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RESUMO

Foi realizada uma analise quantitativa sistematica da literatura para
verificar a acuracia do biomarcador ProEx C em pacientes com ASC-US, ASC-
H e SIL. Metodologia: A pesquisa foi realizada no MEDLINE (PubMed e
OVID), EMBASE, LILACS, IBECS, BIOSIS, Web of Science, SCOPUS, desde
1966 até Novembro de 2011. Esta revisdo esteve centrada em estudos que
cumpriram as trés condi¢cbes para a selegcédo do estudo, que incluem teste de
Papanicolaou, teste de triagem ProEx C e histopatologia como o teste de
referéncia. Resultados: Cinco estudos, incluindo 713 mulheres, foram
analisados. Das biopsias positivas, 83% (355/429) foram positivas para ProEx
C, enquanto 14% (41/284) das bi6psias negativas foram positivas para ProEx
C. A sensibilidade combinada foi de 83% (95% IC, 79-87) e especificidade foi
de 85% (95% IC, 80-89) usando o soaftware Meta-Disc. Para lesdo cervical vs
bidpsia positiva ou negativa, a area sob a curva (AUC) foi de 0,90 com valor do
ponto Q * de 0,84. Conclusado: nossos dados concordam com a hipo6tese de
gue ProEx C representa um evento precoce na carcinogénese cervical e que
poderiam estar associados com a iniciacao e progresséo de lesbes cervicais e,
se expressados nos exames estudados podem revelar maior acuracia

diagnodstica destes exames.

Palavras-chave: neoplasia intra-epitelial cervical, citologia e patologia, meta-

analis, revisdo sistematica, ProEx C, anticorpo monoclonal, imunohistoquimica.
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ABSTRACT

Undertook a quantitative systematic review of the literature to ascertain
the accuracy of the biomarker ProEx C in patients with ASC-US, ASC-H and
SIL. Methods: A comprehensive search of the MEDLINE (PubMed and OVID
interface), EMBASE, LILACS, IBECS, BIOSIS, Web of Science, SCOPUS,
index from 1966 to November 2011. This review focused on studies that fulfill
the three mandatory conditions for study selection that include Pap Test, triage
testing ProEx C and histopathology like the reference test. Results: Five
studies, including 713 women, were analyzed. 83% (355/429) of positive biopsy
were positive for ProEx C activity, while 14% (41/284) of the negative biopsy
were positive for ProEx C activity. Pooled sensitivity was 83% (95% IC, 79 to
87) and specificity was 85% (95% IC, 80-89) using software Meta-Disc. For
cervical lesion vs positive or negative biopsy, the area under the curve (AUC)
was 0.90 with Q* point value of 0.84. Conclusion: our data agree with the
hypothesis that ProEx C represents an early event in cervical carcinogenesis
that could be associated with the initiation and progression of cervical lesions
and is expressed in the studied tests may reveal greater diagnostic accuracy of

these tests.

Keywords: cervical intraepithelial neoplasia, cytology and pathology, meta-
analysis, systematic review, ProEx C, monoclonal antibody

immunohistochemistry.
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APRESENTACAO

Este trabalho consiste na dissertacdo de mestrado apresentada ao
Programa de Pds-Graduacdo em Medicina: Ciéncias Médicas da Universidade
Federal do Rio Grande do Sul em 2012, sendo um estudo de revisédo
sistematica com enfoque diagnéstico do biomarcador ProEx C para o
diagnostico de Lesbes Intra-Epiteliais no Colo do utero.

A revisao de literatura foi dividida em trés partes: (1) revisao sistematica,
(2) reviséo sistematica com enfoque diagndstico; (3) biomarcador ProEx C. Os
resultados sdo apresentados na forma de artigo, analisando, através de uma
metanalise, a acuracia diagnostica do biomarcador ProEx C . As consideracdes

finais discutem os principais achados do artigo.

Documentos de apoio estdo apresentados na forma de Anexos,
incluindo o Protocolo encaminhado para a Cochrane, cujo titulo ja foi aprovado
pela revista e esta na fase de analise final para a publicacdo do protocolo
(Anexo A).
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INTRODUCAO

O cancer cervical representa um problema de saude publica, tendo em
vista que € o segundo tipo de cancer mais comum em mulheres no mundo
(CURRIN et al.,2009; GARCIA -PINERIS et al., 2009). No Brasil, em 2010,
estimou-se 18.430 mil novos casos de cancer do colo do utero a cada 100 mil
mulheres (BRASIL, 2009).

A infeccdo pelo Papilomavirus Humano (HPV) ocorre freqientemente
entre individuos jovens e sexualmente ativos e, acredita-se que cerca de 75 a
80% da populacao sera infectada durante alguma fase de sua vida ( NADAL et
al., 2006 WEAVER et al., 2006; WILEY et al., 2006, COX et al., 2006).

A maioria das lesfes esta relacionada com quatro tipos de HPVs: 6 e 0
11 sdo responsaveis pelas lesbes de baixo grau e 90% das verrugas
anogenitais, e os tipos 16 e 18 provocam 70% das Neoplasias Intraepiteliais
Cervicais (NIC) de alto grau e o cancer cervical invasivo ( NADAL et al., 2006;
WILEY et al., 2006; FERRIS et al., 2006 ).

Atualmente, sabe-se que a infec¢do pelo HPV é necessaria, porém nao
suficiente para o desenvolvimento do cancer cervical, pois o risco consiste no
fato de a infeccdo, com um tipo de HPV oncogénico, persistir, aliado a alguns
co-fatores (SOUZA et al., 2008). Dentre alguns fatores que contribuem na
evolucdo da neoplasia cervical temos a paridade, uso de contraceptivos orais,
tabagismo, imunossupressdo e deficiéncias nutricionais (ROSA et al., 2009).
Existem ainda alguns fatores que contribuem para a progressao da infeccao
pelo HPV, que estdo ligados ao processo de aquisicdo do HPV, que n&o sdo
considerados co-fatores, como por exemplo a idade da sexarca, numero de
parceiros sexuais e histéria de doenca sexualmente transmissivel (DST)
(ROSA et al., 2009).

Um biomarcador € um marcador molecular biolégico que serve como
indicador de processos biolégicos normais ou patogénicos, além disso, ajuda a
avaliar a resposta farmacoldgica a uma intervencéo terapéutica (LARI et al.,
2011; BUHMEIDA et. al., 2011). Nas neoplasias os biomarcadores podem ser

usados para ajudar no diagnostico da doenga, deteccdo do estadiamento,
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monitoramento da resposta a terapia e previsao de progndstico do paciente
(LARI et. al., 2011; KELLY et. al., 2006).

Em lesBes cervicais pré- cancerosas, a principal preocupacdo € de
prever o progresso da lesdo (GUPTA et. al., 2010). Os biomarcadores
permitem o monitoramento de eventos moleculares essenciais em amostras
histoldgicas ou citoldgicas e sao susceptiveis de melhorar a detec¢céo de lesdes
que tém um alto risco de progressao em ambas as configuracdes de rastreio
primério e de triagem (GUPTA et. al., 2010).

Um biomarcador que estd sendo estudado € o TriPath Imaging,
Burlington, NC (ProEx C), que tem um valor preditivo positivo mais elevado em
comparacdo com pl6 , e consiste em um coquetel imunocitoquimico de um
anticorpo contra a topoisomerase Il-a (TOP2A) e dois anticorpos contra a
proteina manutencdo minichromosome 2 (MCM2) (SIDDIQUI et. al., 2008 ;
GUPTA et. al., 2010; BECCATI et. al., 2008).

A citologia pode proporcionar uma excelente sensibilidade para a
deteccdo de lesdo intra-epitelial escamosa de alto grau (HSIL) e alguns casos
de lesdo intra-epitelial escamosa de baixo grau (LSIL). No entanto, resultados
falso-negativos dos testes de Papanicolaou tém sido relatados em até 30% dos
casos. Digene Captura Hibrida HPV teste (Digene Corp, Gaithersburg, MD) que
oferece uma alta sensibilidade para a deteccdo de HPV no diagndstico de
leséo intra epitelial escamosa (SIL), mas a taxa de falso-positivo chega a 27%
(SHI et. al., 2007). Além disso, a bidpsia do colo do utero € frequientemente
realizada de forma mais precisa, e classifica a lesdo escamosa e 0 carcinoma
invasivo (SHI et. al., 2007). Infelizmente, os critérios histopatoldgicos ndo séo
totalmente confidveis para diagnosticar e classificar SILs por causa da
presenca de condicdes que podem sugerir, como atipia reativa, atrofia e
metaplasia escamosa imatura (SHI et. al., 2007).

No entanto, Proex-C pode ser usado como uma alternativa aos testes
HPV, porque a sensibilidade para a deteccdo de neoplasia intra-epitelial
cervical NIC Il usando ProEx C pode chegar a 99% em alguns estudos
(OBERG et. al.,, 2010). Como um marcador também permitiria identificar as
células que sofreram transformacédo neoplasica e ndo simplesmente os efeitos

citopéticos da presenca viral (KELLY et. al., 2006).
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Pretende-se, com esse estudo, fazer uma revisdo sistematica da
acuracia (sensibilidade e especificidade) de biomarcador ProEx C em mulheres
com diagnéstico de ASC-US, LSIL, HSIL em exame de Papanicolau ou
citologia em base liquida com colposcopia anormal, que tinha

concomitantemente bidpsia cervical.
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REVISAO DA LITERATURA

1.1 Papilomavirus Humano (HPV)

1.1.1 Epidemiologia

O cancer cervical representa um problema de saude publica, tendo em
vista que € o segundo tipo de cancer mais comum em mulheres no mundo
(CURRIN et al.,2009; GARCIA-PINERIS et al., 2009). Apesar de existirem
estratégias eficazes para sua prevencdo, aproximadamente 371.200 novos
casos de cancer do colo do utero séo registrados a cada ano em todo mundo
(RAMA et al., 2008).

As maiores incidéncias de cancer de colo do utero ocorrem na América
Central (44,44/100.000), em algumas partes da Asia (43,40/100.000) e no sul
da Africa (40,44/100.000) (RAMA et al., 2008). A América Latina apresenta
uma alta incidéncia, variando de 31,79/100.000 mulheres no norte e
27,69/100.000 mulheres no sul do continente (RAMA et al., 2008). No Brasil,
em 2010, estimou-se 18.430 mil novos casos de cancer do colo do utero a
cada 100 mil mulheres (BRASIL, 2009).

A infeccdo pelo HPV ocorre freqientemente entre individuos jovens e
sexualmente ativos e, acredita-se que cerca de 75 a 80% da populacéo sera
infectada durante alguma fase de sua vida, sendo que metade dos novos casos
acontece nos trés primeiros anos de atividade sexual ( NADAL et al., 2006
WEAVER et al., 2006; WILEY et al., 2006, COX et al., 2006).

O HPV apresenta dois picos de prevaléncia, sendo um mais elevado em
mulheres jovens, o qual apresenta queda gradual com a idade, e outro entre a
guarta e quinta décadas (NADAL et al., 2006; FRANCO et al. , 2001; FRANCO
et al., 2005; BOSCH et al.,, 2002). Estudos mostram que o segundo pico
representa a perda da imunidade original contra o virus ao qual esteve exposta
em idade mais jovem (NADAL et al., 2006; FRANCO et al. , 2005; FRANCO et
al.,, 2001; BOSCH et al.,, 2002). A grande maioria das infeccbes cede
espontaneamente, a ponto de ndo ser detectada nem com os métodos mais
sensiveis (NADAL et al., 2006; FRANCO et al. , 2005; FRANCO et al., 2001;
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BOSCH et al., 2002). No entanto, a preocupacdo da-se com as infeccdes
persistentes, determinadas pelos HPV oncogénicos, que aumentam o risco da
neoplasia intraepitelial e do cancer (NADAL et al., 2006; FRANCO et al. , 2005;
FRANCO et al., 2001; BOSCH et al., 2002).

A maioria das lesbes esta relacionada com quatro tipos de HPVs: 6 e 0
11 que sao responsaveis pelas LSIL e 90% das verrugas anogenitais, e 0s
tipos 16 e 18 que provocam 70% das HSIL e o cancer cervical invasivo (
NADAL et al., 2006; WILEY et al., 2006; FERRIS et al., 2006 ).

1.1.2 Patogenia da infeccéo pelo Papilomavirus Humano (HPV)

O virus do HPV apresenta um tropismo celular, devido a receptores
especificos, cuja replicacdo é limitada a células de tecidos em diferenciacéo
(ROSA et al.,2009). Sendo assim, acredita-se que a infeccao pelo virus do HPV
inicia-se nas células basais ou parabasais do epitélio cervical metaplasico, na
juncdo escamo-colunar entre o epitélio colunar da endocérvice e o epitélio
escamoso da ectocérvice, e 0 virus penetra via mucosa lesada, apds ganhar
acesso via corte ou abrasdo da mucosa ou, a algum trauma decorrente do
intercurso sexual (BURD et. al., 2003; PEREIRA et al.,2007; ROSA et al.,2009;
MOODY et al.,2009). O virus pode se replicar nas camadas proliferativas e
expressar suas proteinas, no entanto, a sintese de proteinas do capsideo e a
montagem de particulas virais, s6 tém lugar nas células mais indiferenciadas
(ROSA et al.,2009).

Nas lesdes benignas, o genoma vial do HPV encontra-se separado do
acido desoxirribonucléico (DNA) celular, surgindo como um plasmidio extra-
cromossOmico (corpo epissomal) (ROSA et al.,2009; KAUFMAN et al., 2000;
BURD et al.,, 2003). Nas lesbes malignas, o DNA viral se integra aos
cromossomos do hospedeiro, e para que iSSo ocorra é necessario que haja
uma quebra no genoma viral, ocorrendo na maioria das vezes nas regides E1 e
E2 do virus (ROSA et al.,2009; JEON et al., 1995). A integracdo do DNA viral
acarreta em alteracdo na regulacdo da expressdao dos oncogenes virais E7 e
E6, que podem exercer seus efeitos, interferindo nas proteinas que regulam o

crescimento celular, causando uma proliferacdo descontrolada, e, sendo assim,
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aumentando o risco de progressao das lesdes intra-epiteliais cervicais (BEHAR
et al.,2008; KADAJA et al.,2009).

Para a producdo de virions infectantes, estes devem replicar seu
genoma e empacota-lo em particulas (DOORBAR et. al., 2005). Esse processo
ocorre nas células das camadas média ou superficial do epitélio, apés aumento
na atividade do promotor tardio (DOORBAR et. al., 2005). A etapa de
replicac@o ocorre em células em proliferacéo e requer a expressao de E4 e E5,
cujas funcdes na replicacado néo estdo bem definidas (DOORBAR et. al., 2005).
A ligacdo de E2 a regiao regulatéria do DNA viral é necesséria para que ocorra
a replicacéo viral e recrutamento da proteina E1, que atua como uma helicase,
na origem da replicacdo (DOORBAR et. al., 2005). Assim, ocorre a replicacao
do DNA viral nas camadas basais e parabasais, seguida da montagem do
capsideo viral nas camadas mais superiores do epitélio (DOORBAR et. al.,
2005).

Para a sintese viral ser concluida, o virus do HPV codifica as duas
proteinas estruturais, L1 e L2, as quais sao expressas nas camadas superiores
do epitélio (DOORBAR et. al., 2005). Assim, sdo formadas particulas virais que
séo liberadas somente quando as células infectadas alcancam a superficie do
epitélio, uma vez que o HPV néo possui ciclo litico (DOORBAR et. al., 2005). A

Figura 1 ilustra os principais estagios do ciclo celular do HPV.
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Figura 1: Etapas do ciclo celular do HPV. Fonte: MUNOZ et al, 2006.

A ativacdo e inativacdo de varias ciclinas-quinases dependentes, sé&o
responsaveis pela regulacdo do ciclo celular, sendo varios os pontos de
controle ao longo do ciclo para checar a existéncia de algum dano celular que
possa comprometer a sintese de DNA (BEHAR et al.,2008). Sendo assim, a
célula pode ser levada a apoptose (morte celular programada) ou mantida no
ciclo celular (BEHAR et al.,2008)

A proteina E6 se liga a proteina supressora de tumor p53, formando o
complexo com a proteina E6 associated protein ligase (E6-AP), estimulando a
degradacdo proteolitica da p53 pelo caminho ubiquitina-dependente,
diminuindo os niveis de p53 nas células infectadas fazendo com que as células
destes tumores falhem na parada do ciclo celular em G1, seguindo-se entdo o
dano no DNA celular (PEREIRA et al.,2007; ROSA et al.,2009). A E6 inibe a
apoptose, através de uma interacdo até a degradacdo da proteina Bak, uma
proteina pro-apoptoética expressa em altos niveis nas camadas superiores do
epitélio diferenciado (PEREIRA et al.,2007; ROSA et al.,2009). Sugere-se
também que a proteina E6 contribua para a imortalizacdo das células, por
induzir a atividade da telomerase, ativando o promotor da telomerase
transcriptase reversa sendo um importante fator no desenvolvimento do cancer
cervical (PEREIRA et al.,2007; ROSA et al.,2009).
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A proteina E7 € uma pequena fosfoproteina nuclear, que tem meia-vida
curta e é rapidamente degradada por um mecanismo envolvendo a conjugacgao
de ubiquitina no dominio amino terminal (PEREIRA et al.,2007; ROSA et
al.,2009). E constituida por trés regides conservadas (CR1, CR2 e CR3), e
encontra-se no citoplasma, apesar de exercer sua atividade biolégica no nucleo
(PEREIRA et al.,2007; ROSA et al.,2009). A participacdo da proteina E7 na
oncogénese induzida por HPV é devido a sua capacidade de ligar-se a proteina
do retinoblastoma (pRb) , que normalmente previne a célula da entrada no ciclo
celular e regula a transicdo G1/S (PEREIRA et al.,2007; ROSA et al.,2009). A
ligacdo ocorre preferencialmente a pRb hipofosforilada, ativando fatores de
transcricao E2F, induzindo a transcrigdo de genes importantes no controle da
divisdo celular por promover a progressédo do ciclo celular, atuando nas fases
Gl e S, resultando em proliferagdo celular anormal (PEREIRA et al.,2007;
ROSA et al.,2009).

A proteina p53 atua no ciclo celular nos pontos de controle G1/S e G2/M,
levando a uma parada nesses pontos e permitindo o reparo de possiveis danos
no DNA. A parada no ciclo celular em G1, ap0s a ativacdo da p53, envolve a
transcricdo do gene codificante da proteina p21/ WAF inibidora de quinases
dependentes de ciclinas (CDKs) (ROSA et al.,2009). A Figura 2 ilustra a

Patogenia da infeccéo pelo HPV.
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Figura 2: Patogenia da infeccdo pelo HPV. Fonte: BURD et al.,2003.



22

A historia natural do cancer cervical € um processo continuo e gradual
progredindo de LSIL para lesbes mais severas como HSIL e finalmente para
doenca invasiva (BURD et. al., 2003). Alguns autores sugerem que as lesdes
LSIL e HSIL possam ser processos distintos, com LSIL indicando uma infeccao
auto-limitada e HSIL como precursor do cancer cervical (BURD et. al., 2003). O
risco de progressdo da displasia leve para moderada é de 1% ao ano,
engquanto que de moderada para severa é de 16% em 2 anos e 25% em 5 anos
(BURD et. al., 2003). Evidentemente que a identificagéo e o tratamento do HPV
nos estagios iniciais bloqueiam o processo evolutivo (BURD et. al., 2003).

1.1.3 Estrutura Viral

Atualmente, segundo a International Comitte on Taxonomy of Virus
(ICTV), o HPV esta classificado na familia Papillomaviridae (antiga
Papovaviridae), género papovavirus ( ROSA et al., 2009). Os HPVs séo virus
de DNA né&o envelopados, com cerca de 55nm de didmetro, compostos por
uma dupla hélice de DNA circular, com aproximadamente 7,9 Kb (WANG et al.,
2009; PYEON et al., 2009).

O genoma do HPV é dividido em regifes: uma regido longa de controle
(LCR) e as regibes precoce (E) e tardia (L) (PEREIRA et al.,2007). A LCR, &
também conhecida como regido nao codante (NCR), e esta situada entre o fim
de L1 e o comeco de E6 (Figura 3). E* a regido reguladora que contém a
origem de replicacdo e a maioria dos promotores de transcricdo, sendo que a
perda desse mecanismo intracelular de inspecéo, contribui na progressao para
a malignidade, correlacionando-se com a abundante expressao génica viral
(PEREIRA et al.,2007, ROSA et al.,2009). A regido E compreende cerca de
45% do genoma viral e, codifica proteinas envolvidas na conservacdo do
genoma, replicacdo do DNA e ativagdo do ciclo litico, subdivide-se em E1, E2,
E4, E5, E6 e E7 (PEREIRA et al.,,2007, ROSA et al.,2009). A regidao L
representa aproximadamente 40% do genoma, e codifica as proteinas do
capsideo (L1 e L2), responsaveis pelas etapas finais da replicacdo do virus,
como a sintese de proteinas estruturais do capsidio (PEREIRA et al.,2007,

ROSA et al.,2009). A funcdo dessas proteinas estdo resumidas na Tabela 1.
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L2

L1

Figura 3: Representacdo esquematica do genoma do HPV. Fonte: Mundz et. al. 2006.

Tabela 1: Funcdes dos genes do papiloma virus humano

Gens Fungiio

El Atividade de DNA helicase, ligagho de ATP DNA dependente, atividade de ATPaze. Papel na replica¢#o = na
repressio da replicagSo.
E2 Regulador da transcrigBo & replicatlo viral, controle da regilo de expresslo precoce (Early], necesséria para

replicagdo viral efidente junto com E7.
E32 Sem funigho conhecida {presente apenas em uma minoria de papiloma virus).

EL Expreszo primariamente em epitélic em diferenciaglio, associado ao citoesqueleto de gueratina de células

epitelisis em cultura. Papel na liberagho de wirus.

ES Atividade de transformaglo em HPV1E in vitro. Possivelmente estimula o inicio da proliferagBo celular in v,

mas pode ter um papel na iniciaglio da carcinogénese.

ES Papel no processo de transformaglo junto com E7. Propriedades de ativaglo transcripcional. ES dos HFV: de alto
rizco inativa p52 através de degradagBo répida através da via da ubiguitina.™ Junto com E7 propicia um

ambiente celular para a replicagio viral.

E7 Induz sintese de DNA em células em repouso. £7 se liga & forma hipo-fosforilada da proteina do retinoblastoma
(oAb), resultando em sua inativagdo funcional permitinda progress8o funcional para & faze 5 do cido celular.
Protelna £7 dos tipos de baixo risco HPV: 6 & 11 se liga menos eficientements do gue & proteina £7 dos tipo de
alto risco HPV: 16 = 1B.

] Sem funglo conhecida {presente apenas em uma minoria dos papilomas wiras).
LT Proteina maior do capsidio (expreszBo tardia, Late).
L2 Proteina menor do capsidic.

Fonte: Rivoire et. al., 2006
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1.1.4 Classificagdo do Papilomavirus Humano

O HPV é o agente etiolégico central para o desenvolvimento do cancer
cervical, sendo encontrado em 99,7% dos casos desse tipo de cancer
(CURRIN et al ., 2009; FREITAS et al.,2007). A transmissdo do HPV ocorre por
contato direto dos Orgdos genitais durante a pratica sexual, relagbes anais, que
podem resultar em infecc¢des virais e neoplasias anais, e ocasionalmente pelo
contato oral (ROSA et al.,2009).

Atualmente, sdo conhecidos mais de 230 tipos de HPV com base na
sequéncia do DNA viral, destes 118 gendtipos estdo bem caracterizados de
acordo com o0 nicho bioldgico, potencial oncogénico e posicéo filogenética ,
sendo que 40 destes infectam o trato anogenital (Figura 4) (HAWS et al.,
2004;VILLIERS et al., 2004) . Em lesdes benignas, o DNA do HPV replica-se
na forma epissomal, ou seja, de forma nado integrada ao genoma da célula
hospedeira, e esses HPVs com baixo risco de malignidade incluem os tipos
HPV-6, -11, -40, -42, -43, -44, -54, -61, -70, -72, -81. No céancer cervical , o
genoma do HPV esta integrado ao DNA da célula, tento um alto risco de
malignidade, incluindo os tipos HPV- 16, -18, -31, -33, -35, -39, -45, -51, -52,-
56-58-59-68-73-82 (PEREIRA et al ., 2007; FENG et al.,2009; MUNOZ et al.,
2003).



Figura 4: Arvore filogenética mostrando os tipos de HPV identificados até 2004
Fonte: de VILLIERS et al., 2004.
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De acordo com a homologia na sequéncia de DNA e a associagdo com
as lesbes clinicas, os HPVs podem ser agrupados inicialmente em tipos

cutdneos e mucosos (GROSS et al,1999). Os HPVs anogenitais s&o

classificados no género Alphapapillomavirus, o qual € primariamente

mucosotrépico, embora contenha alguns tipos cutadneos; os virus desse grupo
compartilham certas caracteristicas comuns (CHAN et al.,1995; VILLIERS et

l., 2004, THOMISSON et al.,2008). Os tipos mucosotropicos infectam mucosas
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e sdo classificados em alto e baixo risco de acordo com sua relacdo com
lesdes proliferativas benignas ou malignas (MCMURRAY et al.,2001; OLIVEIRA
et al.,2008; SCHEURER et al.,2005; STOLER et al., 2003). A classificacédo
epidemioldgica e filogenética dos HPVs anogenitais estdo resumidas na Tabela
2.

Tabela 2: Classificacao epidemiolégica e filogenética dos HPVs anogenitais

HEY . HPY HFY ‘
HPY s HFY : HFY
SPECIES . RISK SPECIES pyorone  RISK SPECIES TveE PISK
(siphs)  GENOTVPE phy) GENOTYPE ipha)  CENOTYPE
= s
HFY 52 High HPY & Les [ Hpvsr  Unidetesmined
\ T 1
HFY 67 Lindegermined HFV 11 Lnw 4 « HMYVIa  Undetermined
HFY 33 High .
) . !F PR, HPV 13 Low HPFY 37 Undelermined
0 HFY 58 High HPY 4 Underermined
HFY 16 High HFY 44 i [ HPY Tl Undetermined
HIFY 31 High HPY 55 Underermined 15 1 HFY W Undetenmined
HPY 38 High N L
e I
. : o i HI'Y &l Laoww
1 { HIFY 34 Lndtenmnmad HFV I Undetermined v T i
. N HPFYT  Underermined !
HPY 73 Probably high 8 < — Lom HPY 62 Undetermined
. HI'Y &1 Liw
¢ - : HFV 43 Lo
{ IIP'-I £ ||1!'T1 . 3 { HPVE}  Undetermined
HPV 15 High ) HEV §9 -
HPY 45 High | HPY 32 Undeermied HPFY 84 Undetermimned
r 1 1 i) ]
- { 1PV 70 Lo | HPV 4z Lo HPVEE  Undetermined
HPY 3% High \ HFY 87 Undetermaned
HFY &8 Prabably high 13 _{ HPY 54 |
L HPYES  Undesermined ’ ’ " [HPV2  Undetermined
. HFY 3 Lndetenmined
¥ 5 B ke
HIFY 16 Probably high 1 HPY I Undetermined
T I i b v T
. HFY 69 Undetermined HFY M Undetermined
HFY 51 High L HPY 7T Undetermined
HFY 82 Prabably high
HIFY 30 Lnletermined
6 HPFY 53 Probably high
HIPY 56 High

L HPY b6 Probably high

Fonte: MUNOZ et al, 2006.



27

1.1.5 Fatores de Risco

Atualmente, sabe-se que a infec¢do pelo HPV é necessaria, porém nao
suficiente para o desenvolvimento do cancer cervical, pois 0 risco consiste no
fato de a infeccao, com um tipo de HPV oncogénico persistir, aliado a alguns
co-fatores (SOUZA et al., 2008). Dentre alguns fatores que contribuem na
evolucdo da neoplasia cervical temos a paridade, uso de contraceptivos orais,
tabagismo, imunossupressao e deficiéncias nutricionais (HILDESHEIM et al.,
2002). Existem ainda alguns fatores que contribuem para a progressdo da
infeccédo pelo HPV, que estdo ligados ao processo de aquisicdo do HPV, que
nado sdo considerados co-fatores, como por exemplo a idade da sexarca,
namero de parceiros sexuais e histéria de doenca sexualmente transmissivel
(DST) (BASEMAN et al., 2005).

1.1.5.1 Uso de anticoncepcional oral

Diferente de outras neoplasias malignas ginecolégicas de alta
prevaléncia, o cancer cervical tradicionalmente ndo tem sido considerado como
hormonio-dependente (PINTO et al., 2002). Entretanto, horménios esterdides
na forma de contraceptivos comumente administrados durante a fase
reprodutiva parecem aumentar a atividade transformadora dos oncogenes do
HPV e interferir na resolucéo eficiente de lesdes causadas pelo virus na cérvice
de mulheres jovens (PINTO et al., 2002).

A contracep¢do hormonal por menos de cinco anos parece nao
aumentar o risco (SMITH et al.,, 2003). Alguns estudos epidemiologicos
apontam que o uso de contraceptivos orais por longo periodo (maior que 5-6
anos) esta associado ao desenvolvimento do céncer cervical, em mulheres
infectadas pelo HPV, sendo 2,8 vezes maior a chance de desenvolver cancer
naquelas que fazer contracepg¢ao hormonal por 5 a 9 anos (SMITH et al., 2003;
VILLIERS et.al, 2003) . Esse risco aumenta quando a exposi¢cdo ao ACO é
relatada pelo periodo de mais de dez anos, passando a ser quatro vezes maior
(SMITH et al.,, 2003). No entanto, o uso de progesterona (acetato de

medroxiprogesterona depo) trimestral parece ndo aumentar o risco de cancer
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de colo, e ndo existem muitos estudos relatando a acdo dos anticoncepcionais
injetavel mesais (WHO, 1993; SMITH et al., 2003).

O mecanismo responsavel pela acdo dos horménios na carcinogénese
do cancer cervical ainda ndo esta bem elucidado, acredita-se que os hormonios
promoveriam a integracdo do DNA do HPV no genoma do hospedeiro com
desregulacéo da expressao das proteinas E6 e E7 (MITRANI-ROSENBAUM et
al., 1989; ARBEIT et al., 1996). Estudos experimentais in vivo demonstram que
existe sinergismo entre longo tempo de exposicdo ao estrogénio e
carcinogénese cervical pelo HPV16 (MITRANI-ROSENBAUM et al., 1989;
ARBEIT et al., 1996; ROSA et al., 2009).

1.1.5.2 Paridade

Durante muito tempo acreditou-se que a multiparidade pudesse
aumentar o risco de cancer cervical, no entanto, tal associacdo confundia-se
com o comportamento sexual (ROSA et al., 2009).

No estudo de Stival et al., relatam que o fator de risco para o
desenvolvimento do cancer cervical dobra nas mulheres que tiveram quatro
filhos ou mais, quando comparado com o risco das que tiveram um ou nenhum.
O estudo realizado por Medeiros et al., relata que quando primeiro parto da-se
antes dos 20 anos, h4 uma maior probabilidade do desenvolvimento de
cancer.Ja no estudo de Castle et al. ndo foi encontrada associacdo, o que
poderia ser explicado pela baixa paridade da populacéo estudada, e no estudo
de Deacon et al., encontrou-se associagao limitrofe.

O que poderia explicar a associacdo entre paridade e neoplasia cervical
€ 0 estados nutricional, os traumatismos e mecanismos imunoldgicos, além da
das trocas hormonais induzidas pela gestacdo poderiam estar relacionadas a
persisténcia ou a progressao do HPV (ROSA et al., 2009).

1.1.5.3 Tabagismo
Exposicdo, idade de inicio, periodo e frequéncia de consumo de

cigarros, sao fatores que parecem influenciar na incidéncia de NIC e cancer
cervical (HAEVERKOS et al.,, 2000; KJELLBERG et al.,, 2000, PINTO et al.,
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2002). Os dois mecanismos principais pelo qual o habito de fumar contribui
para a oncogénese cervical incluem a exposi¢cdo direta do DNA de células
epiteliais cervicais a nicotina e a cotidina, e a produtos metabdlicos de reacdes
com hidrocarbonetos policiclicos aromaticos e aminas aromaticas, outros
componentes da fumaca do cigarro (HELLBERG et al., 1988; SIMONS et al.,
1993, PINTO et al., 2002).

Um segundo mecanismo que pode explicar a carcinogénese relacionada
ao tabaco é a imunosupressao (PINTO et al., 2002). Alteracdes verificadas no
sistema imune periférico de pacientes fumantes incluem a elevacdo do niamero
de células sanglineas, o aumento do numero de linfécitos T
citotéxicos/supressores, a diminuicdo do numero de linfocitos T indutores/
auxiliares, discreta supressdao da atividade de linfocitos T, significativo
decréscimo da atividade de linfocitos natural killer, e baixos niveis sangiineos
de imunoglobulinas, exceto pela IgE, a qual € elevada. Uma diminuigdo do
namero de células de Langerhans na cervix de mulheres fumantes tem sido
observada por muitos autores (JOHNSON et al., 1990; POPPE et al., 1996;
PINTO et al., 2002).

No estudo de ROTELI-MARTINS et al. (1998), o fumo e a detec¢édo do
DNA do HPV estavam significantemente associados a NIC 2 e 3, com uma
incidéncia de 6,6 vezes maior em mulheres fumantes quando comparadas com

nao fumantes.

1.1.5.4 Imunossupressao

A infeccéo pelo HPV incidente e persistente ocorre mais freqientemente
em mulheres HIV positivas, comparadas com as HIV negativas. Sabe-se que o
virus suprime gradualmente a imunidade do individuo ao eliminar as células
com o receptor T CD4+, responsaveis pela resposta imunologica humoral e
celular (CAMPOS et al., 2005 ; SOUZA et al.,, 2001; DE SANJOSE et al.,
2002).

Estudos tém associado a persisténcia do HPV a contagem de linfocitos T
CD4+. No estudo de Ahdieh et al., a persisténcia do HPV foi 1,9 vezes maior
nas mulheres com a contagem de células CD4+ abaixo de 200 células/mma3,

comparadas com as gue apresentavam contagem de células CD4+ maior que
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500 células/mm3 (AHDIEH et al., 2000; AHDIEH et al., 2001).Em outro estudo,
envolvendo mulheres HIV positivas e HIV negativas, a incidéncia do clearance
do HPV foi 0,29 e 0,10, respectivamente naquelas com contagem de células
CD4+ acima de 200 células/mm3 e nas que apresentaram contagem de células
CD4+ menor que 200 células/mm3 (AHDIEH et al.,, 2000; AHDIEH et al.,
2001).

A maior prevaléncia do HPV no colo uterino em pacientes soropositivas
para o HIV e a imunossupressao decorrente desta infeccdo aumentam o risco
de desenvolvimento de NIC, recomendando-se estrito controle citolégico,
colposcopico e o uso de terapias ablativas, quando diagnosticadas as lesdes
intra-epiteliais (CAMPOS et al., 2005 ; SOUZA et al., 2001; DE SANJOSE et
al.,, 2002; NAPPI et al. , 2005; CHEN et al., 2005 ). Além disso, o controle
imunologico dessas pacientes € citado como um aliado na prevencao destas
neoplasias, jA que se acredita que exista associacdo entre a contagem de
linfécitos T CD4+, a carga viral do HIV e a persisténcia do HPV (STRICKLER et
al., 2005; MELO et al., 2003).

1.1.5.5 Deficiéncias nutricionais

Pesquisas indicam que alguns nutrientes antioxidantes, como as
vitaminas A, E e C, podem inibir a formacao de radicais livres e a evolucao de
lesbes malignas no epitélio do colo uterino, atuando como moduladores da
resposta imune frente a presenca e/ou a persisténcia da infeccdo por
HPV(MARSHALL et al., 2003; GIULIANO et al., 2000; PALAN et al.,, 2003). No
entanto, a relacdo entre os fatores nutricionais e o desenvolvimento de
neoplasia do colo do utero é complexa, em razdo dos multiplos fatores
etiolégicos e inumeros fatores de riscos envolvidos na génese e no
desenvolvimento desse tumor (DOLL et al., 1999).

Estudos de revisdo com carotendides (betacaroteno encontrado na
cenoura, folhas verde escuras, vegetais de cor amarela e laranja; e o licopeno
encontrado no tomate, melancia, mamao e goiaba), vitamina C (encontrada nas
frutas citricas principalmente) e a vitamina E (tocoferdis encontrados nos 6leos
vegetais) demonstraram que esses podem ser agentes de protecao

principalmente nos estagios iniciais da carcinogénese cervical, protegendo
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contra a persisténcia e a progressdo subsequente de infecgcbes por HPV
(GIULIANO et al., 2000; BLOCK et al., 2000). No entanto, alguns estudos
encontraram associacdo inversa entre [(-caroteno e risco de lesbes
intraepiteliais e cancer invasivo (PALAN et al., 1996; POTISCHMAN et al.,
1991; BATIEHA et al., 1993).

A alimentacao equilibrada tem papel importante na prevencdo do cancer
do colo do Utero, porém sdo necessarios maiores estudos, preferencialmente
prospectivos e com periodos de seguimento maiores do que um ano, afim de
avaliar a influéncia de nutrientes antioxidantes na persisténcia do HPV, para
propor recomendacdes nutricionais especificas na prevencdo desta patologia.
(CERUTTI, et al., 1991).

1.2 Biomarcadores

Um biomarcador € um marcador molecular biolégico que serve como
indicador de processos biolégicos normais ou patogénicos, além disso, ajuda a
avaliar a respostas farmacoldgicas a uma intervencao terapéutica (LARI et al.,
2011; BUHMEIDA et. al., 2011). Nas neoplasias os biomarcadores podem ser
usados para ajudar no diagnostico da doenca, deteccdo do estadiamento,
monitoramento da resposta a terapia e previsao de progndstico do paciente
(LARI et. al., 2011; KELLY et. al., 2006). Um biomarcador pode ser de DNA,
acido Ribobucléico (RNA), ou um marcador de proteina medido diretamente
nos tecidos, soro ou outros fluidos corporais (LARI et. al., 2011).

Em lesbes cervicais pré- cancerosas, a principal preocupacdo € de
prever o progresso da lesdo (GUPTA et. al., 2010). Os avancos recentes nas
tecnologias genbmicas e proteOmicas juntamente com 0S avangos nas
ferramentas de bioinformatica mostram uma variedade de novos
biomarcadores de céncer que sao sensiveis e especificos, com impacto no
diagnéstico e uma melhor gestéao do paciente (GUPTA et. al., 2010).

Recentes estudos de expressdo génica de perfis identificaram um
conjunto de candidatos a marcadores moleculares que estdo associadas a
HSIL (KELLY et. al., 2006). Um biomarcador que esta sendo estudado é o
TriPath Imaging, Burlington, NC (ProEx C), que tem um valor preditivo positivo

mais elevado em comparacdo com pl6 , e consiste em um coquetel
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imunocitoquimico de um anticorpo contra a topoisomerase llI-a (TOP2A) e dois
anticorpos contra a proteina manutengdo minichromosome 2 (MCM2)
(SIDDIQUI et. al., 2008 ; GUPTA et. al., 2010; BECCATI et. al., 2008).

Essas moléculas estdo associadas com a matriz extracelular e estéo
envolvidas na replicacao e proliferacao celular (KELLY et. al., 2006). A indugéo
da proliferacéo celular (fase S) em células com HSIL é iniciada, em parte, pela
atividade das proteinas E6 e E7 do HPV (KELLY et. al., 2006). Foi estabelecido
que o HPV E7 se liga a retinoblastoma (Rb) e desloca o ativador transcricional,
E2F, de seu complexo, induzindo a transcricdo de proteinas aberrantes, como
MCM2 e TOP2A que séo responsaveis pela sintese de DNA e proliferacédo
celular (KELLY et. al., 2006). TOP2A é uma enzima nuclear de DNA, e o
aumento de sua expressdo esta relacionado com HPV de alto risco e é
associada significativamente com a progressao de NIC | para NICIlI (BECCATI
et. al., 2008).

MCM2 é um membro da familia MCM de proteinas, que sdo necessarios
em um estagio inicial da replicacdo do DNA para montar origens de replicacéo
e para a progressao de replicagdo como uma helicase replicativa (BECCATI et.
al., 2008). A evidéncia atual sugere que MCM2, MCM6, MCM7 e TOP2a, m-
RNAs sdo aumentados no carcinoma cervical de células escamosas e
adenocarcinoma do colo do utero, e que as respectivas proteinas codificadas
também apresentam um aumento na sua expressdo em displasia cervical e
carcinoma (BECCATI et. al., 2008).

Os biomarcadores permitem o monitoramento de eventos moleculares
essenciais em amostras histolégicas ou citolégicas e sdo susceptiveis de
melhorar a deteccéo de lesbes que tém um alto risco de progressdo em ambas
as configuracdes de rastreio primario e de triagem (GUPTA et. al., 2010). NIC é
um processo dindmico e o epitélio pode apresentar resultados diferentes ao
longo do tempo e as lesdes podem progredir, manter ou regredir (GUPTA et.
al., 2010). Um patologista, ao realizar a interpretacdo de uma bidpsia do colo
do utero observa ao microscopico caracteristicas da representacdo da
morfologia estatica e fornece pouca informacdo dos processos dinamicos
subjacentes da doenca (GUPTA et. al., 2010). Isto enfatiza a necessidade de
meétodos adjuvantes para interpretar a impressao real da morfolégia de uma

lesédo NIC em termos dindmicos (GUPTA et. al., 2010). Tais métodos adjuvante
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também sdo importantes para uma melhor distincdo de NIC de lesGes nao
neoplasicas (GUPTA et. al., 2010).

A citologia pode proporcionar uma excelente sensibilidade para a
deteccdo de HSIL e alguns LSIL, porém com altas taxas de resultados falso-
negativos, assim como a captura hibrida para a identificacdo dos tipos de HPVs
que apresenta alta sensibilidade, mas taxa de falso-positivo que pode chegar a
27% (SHI et. al., 2007).

No entanto, Proex-C pode ser usado como uma alternativa aos testes de
HPV, porque a sensibilidade para a deteccdo de neoplasia intra-epitelial
cervical NIC Il usando ProEx C pode chegar a 99% em alguns estudos
(OBERG et. al., 2010).

1.3 Métodos de Diagndstico

1.3.1 Exame Citopatoldgico

O exame citopatolégico consiste na avaliacdo de alteracdes celulares
encontradas na zona de transformacdo da cérvice. No procedimento, células
sdo raspadas do colo do utero, com o auxilio de uma espatula, espatula de
Ayre, e uma escova citologica. Em seguida o matrial é distendido sobre uma
lamina, fixado em etanol 95% , corado pelo médoto de Papanicolaou e
examinado sob um microscopio. A terminologia usada é a proposta pelo
National Cancer Institute, que € a terminologia de Bethesda 2001 (PIAS et. al.,
2009; STIVAL et. al., 2005).

Um fator limitante da citologia convencional s&o as amostras
insatisfatorias (cerca de 10%), resultados falso-negativos, além disso, existe
uma grande variabilidade de interpretacdo dos resultados entre diferentes
citologistas (SHI et. al., 2007; SIDDIQUI et. al., 2008). A literatura aponta como
sendo as principais causas de resultados falsos negativos, a colheita do
material, erro no escrutinio do esfregaco ou na interpretacdo dos achados
citologicos (PIAS et. al., 2009).

A citologia em base liquida é um método introduzido a fim de reduzir os

nameros de resultados falso-negativos. Nesse método, as amostras sdo
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coletadas utilizando um meio liquido de transporte para preservar a arquitetura
das células, ao invés de confeccionar imediatamente os esfregacos na hora da
coleta (SHI et. al., 2007; SIDDIQUI et. al., 2008).

O exame de Papanicolaou é a ferramenta mais eficaz de triagem para o
cancer, e depois da introducdo do exame a incidéncia de cancer do colo do
Gtero diminuiu drasticamente em todo o mundo (SHI et. al., 2007; SHROYER
et. al., 2006). No entanto, a pratica da citopatologia cervical tem especificidade
limitada, como em anormalidade citol6gica de baixo grau (SHROYER et. al.,
2006). Exames de Papanicolau recorrentes contribuem significativamente para
um bom sucedido programa de rastreio, no entanto, mesmo com O
cumprimento perfeito, o sistema tem suas limitagdes por causa da variacédo
interpretativa, morfologicas e subjetividade, sendo colposcopia / biopsia
cervical ainda uma abordagem de diagndstico necessarios para estabelecer um
diagnéstico de LSIL ou HSIL (SHI et. al., 2007; SIDDIQUI et. al., 2008).

1.3.2 Exame Colposcopico

Os achados colposcépicos contribuem para o diagndstico da infeccéo
por HPV e das lesBes epiteliais associadas. A colposcopia é um exame de
imagem realizado com um aparelho, conhecido como colposcopio, o qual
permite a visualizagcdo do colo uterino com um aumento de dez a quarenta
vezes (PIAS et. al., 2009; STIVAL et. al., 2005). No primeiro momento, o colo
uterino é focalizado sem aplicacdo de qualquer solugcdo, para que assim seja
possivel avaliar anormalidades como as colora¢cdes anormais, laceracdes e
tumoracdes (PIAS et. al., 2009). A seguir, é aplicada solu¢des de acido acético
a 3% e solucéo de Schiller, a fim de tornar as areas de lesdes mais evidentes e
permitir a selecdo onde sera realizada a bidpsia (PIAS et. al., 2009).

Mediante a colposcopia, pode-se reconhecer, delimitar e diagnosticar os
diferentes aspectos normais e anormais da ectocérvice e vagina. A
classificacdo utilizada €é a terminologia colposcopica da Federacéo
Internacional de Patologia Cervical e Colposcopica (IFCPC, 1990) a qual divide
os achados colposcopicos em normal, anormal, suspeito para cancer invasor e
achado insatisfatorio (PIAS et. al., 2009; STIVAL et. al., 2005).
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1.3.3 Exame Histopatoldgico

O céancer do colo uterino é precedido por uma série de modificagbes do
epitélio original, que constituem as lesdes pré-cancerosas. Histologicamente
ocorre uma desorganizacdo da arquitetura do epitélio escamoso (diminui¢cdo ou
auséncia de maturacgédo celular e de estratificacdo do epitélio), atipias nucleares
(aumento de tamanho nuclear com aumento da relagdo nucleo/citoplasmatica,
hipercromasia e anisocariose), e figuras de mitose anormais (KURMAN &
SOLOMON et. al., 1997).

O diagnéstico histopatologico é realizado com amostras retiradas da
leséo e, esta baseado em critérios morfologicos da arquitetura tecidual, sendo
considerada uma técnica padrédo ouro do diagnéstico morfoldgico (PIAS et. al.,
2009). Esse exame é realizado em amostras retiradas de uma area suspeita de
presenca de lesdo (PIAS et. al.,, 2009). Para esse exame, € utlizada a
classificacdo de Richart, que se dividem em neoplasia intra-epiteliais cervicais
[, 1l e Ill conforme o grau da lesdo, carcinoma e adenocarcinoma“in situ” (PIAS
et. al., 2009).

A histopatologia é o método de escolha para a gestdo de mulheres com
HPV para confirmar o diagnostico de uma SIL, que é geralmente detectada
pela primeira vez pelo rastreio citologico (WALTS et. al., 2009; PINTO et. al.,
2008). A relacéo entre a infeccao persistente com HPV de alto risco e o cancer
cervical resultou no desenvolvimento de sistemas para a detec¢cdo de HPV, tais
como a hibridizacao in situ (ISH) e reacdo em cadeia da polimerase (PCR), que
podem indicar a presenca de HPV, mas ndo fornece avaliacdo do grau de
displasia e nédo pode prever progressdo de lesdes intra-epiteliais e,
possivelmente, o cancer cervical (WALTS et. al., 2009; ZEGELS et. al., 2010;
BOULET et. al., 2009). Dada a alta prevaléncia de infeccbes transitorias, a
deteccdo viral tem um valor preditivo positivo pobre, tornando-se uma forma
incompleta de identificar mulheres em risco (BOULET et. al., 2009). Além disso,
estes testes sao trabalho intensivo e realizado apenas em laboratérios
especializados (WALTS et. al., 2009).
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1.3.4 Exame Imuno-Histoquimico

A imuno-histoquimica surgiu com as pesquisas em imunopatologia que
comecaram na década de 1940, mas somente a partir de 1974, quando foi
possivel demonstrar alguns antigenos tissulares pela técnica de
imunoperoxidase em tecidos fixados em formalina e incluidos em parafina,
que a imuno-histoquimica foi aceita como um método simples e pratico na
rotina diagnostica de patologia cirargica (BODEY et. al., 2002; LEONG et. al.,
1987; ROSA et. al., 1996; SWANSON et. al., 1997; WERNER et. al., 2005).

O desenvolvimento de anticorpos monoclonais, que propiciaram uma
enorme fonte de reagentes altamente especificos para a demonstracdo de
varios antigenos tissulares ou celulares, e o advento da recuperacao antigénica
foram fatos marcantes na evolucdo da imuno-histoquimica (BODEY et. al.,
2002; WERNER et. al., 2005; SALLES et. al.,, 2009). Houve tal avanco na
contribuicdo e na aplicacdo da imuno-histoquimica na patologia cirdrgica que o
fendmeno passou a ser conhecido como a revolucdo marrom do laboratorio de
histopatologia (LEONG et. al., 1987; WERNER et. al., 2005).
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OBJETIVOS

Objetivos primarios

Determinar a acuracia (sensibilidade e especificidade) de biomarcador
ProEx C em mulheres com diagndstico de ASC-US, LSIL, HSIL em exame de
Papanicolau ou citologia em base liquida com colposcopia anormal, que tinha

concomitantes bidpsia cervical.

Objetivos secundarios

Realizar uma revisdo sistematica de estudos com enfoque diagndstico

para avaliar a atividade do biomarcados ProEx C em lesdes cervicais.
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ABSTRACT

A quantitative systematic review of the literature was performed to
ascertain the accuracy of the biomarker ProEx C in patients with ASC-US, ASC-
H and SIL. Studies that compared diagnostic of ASC-US, ASC-H, LSIL or HSIL
in Pap Test, triage testing ProEx C and histopathology like the reference test
were included. Five studies, including 713 women, were analyzed. 83%
(355/429) of positive biopsy were positive for ProEx C activity, while 14%
(41/284) of the negative biopsy were positive for ProEx C activity. Pooled
sensitivity was 83% (95% IC, 79 to 87) and specificity was 85% (95%, 80 to 89)
using software Meta-Disc. For cervical lesion vs positive or negative biopsy, the
area under the curve (AUC) was 0.90 with Q* point value of 0.84. In conclusion,
our data agree with the hypothesis that ProEx C represents an early event in
cervical carcinogenesis that could be associated with the initiation and
progression of cervical lesions and is expressed in the studies tests may revel

greater diagnostic accuracy of these tests.

Keywords: cervical intraepithelial neoplasia, cytology and pathology, meta-
analysis, systematic review, ProEx C, monoclonal antibody
immunohistochemistry.
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RESUMO

Uma revisdo sistematica da literatura foi realizada para verificar a
precisdo do biomarcador ProEx C em pacientes com ASC-US, ASC-H e SIL.
Estudos que compararam diagnéstico de ASC-US, ASC-H, LSIL ou HSIL no
Teste de Papanicolaou, teste de triagem ProEx C tendo histopatologia como o
teste de referéncia foram incluidos. Cinco estudos, incluindo 713 mulheres,
foram analisados. 83% (355/429) das biopsias positivas foram positivas para
ProEx C, enquanto 14% (41/284) das bidpsias negativas foram positivas para
ProEx C. O somatdrio dos estudos para o calculo de sensibilidade foi de 83%
(95% IC, 79-87) e a especificidade foi de 85% (95%, 80 a 89) usando software
Meta-Disc. Para leséo cervical vs biopsia positiva ou negativa, a area sob a
curva (AUC) foi de 0,90 com valor do ponto Q * de 0,84. Em conclus&o, nossos
dados concordam com a hip6tese de que o ProEx C representa um evento
precoce na carcinogénese cervical e que poderiam estar associados com a
iniciacdo e progressao de lesdes cervicais e, se expressados nos exames

estudados podem revelar maior acuracia diagndéstica destes exames..

Palavras-chave: neoplasia intra-epitelial cervical, citologia e patologia, meta-

analis, revisdo sistematica, ProEx C, anticorpo monoclonal, imunohistoquimica.
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INTRODUCTION

Cervical cancer is the second most common type of cancer in women
worldwide ®. Human Papillomavirus (HPV) is the leading cause of cervical
cancer and studies indicate that HPV DNA can be detected in 99.7% of women
with histologically confirmed cervical cancer @2,

Although HPV infections are among the most common sexually
transmitted diseases, only a small subset of HPV infections will cause this type
of cancer ®. Most cases of HPV infection regress spontaneously. In a minority
of cases, the infection persists and may progress to a pre malignant or
malignant lesion of the cervical mucosa. The persistence of infection with
certain subtypes (mainly 16 and 18) of HPV is associated with the development
of cervical cancer 9,

Recent gene expression profiling studies have identified a set of
candidate molecular markers that are associated with high-grade squamous
intraepithelial lesions (HSIL) ©®. One such biomarker under review is ProEx C
(Tripath Imaging, Burlington, NC), a nuclear stain comprised of monoclonal
antibodies for minichromosome maintenance (MCM) and topoisomerase I
alpha (TOP2A), two proteins associated with S-phase induction of the cell cycle
A7 Overexpression of both of these proteins can be observed in cells with
human papillomavirus (HPV) infection due to the inactivation of the
retinoblastoma protein by the E7 gene of HPV ). Therefore, we undertook a
guantitative systematic review of the literature to ascertain the accuracy of the
biomarker ProEx C in patients with atypical squamous cells of undetermined
significance (ASC-US), atypical squamous cells cannot exclude HSIL ( ASC-H)

and squamous intraepithelial lesions (SIL).
METHODS
Identification of studies

A comprehensive search of the MEDLINE (PubMed and OVID interface),
EMBASE, LILACS, IBECS, BIOSIS, Web of Science, SCOPUS, index from
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1966 to November 2011. The medical subjects heading (MeSH) and text words
for the terms “cervical neoplasm” and “ProEx C” were combined with the MeSH
term diagnosis (“sensitivity and specificity”). The search was limited to human
studies but had no language restrictions. In addition, the Cochrane Library was
searched. References lists of all available primary studies were reviewed to
identify additional relevant citations. The authors who published the studies

were not contacted.

Selection criteria

This review focused on studies that fulfill the three mandatory conditions
for study selection that include Pap Test, triage testing ProEx C and
histopathology like the reference test. Results of the diagnostic test of interest
were compared with the results of a reference standard in all studies.

The outcome measure was accuracy of the biomarker ProEx C in
patients with ASC-US, ASC-H and SIL. The studies were reviewed
independently by three investigators (A.A.P.W, G.L.T, and M.LE). Final
inclusion and exclusion criteria were defined with reference to a selection
criteria checklist. Disagreements on study inclusion or exclusion were initially
solved by consensus, and when this was not possible, they were solved by
arbitration by a forth review (M.E). The agreement statistics among reviewers

were computed.

Quality assessment

All articles meeting the eligibility criteria were assessed for their
methodological quality. Relevant features included the methods of data
collection and patient selection, description of the ProEx C, description of the
histological reference standard, and presence of verification bias ® 9. The
quality assessment results for the included studies are summarized in the
“Scoring of Study Quality” column of Table 1 9. Quality was assessed with the
Diagnostic Accuracy studies tool recommend by the Cochrane Collaboration
(QUADAS) b,
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Data abstraction

Three investigators (A.A.P.W, M.LE, and G.L.T) independently
abstracted data regarding the prevalence of cervical lesion. The assessment of
English-language articles was performed by 2 reviewers (A.A.P.W, G.L.T) while
assessment of those articles published in language other than English were
performed independently by 2 other reviewers (A.A.P.W, M.LE) following
translation (when necessary). Any disagreement was resolved by consensus for
English and non-English studies. Data were abstracted as 2 X 2 tables
regarding the presence of ProEx C acitivity (positive vs negative) and the

histologic diagnosis (positive vs negative).

Data synthesis and statistical analysis

To evaluate agreement between study eligibility and methodological
guality assessment as well as agreement between ProEx C and paraffin section
analyses the observed percentage agreement and the «k coefficient for inter-
rate reliability were calculated 2 *®. For each study, 2 x 2 contingency tables
were constructed, in which all biopsies were classified as positive or negative
for cervical smear abnormalities. The true-positive (TPR; sensitivity) and the
false-positive rates (FPR; 1-specificity) and likelihood (LH) were calculated.
When 2 X 2 tables had O cells with the value O, it was excluded from the
analysis ™. Bivariate analysis was used to calculate pooled estimates of
sensitivity, specificity, and likelihood ratios (LRs) along with 95% confidence
intervals (Cls) for the summary estimates “* . The bivalent movel preserves
the 2-dimensional nature of diagnostic data by analyzing the logit transformed
sensitivity and specificity of each study in a single model, and takes into
account both within-study and between-study variability, in contrast to the
Littenberg and Moses method that departs from fixed effects model 629,

The association between sensitivity and specificity for positive or
negative for cervical smear abnormalities was calculated with the Spearman’s
correlation coefficient test ** 2% 22 \When there was no correlation, pooling
sensitivities and specificities were calculated, since there were two categories of
results (negative or positive test) ®Y. LH can be estimated from the summary

estimates of sensitivity and specificity by using LH positive= sensitivity/1 —
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specificity, and LH negative = 1 — sensitivity/specificity 7 2> 2% 2. 20 | Y4

indicate how much a given ProEx C activity finding increases or decreases the
probability of final diagnosis of cervical cancer (*® 2% %) The prevalence was
calculated according to the following equation: TP + FN/number total cervical
lesions extracted from contingency tables 8 224 |n addition, the pooled post-
test probability estimates (post-test odds/1 + post-test odds) were calculated by
multiplying the pre-test odds ( prevalence/l- prevalence) by the pooled LH
resulting in post-test Odds. In the case of correlation, a summary receiver
operating characteristic curve (SROC) was generated using data from all
thresholds, using the Littenberg and Moses method (& 2% 2226,

Also, the area under the curve (AUC) can summarize the inherent
capacity of a test for discriminating a diseased from a non-diseased subject.
Perfect tests usually have AUCs close to 1 and poor tests usually have AUCs

close to 0.5 (182122

. The SROC is an excellent graphical summary, but for
comparison purposes we calculated a further statistic — Q" *®. Q* is the point on
the SROC where sensitivity and specificity are equal, like the area under the
ROC curve, the Q* point indicates how closely a test approaches the desirable
performance of 100% sensibility and specificity. The higher the Q* value, the
better the diagnostic test performance. Sensitivity analysis were performed to
assess excluding studies with a high risk of verification bia according to
QUADASs. The statistical analysis was performed with the software Meta-DiSc®

(version Beta 1.1.1) @7
RESULTS

The process of study is summarized in Figure 1. Our initial search
identified 92 potentially relevant articles. We excluded 53 published after
reviewing their titles and abstracts, because the three independent reviewers
considered that they did not relate to the question under review. Thirty-nine
full-text articles were retrieved studies; 34 were excluded after further scrutiny.
A complete list of excluded studies is available from the authors. Five studies,

including 713 women, met the criteria for inclusion and were analyzed.
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Studies description

Details of the participants are summarized in Table 1.The mean age of
participants was reported from one study “®. All studies were non-blinded,
cross-sectional and retrospective, with a small population, but included
sufficient experimental details, proper diagnostic test and diagnostic reference
standards.

Quality assessment

The results of quality assessment are present in Table 2. The evaluated
items of QUADAS were as follows: representative spectrum, acceptable
reference standard, acceptable delay between tests, partial verification avoided,
differential verification avoided and incorporation of results were made by
blinded investigators. Only one study performed well, receiving a positive
assessment of at least 8 of 11 items ©®

methodological quality by QUADAS was 93% (K=0.84), indicating a good

. Our interrater reliability for assessing

agreement. All disagreements were resolved by consensus.

Diagnostic performance of ProEx-C

Interrater overall agreement between ProEx C activity and the diagnosis
in paraffin-embedded was 84% (K = 0, 68), indicating a good agreement.
Sperman’s correlation coefficient test was -0, 3, with p= 0, 55. Pooled sensitivity
was 83% (95% IC, 79 to 87) and specificity was 85% (95% IC, 80 to 89) using

® (33)

Meta-Disc . Figure 2 and Figure 3 showed respectively sensitivity and

specificity for each study using RevMan 5.0.21 ( The Nortic Cochrane Center,

Copenhagen, Denmark) (3334 |

83% (355/429) of positive biopsy were positive
for ProEx C activity, while 14% (41/284) of the negative biopsy were positive for
ProEx C activity.

To calculate the pooled post-test probability we used pooled positive and
negative LH (with the respective 95% CI) and the proportion of cervical lesion
(Table 3). For cervical lesion vs. positive or negative biopsy, the pre-test
probabilily of positive biopsy for a positive result for ProEx C activity increased

from 60% to 90% (95% CI = 0,64 -1,16) and decreased to 23% (95% CI= 0,13-
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0,33) for negative result. Table 4 shows the contingency tables (false negative,
false positive, true positive and true negative) from each study considered.
Figure 4 shows the resulting summary ROC curves with operating points for
sensitivity and specificity on the curve (Q* = 0.84, and AUC = 0.90).

DISCUSSION

In summary, this meta-analysis suggests that ProEx C could be used to
improve the diagnostic accuracy of cervical cytology in liquid-based cervical
specimens. The sensitivity for detecting atypical squamous cells of
undetermined significance or more in cytology with the biomark ProEx C was
83% and specificity was 85%. In 83% (355/429) of positive biopsy were positive
for ProEx C activity, while 14% (41/284) of the negative biopsy were positive for
ProEx C activity.

It is important to note that a possible limitation of this systematic review is
a potential bias in that all trials were retrospective and that there was a lack of
blinding in their assessment. There were a small number of trials included and
the low quality of some of the trials (nonconsecutive, insufficient population
details) ®> 3®. On the other hand, this meta-analysis complied with the criteria
for performing a rigorous systematic review planned a priori ‘& 2% 22 These
included the use of study quality assessment ©®® and investigation of
homogeneity with fixed and random models to test the robustness of the results
(14.15.16) 'SROC curves were constructed with calculated the AUC *8 2122,

The Pap test is the most effective screening tool for cancer that has ever
been devised, and after the introduction of Papanicolaou cervical smear
screening, the incidence of cervical cancer has dramatically decreased ©" 39,
However, cervical cytopathology has limited specificity for an underlying
clinically significant lesion in case of low-grade cytologic abnormalities, and
more than 3 million women each year will receive an equivocal Pap test result
(29 38 This depending on the clinical practice may require HPV testing,
colposcopy, or a cervical biopy to exclude the presence of high-grade dysplasia
oe squamous cell carcinoma. Histopathological examination is the method of
choice to confirm the diagnosis of a squamous intraepithelial lesion (SIL) that is

usually first detected by cytological screening ©° “9). Histopathologic criteria are



60

not completely reliable or reproducible in diagnosing and classifying SIL
because of the presence of certain pitfalls or mimicking conditions, such as
reactive atypia, atrophy, immature squamous metaplasia, small sample size,

(739 In view of this background, additional

and tangential sectioning
molecular markers need to be studied to explore their utility in detecting high-
grade cervical disease.

We suggest that blinded prospective studies should be performed to
investigate the diagnostic accuracy of biomark ProEx C, in view that biomarks
may represent a useful ancillary test to assist in the interpretation of

cytologically challenging cases.
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TABLES

Table 1. Participant characteristics and scoring criteria in studies included

Study, Year Mean age Period of n Scoring of study
(range) Study quality
Small population, verification complete,
nonblinded, consecutive, retrospective,
Beccati 40(19-67) Not 53 test detais sufficient, reference test details
etal.,*® 2008 reported sufficient, population details insufficient
Small population, verification complete,
nonblinded, consecutive, retrospective,
Siddiqui Range Not 200 test detais sufficient, reference test details
etal., @ 18-87 reported sufficient, population details insufficient
2007 years
Small population, verification complete,
nonblinded, consecutive, retrospective,
Siddiqui Not 2006- 200 test detais sufficient, reference test details
etal.,® 2008 reported 2007 sufficient, population details insufficient
Small population, verification complete,
nonblinded, consecutive, retrospective,
Siddiqui Not 2005- 100 test detais sufficient, reference test details
etal.,®? reported 2007 sufficient, population details insufficient
2008
Small population, verification complete,
nonblinded, consecutive, retrospective,
Kelly Not 2004 160 test detais sufficient, reference test details
etal., ®2006 reported sufficient, population details insufficient
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Table 2: Results of the evaluation of each study according to QUADAS ©2.

Study, year  1° 22 3 42 5% 6% I 8* 9® 10* 11°

Beccati et al., + + + + + + 2 2 + + 2
2008 9P
Kelly et al., + + + + + + ? ? + - -
2006 @9
Siddiqui et al., + + + + + + ? ? + - -
2008 %
Siddiqui et al., + + + + + + ? ? + - -
2007 '®
Siddiqui et al., + + + + + + ? ? + - -
2008 ?Y

(+) = no bias; (-) = potential bias; (?) = bias unclear.

41 = representative spectrum; 2 = Acceptable reference standard; 3 = Acceptable
delay between test; 4 = Partial verification avoided; 5 = Differential verification avoided;
6 = Incorporation avoided; 7 = Reference standard results blinded; 8 = Index test
results blinded; 9 = relevant clinical information; 10 = Uninterpretable results reported;
11 = Withdrawals explained.

® Study received positive assessment in at least eight of 11 quality items.



69

Table 3: Summary of positive likelihood ratios (random effects model) ¢

Positive Likelihood Ratio Negative Likelihood Ratios

Study, year (95% IC) (95% CI)
Beccati et al., 2008 9 0.97 (0.6-1.4) 1.1 (0.08-17.0)
Kelly et al., 2006 “° 2.7 (1.8-4.1) 0.4 (0.3-0.6)
Siddiqui et al., 2008 2 4.6 (1.3-15.9) 0.09 (0.04-0.2)
Siddiqui et al., 2007 *¥ 12.2 (6.0-25.0) 0.04 (0.02-0.1)
Siddiqui et al., 2008 @V 9.4 (4.6-19.4) 0.2 (0.2-0.3)
Total 4.1 (01.1-14.8) 0.1 (0.08-0.4)

Values to the calculated post-test probability: Pre-test probability = prevalence = 60%,
Pre-test Odds = 1/(1-prevalence), Post-test Odds = LH* x pre-test Odds, Post-test
probability = Post-test Odds/ (1+ Post-test Odds).
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Table 4. ProEx C according to diagnosis in Biopsy Results in Women with

Atypical Squamous Cells of Undetermined Significance or more in Cytology

ProEx C

Study, year Biopsy positive Biopsy negative

TP FN FP TN
Egccati et al., 2008 43 7 3 0
Siddiqui et al., 2008 83 7 2 8
ZSSi)ddiqui etal., 2007 ¢ 105 5 7 83
gigjdiqui et al., 2008 81 29 7 83
Kelly et al., 2006 “* 43 26 22 69
TOTAL 355 74 41 243
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Table 5: Accuracy of the biomarker ProEx C in patients with ASC-US,

ASC-H and SIL vs positive or negative biopsy

Sensitivity Specificity
Study, year N (95% IC) (95% ClI)

53 86 (73-94) 0 (0-70)
Beccati et al., 2008 “®

160 66 (54-77) 75 (65-84)
Kelly et al., 2006 ©
Siddiqui et al., 2008 100 92 (84-96) 80 (44-97)

200 95 (89-98) 92 (84-96)
Siddiqui et al., 2007 3%

200 73 (64-81) 92 (84-96)
Siddiqui et al., 2008 9

713 83 (79-87) 85 (80-89)

Pooled
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Citations identified by PubMed/Embase search strategy
52

«—1 53 studies were excluded by title
and abstracts

39 relevant papers identified in PubMed/Embase risk of bias assessment

*— per study according to
items of the QUADAS

N 33 studies excluded

'{ i

L_UI,-"
Five primary studies included in Meta-
analysis

Figure 1: Study selection process
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Beccati et al 2008
Kelly et al. 2006
Siddiqui et al 2007
Siddiqui et al 200
Siddiqui et al 2008
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Sensitivity (95% CI)

0,86
0.67
0,95
0,92
0.74

(0,73 - 0,94)
(0,54 - 0,78)
(0,90 - 0,99)
(0,85 - 0,97)
(0,64 - 0,82)

Pooled Sensitivity = 0,84 (0,80 to 0,87)
Chi-square = 39,35; df = 4 (p = 0,0000)

Inconsistency (I-square) =

Beccati et al 2008
Kelly etal. 2006
Siddiqui et al 2007
Siddiqui et al 200
Siddiqui et al 2008

89,8 %

Specificity (95% CI)

0,00
0.76
0,92
0.80
0,92

(0,00 - 0,71)
(0,66 - 0,84)
(0,85 - 0,97)
(0,44 - 0,97)
(0,85 - 0,97)

Pooled Specificity = 0,86 (0,81 to 0,89)
Chi-square = 25,41; df = 4 (p = 0,0000)

Inconsistency (l-square) =

84,3 %
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CONCLUSOES E CONSIDERACOES FINAIS

O cancer de colo uterino se configura como um importante problema de
saude publica, principalmente em decorréncia da crescente exposicao a fatores
de risco e da modificacdo de habitos de vida da populacédo. Apesar de ser na
sua quase totalidade passivel de prevencédo, o cancer de colo de Utero continua
a ser uma relevante causa de morte como demonstrado no Brasil, bem como
em outros paises em desenvolvimento.

Nas neoplasias os biomarcadores podem ser usados para ajudar no
diagnostico da doenca, deteccdo do estadiamento, monitoramento da resposta
a terapia e previsdo de prognostico do paciente. Em nosso estudo, avaliamos a
acuracia do biomarcador ProEx C em lesdes cervicais e nossos dados
concordam com a hipétese de que o ProEx C representa um evento precoce na
carcinogénese cervical que poderiam estar associados com a iniciacdo e a
progressao de lesdes cervicais.

Observamos que em 83% das bidpsias positivas foram positivas para
ProEx C, enquanto 14% das biopsias negativas foram positivas para ProEx C.
O somatodrio dos estudos para o calculo de sensibilidade foi de 83% e a
especificidade foi de 85% . Para lesdo cervical vs biopsia positiva ou negativa,
a area sob a curva (AUC) foi de 0,90 com valor do ponto Q * de 0,84, a
probabilidade pds-teste positiva foi de 90%.

Esses resultados nos permitem afirmar que o biomarcador ProEx C
representa um evento precoce na carcinogénese cervical que poderiam estar
associados com a iniciacdo e a progressao de lesdes cervicais. Além disso, 0
ProEx C pode ser usado como uma ferramenta para ajudar a reduzir as taxas
de falso-negativos em amostras citologicas cervicais.

Sugerimos que novos estudos com observadores cegados, prospectivos
e de melhor qualidade metodologica devam ser realizados para investigar com
maior precisdo a acuracia do biomarcador ProEx C, tendo em vista que 0 uso
do biomarcador pode auxiliar na interpretacdo dos achados cervicais e no
diagnéstico das lesdes intraepiteliais pré-malignas do colo uterino.
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ANEXO A — Protocolo enviado a Cochrane

ProEx C as atest for improving the detection and management of cervical

smear abnormalities
Review number: R002

Authors
Andressa de Azambuja Pias Weber!, Maria | Edelweiss?, Lidia RF Medeiros®,

Guisella de Latorre*

'Post Graduate Program Medical Clinical, University Rio Grande do Sul
(UFRGS), Porto Alegre, Brazil

Pathology, Faculty of Medicine at Federal University of Rio Grande do Sul, Rio
Grande do Sul, Brazil

3Social Medicine/Epidemiology, Post-graduation Program in Medical Sciences,
Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil

“Post Graduate Program Medical Clinical, University Rio Grande do Sul
(UFRGS), Porto Alegre, Brazil

Background
Cervical cancer is the second most common type of cancer in women
worldwide(Gupta, 2010). The implementation of screening programs, like the
Papanicolaou (Pap) test have led to a marked reduction in the incidence and
mortality of invasive cervical cancer( Kelly, 2006).
Cervical cancer is mainly caused by an infection with a high risk type of human

papilloma virus (HPV) (Zegels, 2010). The lower female genital tract (vagina
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and ectocervix) is lined with a non keratinized stratified squamous epithelium
(Zegels, 2010). The infection of squamous or glandular epithelial cells with HPV
causes morphological alterations which lead to the formation of intra-epithelial
lesions (Zegels, 2010). The severity of this precancerous condition depends on
the extent, on the site it occurs, as well as, on the depth of the infected epithelial
layer (Zegels, 2010).

HPV is the leading cause of cervical cancer and studies indicate that HPV DNA
can be detected in 99.7% of women with histologically confirmed cervical
cancer, (Conesa-Zamora, 2010; Halloush, 2008). Although HPV infections are
among the most common sexually transmitted diseases, only a small subset of
HPV infections will cause this type of cancer (Conesa-Zamora, 2010). Most
cases of HPV infection regress spontaneously. In a minority of cases, the
infection persists and may progress to a pre malignant or malignant lesion of
the cervical mucosa. The persistence of infection with certain subtypes (mainly
16 and 18) of HPV are associated with the development of cervical cancer
(Shroyer, 2006 ; Ancuta 2009 ).

Over a hundred different HPV types have now been characterized based on
nucleotide sequence differences of the viral genome, including over 40 types
that have been found to infect the cervical mucosa (Shroyer, 2006).
Epidemiologic studies have divided HPV types into “low risk” including HPV 6,
11, 40, 42, 54, 55, 57, MM4, MM7, MM8, and MM9, and ‘“high risk”, including
HPV 16, 18, 26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, and 68, which
have been associated with a higher risk for malignant transformation (Shroyer,
2006).

The Pap test is the most effective screening tool for cancer that has ever been
devised, and after the introduction of Papanicolaou cervical smear screening,
the incidence of cervical cancer has dramatically decreased(Shi, 2007; Shroyer,
2006). However, cervical cytopathology has limited specificity for an underlying
clinically significant lesion in case of low-grade cytologic abnormalities (Shroyer,
2006). Cervical cytologic smears provide an excellent sensitivity for the
detection of high grade intraepithelial lesions (HSIL) and low grade
intraepithelial lesions (LSIL) (Shi, 2007). Recurring Pap tests contribute to a
successful screening program, nevertheless, even with perfect compliance, the

system has its limitations because of the interpretive variance, and morphologic
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subjectivity. Histopathological examination is the method of choice to confirm
the diagnosis of a squamous intraepithelial lesion (SIL) that is usually first
detected by cytological screening (Walts, 2009; Pinto, 2008). Detection and
grading of cervical intraepithelial neoplasia (CIN) using hematoxylin and eosin
(H&E) stains alone is limited by intra and interobserver variability.
Histopathologic criteria are not completely reliable or reproducible in diagnosing
and classifying SIL because of the presence of certain pitfalls or mimicking
conditions, such as reactive atypia, atrophy, immature squamous metaplasia,
small sample size, and tangential sectioning (Walts, 2009;Shi, 2007). In
addition, cervical biopsy is frequently performed to better classify the severity of
the squamous lesion and to rule out invasive carcinoma ( Shi, 2007;Siddiqui,
2008).

The causal relationship between persistent infection with high risk HPV (HR-
HPV) and cervical cancer resulted in the development of methods for detection
of HPV (Boulet, 2009). Tests to detect the presence of HPV DNA or RNA, such
as in situ hybridization (ISH) and polymerase chain reaction, can increase the
sensitivity and may indicate the presence of HPV, but does not provide
assessment of the degree of dysplasia (Walts, 2009; Zegels, 2010). Given the
high prevalence of transient infections, viral detection has a poor positive
predictive value, making it an incomplete method to identify women at risk
(Boulet, 2009). Moreover, these tests are labor intensive and performed only in
specialized laboratories (Walts, 2009).

A molecular biological marker (biomarker) is a molecular feature that is
objectively measured and that serves as an indicator of normal biological or
pathogenic processes or pharmacological responses to a therapeutic
intervention (Lari, 2011; Buhmeida, 2011). In cancer, biomarkers may be used
for disease detection, disease staging, monitoring of disease response to
therapy and prediction of patient prognosis (Lari, 2011; Kelly, 2006). A
biomarker may be DNA or RNA based or a protein marker measured directly in

tissue, serum, or other body fluids (Lari, 2011).

Recent gene expression profiling studies have identified a set of candidate
molecular markers that are associated with HSIL (Kelly, 2006). One such

biomarker under review is ProEx C (Tripath Imaging, Burlington, NC), which is
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an immunocytochemical assay performed on liquid based cytology in biopsy-
proven HSIL that has a higher positive predictive value when compared to p16
stain (Gupta, 2010). According to a study by Halloush et al, ProEx C can also
be used on cell blocks prepared from residual liquid-based cervicovaginal

cytologic specimens (Halloush, 2008).

Target condition being diagnosed
Patients with squamous intraepithelial lesion (ASC-US; LSIL; HSIL) .

Index test(s)
Pap smear or liquid based cytology with positive HPV DNA test
Pap smear or liquid based cytology with positive ProEx C test

Biomarkers allow monitoring of molecular events associated with tumor
progression in histological or cytological specimens, they are indicators of
physiological status and changes that occur during neoplastic tumor biomarkers
can improve the detection of lesions with increased risk of progressing
(Termine, 2008). A shortcoming of the current grading system is its reliance on
static morphology and microscopic haematoxylin—eosin features of the
epithelium alone ( Baak, 2006) . In reality, CIN is a dynamic process, and the
epithelium may exhibit differing results over time ( Baak, 2006) .This
emphasizes the need for adjuvant methods to interpret the actual morphological
impression of a CIN lesion in dynamic terms rather than in static morphological
grades (Gupta, 2010). Such adjunctive methods are also important for better
distinction of CIN from non-neoplastic lesions and to predict accurately the risk
for progression of low-grade and regression of high-grade CIN lesions (Gupta,
2010).ProEx C is a nuclear stain comprised of monoclonal antibodies for
minichromosome maintenance (MCM) and topoisomerase Il alpha (TOP2A),
two proteins associated with S-phase induction of the cell cycle.(Oberg, 2009).
Overexpression of both of these proteins can be observed in cells with human
papillomavirus (HPV) infection due to the inactivation of the retinoblastoma
protein by the E7 gene of HPV (Oberg, 2009). TOP2a is a nuclear enzyme that
unknots and decatenates DNA through an adenosine triphosphate- dependent
double-strand break followed by strand passing and relegation (Beccati, 2008).
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Over-expression of TOP2a is related to high-risk HPV and is associated
significantly with progression from cervical intraepithelial neoplasia 2 (CIN2) to
CIN3 (Beccati 2008). It is regulated by retinoblastoma (Rb), and its over-
expression may reflect HPV E7-mediated Rb degradation in cervical dysplasia
and carcinoma (Beccati 2008). MCM2 is a member of the MCM family of
proteins, which are required in an early stage of DNA replication to assemble
replication origins and for replication progression as a replicative helicase
(Beccati 2008). The current evidence suggests that MCM2, MCM6, MCM7, and
TOP2a, m-RNAs are increased in cervical squamous cell carcinoma and
cervical adenocarcinoma and that the respective encoded proteins also are
over-expressed in cervical dysplasia and carcinoma (Beccati 2008).

ProEx C can be used as an alternative of HPV testing because it can identify
cells that have undergone neoplastic transformation and not simply transient

viral cytopathic effects.

Alternative test(s)

ProEx C can be used as an alternative of HPV testing because the sensitivity
for detecting cervical intraepithelial neoplasia CIN 2 using ProEx C have been
reported as high as 99% in some studies (Oberg, 2010).

HPV DNA detection has been extensively evaluated to define its potential role
for the triage of patients that have low-grade squamous cytologic abnormalities
in order to determine its sensitivity and specificity for underlying CIN-2/3 or
squamous cell carcinoma (Shroyer, 2006). Although high-risk HPV detection
has been validated for the triage of patients with atypical squamous cell of
undetermined significance (ASC-US), HPV detection has not generally been
proven to be useful for the triage of patients with LSIL (Shroyer, 2006). The
ALTS trial (ASCUS/LSIL Triage Study) found that 83% of LSIL cases were
positive for HPVs (low-risk or high-risk types) by the Hybrid Capture (Digene
Corp., Gaithersburg, MD) 2 (HC2) assay, although no more than approximately
25% of these cases would be expected to have CIN-2/3 on colposcopic biopsy
(Shroyer, 2006). Thus, HPV testing alone did not appear to be useful for the
triage of LSIL, due to the high proportion of positive test results relative to the
prevalence of underlying high grade CIN (Shroyer, 2006). For example, high-
risk HPV DNA testing can segregate women with ASC-US cytology into 2
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groups with significantly different risk of HSIL (Kelly, 2006). Women who are
negative for high-risk HPV DNA have a low risk of HSIL that is similar to the risk
among women who have a cytologic diagnosis of negative for intraepithelial
lesion or malignancy (NILM) (Kelly, 2006). The combination of NILM cytology
and a negative HPV DNA test may confer such a low risk of HSIL that screening
intervals for these women may be increased (Kelly, 2006). Unfortunately, the
specificity of a positive HPV DNA test for HSIL is very low (Kelly, 2006). The
ideal molecular marker for HSIL would retain the negative predictive value of a
negative HPV DNA test but would have greater positive predictive value (Kelly,
2006). Such a marker also would identify cells that have undergone neoplastic
transformation and not simply transient viral cytopathic effects (Kelly,
2006).Therefore, it could be clinically useful to identify other molecular
diagnostic adjuncts in order to improve the specificity of low-grade cytologic
abnormalities for the detection of underlying high grade dysplasia (Shroyer,
2006).

Rationale

Current studies results suggest that ProEx C could be used to improve the
diagnostic accuracy of cervical cytology and may be useful to detect underlying
HSIL in patients with LSIL in Pap test . This review will study the accuracy of
ProEx C in squamous intraepithelial lesion in patients with cervical lesions.

Cervical cytologic smears provide an excellent sensitivity for the detection of
cervical HSILs and some LSILs. However, false-negative results of
Papanicolaou tests have been reported in up to 30% of cases. Digene Hybrid
Capture HPV testing (Digene Corp., Gaithersburg, MD) provides a high
sensitivity for the detection of HPV in SILs, but the false-positive rate could be
as high as 27%. Because of the high percentages of false-positive results from
the initial Papanicolaou test screening, colposcopy/cervical biopsy is still a
necessary diagnostic approach to establish a diagnosis of LSIL or HSIL. In
addition, cervical biopsy is performed to accurately classify the severity of the
SIL and to rule out invasive carcinoma. Unfortunately, histopathologic criteria
are not completely reliable in diagnosing and classifying SILs because of the
presence of certain pitfalls, such as reactive atypia, atrophy, and immature

squamous metaplasia (Shi, 2007).
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Objectives
Primary objectives
In studies where both triage methods (HPV DNA and ProEx C test) were
assessed
Accuracy of the biomarker ProEx C in patients with ASC-US and SIL
Compare the accuracy of ProEx C with other tests: HPV testing, Pap
test and cervical biopsy

Relative sensitivity and relative specifity of ProEx C compared to

cytology

Secondary objectives
To determine the accuracy (specificity and sensitivity) of biomarker ProEx C in
women diagnosed with ASC-US, LSIL, HSIL in Pap test or in liquid-based
cytology with abnormal colposcopy that had concurrent cervical biopsy.

Investigation of sources of heterogeneity

Sources of heterogeneity will be addressed with the study of certain subgroups
such as the:

Type of cytology used (liquid based or conventional),

Type of HPV test performed,

Threshold to call cytology specimen and HPV test positive

Procedures used for reference standard verification,

Geographical location of the study

Criteria for considering studies for this review

Types of studies
Observational cohort studies or with cross-sectional design (prospective and
retrospective)
We will include studies of women with ASC-US, LSIL, HSIL in Pap test or in
liquid-based cytology with alterations in colposcopy that had concurrent biopsy,
HPV DNA test and the biomarker ProEx C performed.
We will exclude isolated case report studies.
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Participants
Women with positive pap smears or positive liquid based cytology for ASC-US,
LSIL, HSIL
Comparing the accuracy of Pap smear or liquid based cytology alone versus
Pap smear or liquid based cytology with positive HPV, versus Pap smear or

liquid based cytology with positive ProEx C

Index tests
Pap smear or liquid based cytology with positive HPV DNA test

Pap smear or liquid based cytology with positive ProEx C test

Comparator tests

Pap smear or liquid based cytology

Target conditions
Patients with ASC-US, LSIL and HSIL

Reference standards

Histological examination
Search methods for identification of studies

Electronic searches
Searches will be run in MEDLINE, EMBASE, through PubMed Index from 1966
to date, including search terminology for the index tests ( Pap smear or liquid
based cytology with positive HPV DNA test, Pap smear or liquid based cytology
positive ProEx C test) and target condition ( Patients with ASC-US, LSIL and
HSIL ). Detailed search strategies can be found in Appendix 1. No language

restrictions will be made.

Searching other resources
The search will be completed manually by searching the reference lists of
included papers and by screening the tables of contents of the following

journals: International Journal of Gynecological Pathology, Gynecology
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Pathology, American Journal of Surgical Pathology, Modern Patholgy, Cancer,
Cancer Cytopathology, Human Pathology, Journal of Clinical Pathology,
American Journal of Clinical Pathology which are journals that, according to
previous meta-analysis, will contribute multiple references. The bibliographic
database CERVIX of the Unit of Cancer Epidemiology at the Scientific Institute
of Public Health (Brussels, Belgium) contains more than 20,000 references,
mostly on cervical cancer, and will be used as an additional source.

The Trials Search Co-ordinator of the Cochrane Gynaecological Cancer Review
Group will request a search from Sr. Gail Quinn, Managing Editor of Cochrane
Gynecological and Orphan Cancer Review Group. , who is managing and
developing the Cochrane Register of Diagnostic Test Accuracy Studies on

behalf of The Cochrane Collaboration.
Data collection and analysis

Selection of studies

References will be selected if they fulfil the three mandatory conditions for study
selection:

women with ASCUS, LSIL or HSIL;

triage testing with ProEx C;

verification with the reference test.
The fourth selection criterion, triage by repeat cytology as the comparator test,
is optional. See Criteria for considering studies for this review. Two review
authors (AW, LM) will verify inclusion and exclusion of eligible studies
independently and will discuss any discordance. If no consensus can be

reached, other review authors will be consulted.

Data extraction and management
We will extract the following study characteristics:

Study ID.

Year of publication.

Published versus unpublished data.
Language of report.

Country.

Settings.
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Design.
Inclusion and exclusion criteria.
Patient details - presentations, characteristics, methods of sample
selection.
Definition of cervical cancer.
Number of patients.
Index test details:
Pap smear or liquid based cytology with positive HPV DNA test

Pap smear or liquid based cytology positive ProEx C test

Comparator test details:
Pap smear or liquid based cytology

True positives, false positives, false negatives, true negatives.

Adverse events and patient acceptability.
Two independent reviewers will extract these data, using data extraction forms
developed for this review. To avoid selection bias, separate 2 x 2 tables will be
extracted for all possible cut-off levels, different readers (inter-observer) and
multiple observations per reader (intra-observer). All of these will be counted as
separate data sets. Data will be extracted, whenever possible, for both

unilateral and bilateral disease.

Assessment of methodological quality
The methodological quality of selected studies will be assessed using the
QUADAS guidelines(Whiting 2003).For each study, a methodological quality
table will be completed. In Tablel the authors explain how the QUADAS items
must be understood in terms of triage of women with minor cervical cytology

lesions.

Statistical analysis and data synthesis
Separate analyses will be performed for the two triage groups (ASCUS, LSIL)
and the two disease thresholds (CIN2+, CIN3+).

Investigations of heterogeneity
Subgroup meta-analysis and multi-variate HSROC regression using METADAS
will be performed to verify the influence of study population and test
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characteristics (see Investigation of sources of heterogeneity) on the accuracy

estimates.

Sensitivity analyses
To verify if conclusions are robust over all subcategories, as defined through
different classification systems, the authors will perform subgroup meta-
analyses. The following subgroup analyses are foreseen: triage of atypical
squamous cells (ASC-US, ASC-H), and atypical glandular cells (AGC/AGUS)
(see Assessment of methodological quality: other co-variates; and the list of
abbreviations in Appendix 2). As explained earlier (see Target conditions), CIN3
is a more reliable outcome than CIN2 and is less affected by reference standard
misclassification. The consistency in accuracy for both outcomes will be

assessed.

Assessment of reporting bias

The effective sample size funnel plot and associated regression test of
asymmetry will be used to detect publication bias (Deeks 2005). These
approaches are more appropriate in systematic reviews of diagnostic tests than
the standard tests developed to detect publication bias in meta-analyses of
randomised trials of healthcare interventions. It has been shown that the rank
correlation test ( Begg 1994) and the asymmetry regression test (Egger 1997)
suffer from serious degrees of bias when applied to test accuracy studies
(Deeks 2005).
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Additional tables

Table 1. Participant characteristics and scoring criteria in studies included

Study, Year Mean age Period of n Scoring of study
(range) Study quality

Small population, verification complete,
nonblinded, consecutive, retrospective,
Beccati 40(19-67) Not 53 test detais sufficient, reference test details

etal.,*® 2008 reported sufficient, population details insufficient

Small population, verification complete,

nonblinded, consecutive, retrospective,

Siddiqui Range Not 200 test detais sufficient, reference test details
etal., ® 18-87 reported sufficient, population details insufficient
2007 years

Small population, verification complete,
nonblinded, consecutive, retrospective,
Siddiqui Not 2006- 200 test detais sufficient, reference test details

etal,® 2008 reported 2007 sufficient, population details insufficient

Small population, verification complete,
nonblinded, consecutive, retrospective,
Siddiqui Not 2005- 100 test detais sufficient, reference test details

(30)

etal., reported 2007 sufficient, population details insufficient

2008




92

Small population, verification

complete, nonblinded, consecutive,

Kelly Not 2004 160 retrospective, test detais sufficient,

et al, © reported reference test details sufficient,

2006 population details insufficient
Appendices

MEDLINE search strategy

1 Uterine Cervical Neoplasms/

2 Uterine Cervical Dysplasia/

3 Cervical Intraepithelial Neoplasia/
4

(cervi* adj3 (cancer* or tumo?r* or neoplas* or malignan* or carcinoma* or

adenocarcinoma* or dysplas*)).tw,ot.

5 (CIN or CINII* or CIN2 or CIN3 or SIL or LSIL or HSIL or "H SIL" or "L SIL" or

ASCUS or "AS CUS").tw,ot.

6 lor2or3or4dor5

7 Precancerous Conditions/

8 Early Detection of Cancer/

9 Carcinoma, Squamous Cell/
10 Neoplasms, Squamous Cell/

11 (squamous adj3 lesion*).tw,ot.

12 (precanc* or premalignan* or precursor or preneoplas*).tw,ot.

13 7or8or9orl10orllorl2
14 Cervix Uteri/

15 cervi*.tw,ot.

16 14 or 15

17 13 and 16

18 6 or 17

19 ("Proe?x? C" or "p16?Proe?x? C").tw,ot.



20 exp Tumor Markers, Biological/

21 Biological Assay/

22 (biomarker* or bioassay*).tw,ot.

23 ((biologic* or molecular or tumo?r or neoplas*) adj5 marker*).tw,ot.
24 ((immunocytochemi* or immunohistochemi*) adj3 assay*).tw,ot.
25 200r21or22o0r23o0r24

26 exp "Sensitivity and Specificity"/

27 (sensitivit* or specificit*).tw,ot.

28 predictive value*.tw,ot.

29 di.fs.

30 an.fs.

31 Reagent Kits, Diagnostic/

32 26 or27 or28or 29 or 30 or 31

33 25 and 32

34 19 or 33

35 18 and 34

List of abbreviations

ALTS: ASCUS-LSIL Triage Study

ASC: atypical squamous cells (comprises ASC-US and ASC-H)
ASC-US: atypical squamous cells of undetermined significance
CIN: cervical Intra-epithelial neoplasia

CIS: carcinoma in siu

DNA: desoxyribo-nucleic acid

HPV: human papillomavirus

HSIL: high-grade squamous intraepithelial lesion

LSIL: low-grade squamous intraepithelial lesion

Pap test : Papanicolaou test

SIL:squamous intraepithelial lesion

ProEx C: Tripath Imaging

H&E: hematoxylin and eosin



ISH: in situ hybridization

TOPZ2a: topoisomerase lla

MCM2: minichromosome maintenance protein-2

Rb: retinoblastoma

m-RNA: messenger RNA

SCC:squamous cell carcinoma

NILM: negative for intraepithelial lesion or malignancy
NPV: negative predictive value

PPV: positive predictive value
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