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Resumo

Introducdo: a superexpressdo de HER-2 tem correlacdo com maior agressividade
em carcinomas de mama e estdbmago, e a sua deteccédo ja foi incorporada como
rotina na analise destas neoplasias. Critérios ideais para avaliacdo do HER-2 em

cancer de pancreas permanecem incertos.

Objetivos: avaliar o status do HER-2 e o seu valor preditivo em adenocarcinoma

pancreético.

Materiais e métodos: andlise clinicopatolégica e imuno-histoquimica de 112
pacientes com diagndstico de cancer de pancreas com base nos critérios propostos

para cancer de mama (HercepTest™) e de estdbmago (ToGA Trial).

Resultados: pelo HercepTest™ 5 (4.5%) casos apresentaram escore 3+, 3 (2.7%)
escore 2+ e 104 (92.9%) escores 0/1+. Na anadlise pelo ToGA Trial, 9 (8.0%)
obtiveram escore 3+, 32 (28.6%) escore 2+ e 71 (63.4%) escores 0/1+. Todos os
casos positivos pelo HercepTest™ também o foram para o ToGA Trial. Pacientes
com hiperexpressao (3+) apresentaram sobrevida média maior que aqueles sem (0
a 2+) tanto pelo HercepTest™ quanto pelo ToGa Trial (43.88 vs. 10.3 meses, p =
0.029 e 40.7 vs. 10.1 meses, p = 0.013, respectivamente). Os demais parametros
nao mostraram correlacdo com a expressao de HER-2.

Conclusado: diferencas na incidéncia e no significado prognoéstico da
superexpressao podem ser decorrentes do pequeno tamanho amostral e do uso de
dois critérios diferentes de positividade para HER-2. Estes resultados servem com

impulso para novas investigacbes de superexpressdo e amplificagdo do HER-2



utilizando, além da imuno-histoquimica, métodos como FISH e SISH, a fim de se
obter mais opcOes terapéuticas para oferecer aos pacientes, como agentes anti-

HER-2.

PALAVRAS-CHAVE: CANCER DE PANCREAS, HER-2, HERCEPTEST™, TOGA

TRIAL



Abstract

Introduction: HER-2 overexpression is correlated with aggressiveness in breast and
gastric cancers, and its detection has been incorporated as routine in the analysis of
these neoplasms. Ideal criteria for evaluation of HER-2 in pancreatic cancer remain

unclear.

Objectives: to assess the HER-2 status and its predictive value in pancreatic

adenocarcinoma.

Material and methods: clinicopathologic and immunohistochemical analysis were
undertaken in 112 patients with pancreatic cancer using the criteria proposed for

breast (HercepTest™) and stomach cancer (ToGA Trial).

Results: using HercepTest™ 5 (4.5%) cases had a score of 3+, 3 (2.7%) had a
score of 2+ and 104 (92.9%) had scores of 0/1 +. By ToGA Trial, 9 (8.0%) obtained
score of 3+, 32 (28.6%) had a score of 2+ score and 71 (63.4%) had scores of 0/1 +.
All positive cases by HercepTest™ also went to the ToGA Trial. Patients with
overexpression (3 +) showed greater survival than those without (0 to 2 +) by both
HercepTest™ and ToGa Trial (43.88 vs. 10.3 months, p = 0.029 and 40.7 vs. 10.1
months, p = 0.013, respectively). Other parameters did not show correlation with the
expression of HER-2.

Conclusion: differences in incidence and prognostic significance of overexpression
may be explained from small sample size and the use of two different criteria of
positivity for HER-2. These results serve as an impulse for new investigations of

overexpression/amplification of the HER-2 using, besides immunohistochemistry,



FISH and SISH methods, in order to get more treatment options to provide patients,

as agents anti-HER-2.

KEYWORDS: PANCREATIC CANCER, HER-2, HERCEPTEST™, TOGA TRIAL
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1 Introducéo

O adenocarcinoma ductal é o tipo histolégico mais comum entre as
neoplasias malignas do pancreas. No mundo todo, cerca de 213.000 obitos
por ano sdo atribuidos a esta patologia, sendo a oitava causa de morte por
cancer. A sobrevida global em 5 anos é de cerca de 4%, consequentemente a
taxa de mortalidade € quase igual a incidéncia da doenca (Hruban et al,

2007).

Geralmente, o diagnostico do ADP ¢é estabelecido em estagios
avancados, devido a biologia tumoral agressiva, a auséncia de exames de
imagem ou marcadores tumorais capazes de detectar a doenca em fases
iniciais. Grande parte dos pacientes submetidos a resseccdo cirurgica
permanece com doenca residual ou apresentam recidiva. Atualmente, além
dos fatores progndésticos tradicionais, que incluem o tamanho e grau tumoral,
comprometimento linfonodal, margens cirargicas e presenca de invasao
linfovascular e neural, um grande nimero de marcadores moleculares tem
sido avaliados como potenciais fatores progndsticos ou para estabelecimento
de terapias alvo-moleculares. A imuno-histoquimica ainda é a técnica mais
acessivel e mais amplamente utilizada para a avaliagcdo destes marcadores

em espécimes teciduais.

O oncogene HER-2 (CerbB2/neu) é uma glicoproteina transmembrana,
pertencente a familia dos receptores do fator de crescimento epidérmico. Ja
estad bem estabelecida a associacao entre a superexpressdo de HER-2 com a

carcinogénese de tumores de solidos, principalmente cancer de mama.



Slamon et al. (1987) publicou um dos primeiros e mais importantes estudos
sugerindo uma forte relacdo entre a hiperexpressdo deste gene e um pior
prognostico das neoplasias mamarias. Desde entédo, drogas alvo-moleculares
tém sido desenvolvidas e a deteccdo do status tumoral para HER-2
(amplificacao/superexpressao) ja foi incorporada como rotina na avaliagao
prognostica e terapéutica do cancer de mama. Mais recentemente, a literatura
apontou positividade para HER-2 em tumores gastricos e da juncédo esodfago-
gastrica. Esta positividade, assim como nos tumores mamarios, também esta
relacionada a pior prognostico, doenca mais agressiva e menor sobrevida

(Ruschoff et al., 2010).

Em ambos os casos, a determinacdo do status do HER-2 é feita
inicialmente pela técnica de imuno-histoquimica, sendo o0s casos com
resultado indeterminado encaminhados para avaliacéo por hibridizac&o in situ
(FISH ou SISH). No entanto, os métodos consagrados de avaliacdo da
positividade nestes 6rgados diferem entre si. Em mama os resultados sao
analisados baseando-se no HercepTest™ e em estdmago e jungdo gastro-
esofagica utilizam-se os critérios propostos pelo estudo ToGA (Ruschoff et al.,

2010).

A hiperexpressdo do HER-2/neu € uma das alteracfes genéticas mais
precoces na tumorigénese do pancreas, ocorrendo a partir das neoplasias
intraepitelias pancreaticas grau 1A (NIPan 1A) (Hruban et al., 2000).
Entretanto, a  superexpressdo/amplificacdo deste  oncogene em

adenocarcinomas pancredticos e a sua correlagdo com sobrevida ainda néo

13



estdo totalmente definidas, pois os estudos referentes ao status do HER-2
apresentam resultados conflitantes, com indices de positividade variando

entre 0% a 82% (Saxby et al., 2005).

Com o beneficio bem estabelecido da terapia anti-HER-2 utilizando o
Trastuzumab (Herceptin, Genentech, South San Francisco, CA) em cancer de
mama e estbmago, € de vital importancia explorar sua eficacia em outros
sitios tumorais, como o pancreas. Entretanto, ainda ndo ha um método

validado para a avaliacdo adequada da positividade do HER-2 neste 6rgao.

O presente estudo avaliou através de imuno-histoquimica, o status do
HER-2 em ADPs utilizando os critérios estabelecidos para mama e para
estdbmago, fazendo uma comparacao entre eles e correlacionando os achados
com outros fatores relacionados ao tumor (tipo histolégico, estagio patoldgico

e sobrevida dos pacientes).
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2 Revisao da literatura

2.1) Definicéo:

O ADP é uma neoplasia epitelial maligna com diferenciacédo glandular
(ductal) e sem componentes predominantes de outros tipos de carcinoma.
Tem como sindnimos adenocarcinoma de células ductais, adenocarcinoma
tipo tubular, carcinoma de células ductais ou cancer de pancreas (Hruban et

al., 2007).

2.2) Epidemiologia:

O ADP ¢ a neoplasia maligna pancreatica mais comum e dos tipos de
cancer mais letais em humanos. Estimativas do Instituto Nacional do Céancer
dos Estados Unidos (NCI) indicam que cerca de 44000 novos casos de ADP
tenham sido diagnosticados em 2011. Sendo o ADP considerado a quarta

causa de morte por cancer em homens e mulheres (PDQ®).

Dados do INCA estimam que, no Brasil, o cancer de pancreas
represente 2% de todos os tipos de cancer e seja responsavel por 4% do total
de mortes por cancer. Estudo realizado em 2002 demonstrou um
comportamento ascendente das taxas de mortalidade padronizadas por idade
para cancer de pancreas no Brasil (2,56 em 1980-82 e 3,10/100.000 em
1995-97), correspondendo a um incremento médio anual de 1,31% no periodo
analisado. Os valores mais elevados foram encontrados nas regibes Sul e
Sudeste (7,05/100.000 em Porto Alegre; 4,13/100.000 no Rio de Janeiro) e

Porto Alegre apresentou as maiores taxas (9,4 e 5,3/100.000, para homens e



mulheres, respectivamente), demonstrando ser este um importante problema

de saude publica no nosso pais (Moraes, 2002).

O céancer de pancreas € mais comum em homens (1.3 homens: 1.0
mulheres) e ocorre predominantemente em individuos mais velhos, com um
pico de incidéncia entre a 72 e 82 décadas de vida, sendo que 80% dos casos
ocorrem entre 0s 60 e 80 anos. Pacientes com diagndstico antes dos 40 anos
apresentam, em geral, algum fator de risco associado, como histéria familiar
de cancer de péancreas ou alguma doenca genética, como Peutz-Jeghers

(Hruban et al., 2007).

Os fatores de risco para ADP podem ser divididos em ambientais,
patolégicos, genéticos e ocupacionais. O habito de fumar é o fator de risco
ambiental mais fortemente relacionado a esta neoplasia (Hruban et al, 2007;
Lowenfels et al, 2004; Sakorafas et al, 2001). A maioria dos estudos
publicados evidenciou que a exposicédo ao tabaco aumenta em duas vezes a
chance de doenca e que este € um fator de risco dose-dependente, ou seja,
pessoas que fumam mais tém maior probabilidade de desenvolver a doenca.
Apos 10 anos de abstinéncia, estima-se que a taxa de incidéncia seja

semelhante a de nao fumantes (Hidalgo, 2010; Vincent et al., 2011).

A relacdo entre nutricdo e dieta e o cancer de pancreas tem sido tema
de varias revisdes. Acredita-se que uma alta ingestédo calérica, uma dieta rica
em carnes e gordura, a obesidade (IMC > 30 Kg/m? e o sedentarismo

estariam associados com um aumento no risco de cancer. Ja uma dieta rica
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em frutas, vegetais, fibras e vitamina C seriam protetoras (Hruban et al., 2007,

Sakorafas et al., 2001).

O consumo de &lcool € um fator de risco para pancreatite, entretanto

ainda nao foi confirmada a sua associagéo com o cancer (Ye et al., 2002).

Varias comorbidades aumentam a chance de desenvolver
adenocarcinoma de pancreas. Diabetes mellitus de longa data esta
relacionado a um aumento de duas vezes no risco de cancer e pode ser uma
manifestagao inicial do tumor. Cerca de 20% dos pacientes com carcinoma de
pancreas tem DM no momento do diagndstico (Hruban et al., 2007; Hart et al.,

2011).

Todos os tipos de pancreatite crbénica (alcoodlica, ndo-alcodlica e
hereditaria) estdo relacionados ao desenvolvimento de cancer, sendo que as
formas familiares tém associacdo mais forte. Ha uma vasta lista de doencas
genéticas que elevam o risco de desenvolver adenocarcinoma de pancreas.
MutacBes no gene BRCA2, por exemplo, aumentam 3 a 10 vezes esta
chance, enquanto pacientes com pancreatite familiar tem um risco 50 a 80

vezes maior (Hruban et al., 2007).

2.3) Caracteristicas clinicas:

O ADP em estagios iniciais €, em geral, clinicamente silencioso e a
doenca sO se torna aparente quando o tumor invade tecidos peripancreaticos
ou quando produz metastases a distancia. A maioria dos pacientes quando

apresentam sintomas relacionados ao cancer de péancreas ja tem doenca
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avancada. Pacientes com ADP que sao submetidos a tomografia
computadorizada por outras razdes antes do diagnéstico, em revisao
retrospectiva revelam anormalidades sutis suspeitas para carcinoma até um
ano antes do desenvolvimento dos sintomas, sugerindo uma oportunidade

perdida de diagndstico precoce.

Os sintomas tipicos do ADP incluem dor abdominal ou na regido
dorsal, ictericia obstrutiva e perda de peso. A diminuicdo do peso pode ser
resultante da anorexia, dificuldade digestéria por obstrucdo do ducto

pancreatico ou caquexia (Vincent et al, 2011).

2.4) Diagnostico:

Poucos sdo os métodos diagnosticos disponiveis atualmente capazes
de detectar com precisdo e precocemente o ADP na populacdo geral, antes
do inicio dos sintomas. Diferentes técnicas para a identificacdo do ADP em
fase inicial tém sido estudadas, como a realizacdo de ecoendoscopia em
pacientes de alto risco, mas os resultados ainda sao iniciais e controversos

(Klapman et al., 2008).

Testes com marcadores moleculares tém sido desenvolvidos e
propostos para o diagnostico de lesbes pancreaticas precursoras, na tentativa
de detectar o tumor em estagios mais ressecaveis e curaveis. No entanto, o
papel dos marcadores tumorais ainda é limitado. Nenhum deles, incluindo CA
19-9, demonstrou ser util na avaliagdo de uma populacdo assintomatica.

Entretanto, o CA 19.9 ainda € utilizado como forma de monitorar a resposta

18



ao tratamento e é valido se associado a outros testes diagnésticos (Hidalgo,

2010; Vincent et al., 2011).

Exames de imagem sdo Uteis para o diagnéstico da doenca, uma vez
gue o tumor seja grande o suficiente para provocar sintomas e, geralmente,

neste momento ja estdo em estagio avancado e sdo irressecaveis.

Quando h& suspeita de céancer de pancreas, as técnicas de imagem
mais utilizadas sdo a TC, a RNM, o ultrassom endoscopico e a CPRE. ATC é
o0 método mais amplamente usado para diagnostico e estadiamento de

neoplasias pancreaticas (Klapman et al., 2008, Vincent et al., 2011).

Dentre as novas tecnologias para a deteccdo do cancer de pancreas,
as técnicas de genbmica e protedmica tém sido visadas para a identificacao
de potenciais biomarcadores. Diferentes estudos tentaram definir os genes
cujas alteracdes estivessem associadas a anormalidades teciduais, buscando
assim estabelecer uma relacéo entre causa e efeito. Em relacdo ao cancer de
pancreas, foram comparadas inicialmente as expressdes génicas entre as

NIPans e os adenocarcinomas ductais (Rogers et al., 2006).

Atualmente o diagnéstico definitivo ainda é a andlise histopatologica da

lesdo.

2.5) Caracteristicas histologicas:

A maioria dos adenocarcinomas de pancreas (60-70%) ocorre na

cabeca, 5 a 15% no corpo e 10-15% na cauda do 6rgdo. Em geral séo
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solitarios, embora multifocalidade possa ocorrer. Raramente podem iniciar em

tecido pancreético ectépico (Edelweiss et al., 2010).

Varios sistemas foram propostos para graduar o carcinoma de
pancreas. O mais utilizado é o pTNM, proposto pelo AJCC e pela UICC, no
qual o prognostico pés-resseccdo de um carcinoma de pancreas €
primeiramente determinado pela extensdo anatdmica da doenga,
independentemente da ressec¢do completa ou nédo da lesdo. A designacgao
“T” refere-se ao tumor primario que nao foi previamente tratado. O simbolo “p”
indica a classificacdo patoldégica do TNM e estd fundamentada no exame
macro e microscopico. “pT” envolve a analise do tumor primario em peca de
ressecc¢ao cirdrgica ou fragmento obtido por bidpsia, e que sejam adequados
para avaliar o maior grau pT; pN envolve a avaliagdo dos linfonodos

ressecados quanto a presenca de metastases e pM implica no exame

microscoépico de lesdes distantes.
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Figura 1. Critérios para estadiamento do cancer de
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2.6)

Aspectos moleculares:

pancreas.

O modelo de estudo das lesdes neoplasicas evolutivas é semelhante

ao proposto por Vogelstein et al. (1988) para adenocarcinoma colorretal, que

tem como sequéncia de eventos na célula col6nica normal a mutacao do gene

APC, formacéo de pélipos adenomatosos com transformacédo para displasia
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em graus variados e, finalmente, o adenocarcinoma colorretal. A evidéncia
clinica e morfolégica desta sequéncia de lesdes precursoras nos ADPs inicia-
se com as observacbes de Hulst (1905) da presenca de neoplasias
pancreaticas intraductais (Hulst et al., 1905; Takaori et al., 2004). Além disso,
caracteristicas morfométricas dos nucleos destas les6es foram encontradas e
correlacionadas com o grau de invasividade das mesmas (Bersch et al.,

2003).

Somente em 2001, em reunido de consenso, foram descritas as
neoplasias intraepiteliais pancreéticas (NIPan 1A, NIPan 1B, NIPan 2 e NIPan
3) (Hruban et al.,, 2001). Os graus 1A, 1B, 2 e 3 representam, de forma
ascendente, atipia citolégica caracterizada por perda da polaridade,
superposicao e aumento nucleares, pseudoestratificacdo e hipercromatismo.
Cada estagio das NIPans é caracterizado por um padrao distinto de

irregularidades genéticas que afetam genes ou seqUéncia génicas

especificas.
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Figura 2. Representacdo morfolégica evolutiva e biomolecular das

NIPans.
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(Fonte: adaptado de Maitra et al. 2003)

Assim, o ADP se desenvolve a partir de lesbes precursoras nao-
invasoras, mais tipicamente as neoplasias intraepiteliais (figura 3), adquirindo
alteracbes genéticas e epigenéticas ao longo do desenvolvimento. O cancer
de pancreas também pode se originar das neoplasias papilares mucinosas

intraductais ou neoplasias mucinosas cisticas (Hruban et al., 2000) (figura 4).
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Figura 3. Histologia do pancreas normal e das NIPans. (A) Ducto
pancreatico normal. (B) NIPan 1. (C) NIPan 2. (D) NIPan 3. Setas amarelas:
ducto pancreatico normal. Cabeca de seta verde: tecido acinar normal. Setas

azuis: NIPans. 400xx

(Fonte: adaptado de Vincent et al., 2011)
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Figura 4. Sequéncias de progressdao do adenocarcinoma pancreatico.
As trés lesdes precursoras conhecidas sdo as neoplasias intraductais, as
neoplasias mucinosas cisticas e a neoplasias pancreaticas mucinosas

intraductais.
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(Fonte: adaptado de Klapman et al., 2008)

As alteracbes genéticas mais freqlentes no adenocarcinoma de
pancreas invasor sao: ativagcdo mutacional do oncogene KRAS, a inativagao
de genes supressores tumorais incluindo CDKN2A, TP53, SMAD4 e BRCA2,
perdas cromossOmicas, amplificagcdes génicas e encurtamento de telémeros.
As mutacdes no KRAS, o encurtamento de telébmeros e a amplificagcdo do
HER-2 sdo as anormalidades genéticas mais iniciais, ocorrendo mesmo em
NIPans de baixo grau (van Heek NT et al., 2002), enquanto a inativacdo do
TP53, SMAD4 e BRCA2 acontecem nas NIPans avancadas e nos tumores

invasores (Vincent et al., 2011).
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A analise da evolucdo molecular do ADP indica que um clone precursor
inicial da neoplasia demoraria mais de 10 anos para evoluir para um clone
maligno e varios anos adicionais para subclones metastaticos surgirem a
partir do tumor primario. Comparacfes entre as alteracbes observadas no
tumor primario e nas metastases revelam que, ndo somente 0s genes estao
mutados antes do desenvolvimento do adenocarcinoma invasor, como
também a instabilidade genética continua mesmo apds a disseminacao
metastatica. Embora estas estimativas reflitam a variacdo no comportamento
tumoral nos pacientes, elas também indicam que o tumor primario pode ficar
restrito ao 6rgdo por muitos anos antes de provocar metastase, criando

oportunidades de diagnostico mais precoce (Vincent et al., 2011).

2.7) HER-2 e o cancer de pancreas:

O oncogene HER-2 é uma proteina transmembrana, pertencente a
familia das tirosino-quinases. Ha cerca de 25 anos foi detectada sua
amplificacdo em tumores de mama e tal alteracdo mostrou forte correlacéo
com a patogénese e progressao tumoral. A partir de entdo a amplificacdo do
HER-2, resultante da superexpressao protéica, tem sido relacionada a
proliferacdo mais rapida das células tumorais e maior resisténcia das
mesmas. Também, drogas alvo-moleculares tém sido desenvolvidas,
tornando a detec¢do do HER-2 uma rotina prognostica e preditiva em cancer
de mama. Ele apresenta-se hiperexpresso e/ou amplificado em cerca de 20%
dos tumores mamarios e, quando ativado, gera sinais antiapoptose e de

proliferagcdo celular, acelerando o desenvolvimento e progressao destas
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neoplasias. A sua superexpressdo ou amplificacdo se detectadas por
métodos adequados, tém um importante valor na decisdo terapéutica

(Gutierrez et al., 2011).

A amplificacdo do HER-2 nos adenocarcinomas gastricos foi
evidenciada logo ap0s a sua descoberta no cancer de mama, particularmente
nos adenocarcinomas gastricos de tipo intestinal. Em um estudo japonés de
1991, a superexpressao protéica, detectada por imuno-histoquimica, foi
relatada em 11.9% dos 260 casos de cancer gastrico (Albarello et al., 2011).
A positividade do HER- 2 em tumores gastricos também parece estar
relacionada a pior progndéstico, doenca mais agressiva e menor sobrevida

(Ruschoff et al., 2010).

No pancreas, os dados disponiveis sdo conflitantes em relacdo a
incidéncia da expressado do HER-2, que varia de 0 a 82% (Saxby et al., 2005)
nos tumores invasivos. Alguns estudos sugerem que a superexpressado de
HER-2 também tem relacdo com o grau histolégico, mas esta avaliacdo ainda
€ limitada (Dugan et al., 1997). Tal inconsisténcia de resultados coloca em
guestdo o uso de terapias anti-HER-2 em ADPs até que estudos mais
consistentes em relacdo a real incidéncia de positividade para HER-2 sejam

realizados (Stoecklein et al., 2004; Kimura et al., 2006; Sharif et al., 2008).
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3 Objetivos

3.1 Objetivo principal:

Avaliar a expressdo de HER-2 por técnica imuno-histoquimica no

adenocarcinoma ductal pancreatico.

3.2 Objetivos secundarios:

- Investigar o padréo de expressao de HER-2 em amostras de tecido tumoral
por imuno-histoquimica, comparando os métodos ja validados para cancer de
mama (HercepTest™) e para cancer de estdmago e jungao gastro-esofagica
(ToGA Trial);

- Correlacionar a superexpressédo de HER-2 em adenocarcinoma de pancreas

com dados clinicos e anatomopatol6gicos;

- Avaliar o papel prognostico da superexpressdao de HER-2 por meio de
correlacbes com os dados de sobrevida global e livre de doenca dos

pacientes incluidos no estudo.
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ABSTRACT

HER-2 overexpression has been linked to clinical outcomes in several solid
tumors, such as breast cancer. However, the correlation between HER-2
overexpression and survival in pancreatic ductal adenocarcinoma (PDAC) remains
unclear. This study was designed to investigate the predictive value of HER-2
overexpression on pancreatic cancer. A retrospective clinicopathologic analysis was
undertaken in 112 patients diagnosed with pancreatic cancer between 2005 and
2011, and immunohistochemistry with HER-2 antibody was performed in primary
tumor biopsy samples, duodenopancreatectomy specimens and metastatic disease.
Immunoreactivity was classified according with two different methodologies: the scale
presented in the HercepTest™ Scoring Guidelines and the score presented in the
Trastuzumab for gastric cancer trial (ToGA trial). Results were analyzed in relation to
patients’ clinicopathologic parameters. Five cases (4.5%) had a score of 3+, 3 (2.7%)
had of a score of 2+ and 104 (92.9%) had a score of 0/1+ when evaluated by the
HercepTest™ for breast cancer. When classifying tumor tissues by the ToGA trial
score, 9 (8.0%) cases were positive for HER-2/neu overexpression and 32 (28.6%)
were considered score 2+, with 71 (63.4%) cases being classified as negative. All
positive cases classified by HercepTest™ breast cancer scores were positive by
ToGA trial scores. Tumor size, tumor location, tumor differentiation, histological
findings, and TNM category were not correlated with HER2 expression. The median
survival of the entire cohort was 10.6 months. Kaplan-Meier analysis demonstrated
that the median survival time of patients with tumors HER-2 overexpression by
HercepTest™ breast scores was 43.38 months (95% CI, 14.79 — 71.97), whereas

cases classified as 0+ to 2+ had a median survival of 10.3 months (95% CI, 7.55 —
36



13.97, p = 0.029), contrarily from the expected. When using ToGA trial scores, the
median survival time of HER-2 overexpression cases was 40.7 months (95% ClI,
19.33 - 62.12) and that of the HER-2 low expression patients, 10.1 months (95% ClI,
7.17 - 13.29, p = 0.013).

These results should encourage further investigation of HER-2 amplification
using FISH or SISH methods, and treatments using new molecular targeting agents

against HER-2 protein to improve the survival of pancreatic cancer patients.
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INTRODUCTION

Today, pancreatic cancer is one of the most lethal cancers in western
countries. Despite recent advances in diagnostic modalities and therapeutic
strategies, the prognosis is still poor. This may be partially explained by the notorious
complexity derived from the multiple genetic aberrations and mixed cellular
population present in a pancreatic tumor, which can also explain the heterogeneous
clinical course observed in daily practice. The resistance of pancreatic ductal
adenocarcinoma (PDAC) to conventional chemotherapeutic regimens and the high
recurrence rate of PDAC even after tumor resection have led to intense efforts to
understand the molecular pathways of pancreatic cancer, with the aim of developing
additional therapeutic targets. Among the most promising molecules examined in
pancreatic cancer pathogenesis for anticancer treatment are growth factors and their
receptors (Welsch et al., 2007), as represented by improvements in overall survival

with erlotinib (Heinemann V et al., 2012).

Growth factors play a key role in the cancer process. They are important in cell
proliferation, adhesion and survival and therefore act upon processes such as tumor
growth, invasion, and metastasis. Human epidermal growth factor receptor 2 (HER-2)
belongs to a family of four transmembrane tyrosine kinase receptor proteins known
collectively as the HER or erbB family (Saxby et al., 2005). The HER2 gene, known
as ErbB-2/neu, is located on the long arm of chromosome 17 (17g12-21.32) and
encodes the 185-kDa transmembrane tyrosine kinase receptor. Many studies have

demonstrated that HER-2 overexpression is correlated with aggressiveness, poor
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prognosis and resistance to chemotherapy in breast and gastric carcinomas (Komoto

et al., 2009).

Detection of the tumor HER-2 status (gene amplification and/or protein
overexpression) in breast cancer has become routine as the positive HER-2 status
detected in around 25% of cases is highly associated with poorer prognosis, more
aggressive disease, and an increased risk of recurrence. Furthermore, in breast
cancer the determination of HER-2 status is necessary for optimal application of
HER-2-directed therapies such as trastuzumab (Herceptin®, Roche), which
increases overall survival in both the metastatic and adjuvant settings, and predicts
response in the neo-adjuvant setting. A HER2-positive status in gastric cancer also
appears to be associated with poorer prognosis, more aggressive disease, and
shorter survival. Like in breast cancer, immunohistochemical testing is the primary
method of choice to determine HER-2 status in gastric cancer. FISH is restricted to
those cases that have equivocal (IHC2+) HER-2 expression (Ruschoff et al., 2010).
Recent studies, however, have shown that the same approach may not be applied to
different types of cancer. Testing of HER-2 status by immunohistochemistry (IHC) in
gastric cancer seems differs from breast cancer. As validated in a large multicenter
phase Il trial (TOGA trial), the HER-2 testing criteria that more accurately evaluated
both gastric carcinoma biopsies and surgical specimens significantly differed from
those routinely applied in breast carcinoma (Bang et al., 2010). In 2006, it was
reported that discrepancies between IHC and FISH occurred mainly due to
basolateral membrane staining of glandular cells (resulting in incompletely stained
membranes) as well as a higher percentage of heterogeneous tumors in gastric

cancer in comparison with breast cancer (Ruschoff et al., 2010). On the basis of
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these observations, they proposed modifications of the HercepTest™ score for
gastric cancer samples in an international consensus meeting and this modified
HER2 scoring system was used to identify eligible patients for enrollment in the

ToGA trial (Bang et al., 2010).

Studies investigating the HER-2 status in pancreatic cancer, as well as
correlations with prognosis and survival are very limited. The reported incidence has
varied widely (7%-82%), likely due to differences in methodology and criteria for
overexpression (Safran et al., 2004). These reports also showed that, unlike in breast
and gastric cancer, HER-2 overexpression in pancreatic cancer does not seem to

correlate with poor prognosis (Stoecklein et al., 2004; Kimura et al., 2006).

Here, we investigated the overexpression of HER-2 in pancreatic cancer using
two different criteria, the HercepTest™ e and ToGA Trial, comparing the results with

the tumor aggressiveness, prognostic factors and patient overall survival.

MATERIALS AND METHODOS

Case Selection and Tumor Samples

A retrospective series of 112 pancreatic cancer patients, who underwent tumor
biopsy or resection at Hospital de Clinicas de Porto Alegre (HCPA) between 2005
and 2011 were included in this study. Histological samples were obtained from
duodenopancreatectomies (25.9%), pancreatic biopsies (39.3%) and excision of
metastatic pancreatic cancer lesions (34.8%). The immunohistochemical analyses
were performed in formalin-fixed, paraffin-embedded (FFPE) tissue samples stored in

the Department of Pathology of HCPA, after approval by the Institutional Scientific
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and Ethics Committees. Clinical variables were obtained from review of medical
records and included: age at diagnosis, sex, tumor size and grade, lymph node
status, occurrence of metastasis, resection margin involvement, treatment received
(type of surgery, radiation therapy, and chemotherapy), disease free-survival and

overall survival.

Immunohistochemistry for HER-2

Initially pilot tests were conducted to determine the dilutions according to the
manufacturer of the antibody and also determining the pattern of positive control
slides, as indicated by the manufacturer and subject to the conditions of the
laboratory (positive control) and without the primary antibody (negative control). It
was used the antibody HER-2/neu (mouse monoclonal, clone CB-11, Cell Marque®).
Cuts were made of four posts in micrometers thick electrically charged plates and
incubated at 60 ° C overnight. The blades were identified and dewaxed in xylol and
then passed into ethyl alcohol in decreasing concentrations (100%, 85% and 75%)
and washed in running water for five minutes. The antigen retrieval was performed
following the recommendations of time and pH provided by the manufacturer using
the equipment. After antigen retrieval, endogenous peroxidase was blocked and then
incubated with the cuts will be blocking protein for five minutes at room temperature
in a humid chamber. The cuts were incubated with the primary antibody (HER-2/neu)
for 90 minutes at room temperature and subsequently incubated with secondary
antibody for 30 minutes at room temperature. After washing in PBS, the sections

were incubated with chromogen for 5 minutes and then washed in running water and
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counter-stained with hematoxylin. Then, the slides were washed in running water,

dehydrated and mounted with balsam and coverslips for microscopic analysis.

Scoring of the Immunohistochemical Stains

The analyses were performed independently by two pathologists who were
blinded to all clinicopathologic and outcome variables. Immunohistochemical staining
was evaluated by the Breast HercepTest™ and the ToGA trial scores (Figure 1 and

2).
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staining is observed
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Figure 1. HER-2 algorithm for immunohistochemistry (IHC) in breast cancer (adapted from

Wolff et al. and CAP/ASCO, 2007).
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Figure 2. Stepwise approach to IHC scoring in gastric cancer: tissue and quality issues

(adapted from Ruschoff et al., 2010)

Fluorescence in situ Hybridization

One slide of each block was subjected to hybridization reactions. HER2/neu
amplification was analyzed using FISH HER2 PharmDx (Dako, K5331, Denmark),
which contains both fluorescently-labeled HER2/neu gene and chromosome 17
centromere (Chrl7) probes. Sections were incubated at 56°C overnight and
deparaffinized by washing in xylene, ethanol and distilled water. After incubation in

0.2 M HCI at room temperature for 20 minutes they were heat-pretreated in citrate
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buffer (2 x SSC, pH 6.0) at 80°C for 1 to 1.5 hours. They were then digested with
pepsin at room temperature for 8—14 minutes, rinsed in 2 x SSC at room temperature
for 2 minutes and dehydrated in graded ethanol (75, 80, and 100%) for 2 minutes.
After the HER2/Chrl17 probe mix was applied to the dry slides, the tissue area was
coverslipped and sealed with rubber cement. The slides were then incubated in
hybridizer (Hybridizer Instrument for in situ hybridization, DAKO, S2450, Denmark)
for denaturation at 82°C for 5 minutes and hybridization at 45°C for about 18 hours.
Posthybridization washes were performed, the slides were dehydrated in graded
ethanol, and after application of 15 uyL of mounting medium containing 4'6'-

diamidino-2-phenylindole (DAPI), the tissue area was coverslipped.

FISH analyses were performed according to the HER2 FISH PharmDx (Dako,
Denmark) criteria. In each case, 100 non-overlapped, intact interphase tumor nuclei
identified by DAPI staining were evaluated, and gene (red signal) and Chrl7 (green
signal) copy numbers in each nucleus were assessed. The cases were considered to
be amplified when the average copy number ratio, HER2/Chr17, was = 2.0 in all
nuclei evaluated or when the HER2 signals formed a tight gene cluster. Among the
cases in which the gene was not amplified, samples showing more than four copies
of the HER2 gene and more than four Chrl7 in more than 10% of the tumor cells

were considered to be polysomic for chromosome 17.

Statistical analysis

Chi-square statistics was performed to analyze the relationship between HER-
2 overexpression and clinicopathological characteristics of pancreatic cancer, and

the correlation between both scores. The probability of survival for the different
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subgroups was calculated using the Kaplan-Meier method. The Cox proportional
hazard model was used to evaluate the association between various HER-2 status
and patient’s survival. In addition to the HER-2 pattern we included sex, age, T and N
stage as potential confounders. Overall survival time was measured from the time of
surgery or biopsy to the date of death or last follow-up. All statistics were performed

2-sided, at a significance level of P<0.05, using the SPSS16.0 statistical software.

RESULTS

Of the 112 cases of pancreatic cancer samples examined by IHC, a total of 5 (4.5%)
cases were positive for HER-2 overexpression at a score of 3+ when evaluated by
the HercepTest™ for breast cancer. Another 3 (2.7%) cases were equivocal with a
score of 2+, and the other 104 (92.9%) cases were negative, scored as 0/1+ (Figure
3). When classifying tumor tissues by the ToGA trial score, 9 (8.0%) cases were
positive for HER-2/neu overexpression and 32 (28.6%) were considered score 2+,
with 71 (63.4%) cases being classified as negative. All positive cases classified by
HercepTest™ breast cancer scores were positive by ToGA trial scores. FISH results
were available for only three of the 9 cases scored as 3+ and only one of them

showed an increase in the HER2-gene copy.
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Figure 3. Immunohistochemistry (IHC) for HER-2 expression in cases which there was concordance
between breast HercepTest™ and ToGa trial criteria.

Correlation between HER2 expression and clinicopathological factors

Tumor size, tumor location, tumor differentiation, histological findings, and
TNM category were not correlated with HER2 expression (Table 1). Tumors with a
higher mean size showed a higher HER-2 amplification rate than smaller tumors
when classified through HercepTest™ breast cancer scores (P<0.05). There was no
relationship observed between HER-2 overexpression and sex, age, tumor

differentiation, UCLA stage, lymph node and distant metastases (P>0.05).
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Table 1. Relationship between HER-2/neu overexpression (IHC 3+) by HercepTest™ and ToGA Trial

Scores and clinicopathological characteristics of pancreatic cancers.

HercepTest™ ToGA
o . scores trial scores
Clinicopathological No. P P
Characteristics Patients value value
IHC <3+ IHC 3+ IHC <3+ IHC 3+
No. (%) No. (%) No. (%) No. (%)
Mean age at diagnosis 65.35 + 66.00 + 65.49 + 64.2 +
(= SD) 112 10.3 9.1 0.891 10.5 7.0 0.725
Gender
Male 112 52 (48.6) 1 (20.0) 0214 50 (48.5) 3(33.3) 0385
Female 55 (51.4) 4 (80.0) ' 53 (51.5) 6 (66.7) '
Tumor differentiation*
Well and moderate 76 51 (68.0) 0 (0.0) 0.155 48 (66.7) 3 (75.0) 0.734
Poor 24 (32.0) 1 (100.0) ‘ 24 (33.3) 1(25.0) ‘
Tumor pathologic stage
T1-T2 112 14 (13.2) 1 (20.0) 13 (12.7) 2(22.2)
T3-T4 92 (86.8) 4 (80.0) 0.668 89 (87.3) 7 (77.8) 0.430
. 4.03 = 6.00 + 4.09 = 4.59 +
Mean tumor size (+ SD) 102 17 42 0.047 18 39 0.494
Lymph node status
NO 103 51 (52.0) 3(60.0) 50 (53.2) 4 (44.9)
N1 47 (48.0) 2 (40.0) 0.731 44 (46.8) 5 (55.6) 0.620
Metastasis status
MO 112 62 (57.9) 2 (40.0) 59 (57.3) 5 (55.6)
M1 45 (42.1) 3(60.0) 9433 a4427) a(aas 0921
Tumor Stage
-1l 112 28 (26.2) 2 (40.0) 27 (26.2) 3 (33.3)
-1V 79(73.8) 3(60.0) 9499 76(738) 6(66.7) 0647
Tumor resection
Yes 112 26 (24.3) 2 (40.0) 24 (23.3) 4 (44.49)
No 81 (75.7) 3 (60.0) O 79 (76.7) 5 (55.6) Oes

SD = standard deviation
* Assessed only in cases with primary tumor tissue, not described in metastatic tissues.

Impact of HER2 overexpression on survival
The median survival of the entire cohort was 10.6 months. Kaplan-Meier
analysis demonstrated that the median survival time of patients with tumors HER-2

overexpression by HercepTest™ breast scores was 43.38 months (95% ClI, 14.79 —
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71.97), whereas cases classified as 0+ to 2+ had a median survival of 10.3 months
(95% CI, 7.55 — 13.97, p = 0.029), contrarily from the expected (Figure 4). When
using ToGA trial scores, the median survival time of HER-2 overexpression cases
was 40.7 months (95% CI, 19.33 - 62.12) and that of the HER-2 low expression
patients, 10.1 months (95% CI, 7.17 - 13.29, p = 0.013). These differences, however,
may be partially due to the small sample size and limited number of positive cases,
which may increase the effect of unaccounted factors on Kaplan-Meyer analysis.
This can also be inferred by the large confidence interval in the survival analyses of
positive cases. There were no statistically significant differences in treatments

between the HER2-positive and -negative cases by both criteria.

HercepTest™ Breast Score ToGa Trial Score

1,01 1,07
3+ 1 I 3+
| < 3+ < 3+
0 3 i

Overall Survival
Overall Survival

T T T T T T T
0 20 40 80 0 20 40 60

Months Months

Figure 4. Overall survival on the basis of HER-2 expression pattern. A) HER-2 classification using

HercepTest™ breast cancer score and B) HER-2 classification using ToGa trial score.

On multivariate survival analysis, high expression of HER-2 appeared as an

independent prognostic factor, being associated with increased overall survival by
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the two classifying scores (Table 2). This result is also different from the expected

considering the literature.

Table 2. Multivariate proportional hazards analyses of overall survival.

Overall Survival

HER-2 scoring

Adjusted HR* P value
HER-2 IHC 2+ and +3 (HercepTest breast score) 4.19 1.30-13.50 0.016
HER-2 IHC 2+ and +3 (ToGA trial score) 2.24 1.10-4.73 0.035
HER-2 IHC 3+ (HercepTest breast score) 4.57 1.10 -19.09 0.037
HER-2 IHC 3+ (ToGA trial score) 3.50 1.26 —9.72 0.016

* The following covariates were used: (1) T stage (T1-T2 v T3-T4), (2) nodal involvement (no v yes), (3) tumor

differentiation (not poor v poor), (4) sex (female v male)

When grouping HER-2 2+ and 3+ cases against 0 and 1+, the differences

observed in overall survival is maintained (Figure 5). When using ToGA trial score,

the median survival time of HER-2 2+ and 3+ cases was 28.4 months (95% CI, 11.95

- 44.76) and that of 0/1+ cases, 10.4 months (95% ClI, 7.12 - 13.60, p = 0.041).
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Figure 5. Overall survival on the basis of HER-2 expression pattern grouping 2+ and 3+ cases. A)
HER-2 classification using HercepTest™ breast cancer score and B) HER-2 classification using ToGa

trial score.

DISCUSSION

Progress is being made in developing adjuvant therapies to decrease
recurrence rates after surgery and improve survival in pancreatic cancer, but new
therapeutic targets and better prognostic markers for patient stratification are
needed. Currently, the most important prognostic factors that predict survival are
lymph node status, tumor size and negative margins in resected cases. More
recently, we have entered an era when sophisticated “recurrence scores” based on
gene profiling have been developed to accurately predict relapse after surgery and

response to adjuvant therapy but more studies are warranted (Saima et al., 2008).

Gene expression has been used to identify prognostic factors and targets for
therapy in cancer. Many studies have demonstrated HER-2 overexpression in
pancreatic cancer, but few have investigated HER-2 expression as a prognostic
factor. Furthermore, analysis comparing HER-2 overexpression in pancreatic cancer
using two different methodologies for scoring have not been described, and the
studies correlating HER-2 overexpression with survival in pancreatic carcinoma have
been very limited. Considering this lack of data, we retrospectively analyzed HER-2
overexpression by immunohistochemistry and verified its role as outcome predictor in

pancreatic ductal adenocarcinoma.

A wide range, from 16% to 69%, of pancreatic cancers has been reported to
show HER-2 overexpression, ranging from 16 to 69% according different studies

(Yamanaka et al., 1993; Saxby et al., 2005; Komoto et al., 2009). In the present
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study, HER-2 overexpression was observed in 4.5% of cases by the HercepTest™
breast cancer score and 8.0% by the ToGa trial score. When putting together +2 and
+3 cases, the percentage increased significantly when using the ToGa score, with
approximately 35% of cases being classified as positive, while only 7.1% with the
HercepTest™ breast cancer score. The substantially different percentages of HER-2
overexpression among the reports may be attributed to the differences in the
procedures used for immunohistochemistry, antibodies, and determination criteria of
HER-2 overexpression, as well as the patients’ racial differences, while the
differences among both scores are probably due to allowing incomplete membranous
staining to be scored as 3+ in the ToGa score, as well as considering microcluster of

cells staining 3+ enough to score HER2 as positive in a biopsy specimen.

Few studies have evaluated the HER2 gene amplification by fluorescence in
situ hybridization (FISH) together with immunohistochemistry in PDACs, but the
concordance levels between both techniques in these tumors are significantly
lower when compared with breast cancer results. In our study we had technical
difficulties to analyze the 3+ cases through FISH, but from the 3 with available
results, one was positive and the other two negatives. Saxby et al. (2005), in an
attempt to better understand expression of HER-2 in pancreatic cancer, assessed
gene amplification by FISH, cytoplasmic mRNA levels measured by RT-PCR and
receptor labeling by IHC and found that only 1 of 5 (20%) PDACs scored as HER2 3+
by IHQ had an increase in HER-2 gene copy, which was not due to aneuploidy.
When analyzing HER-2 mRNA expression, 7 of the 30 PDACs (23%) had a greater
than 10-fold expression of mMRNA compared with adjacent (macroscopically

uninvolved) pancreatic tissue from the same patient. Ten tumors showed evidence of
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aneuploidy represented by a raised gene copy number with normal HER-2 /
chromosome 17 centromeric ratio. Similarly, Safra et al. (2010) studying tumor
specimens from patients with PDAC found that only three of 11 (27%) patients
with HER-2/neu overexpression by immunohistochemistry had gene amplification
by FISH. Discordances between IHQ and FISH are probably due to translational and
transcriptional dysfunctions that occur at any level in the production of the HER-2
protein during pancreatic carcinogenesis such that overexpression exists on the cell

surface without genetic amplification.

Although HER-2 has established its role as a reliable predictive and prognostic
marker in breast cancer, it has mixed results in pancreatic cancer. Koka et al, (2002),
studying 308 patients with pancreatic cancer, found that patients with positive HER-2
expression presented a mean survival of 11 months, compared to 7 months in the
HER-2 negative group (no statistical significance). They concluded that HER-2
overexpression detected by immunohistochemistry did not appear to be a poor
prognostic factor in patients with adenocarcinoma of the pancreas. Similarly, Dugan
et al. analyzed 79 cases of primary pancreatic carcinoma and found that overall
survival of HER-2-positive and HER-2-negative patient groups was not significantly
different when 2/3+ HER-2 positive cases were compared to 0/1+ HER-2 cases. By
studying a non-selected population predominantly of advanced pancreatic cancer
patients, we found a different correlation of HER-2 overexpression and survival from
what was expected, with positive cases (IHC 3+) for both HercepTest™ and ToGA
trial criteria being linked to better outcome. One of the reasons for that can be
attributed to the small sample size and especially few positive cases, which may

have led to less reliable estimations in survival analysis. Also, although the majority
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of studies with other types of tumors (Berchuck et al., 1990; Kakar et al., 2000; Meert
et al., 2003) have correlated HER-2 overexpression with a more aggressive clinical
behavior, others (Jimenez et al., 2001) have linked it to a better clinical outcome and
more studies are needed to establish the HER-2 prognostic value in pancreatic
cancer.

Studying HER-2 expression patterns in pancreatic cancer is also relevant for
better defining the potential role of drugs such as Trastuzumab (Herceptin®), a
neutralizing humanized antibody directed against the HER2 tyrosine receptor kinase,
as a therapeutic agent in this disease. The current standard therapy with
gemcitabine-based combinations has not led to further improvements in survival and
several studies have evaluated the potential therapeutic benefit of anti-HER2 drugs
in these tumors. A number of preclinical studies and pilot studies in humans have
shown the effectiveness of Trastuzumab in HER2 overexpressing pancreatic
adenocarcinoma (Isacoff et al., 2001; Buchler et al., 2005; Kimura et al., 2006), but
recent studies with trastuzumab combined with capecitabine in metastatic pancreatic
cancer patients showed that progression-free survival and overall survival rates did
not perform favorably compared with standard chemotherapy, suggesting that
further evaluation of anti-HER2 treatment in patients with metastatic pancreatic
cancer should not be recommended (Harder et al., 2012).

Differences in both the incidence of expression and its prognostic significance
are very likely explained by different methodologies, including assessment of HER-2
status, method used and definition of HER-2 positivity by different scores. Thus, the
literature in the field is extremely difficult to compare, and significant conclusions are

hard to draw from the aggregate data. Until now, few studies have correlated HER-2
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overexpression with prognosis and survival in pancreatic cancer (Dugan et al., 1997,
Stoecklein et al., 2004; Saxby et al., 2005; Tsiambas et al., 2006; Saima et al. 2008;
Komoto et al., 2009) and none of them have found higher expression associated with
better outcome. These results should encourage further investigation of HER-2
amplification using FISH or SISH methods, as well as genomic analysis, in order to
better clarify HER-2 role as a prognostic factor in both early and advanced pancreatic

ductal adenocarcinoma.
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6 CONSIDERACOES FINAIS

A hiperexpressao do HER-2/neu é uma das alteracGes genéticas mais
precoces na tumorigénese do pancreas, ocorrendo a partir das neoplasias
intraepitelias pancreéticas grau 1A (NIPan 1A) (Hruban et al., 2000). Porém
h&a uma grande variacdo na superexpressdo de HER-2 em adenocarcinomas
de pancreas, com indices de positividade entre 0 a 82% (Saxby et al., 2005).
No presente estudo, dentre os 112 casos, a hiperexpresséo foi observada em
5 casos (4.5%) pela classificagao do HercepTest™ e em 9 (8.0%) com base
no ToGA Trial. Ao estudar uma populacdo ndo selecionada de pacientes com
cancer avancado de pancreas, descobriu-se que diferentes padrdes de
positividade para HER-2 estdo associados com o prognostico desta
neoplasia, com casos apresentando hiperexpressao correlacionando-se com
melhor progndstico. A variagdo substancial nas porcentagens de positividade
entre os estudos pode ser atribuida a diferencas na realizacdo da técnica de
imuno-histoquimica, no anticorpo utilizado, bem como diferencas raciais dos

pacientes.

Neste estudo, o anticorpo monoclonal de rato Her-2/neu (c-erbB-2,
clone CB-11, Cell Marque®) foi utilizado para a realizacdo da imuno-
histoquimica e os escores do HercepTest™ e do ToGA Trial foram utilizados
para determinar a superexpressao de HER-2. O HER-2 & conhecido como um

receptor transmembrana, assim somente padrdo de membrana deve ser
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considerado como HER-2 positivo, ou seja, superexpresso, conforme descrito
no HercepTest™ e no ToGA Trial. Em nossa série, a maioria dos tumores

pancreaticos apresentou intensidade variavel na expressao da proteina.

Poucos estudos avaliaram o impacto da hiperexpressao do HER-2 na
sobrevida dos pacientes com ADP, e estes resultados tém conclusdes
inconsistentes. Yamanaka et al. (1993) evidenciou positividade de membrana
e citoplasmética para HER-2 em 45% dos 76 pacientes com céancer de
pancreas que foram submetidos a cirurgia, entretanto ndo houve relato de
quantas cirurgias curativas foram realizadas. A hiperexpressdo protéica
ocorreu mais frequentemente em adenocarcinoma bem ou moderadamente
diferenciados (graus 1 ou 2). Eles examinaram o tempo de sobrevida em uma
parcela de pacientes (53 casos); 0os com superexpressdo de HER-2
apresentaram menor sobrevida (10.8 + 1.5 meses) em relacdo aos que néo
mostraram hiperexpressao (12.4 + 0.8 meses), mas esta diferenca entre os
grupos néo foi estatisticamente significante. Koka et al. (2002) investigou por
imuno-histoquimica o status do HER-2 em 308 ADP e encontrou somente 48
tumores (16%) com superexpressao. Os resultados de sobrevida foram
contrarios aos previamente descritos, com tempo médio de 11 meses no
grupo com HER-2 positivo e sete meses no grupo HER-2 negativo. No
estudo, o numero de pacientes submetidos a cirurgia ndo esta claro e os
detalhes de outros tratamentos, como quimio e radioterapia ndo foram
descritos. Devido a variabilidade de resultados nos estudos anteriormente
realizados e a auséncia de critérios especificos para avaliacdo imuno-

histoquimica de HER-2 em adenocarcinoma de pancreas, a presente analise
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foi a primeira a focar-se na comparacao entre dois métodos ja validados para
tal avaliacdo, que sao HercepTest™ e ToGA Trial, para mama e estdmago,
respectivamente, fazendo uma correlacdo com parametros clinico-patologicos

e sobrevida dos pacientes.

A presente andlise corrobora os achados de Koka et al. para os dois
meétodos de avaliacdo (HercepTest™ e ToGa Trial). Uma possivel explicacao
para este resultado diferente do esperado seria 0 pequeno tamanho amostral
ou 0 numero limitado de casos positivos. Também n&o houve correlagéo entre
a superexpressdo de HER-2 e o tamanho, localizacdo e diferenciacao

tumoral, nem com o estagio TNM.

Embora a IHQ seja um procedimento acessivel na prética laboratorial
para quantificacdo dos niveis de expressdo protéica do HER-2, a
interpretacdo dos resultados é o fator mais critico deste processo. A andlise
imuno-histoquimica € frequentemente influenciada por questfes técnicas,
como diferencas metodoldgicas (protocolos de IHQ) e fixacdo do material que
afeta a qualidade dos epitopos antigénicos nos tecidos emblocados em
parafina. A selecdo de anticorpos especificos e os critérios de positividade
também parecem ser importantes parametros para a avaliacdo acurada da
expressao protéica. Além disto, técnicas moleculares, como FISH e SISH,
foram desenvolvidas para correlacionar os niveis de expressdo protéica com

o status do gene HER-2 (normal ou amplificado).

Como ja mencionado, a andlise da superexpressdao do HER-2 no
presente trabalho foi baseada em dois parametros distintos. Seguindo tanto
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os critérios do HercepTest™, que utiliza o padrao de positividade de
membrana citoplasmatica como completo ou incompleto, homogéneo ou
heterogéneo, ou as recomendacdes do ToGA Trial que define como positivo
um padrdo de membrana citoplasmatica distinto e regular, completo,
basolateral ou lateral, pode ter ocorrido sub ou superestimacdo na avaliacao
de casos limitrofes. Esta observacdo reflete a habilidade limitada em

discriminar estas situaces baseando-se apenas na microscopia optica.

Mesmo com um custo relativamente baixo e um conceito objetivo, 0s
resultados imuno-histoquimicos podem ser divergentes, principalmente
devido a sensibilidade e especificidade varidveis nos anticorpos
comercialmente disponiveis, diferengcas no processamento da amostra
tecidual, auséncia de um padrdo universal e pela subjetividade na analise. A
avaliacdo conjunta do status do gene com a superexpressao protéica produz
informagcbes mais valiosas do que a quantificacdo da hiperexpressao
isoladamente. Recentemente, o SISH tem chamado a atencg&o, por ser um
método automatizado, rapido e capaz de avaliar a amplificacdo/delecao de
genes, aneuploidia ou translocagdes cromossomicas simultaneamente com a
morfologia tecidual, na mesma lamina e utilizando microscopia éptica, o que é

muito interessante para a rotina laboratorial em patologia cirurgica.

Assim, este estudo conclui que, embora progressos técnicos e
bioguimicos tenham sido alcangados com a técnica de IHQ, a interpretagcédo

dos resultados € subjetiva. Considerando o ADP, a identificacdo da

amplificagdo génica combinada com a forte expressdo protéica pode
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proporcionar uma melhor maneira de selecionar os pacientes que poderiam
responder as terapias com anticorpos monoclonais. A analise das laminas
através de programas de computador também representa um método
moderno caracterizado por um aumento na acuracia e na seguranca da
interpretacdo da expressao da proteina HER-2 em tumores sélidos, como

canceres de mama, estbmago e pancreas.
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