-sestamibi was injected into a pedal vein pre-
viously catheterized with a sterile plastic cannula, followed
by 10 ml of 0.9% saline solution. Breast planar images with
a matrix size of 256 « 256 pixels were acquired in the lat-
erdl and posterior oblique views. Images of the chest and
axillary regions were obtained in the anterior view.

Dynamic images of the breast with tumor were obtained
in & lateral view for 15 min after "™ Te-sestamibi adminis-
tration. On the dvnamic images, the regions of interest
(ROT) were drawn around the tamor (target) and normal tis-
sue (background — BG) and time—activity curves were gen-
erated (Fig. 1 and Fig. 2. Ineach patient, the optimal time to
perform radioguided surgery was estimated based on the
time in which the target-to-background ratio Was maxi mwm.
Images and curves were analyzed by photograph and direct
reading on a computer screen using a double-blinded
method, performed by two nuclear phyvsicians.

Magnetic resonance imaging

MRI was performed with a 2.0-T device (Elscint Gyrex
2T Prestige, Elscint Ltd, Haifa, Israel) on the same day of
scintimammographies in 20 patients, Patients were posi-
tioned prone on an imaging table with breasts hanging

Figwre 1. Scinfimammography with ***Tc-sestamibd, lsteral view, udng
RO tecimique in the tomor 1) and normal breast dssoe (20

Please cite this anticle in press & Duane GM et al,

Radioguided Intrsnper ative
breast cancer resection, Bur J Swg Oneel (2007}, dod 10.10164 2 jse 200703 021
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wure 2. Time—activity curves for scintmammogsaphy  with Te-
acitami. Line | regresents the tumor) lme 2 sepresents nosmal bremt
tigsue and line T shows the optimal tme 10 begin RIME in this case.

freely into a cushioned recess containing dedicated breast
coils, Imaging sequences were: T1 with fat saturation ('TE
I, TR 730, TA 160, NEX 2, 4 mm with no gap, 300 =
240 matrix), T2 with fat saturation (TE %6, TR 6(dK), TA
1500 NEX 2, 4 mm with no gap, 300 =< 242 matrix) and
3D pradient-echo sequence previous and at 1, 2. 5 and
& min after contrast injection. A bolus of (.1 mmol/ke pa-
dolinium |‘v'iewgamfm. Bacon Laboratories 5.ALC, Bueno
Adres, Argentina) was intravenously injected into an upper

limb vein after prior catheterization with a sterile plastic
cannula, T1 and T2 sequences were performed in three
planes {coronal, sagittal and axiall A 3D gradient-echo
sequence was performed in the sapittal plane (Fg. 3.
The size of anv captured image corresponding to the wmor
was estimated. Measurements in the three diameters were
taken in millimeters and other foci of contrast uptake
were evaluated as well as cancer involvement of the skin
and deep fascia. All images were interpreted in a photo-
eraph film of selected views by the same radiologist.

Radioguided fnraoperative Margins
FEvaluation (RIME}

At the time of surgerv, after anesthesia, a bolus of
T40 MBq ™ ™Tc-sestamibi was intravenously injected, as
described above. In each patient, the optimal time o begin
radiopuided surpery, estimated previously, was awaited.
Firstly, the radiation count of the contralateral breast (without
cancer] was measured with a hand-held pamma-detecting
probe guidance |Eumpr~:>he'm svatems CEO4539, Ewrorad.
France) and determined as B(. Subsequently, the radiation
count of the tumor, alwavs higher than normal tissue (BG),
was performed using the same procedures, Thereafter, a sep-
mentectomy was performed using the pamma-probe to deter-
mine the resection margins, Starting from the tmor site, all
marging were considered mmor-free when radiation count
was equivalent to BG counts. Thus, the turmor was surgicall ¥
excised. The presence of a residual radicactivity higher than
B in the tnnwor bed was checked, and the resection margin
wias enlarped if any residual radioactivity was detected. The
hand-held gamma-probe was alwavs angled away from the
chest wall of the patient. The ex vive counts of the segmen-
tectomy and their marging were also identified with the

Figure 3. Magnetic resomnce imaging of the boeast showing tumos before (A) and after contrant sdmind@sation (B in the 30 gradient-echo sequence.

Pleaie cite this anticle in press & Duoare GM et al, Radiogoided Intraopesative Marging Evalustion (RIME): Preliminary results of anew techndgqoe 1o aid
breast cancer resaction, Bor I Surg Oncol (2000, dod: 100100 6. efso. X007 03021
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hand-held gamma-probe. Finally, all patients were submitted
to modified radical mastectomy, as originally planned. Su-
tures identified the marging of segmentectomy and residual
breast, Both were sent for histopathological analyses,

In the patients who realized MRI, we analyzed tumoral
imvolvement of the skin or deep fascia and presence of
other eventual small mmor foci. The MRI was also used
to help the performance of RIME.

Histopathology analysis

The tumor bed in the residual breast and margins of seg-
mentectomy were marked with China ink. The surgical
specimens were longitudinally cut into 10-mm-thick sec-
tions and a macroscopic examination was performed. All
macroscopically suspicions areas and 3 to 4 more non-
suspicious arexs in each sector of the residual breast were
selected for inclusion in paraffin blocks. All areas were
identified to determine distance of tumor in the segmentec-
tomy specimen of timor bed in the residual breast specimen.
The slices were stained with hematoxylin—eosin and exam-
ined under an optical microscope. Any ductal carcinoma
was considered as a residual disease focus in the residual
breast specimen.

Tabl 1
Clinical charscieriatics of patients and wmors (a= 23)

Characteriatics "

Age (yeuss)
Mesn + 5D 513+ 117

Madian 51
Range 29=T0

Committed boeast
Right 12
Laeft 11

Site of tamor
Upger outer quadrant
Upsgeer inner quadsant
Lawer outer quadrant
Laower inner quadrant

Biopsy
Core 21
Incisiomal 2

Clindcal mmaor stze {mm)
Mean £ 5D 405+ 10.5
Madian IR0
Range 2061

L -]

Mammographic wmor size {mm)
Mean + 5D 333+ 104
Mudian 340
Range 1355

Clinical staging
A 10
1B @
A F

Statistical analvsis

Mean, standard deviation, median and frequency were
used to deseribe outcomes. The association between the
presence of residual disease and margins status was ana-
Ivzed using Fisher’s exact test. For continuous variables,
Student’s -test or Wilcoxon’s test was used. Data analysis
was performed with SAS software version B.2 (SAS Insti-
tute Inc., Cary, NC). A p-value < 0.05 was considered sta-

tistically significant.
Results
RIME feasibility ard margins status

Clinical data are shown in Table 1. The RIME technique
was successfully performed in all patients and the principal
tumor was excised by this technigue, Ninetesn patients had
histologically free margins in the segmentectomy and 4
patients had focally irvolved marging. Three of the involved
marging were in sitv ductal carcinoma and 1 was an irvasive
ductal carcinoma. The mean of the minimal margin of seg-
mentectomy was 4.8 mm (median 3.0 mm, range 0—15)and
there was no significant difference between patients with
and without residual disease in their mean minimal margin
values (3.4 mm vs 6.4 mm, p={0.134), Table 2 compares
the presence and absence of residual disease with regard
o marging stams.

Disease residual

The RIME promoted the absence of residual disease in 11
patients. Twenty patients presented residual disease, 6 in situ
ductal carcinoma and 6 invasive ductal carcinoma. The mean
size of residual disease was 3.67 mm (median 3 mm, range
1=7). After segmentectomy, 3 patients presented residual
radioactivity higher than BG in the tumor bed and their re-
section margins were enlarged. The histopathological evalu-
ation revealed non-palpable residual disease in all of the 3
patients. Table 3 demonstrates the distribution of the patients
according to distance of residual disease foci to umor bed.

Table 2
Acsocistion between reaiduosl di and margin status of segme mectomy
wsing RIME
Margin status Residual disease p-Value
Almence Presence
" % " k]
Positive 0 0 4 3.3 [k}
=1 mm 2 182 1 8.3
1= 10 nam 7 636 [ S0
=10 mm 2 182 1 8.3
Tional 11 100 12 100

" Fisher's exact st
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Table 3
Destribution of patients acoording 1o distance of residua) disease (RD)
fozus o mor bed

MHatanoe of RO 1o wmor bed A hocumuolaed
Without RD 11 a8

<05 cm 1 5.2
(L6—1cm [ WA
11=15¢cm 3 9.3

=15em 2 100

Tl 23

* D= residual disease.

Tumor and segmenteclomy ze

The mean tumor size in MRI was 31.2 mm (SD £+ 10.4,
median 30.5 mm, range 16—354, n =20). There was no asso-
ciation between the umor size detected during clinical exam-
ination, mammography, MRI or histopathological anal yses
and presence of residual disease. On the other hand, the
violume of segmentectomy realized by RIME in patients
without residual disease was higher than in patients with
residual disease (212,1 em® vs 115.5 cm’, p = (.02, Table 4).

Scintimammography, radiaiion courms
and pathology outcome

The intensity of uptake in scintimammaography was high
in 11 cases, moderate in 5 cases and mild in 7 cases. The
median optimal time for performing the RIME technique
was Smin (range 1—8 min). The radiation counts in the
tumor ranged from 140 to BOOcps (mean £ SD 2867 +
137.1, median 250) and, in the contralateral breast (BO),
ranged from B0 to 500cps (mean+ 5D 156.1 +=95.4,
median 1200, The mean radiation counts background/

tumor ratio was 2 (median 162, range 1,29—4), All patients
demonstrated  focal  ®™Tc-sestamibi  uptake  during
scintimammaography.

The median number of fragments examined under a mi-
croscope was 50 per patient (range 33—83), including the
tmor and residual breast, and there were no differences
in the number of fragments evaluated between the patients
with and without residual disease ( p = (L85).

Discussion

The persistence of cancer cells in residual breast after con-
servative surgery is undesirable and associated with local re-
currences, Since the tumor bed is commonly the site of
recurtence ™ and the local recurrence is most frequent
when radiotherapy is omitted, ' it has been suggested that re-
sidual disease remains after conservative surgery. At this mo-
ment, there are no diagnostic techniques to guide the
complete excision of the cancer during conservative surgery,
Some techniques, such as intraoperative ultrasound™ and in-
tmnp;emﬂfe pathological monitorization of surgical mar-
ging,”  have been smdied to access the mmor marging
during surgical procedures, since tumorfree margins have
been associated with a better cancer local control. However,
a umor-free margin does not necessarily indicate absence of
residual disease.”™ In the present study, 19 patients had
mmaor-free marging; however, B of these individuals had re-
sidual disease. These resultsare in agreement with a previous
study that showed presence of residual carcinoma in 43% of
patients who had free margins after conservative surgery, ™

Fundamentals of RIME

Several smdies have demonstrated that breast cancer
is frequently a multifocal disease®* complicating the

Table 4
Acaociation between tumos and s gmenteciomy sizes with presence of residual disease
Residual disease (R p-Walue
Abwence (=11} Presence (n= 12)
Mean + 5D Median Mean + 50 Median
Tumor dae = larger diameter (mm
Clinical exam 428+ 122 4.0 EETE 1] 360 031
Mammography 306+ 108 0.0 357+ 948 360 2%
MRI® 354+ 114 3.0 270+ 748 260 007
Pathologic 343+ 101 3.0 298+ 102 285 03l
Tumor volume {em’)®
Mammography 125+ 101 10.4 19.0+£17.2 123 038
MRI® 13.2+123 .3 1.1+ 57 @6 0nre
Pathologic 14.9+ 136 $.2 a3+497 56 [IRE]
Sepmenectomy
Larper diameter (o )° 99.94 227 9.0 T4+ 226 60 LTS
Volame {emF N2+ 1010 1676 1155+ 721 106.3 002
* Stadent's r-test.

. Tweny patients performed MR, 10 shsence of RD and 10 presence of RID.

© Wikamon's .
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Intraoperative Masgins Evalustion (RIME): Preliminary results of a new technique to aid
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complete resection of cancer during breast-conserving sur-
gery, due to the difficulty in identifving the small focus of
carcinoma within normal tissue. Radiognided surgeries
have become routing in breast cancer surgery with tech-
niques such as sentinel lvmph node biopsy and radio guided
occult lesion localization (ROLL) being used. Some studies
have emploved radioguided surgery with intravenous injec-
tion of " Tc-sestamibi for the breast, although their aims
were to diagnose cancer,*~ 1 RIME can help margin eval-
uvation and attempt to find other carcinoma foci in residual
breast, based on the higher metabolism in mmaors than in
normal breast. Therefore, the RIME technique emplovs
the rationale that *™Tc-sestamibi has a higher affinity for
tumor cells than normal breast tissues, allowing the differ
entiation between breast carcinoma and normal adjacent tis-
sues under the guidance of a gamma-probe, Currently, ﬂ’l}&‘:
concept is also applied in ;J;n‘nﬂl}rmid adenoma surgeries,”
The exact mechanism of **™Tc-sestamibi accumulation in
tumor cells is not completely understood: however, it sesms
to be associated with a high metabolic activity and a specific
uptake in the mitochondria.

Although T e-sestamibi may theoretically access all
tumor foci, our study showed that some small carcinoma
foci were not detected by scintimammography and MRL
Unfortunately, since residual disease was found in some pa-
tients after RIME, our technique also presented drawbacks.
However, the sizes of carcinoma residual foci were small
(mean 3.67 mm) and, in half, were in situ ductal carcinoma,
In agrezment with the present investigation, some studies
have also shown that umors below 1 cm in diameter and
CArCinomas i it are poorly detectable by scintimam mog-
raphy using **™Te-sestamibi®® The gamma-probe, proba-
bly, did not easily differentiste small carcinoma foci from
normal tissue, due to their similarly low radiation counts.
On the other hand, MRI is able to detect breast carcinomas
of smaller than 1cm,*” overcoming scintimammography
limitations, Although 20 patients have performed MRIL
we verified that one half of these presented residual disease.
The role of MRI during RIME is important to evaluate, Ap-
parently, MRI could be omitted from the technique; how-
ever, evaluation of the involvement of the skin, desp
fascia and other mmor foci that should be found with the
gamma-probe, during RIME, was essential.

Factors associaied with residual disease

Veronesi et al.” showed that the site of local recurrences
in breast conservative surgery is 85% restricted in the resec-
tion area. These data are in accordance with Schnitt et al
who reported that the recurrence in the treated breast is
most frequently near the primary tumor site. Although
both studies suggest that residual disease remains close to
the twmor bed, the distance of foci from the mmor bed is
unknown, Holland et al.,” URiNg MASTECIOMY  SPeci mens,
found that carcinoma foci were placed at a distance > 2 cm
from the index wmor in 43% and >4 cm in 10% of cases.

By means of RIME, we showed that the majority of foci
were close to the wmor bed in patients with residual dis-
ease. Thus, after performing the RIME technique, if the
margins were enlarged by about 1 cm, absence of residual
disease could be obtained in 18 cases. Thus, if the margins
were enlarged by about 1.5 cm, 21 patients would have re-
mained without carcinoma in the residual breast and just 2
patients would have residual disease far from the margins,
Thesa 2 patients presented multicentric carcinoma (carci-
noma focus more than 5 cm from the tumor bed) and the
mmor foci were not identified by clinical examination,
mammography, MRI or the RIME technigue. In addition,
since the foci of the residual carcinoma after RIME are
small and localized close to the primary tumwor, it is impor-
tant to verify whether these could be treated with radiother-
apy, mainly with a high boost dose of radiation,

The margins resection status in conservative surgery has
been considered as a predictor factor of tumwor local recur-
rence in several studies® sugpesting that the margins
are related to residual disease. However, in this study, the
marging statns, as well as tumor size, was not associated
with the permanence of residual disease. Additionally, the
tumaor sizes, as measured during clinical examination, mam-
mography, MREI and histopathologic examination were not
statistically different between patients with and without re-
sidual disease in all diagnostic methods, Nevertheless, using
RIME, the volume of segmentectomy was higher in patients
without residual carcinoma, These results are consistent
with the prior observations of the Milan trial II, which dem-
onstrated a better local control of the disease when more
extensive surgical resection was realized ™

Methodological aspects

It is important to emphasize some of the aspects related
to the methodoelogy used in this study. Firstly, all patients
had palpable tmors and, therefore, the resections could
also be guided by clinician sense. In fact, RIME application
in conservative sumgeries for non-palpable cancers seems to
be more interesting. However, patients with non-palpable
cancer are usually submitted to conservative surgery and,
for ethical reasons, these preliminary evaluations of the
RIME effectivenass could not be carried out in these pa-
tients. Therefore, in order to determine and quanti fy residual
disease, breast-conserving surgery was onlv simulated using
RIME in patients with large tumors (mean size by clinical
exam 4.5 mm) scheduled for mastectomies,

Since a previous study demonstrated that the local recur-
rence rate increases with the increase in fumor slm,jn it
could be speculated that the frequency of residual disease
could be lower if the selected patients had smaller tumors.
In addition, residual diseases have bean widely smdied by
histological analyses and the median number of fragments
examined under a microscope is 50. Holland at .'11.," for ex-
ample, smdving multifocal disease, examined a mean of 20
fragments per patient. The high rate of residual disease

Please cite this anticle in press as: Duane GM et al, Radioguided
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observed in the current study could be related to our unusu-
ally meticulous histological evaluation.

The radicactivity exposure to the surgeons during RIME
operation was also observed, and has shown to be safe,
similar to that occurring during exposure in sentinel lymph
node mapping. Finally, since 11 patients presented left breast
tumor, it was necessary to angle the probe away from the
chest wall during RIME to avoid counts of *™™Tc-sestamibi
physiological uptake by the heart. Therefore, heart or
liver physiological uptake did not influence radioguided
surgery.

Conclusion

This study shows that RIME is a feasible technique that
could help tumor resection and free marging assessment,
However, the RIME has not promoted complete breast
cancer resaction, since it seems to be limited to small foci
tumor detection. Despite this, the current study presents
attractive preliminary outcomes for helping breast surgery.
Firstly, in 3 patients, RIME made residual disease detection
possible after tumor removals, that were undetectable by
clinical examinations and other techniques of margin man-
agement. In addition, the size and quantity of foci with re-
sidual disease after RIME utilization were reduced
Furthermore, RIME does not disturb the standard tech-
niques of breast-conserving surgery and could be associated
with intraoperative pathological margins evaluation, @2
Finally, further studies should be considered in order to re-
fine RIME and to evaluate the relevance of these findings in
breast-conserving surgery.
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Fusion of Magnetic Resonance and Scintimammography
Images for Breast Cancer Evaluation: A Pilot Study
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Background: To achieve a more specific method to estimate the real size of breast cancer, we
have developed a method to fuse magnetic resonance imaging (MRI) and scintimammography
(SM) images. The aim of this study was to assess the feasibility of this method and to evaluate
its accuracy to measure the size of breast cancer compared with MRI alone, mammography,
and clinical examination, employing pathologic size as the gold standard.

Methods: Twenty consecutive breast cancer women at stages ITA-IITA, scheduled for
mastectomies, underwent SM with **®Tc-sestamibi and MRI with gadolinium 2-10 days
before surgery. All patients had had recent mammographies and were examined clinically.
Software was developed in visual language to perform the fusion between MRI and SM
images and tumor measurements (MRI/SM). The mor size, in 3 diameters (anteroposterior,
longitudinal, and transverse), for each examination was correlated with pathological mea-
surements using linear regression.

Resulis: The MRI/SM technique was successfully performed in all patients, and the prin-
cipal tumor was measured by this method. The MRI/SM cancer measurements correlated
better with pathology than MRI, mammography, and clinical exam in all diameters analyzed
(r = 0.88, 0.81, 0.81; SE = 0.11, 0.14, 0.11 in anteroposterior, longitudinal, and transverse
diameters, respectively).

Conclusions: The MRI/SM is a feasible technique and appears to be more accurate than other
examinations (MRI alone, mammography, and clinical exam) to measure breast cancer size.

Key Words: Breast cancer—Gadolinium—Magnetic resonance imaging—Scintimammogra-
phy—""™Tc-sestamibi.

: In the preoperative treatment planmng of breast
Received February 23, 2007; accepted May 4, 2007 . cancer, an accurate determination of tumor size must
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the single devices used to determine tumor extent.
However, the mean pemcentage of success m deter-
mining the real tumor size demonstrated by chimical
examination and mammography 15 about 52% and
77%., respectively.! Currently, magnetic resonance
maging (MRI) of the breast has been shown to reveal
the real extent of primary tumors more accurately™
and to predict tumor size better than clinical exami-
nation.” mammography,” and ultrasound.”

Some studies have shown that the sensitivity of
MRI for breast cancer ranges [rom 80-100%:; how-
ever, its specificity varies widely from 49-97%.7" MR
is able to identify tumor foci of less than T em'™'" and,
equally important, it detects numerous artifacts that
are not cancer. Therefore, MRI may overestimate the
pathologic extent of disease in up o 38.9% of cases,”
thus, distressing surgical treatment planmng.

Scintimammography (SM) with " Te-sestamibi
has shown an overall sensitivity of 85% and speci-
ficity of 89% in detecting breast cancer.' The most
commonly used radiopharmaceutical for detection of
breast cancer is **™Tc-sestamibi, and it was the first
Lo be approved by the LS. Food and Drug Admin-
istration (FDA) for santimammography. It has an
affinity for cancer cells, probably related to high
metabolism and mitochondrial concentration; there-
fore, SM examines tumoral physiology.

Considerning that there has been an increasing de-
mand for more accurate preoperative treatment
planning for breast cancer, it seems important Lo
achieve a more specific method to estimate the real
local extent ol breast cancer. With this objective, we
have developed a method to fuse MRI and SM
mmages (MRI/SM). Therefore, the aim of this study
was Lo assess the Feasibality of this association and its
accuracy to measure breast cancer size when com-
pared to MRI alone, mammography, and clinical
examination, employing the tumor histopathological
size as the gold standard.

PATIENTS AND METHODS

Patient Selection

Twenty consecutive breast cancer women at stages
LA to 11A, scheduled for mastectomies, were selected
from January- December 2005 at the Women's Inte-
gral Healthcare Center of the Universidade Estadual
de Campinas, Brazil. The ethics committee of this
mstitution approved the study, and all patients gave
therr written informed consent. Patients included were
those with a histologic diagnosis of invasive ductal

Ann. Surg Ohwad. (8 3070

FIG. 1. Scintimammography with **™ Te-sestamibi, lateral view,

carcinoma by core biopsy or incisional biopsy, uni-
focal and unilateral tumor on physical examination,
mammography, and ultrasound. Patients with exc-
sional biopsy, neoadjuvant chemotherapy, recurrent
disease. presence of metallic material in the body, and
claustrophobia were excluded. All patients had had
recent mammography in two incidences (at least 1
month apart) and had undergone clinical examina-
tion. The mammographic tumor size was measured
with millimetric ruler in 3 diameters (transverse, an-
teroposterior, and longitudinal), and the clinical
examination tumor size was measured in 2 diameters
(transverse and longitudinal).

Scintimammography

At 2-10 days before mastectomy, all patients
underwent SM with ™ Te-sestamibi. The radiola-
beling and quality-control procedures for "™ Tc-se-
stamibi (Cardiolite, Bristol-Myers Squibb Medical
Imaging, Inc., MA) were carned out according to the
manufacturer’s mstructions. Brieflv. SMs were per-
formed m a dual-head gamma camera (Sopha DST,
Sopha Medical Vision) equipped with a low-energy
and parallel hole collimator. The patients were placed
in a prone positlon on an mmaging table so that the
breasts were hanging {reely into a cushioned recess. A
740 MBqg (20 mCi) dose of *"™Tc-sestamibi was in-
jected into a pedal vein previously catheterized with a
sterile plastic cannula, followed by 10 mL of 0.9%
saline solution. Breast planar images with a matrix
size of 256 x 256 pixels were acquired in the lateral
(Fig. 1) and posterior oblique views. Images of the
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chest and axillary region were obtained n the ante-
rior view. All images were analvzed by photograph-
ing and direct reading on a computer screen using a
double-blind method, performed by two nuclear
physicians.

Magnetic Resonance Imaging

On the same day of the SM, MRI was performed
with a 2.0 T device (Elscint Gyrex 2T Prestige, Elscint
Ltd, Haifa, lsrael). Patients were prone positioned on
an magng table so that the breasts were hanging
freely into a cushiomed recess contaming dedicated
breast coils. Imaging sequences were: T1 with fat
saturation (TE 16, TR 730, TA 160, NEX 2, 4 mm
with no gap, 300 % 240 matnx), T2 with fat satura-
tuon (TE 96, TR 6000, TA 150, 300 x 242 matrix,
NEX 2, 4 mm with no gap), and 3D gradient-echo
sequence previous to contrast imjection and four
series at 1, 2, 5 and 6 minutes after contrast injection
without patient movement. A bolus of (.1 mmol/kg
gadolinium (Viewgam, Bacon Laboratones S.ALC.,
Buenos Aires, Argentina) was intravenously mjected
in an upper limb vein after prior catheterization with
a sterile plastic cannula. T1 and T2 sequences were
performed in three planes (coronal, sagittal, and ax-
1al). The 3D gradient-echo sequences were carried out
in the sagittal plane (Fig. 2). The size of any captured
image corresponding to the tumor was estmated. The
tumor measurements were performed on 3D gradi-
ent-echo sequence in the series (minute) with maxi-
mum gadolinium enhancement and using the slice
with largest tumoral dimension, employing the dis-
tance measurement software of the MRI1 device. The
postprocessing included image subtraction, used to
determine which slice had the largest dimension and
the series with the highest contrast enhancement. The

FIG. 2. Mapnetic resonance imaging of the
breast showing tumor before (a) and after
contrast administration (b) in the 3D pradient-
echo sequence.

tumor was measured in three dimensions (antero-
posterior, transverse, and longitudinal) in millime-
ters, and other foci of contrast uptake were
evaluated. All images were mterpreted with photo-
graphic film and direct reading on a compulter screen
of selected views by the same radiologist.

Magnetic Resonance Imaging and
Scintimammography Fusion (MRI1/SM)

Soltware was developed in visual language using
the MATLAB software version 6.5 environment (The
MathWorks, Inc) to perform the fusion between
MRI and SM images and tumor measurements. The
software contains three visuahzation windows (MRI,
SM., and fusion) and the following module: MRI
open, SM open, MRI change shices, zoom, and po-
sition adjustment for MRI and SM (Fig. 3). lmtally,
the MRI n sagittal plane was opened in the first
window, and zoom and position correction was car-
ried out. Subsequently, the SM 1mage in the lateral
view was also opened in the second window, and
zoom and position correction was performed so that
the pixel size of both mages (MRI and SM) was
identical.

The image fusion was carried out m a third visu-
alizattion window by moving the images to obtamn
coincident breast contours. Since SM 15 a planar
image, the MRI slice with the mipple that presented
the largest area was used for fusion (Fig. 4). The
M RI shice was changed until the shice contaiming the
largest tumor dimension was obtained. It was con-
sidered tumor in MRI/SM, the intersection area be-
tween the MRI and SM tumor images. The MRI
sequence used to reahize MRI/SM fusion was the
same as that used for MRI measurement. The tumor
was measured i 2 diameters: anteroposterior and

A, Surg. Chneol, (D X067 )
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F1G:. 3. Environment of the software developed to realize MRI/SM fusion. Above are three visualization windows (MRI, SM, and fusion).
Below, the following modules are presented: MRI open, SM open, MRI change slices, zoom and position adjustment for MRI and SM.

FIG. 4. MRI/SM formation in a 42-vear-old patient. First visualizaton window contains MRI (a), second contains SM (b) and the third

contains the MRI/SM fusion,

longitudinal (Fig. 5). The pixel size of MRI was used
(in a DICOM 3.0 pattern) to realize measurements
considering the zoom adjustments. All images were
interpreted by direct reading on a computer screen by
the same physician who was blinded for the other
measurement methods.

Pathological Analyses

The surgical specimens were longitudinally (sagittal
section) cut into 10-mm thick sections and a macro-
scopic exam was performed. The tumor was mea-
sured macroscopically in the 3 diameters (transverse,

A, Surg. Oneol. (© IW7)

anteroposterior, and longitudinal). The slices were
stamed with hematoxylin-eosin and examined under
an optical microscope (Zeiss), and real tumor extent
was confirmed nucroscopically.

Statistical Analysis

Mean, standard deviation, median, and frequency
were used to descnbe outcomes. Linear regression
(F test) was used to correlate each of the examination
measurements versus pathology measurements to
evaluate the determination coefficient (R%), slope
value, and standard emor (SE). The Pearson's
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correlation coefficient (r) was also calculated. Data
were analyzed using SAS software version 8.2 (SAS
Institute Inc., Cary, NC). The significance level
established for all analyses was 5% (P < .03).

RESULTS

The characteristics of patients and tumors are
shown in Table 1. The MRI/SM technique was suc-
cessfully performed in all patients, and the principal
tumor was measured by this method. Table 2 pre-
sents the linear regression analysis for each exami-
nation modality versus the pathological examination
ol each tumor diameter (anteroposterior, longitudi-
nal, and transverse). It was observed that the MRI/
SM cancer measurements correlated better with
pathology than MRI, mammography, and clinical
exam in all diameters analyzed. In addition, the SE
was smaller and the slope was closer to 1. Figure 6
shows a graph of linear regression comparing MRI/
SM and MRI with the pathological exam.

The MRI tumor size showed a better correlation
coefficient with pathological results than mammog-
raphy and clinical examination. The mammography
did not demonstrate statically significant correlation
when compared with pathological examination in all
diameters (anteroposterior P = .43, longitudinal
P = .13, transverse P = .21). Clinical examination
frequently overestimaled the real tumor size (Fig. 7).
The mean tumor overestimation in MRI was 4.6 mm
(SD + 5.8, range: -6. at + 17), which corresponds
to 21.6 % of tumor size; for MRI/SM overestimation

FIG. 5. MRI/SM in a 70-year-old patient.

(a) MRI/SM formation. (b) MRI/SM image:
the white line delimits the area of intersection
considered to be the tumor and the green line
represents the anteroposterior diameter mea-
surement.

was 2.1 mm (SD + 4.3, range: -8. at + 11). corre-
sponding to 17.3 % of tumor size.

The mean of the largest tumor size by MRI was
31.2 mm (SD + 10.4, median 30.5, range 16-54), by
mammography the largest tumor size was 32.1 mm
(SD + 9.8, median 34, range 13 48), by clinical
examination the largest tumor size was 38.7 mm
(SD + 10.0, median 36.0, range 20-61)., and by
pathological examination the largest tumor size was
30.0 mm (SD £ 9.3, median 29.5, range 15-51).

All tumors were identified by MRI and presented
99mTe.sestamibi uptake in SM. All tumors had focal
radiopharmaceutical uptake, 80% of them were
homogeneous, and 45% had high uptake.

DISCUSSION

A wvariety of clinical and imaging procedures for
breast cancer size evaluation have been developed to
attain improvement of preoperative planning. De-
spite the high prevalence and incidence of breast
cancer, no highly precise method exists to determine
breast cancer dimensions. In this study, we initially
demonstrated the feasibility of a method of MRI and
SM fusion (MRI/SM). In addition, we verified that
the method is able to measure breaslt cancer size,
showing an excellent correlation with tumor real size.

Previous studies have verified that MRI1 is a good
technique to determine cancer extent. Davis et al.”
studied 14 breast cancers and showed that MRI was
more accurate than ultrasonography and mammog-
raphy in measuring the largest cancer diameter.

Ann. Surg. Oncol. (© 2007 )
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TABLE 1. Clinical characteristics of patients and tumors

(n=20)
Characteristics n %
Age (years)
Mean = SD 51.0 = 11.3
Median 52
Range 29-70
Committed breast
Right 10 50.0
Left 10 50.0
Site of tumor
Upper outer quadrant 8 40.0
Upper inner quadrant 5 25.0
Lower outer quadrant 4 20.0
Lower inner quadrant 3 15.0
Biopsy
Core 18 90.0
Incisional 2 10.0
Clinical tumor size (mm)
Mean + SD 38.7 = 10.0
Median 36
Range 20-61
Mammographic tumor size (mm)
Mean + SD 321 £ 9.8
Median 34
Range 13-48
Intensity of **™Tc-sestamibi
uptake in scintimammography
Mild 7 35.0
Moderate 4 20.0
High 9 45.0
Pattern of **™Tc-sestamibi uptake
in scintimammography
Homogeneous 16 80.0
Heterogeneous 4 20.0

Similarly, Boetes et al.' analyzed 61 tumors in 60
women undergoing mastectomy and demonstrated
that MRI was the most accurate of the three preop-
erative imaging modalities (MRI, mammography,
and ullrasonography) in assessing the size and num-
ber of malignant lesions in the breast. In agreement
with these data, we showed that MRI is better than
mammography and clinical examination for estab-
lishing breast cancer size and demonstrates a good
correlation with pathological examination. In addi-
tion, the current investigation showed that, similarly
Lo previous studies,”!> MRI may [requently overes-
timate the tumor real size. In the present study,
interesting results were obtained by associating MRI1
and SM to provide a new image (MRI/SM) that
appears to be more accurate than MRI alone for
measuring true tumor dimension.

Although MRI presents high sensitivity,” ? its
specificity is not so high for diagnosing breast can-
cer,”® demonstrating frequent false positive findings.
Since MRI can detect noncancer structures, such as
fibrocystic disease around intraductal spread, lym-
phocyte infiliration, and fibrous proliferation associ-

Ann. Surg. Oncol. (© 2007)

TABLE 2. Linear regression analysis of each tumor diame-
ter for all examination modalities versus pathology exami-
nation and Pearson’s correlation coefficient

- R? Slope SE

Anteroposterior

MRI/SM* 0.88 0.79 0.91 0.11

MRI? 0.76 0.58 0.89 0.18

Mammography” 0.17 0.03 0.18 0.23
Longitudinal

MRI/SM* 0.81 0.65 0.82 0.14

MRI? 0.76 0.58 0.81 0.16

Mammography” 0.32 0.10 0.32 0.20

Clinical exam” 0.62 0.38 0.66 0.18
Transverse

MRI* 0.81 0.66 0.65 0.11

Mammography” 0.27 0.03 0.27 0.21

Clinical exam® 0.62 0.35 0.59 0.16

Linear regression model with F test: “P < .01; °P > .05.
r: Pearson’s correlation coefficient; R™: determination coefficient;
SE: standard error.

ated with the tumor, it can lead to an overestimation
of cancer dimensions. In this study, we have proposed
a new method to measure the tumor, based on its
anatomical (MRI) and physiological (SM) charac-
teristics. The fusion between anatomical and func-
tional images is also used in posilron emission
tomography and computed tomography (PET/CT).
Some initials studies have shown superiority of PET/
CT when compared with PET or CT alone in the
diagnosis ol breast cancer.’>!® The MRI/SM and
PET/CT seem to demonstrate that the association of
morphologic and functional images can be a good
tool to determine cancer extension.

It is important to clarify that the MRI/SM presents
some technical differences when compared with PET/
CT. First, although MRI/SM images are obtained in
the same position, they are performed at different
moments. On the other hand, PET/CT images are
obtained simultaneously, minimizing position and
fusion errors. Secondly, at this stage, the fusion of the
images in MRI/SM is made by means of a newly
developed software in a computer, while the final
PET/CT image is provided automatically by the
equipment. Conversely, MRI/SM may also present
same advantages in relation to PET/CT. Firstly, just
one contrast, 2-[18F]f1uor0-2-deoxy—D-glucose
(FDQG), is used in the PET/CT technique, while in
MRI/SM one contrast is used during MRI (gado-
linium) and another during SM (®™Tc-sestamibi),
which may improve tumor identification. Another
advantage is that MRI/SM may allow the use of a
handheld gamma-detecting probe guide to localize
the tumor during the surgical period due to the
BmTe-sestamibi.)” Thus, by maintaining a computer
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FIG. 6. Graph of linear regression comparing MRI/SM and MRI
with pathological examination in anteroposterior diameter.

in the operating room demonstrating the fusion of
the MRI/SM images on the compuler screen, it is
possible to guide the excision of the tumor bulk. This
guidance procedure has not yet been tested for PET/
CT. In addition, the anatomical image of MRI/SM,
obtained from MRI, appears to present a higher
quality and resolution than CT.

The measurement of the largest tumor diameter is
one of the primary factors used to evaluate the
prognostic of breast cancer and is included in breast
cancer staging. Thus, some studies have investigated
what is the better method to determine the largest
tumor diameter, using histopathological examination
as the gold standard.>*'>'"* The maximum diameter,
evaluated by some imaging techniques such as MRI,
ultrasound, or mammography, however, does not
necessarily correspond Lo the same maximum diam-
eter measured by pathological examination. For this
reason, in the current study, the tumor size was
determined using three predefined diameters (lrans-
verse, anteroposterior, and longitudinal) in all
examinations. This is a more accurate approach to
verify which method may establish the real tumor
size.

It is important to emphasize some methodological
aspects that may interfere with the results of the
present investigation; firstly, since seven patients did
not achieve high **™Tc-sestamibi uptake in the tumor
during SM procedures, this occurrence could affect
the determination of tumor dimensions by the MRI/
SM technique. In addition, only patients with large
tumors that are commonly detected by SM were

Clinicad exam- mm
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FIG. 7. Graph of linear regression comparing clinical examination
with pathological examination in the longitudinal diameter.

included. Some studies have demonstrated that small
tumors and carcinomas in situ are poorly detectable
by SM using PmTe_sastamibi,”® and, therefore, it is
important to verify the applicability of MRI/SM in
small and in situ tumors. Additionally, in this pilot
study, we chose to analyze the images just in the
lateral view; however, the MRI/SM may also be
easily applied to other views. For this, it is just nec-
essary to acquire the images (MRI and SM) in other
views. Thus, the tumor may be evaluated in the right-
left orientation if the images are acquired in the
transverse plane.

Although, in these initial reports, we excluded pa-
tients with neoadjuvant chemotherapy, the MR1/SM
could be a good tool for monitoring the tumor re-
sponse to neoadjuvant therapies. Since, the MRI
along®* and SM alone'®'? have been used to reveal
residual disease post neoadjuvant treatment and to
help surgical planning. One other potential use for
MRI/SM may be to facilitate the planning of possible
conservative surgery for locally advanced breast
carcinomas. Small differences in the tumor-size
measurement can determine whether the margin
resections will be free or compromised during sur-
gery. The impact of MRI/SM in aiding conservalive
surgeries should be investigated in further studies,
since all patients underwent mastectomy in the cur-
rent study.

Finally, the MRI/SM technique could become a
helpful instrument for the diagnosis of undefined
MRI alterations, reducing the number of unnecessary
biopsies and surgeries. Therefore, with the limits of

Ann. Surg. Oncol. (© 2007}
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this pilot study, it can be concluded that MRI and
SM fusion is a feasible technique. In addition, MRI/
SM appears to be more accurate than other exam-
inations (MRI alone, mammography and clinical
examination) to determine breast cancer size. Further
studies should be considered to refine and validate the
MRI/SM technique.

[
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5. Discussao

Neste estudo foi avaliado o valor da associagao entre métodos de medicina
nuclear e RNM para auxiliar a cirurgia e determinar a extensdo tumoral no

cancer de mama.

No Artigo 1 foram apresentados os resultados preliminares de uma nova
técnica de cirurgia radioguiada usando ®™Tc-sestamibi intravenoso para auxiliar a
resseccao tumoral. Nesta primeira etapa, estudamos a factibilidade do método. Os
dez primeiros casos de pacientes operadas com a técnica representam a série de
casos apresentada neste artigo e fazem parte dos 23 casos incluidos no Artigo 2.
Dessa forma, os Artigos 1 e 2 mostram os resultados do mesmo método. Entretanto,
com o Artigo 2 foi possivel, além de confirmar a viabilidade da técnica, também
analisar a possibilidade de ressec¢ao tumoral com margens livres usando a cirurgia
radioguiada. Assim, foi criado o nome da técnica Radioguided Intraoperative

Margins Evaluation (RIME) ap6s a publicagao do primeiro artigo.

A obtencao de margens de resseccao livres de tumor e a auséncia de

doenca residual (DR) sao fatores fundamentais para se evitar a recorréncia local
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apds cirurgia conservadora. Por esse motivo, foram estudadas varias técnicas
intra-operatérias para ajudar a ressecg¢ao tumoral com margens livres (Moore et
al., 2001; Pinotti e Carvalho, 2002). A RIME foi desenvolvida com o propadsito
de, além de obter margens livres, poder acessar a multifocalidade da doenca.
Dessa forma, durante a realizagdo da cirurgia o leito tumoral péde ser avaliado
com o probe a procura de focos de tumor além das margens. Neste estudo, trés
casos apresentaram carcinoma residual além das margens, tendo sido detectados
pelo probe por causa da contagem de radiagcdo maior que o BG, e assim foram
ressecados. Nos trés casos, os focos de carcinoma nao eram palpaveis e nao

poderiam ser identificados por outras técnicas de avaliagao intra-operatéria.

A avaliacdo da multifocalidade tumoral € uma caracteristica da RIME. Assim,
se tomarmos por base o estudo de Holland et al. (1985) que mostrou focos de
carcinoma a mais de 2cm do tumor principal em 43% das vezes e 10% a mais de
4cm, podemos, por analogia, utilizar esses conceitos para a RIME. Dessa forma,
ap6s uma cirurgia conservadora usando a RIME teriamos focos de carcinoma a
mais de 1,5cm da margem em apenas 8,6% dos casos. Se considerarmos que a
recorréncia local da doenca é conseqliéncia da presenca de DR, entao se utilizarmos
a RIME em uma cirurgia conservadora e ampliarmos as margens em 1,5cm,
8,6% das pacientes apresentariam recidiva local. Esses resultados sao similares as
taxas de recidivas mostradas na literatura em casos de cirurgia conservadora mais
radioterapia (Fisher et al., 2002; Veronesi et al., 2002). Se associassemos, além
da RIME, o tratamento radioterapico, talvez pudéssemos apresentar taxas de

recorréncias locais até um terco menores, o que poderia contribuir para a maior
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seguranga oncoldgica do tratamento conservador. Finalmente, quem sabe a RIME
possa até auxiliar na selegdo de pacientes com carcinoma invasivo de mama

candidatas ao tratamento conservador onde a radioterapia pudesse ser evitada.

A RNM foi usada na realizagcao da RIME para avaliar o comprometimento de
pele, da face profunda e a presenca de outros focos de carcinoma que deveriam ser
incluidos na resseccao radioguiada. Devido a dificuldade de localizagcdo das margens
pela RNM no momento intra-operatério, a cirurgia radioguiada tornou-se uma boa
opcao. Dessa forma, a fusdo das imagens de RNM e CM (MRI/SM) apresentada no
Artigo 3 pode propiciar uma forma de localizagéo das lesdes usando o radiofarmaco
no momento da cirurgia. Além disso, verificou-se que a nova imagem formada
apresenta uma correlacao excelente com o tamanho real do tumor, que talvez
possa ser melhor que a RNM apenas. Esse novo método de imagem pode

tornar-se mais especifico que a RNM para determinar a extensao da doenca.

Os resultados do Artigo 3 sugerem que a MRI/SM parece ser melhor que
a mamografia, exame clinico e RNM para medir o tumor. Entretanto, devemos
enfatizar que o software para realizar a MRI/SM foi finalizado apds as cirurgias.
Assim, neste estudo nao foi possivel usar a MRI/SM para orientar a cirurgia,
que é seu papel essencial. Talvez, se tivéssemos a imagem de MRI/SM no
momento da cirurgia, poderiamos nos orientar pela imagem e obter uma maior

freqiiéncia de casos sem DR.

A determinagado exata da extensdo do carcinoma na mama é cada vez

mais importante para o mastologista. Se uma técnica subestima o tamanho real da
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doenca pode levar o cirurgido a deixar DR; se superestima pode levar a retirada de
tecido normal, comprometendo o aspecto cosmético. Nesse contexto, a criacdo de
MRI/SM mostra-se como um método de vanguarda, ja que incorpora os aspetos
fisiologicos (CM) e anatdmicos (RNM) do tumor. Como foi apresentado no Artigo 3,
os fundamentos da MRI/SM sdo os mesmos do PET/CT. Nessa mesma linha de
raciocinio, Moy et al. (2007) estudaram 23 pacientes e realizaram a fusao das
imagens de RNM e PET de mama de uma forma semi-automatica. Os autores
concluiram que a fusdo das imagens pode melhorar a especificidade da RNM.
Entretanto, esse estudo apresenta a seguinte limitacdo: as imagens foram adquiridas

em dias distintos, o0 que poderia modificar, em alguns casos, o tamanho do tumor.

Para determinar a extensao tumoral na MRI/SM, foi considerada a regiao de
intersecgéo entre a imagem do tumor na RNM e na CM. Dessa forma, o tumor index
medido na MRI/SM mostrou uma boa correlacdo com o exame anatomopatoldgico,
porém nao foram avaliados outros focos de carcinoma além do tumor index.
Talvez se considerassemos a adicao das imagens, poderiamos determinar toda a
extensdo da doenca. Essa situacéo poderia guiar a resseccao completa do carcinoma
usando a RIME. Entretanto, a RIME possibilita apenas avaliar, durante a cirurgia, a
regido que capta o *™Tc-sestamibi com o probe, ou seja, o componente CM da
MRI/SM. Seria importante também acessar a regidao de realce da RNM que nao

coincide com o radiofarmaco.

Este estudo mostrou a factibilidade e utilidade das técnicas RIME e
MRI/SM, permitindo assim que novos estudos sejam iniciados com um numero

maior de casos e em tumores menores que tenham indicacdo de cirurgia
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conservadora. Além disso, amplia o papel da medicina nuclear na cirurgia do
cancer de mama e cria uma base para o desenvolvimento de radiofarmacos mais
especificos as células neoplasicas, como anticorpos monoclonais marcados. Por
fim, langa o conceito do uso de um computador com as imagens de MRI/SM na
sala operatéria para guiar o cirurgido na realizagdo da RIME, a fim de auxiliar a

resseccao completa do cancer de mama.

Discussdo 74



6. Conclusoes

ARTIGO 1
» A Avaliacdo Radioguiada Intra-operatéria das Margens (RIME) foi uma técnica
com 100% de factibilidade.

ARTIGO 2

m A Avaliacdo Radioguiada Intra-operatéria das Margens (RIME) pode auxiliar a
resseccao tumoral com margens livres, na maioria das vezes, e pode minimizar a
doenga residual.

ARTIGO 3

= A fusdo das imagens de RNM e CM (MRI/SM) foi uma técnica factivel.

= A imagem de MRI/SM mostrou uma boa correlagdo com o tamanho real do

tumor medido no exame histoldgico.

= A imagem de MRI/SM parece ser melhor que a RNM, mamografia e exame

clinico para determinar a extensao tumoral.
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8. Anexos

8.1. Anexo 1 - Lista de Verificacao

“RESSONANCIA MAGNETICA E CINTILOGRAFIA MAMARIA
PARA ORIENTAR A RESSECCAO DO CANCER DE MAMA”

LISTA DE VERIFICACAO

SIM NAO
1. Tem anatamopatoldgico para cancer de mama? 0 O
2. Esta indicado mastectomia? (| O
3. O tipo histoldgico é da linhagem epitelial, ou seja, carcinomas? U 0
4. O céancer é unilateral e unifocal? O O
5. Auséncia de biopsia excisional? (| O
6. Auséncia de quimioterapia neo-adjuvante? ([ O
7. Auséncia de recidiva? O O
8. Auséncia de material metalico no corpo da mulher (exemplos: pinos, = O
parafusos, préteses)?
9. Mulher sem medo de locais fechados? ([ O

Se todas as perguntas forem respondidas SIM a mulher sera incluida no estudo.

Anexos 88




8.2. Anexo 2 - Ficha de Coleta de Dados

“RESSONANCIA MAGNETICA E CINTILOGRAFIA MAMARIA
PARA ORIENTAR A RESSECCAO DO CANCER DE MAMA”

Ficha de coleta de dados CasoN° | | |

Dados pré-operatorios

—_

. ldade: !_!_\anos

2. DUM: | | I |

3. Data da cirurgia : | | | I

4. Mama submetida a cirurgia: |_1_| Direita |_2_ | Esquerda

5. Local do tumor: |_1_] QSL |_2_|QIL |_3_| QSM |_4_| QIM .5 |QC
6. Biopsia: |_1_| Cirargica |_2_| Agulha grossa

7. Tamanho da mama: |_1_| Pequena |_2_| Média |_3_| Grande

8. Tamanho clinicodotumor: |__ | | |x|__|__ | |mm

9. Tamanho mamograficodotumor: |___ | | |x|__ | | |x || ] |mm

10.Estadiamento clinico do tumor: | |
11.Padrao de densidade mamografica: |_1_| Baixa |_2 | Alta

12.Intensidade de captacéo cintilografica: Ausente | _2 | Discreta |_3_ | Moderada

|_1_|
|_4 | Acentuada

13.Padrao de captacao cintilografica:

|_1_|] Homogéneo focal |_3_| Heterogéneo focal

|_2_| Homogéneo difuso |_4_| Heterogéneo difuso
14.Tamanho tumor na ressonancia magnética: |___ | | |x|__ | | |x|_ || |mm
Nome: HC:
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CasoN° | | |

15. Tempo ideal para cirurgia radioguiada: | | | minutos

16. Tempo desde a inje¢ao até captar na mama o radiofarmaco:

segundos

17. Contagem de radiagdo mama oposta: ] ]eps(110—-170 Kev)

18. Contagem no tumor: ] ]ecps(110—-170 Kev)

19. Contagem peritumoral:  medial: |__| | | | | lateral:]__| | | | |
superior: |___ || ||| inferior:|__ || || |

Dados poés-operatérios

20. Tecido retirado pela cirurgia radioguiada: | | | x| | | |x|_|_ | |mm

21. Doencaresidual: |_1_| Ausente |_2_| Insitu |_3_| Invasor |_4_| In situ+Invasor

22. Distanciado focoresidual: |___ | | | mm

23. Margem da area retirada: |_1_| Livre |_2_| Comprometida

24. Distanciadas margenslivres: medial: |__ | | | | | lateral:|___ || | | |
superior:|___ || || | inferior:|___ || | | |

25. Margens comprometidas: |_1_| medial |_2_| lateral |_3_|superior |_4_linferior

26. Tamanho do tumor: x|  |mm

27. Numero de fragmentos estudados: | | ||

28. Tamanho da doenca residual: | | |mm

29. Tamanho do tumor na MRI/SM: | | | | x| | | [mm
Observacgéao:

Nome: HC:
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8.4. Anexo 4 — Parecer do Comité de Etica em Pesquisa FCM

COMITE DE ETICA EM PESQUISA

[ Caixa Postal 6111, 13083-970 Campinas, SP

® (0_19) 3788-8936

FAX (0_19) 3788-8925

® www.fom.unicamp.br/pesquisa/etica/index html
2 ceplafem unicamp . br

CEP, 19/10/04.
(Grupo 11I)

PARECER PROJETO: N° 525/2004

I-IDENTIFICACAO:

PROJETO: “RESSONANCIA MAGNETICA E CINTILOGRAFICA MAMARIA PARA
ORIENTAR A RESSECCAO DO CANCER DE MAMA”

PESQUISADOR RESPONSAVEL: Giuliano Mendes Duarte

INSTITUICAO: CAISM

APRESENTACAOQO AO CEP: 07/10/2004

APRESENTAR RELATORIO EM: 19/10/2005

II - OBJETIVOS

Avaliar a eficicia da ressondncia magnética e cintilografia mamaria em detectar toda
extensiio tumoral e orientar sua ressecgdo em mulheres com cancer de mama.

I - SUMARIO

Cerca de 30 mulheres serdio selecionadas em um periodo de 6 meses. De 7 a 10 dias antes
da mastectomia, as mulheres fardo ressondncia magnética mamaria com gadolineo, na qual sera
localizado o tumor e sua extensdo. INesse mesmo periodo realizardo uma cintilografia, na qual
sera avaliado a intensidade e o padrio de captagio do radiofarmaco. As mulheres que
apresentarem captagio do radiofarmaco, receberdo uma nova dose 20 minutos a 1 hora antes da
cirurgia. Seré feita a mastectomia e em seguida o tecido mamario com carcinoma sera ressecado
através de cirurgia radioguiada.

IV - COMENTARIOS DOS RELATORES

O estudo estd bem estruturado. O Termo de Consentimento Livre e Esclarecido €
adequado e contém todos as informagdes para que a paciente decida se quer ou ndo participar do
estudo. Os critérios de inclusdo e exclusdo sio adequados, bem como a relagéo risco/beneficio é
favoravel.

V - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP, apos
acatar os pareceres dos membros-relatores previamente designados para o presente caso ©
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atendendo todos os dispositivos das Resolugdes 196/96 e complementares, bem como ter
aprovado o Termo do Consentimento Livre e Esclarecido, assim como todos os anexos incluidos
na Pesquisa, resolve aprovar sem restri¢des o Protocolo de Pesquisa supracitado.

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

VI - INFORMACOES COMPLEMENTARES

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

Pesquisador deve desenvolver a pesquisa conforme delineada no protocolo aprovado e
descontinuar o estudo somente apés analise das razoes da descontinuidade pelo CEP que o
aprovou (Res. CNS Item I11.1.z), exceto quando perceber risco ou dano ndo previsto ao sujeito
participante ou quando constatar a superioridade do regime oferecido a um dos grupos de
pesquisa (Ttem V.3.).

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

Eventuais modificagdes ou emendas ao protocolo devem ser apresentadas ao CEP de
forma clara e sucinta, identificando a parte do protocolo a ser modificada e suas justificativas.
Em caso de projeto do Grupo I ou Il apresentados anteriormente a ANVISA, o pesquisador ou
patrocinador deve envia-las também a mesma junto com o parecer aprovatorio do CEP, para
serem juntadas ao protocolo inicial (Res. 251/97, Item 111.2.¢) _

Relatérios parciais e final devem ser apresentados ao CEP, de acordo com 0 prazos
estabelecidos na Resolugdo CNS-MS 196/96.

VII - DATA DA REUNIAO

Homologado na X Reunidio Ordinaria do CEP/FCM, em 19 de outubro de 2004.

Profa. Dr%;ia Bertuzzo
PRESIDENTE DO COMITE ETICA EM PESQUISA
FCM / UNICAMP
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COMITE DE ETICA EM PESQUISA

[~] Caixa Postal 6111, 13083-970 Campinas, SP
& (0_19) 3788-8936

FAX (0_19) 3788-8925

B cep(@fem.unicamp.br

CEP, 18/01/05
(PARECER PROJETO 525/2004)

PARECER

I-IDENTIFICACAOQ:

PROJETO: “RESSONANCIA MAGNETICA E CINTILOGRAFICA MAMARIA
PARA ORIENTAR A RESSECCAO DO CANCER DE MAMA”

PESQUISADOR RESPONSAVEL: Giuliano Mendes Duarte

II - PARECER DO CEP

O Comité de Etica em Pesquisa da Faculdade de Ciéncias Médicas da UNICAMP
tomou ciéncia e aprovou a Emenda que altera os itens “Técnicas™ e “Aspectos Eticos”, bem
como a nova versio do Termo de Consentimento Livre e Esclarecido, referente ao
protocolo de pesquisa supracitado.

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

/ Profa. arghen Silvia Bertuzzo
E DE ETICA EM PESQUISA
[ UNICAMP
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8.5. Anexo 5 — Parecer da Comissao de Pesquisa DTG

Campinas, 19 de outubro de 2004

O protocolo de pesquisa * RESSONANCIA MAGNETICA E CINTILOGRAFIA MAMARIA
PARA ORIENTAR A RESSECCAQ DO CANCER DE MAMA® do pesquisador Giuliano
Mendes Duarte , foi aprovado pela Comisséo de Pesquisa do DTG/FCM/UNICAMP.

Atenciosamente,

.. Mﬂé

Profa. Dra. Liicia Helena Costa Paiva

Presidente da Comisséo de Pesquisa
Departamento de Tocoginecologia - DTG/FCM/UNICAMP

Comisséo de Pesquisa-FCM-DTG-UNICAMP
Rua Alexander Flemming, 101 - Cidade Universitaria Zeferino Vaz — Campinas/SP
Fones: (019) 3788-8402/3786-9403
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8.6. Anexo 6 — Termo de Consentimento Livre e Esclarecido

“RESSONANCIA MAGNETICA E CINTILOGRAFIA MAMARIA
PARA ORIENTAR A RESSECCAO DO CANCER DE MAMA”

Pesquisador Responsavel: Giuliano Mendes Duarte

Eu, ,
RG: LHC: ,endereco:

, através deste documento

declaro que concordo em participar, como voluntéria, da pesquisa que avaliard o uso da ressonincia

magnética e cintilografia mamadria para orientar a cirurgia de mulheres com cancer de mama.

Fui informada que:

1. Tenho uma doenga na mama e serei submetida a cirurgia para retirada de toda a mama e

axila;

2. Durante a cirurgia que preserva parcialmente a mama € dificil diferenciar a parte normal da
com cancer. A ressonancia magnética e cintilografia mamadria sdo exames que poderdo

auxiliar o cirurgido a fazer essa diferenciacdo e orientar a retirada da doenga;

3. Farei a ressonancia magnética e cintilografia mamadria no Hospital das Clinicas da Unicamp

de 7 a 10 dias antes da cirurgia;

4. Para ser feita a cintilografia mamadria € utilizada uma substincia radioativa em pequena

quantidade que serd injetada na veia de um dos meus pés com agulha e seringa descartdveis;

5. Para ser feita a ressonincia magnética ¢ utilizada uma outra substincia que serd injetada

numa veia do meu braco com agulha e seringa descartaveis;
6. Posso sentir dor nos locais das picadas das agulhas e os lugares podem ficar roxos.

7. As substincias usadas para realizacdo da ressonincia magnética e cintilografia mamadria ndo
causam reacOes adversas graves e raramente reagdes alérgicas. Posso sentir dor de cabeca,
enjoos, vomitos, alteragdes do gosto e cheiro das coisas, coceira, porém estes sintomas

ocorrem as vezes € sdo passageiros.
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8. Antes da minha cirurgia farei outra cintilografia mamadria;

9. Durante a cirurgia serd retirada primeiro a parte da mama indicada pela cintilografia mamadria

e depois serd retirada toda a mama e axila;

10. A pesquisa ndo trard beneficios a mim, mas poder4, no futuro, ajudar no tratamento cirdrgico

de outras mulheres com o mesmo problema;
11.Meu tratamento ndo serd mudado se me recusar a participar da pesquisa;
12.Nao serei paga se participar da pesquisa ;

13.0s resultados da pesquisa serdo utilizados apenas cientificamente e poderdo ser apresentados

em congressos e publicados em revistas, porém meu nome nunca serd divulgado;

14.A qualquer momento posso abandonar a pesquisa e qualquer divida serd esclarecida pelo
pesquisador, Giuliano Mendes Duarte pelo telefone: 3788-9305 ou Comissio de Etica e

Pesquisa da Faculdade de Ciéncias Médicas telefone: 3788-8936 (horario comercial).

Campinas, de de 200 .

Assinatura da mulher Assinatura do pesquisador
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8.7. Anexo 7 — Algoritmo do Estudo

Inclusdo no estudo
(23 mulheres)

|

RNM com gadolineo (n=20)
+

CM com sestamibi
(no mesmo dia)

12a10dias

Cirurgia:
Segmentectomia com RIME
+
Mastectomia

1—»

Anatomopatoldgico:
Segmentectomia
+
Mama residual

Fuséo de imagens

MRI/'SM
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