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RESUMO

Toledo MC. Predicao do status molecular de HPV em amostras citolégicas de cervico-
vaginais processadas em meio liquido por meio de algoritmo de inteligéncia artificial

[Tese]. Sao Paulo; Fundagao Antonio Prudente; 2024.

Introduc¢fo: o cancer do colo uterino ¢ considerado o terceiro tipo mais frequente na
populagdo feminina. O método de rastreamento utilizado € o exame citoldgico, porém embora
este teste tenha diminuido a incidéncia de mortalidade por esta neoplasia, ele ainda apresenta
algumas limita¢des, como por exemplo nos casos de citologia indeterminada (ASC). Desta
forma, se tornou necessario a utilizacdo de exames complementares como o teste molecular
de HPV para auxiliar de forma mais segura no diagnéstico dos casos indeterminados, com
determinagdo da conduta a ser seguida de acordo com o teste molecular. Com a recente
expansdo da aplicacdo de Inteligéncia Artificial (IA) na avaliagdo de imagens em patologia,
novos algoritmos foram abordagens tem sido desenvolvida para a predicdo de status
molecular ou resposta a terapias-alvo em tipos de tumores. Objetivo geral: Investigar a
viabilidade do uso de algoritmos de Inteligéncia Artificial na predi¢ao dos subtipos a partir de
exames citologicos. Método: O estudo utilizou um conjunto de 588 pacientes que realizaram
exames citoldgicos com resultado de teste molecular para HPV por genotipagem no A.C.
Camargo Cancer Center no periodo de 2017 a 2024. Um conjunto de abordagens de
Inteligéncia Artificial foram utilizadas na analise das laminas digitalizadas destes pacientes a
para criagdo de modelos capazes de predizer subtipos de lesdes. Resultados: Os resultados
deste estudo mostram que a aplicagdo da IA representa uma abordagem promissora capaz de
detectar subgrupos comumente avaliados durante o diagnostico a partir da citologia cervical.
Conclusoes: O estudo demonstra a viabilidade do uso de algoritmos de IA para prever os
subgrupos de citologias cervicovaginais a partir de imagens digitalizadas. Os resultados
destacam o potencial das metodologias baseadas em IA como uma ferramenta complementar
no rastreamento do cancer do colo do utero, oferecendo uma alternativa promissora aos testes

moleculares em contextos com recursos limitados ou onde esses testes ndo estdo acessiveis.

PALAVRAS-CHAVE: 1. Cancer cervical. 2. HPV. 3. Inteligéncia artificial



ABSTRACT

Toledo MC. Prediction of the molecular status of HPV in cervical-vaginal cytological
samples processed in liquid media using an artificial intelligence algorithm [Thesis]. Sao

Paulo; Antonio Prudente Foundation; 2024.

Introduction: cervical cancer is considered the third most common type in the female
population. The screening method used is cytological examination, however, although this
test has reduced the incidence of mortality from this neoplasm, it still has some limitations,
such as in cases of indeterminate cytology (ASC). Therefore, it became necessary to use
complementary tests such as the HPV molecular test to help more safely in the diagnosis of
indeterminate cases, determining the course of action to be followed according to the
molecular test. With the recent expansion of the application of Artificial Intelligence (Al) in
the evaluation of images in pathology, new algorithms and approaches have been developed
for the prediction of molecular status or response to targeted therapies in tumor types.
objective: Investigate the feasibility of using Artificial Intelligence algorithms to predict
subtypes based on cytological exams. Method: The study utilized a cohort of 588 patients
who underwent cytological examinations with molecular HPV testing by genotyping at the
A.C. Camargo Cancer Center from 2017 to 2024. A set of Artificial Intelligence approaches
was employed to analyze the digitized slides of these patients in order to create models
capable of predicting lesion subtypes. Results: The results of this study show that the
application of Al represents a promising approach capable of detecting subgroups commonly
evaluated during diagnosis based on cervical cytology. Conclusions: The study demonstrates
the feasibility of using AI algorithms to predict subgroups of cervicovaginal cytologies from
digitized images. The results highlight the potential of Al-based methodologies as a
complementary tool in cervical cancer screening, offering a promising alternative to

molecular testing in resource-limited settings or where such tests are not accessible.

KEY WORDS: 1. Cervical cancer. 2. HPV. 3. Artificial Intelligence.
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1 INTRODUCAO

1.1 Cancer do colo uterino

O cancer do colo uterino ¢ um dos mais frequentes no mundo, ficando em quarto lugar
em incidéncia e mortalidade na populacdo feminina, com aproximadamente 530.000 novos
casos € 275.000 mortes por ano (Santoro et al. 2024). Além disso, uma pesquisa realizada nos
Estados Unidos da América (EUA) estimou 13.240 novos casos de cancer cervical
diagnosticados para 2018 com uma morte estimada em cada 4170 mulheres (Olusola et al.
2019).

No Brasil o cancer cervical ¢ considerado o terceiro tipo de cancer mais prevalente na
populacdo feminina, um grande problema de saude publica. Estima-se em cada ano no
periodo de 2023 a 2025, 17.010 novos casos, o que mostra uma incidéncia de 15,38 casos em
100.000 mulheres (INCA, 2022). Em relacao ao indice de mortalidade na populacao brasileira
em compara¢do com a popula¢do mundial foi de 4,51 6bitos/100 mil mulheres, no ano de
2021 (INCA, 2022). Quando se exclui os casos de pele ndo melanoma, a proporcionalidade da
mortalidade por cancer comparada com o cancer do colo uterino em mulheres no ano de 2021,
representam o quarto lugar no pais, com uma taxa de 6,05 % de todos os casos (INCA, 2022).
Os locais que evidenciam menor incidéncia e nimero de Obitos no Brasil, sdo a regido
Sudeste (4,2%) e Sul (4,9%), ja a regido norte apresentou 15,4 % dos 6bitos (INCA, 2022). A
Figura 1 mostra a incidéncia e a mortalidade deste cancer no mundo. No Brasil, a estimativa
da incidéncia para cada ano de 2023 a 2025 e, a proporcionalidade de mortalidade no Brasil

por regides sao apresentadas nas Figura 2 e na Figura 3 respectivamente.
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Figura 2 - Representacdo da estimativa da incidéncia por cincer de colo uterino, por
idade pela populacio mundial, por 100 mil mulheres, para cada ano de 2023

a 2025



Fonte: INCA (2022).

Figura 3 - Propor¢ao de mortalidade por cancer do colo uterino no Brasil por regioes

1.2 Papilomavirus humano (HPV) e cincer do colo uterino

Existem varios fatores que podem levar ao desenvolvimento do cancer do colo uterino,
porém o HPV ¢ considerado o fator determinante (Santoro et al. 2024). A relagdo entre o virus
do HPV e o cancer do colo uterino foi descoberta por Harold zur Hausen, um médico
infectologista alemao (Zur Hausen et al. 1976). Neste trabalho seminal, ao realizar uma
analise de verrugas comuns, genitais e em laringe, foi observada a presenca do virus do HPV
e, por conseguinte, identificaram que o contato dessas lesdes com a pele de voluntarios levava
a transmissdao do virus, tendo como resultado a formagdo de verrugas tipicas. Outro ponto
notdrio desta descoberta ¢ que foi observado que certos tipos de lesdo possuiam uma
tendéncia maior para desenvolver algo maligno (Zur Hausen et al. 1976).

Assim, também foi descoberto que a infec¢ao pelo papilomavirus ocorre pelo contato,
incluindo sexual (Castle, 2024). Sobretudo, pesquisas realizadas pela Organizagao Mundial da
Satde (OMS), mostraram que uma em cada dez pessoas sdo portadoras do virus do HPV
(Castle, 2024). Por sua vez, atualmente a prevengdo do virus do HPV exige o uso de
preservativo ou a vacinacdo antes do inicio da vida sexual, porém ndo sdo métodos 100%
eficazes (Castle, 2024).

O papilomavirus humano corresponde a um microrganismo icosaédrico de 50 nm de
didmetro, envolvido por uma fita dupla circular de DNA com 8000 pb de comprimento (Yang
et al. 2022). O seu genoma ¢ composto por oito genes na regido nao codificada, que €

chamada de regido longa de controle, localizada em uma das fitas. Este local contém



reguladores da replicacdo e transcrigdo viral (Booy et al. 1998; Jensen et al. 2024). Todos os
papilomavirus possuem essa mesma organiza¢do gendmica. Nota-se também, uma regido
precoce chamada E que faz a codificacao de varias proteinas E1, E2, E4, ES, E6 ¢ E7. Estas
proteinas sdo responsaveis por regular a transcrigdo e replicagio viral e o ciclo celular. E visto
mais uma regido que ¢ chamada de tardia L, onde estdo localizados os genes L1 e L2 (Jensen
et al. 2024).

Estes invadem o nucleo das células epiteliais escamosas € comecam a se replicar, apos
esta fase se verifica quatro passos para o desenvolvimento do cancer cervical:

- Infec¢do por HPV do epitélio metaplasico na zona de transformagdo do colo do
utero (a juncdo entre o epitélio escamoso do ectocérvice e do epitélio glandular do
canal endocervical).

- Persisténcia da infeccao por HPV.

- Progressdo de um clone de células epiteliais transformadas geneticamente pela
infec¢do viral uma lesdo displasica do colo uterino.

- Desenvolvimento de carcinoma e invasao pela membrana basal.

Nos tumores relacionados ao HPV, o virus é encontrado no nucleo da célula onde
insere sequéncias do seu genoma no DNA da célula hospedeira. Estas alteragdes genomicas
modificam fungdes diversas no DNA como excisdo de bases, reparagdo, recombinagdo e
amplificagdo. Como resultado, ocorre a reprogramacgado de células infectadas pelo HPV, com
ganho na sobrevivéncia, maior proliferacio e menor diferenciagdo que levam ao
desenvolvimento do clone expandido que levara ao cancer do colo uterino (Castle, 2024). A
Figura 4 mostra a infeccdo do HPV nas células do colo uterino, sua multiplicacio,
ocasionando o desenvolvimento da lesdo de baixo grau, alto grau até o desenvolvimento do

cancer.
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Figura 4 - Fases de infeccio do HPV na célula até a evolucido para um carcinoma

invasor

Com a proliferagdo viral e persisténcia da infeccao pelo virus do HPV nas células da
regido do colo uterino, ele ird causar inicialmente uma lesdo epitelial de baixo grau (LSIL),
que sdo pequenas alteragdes nestas células que podem evoluir para uma lesao epitelial de alto
grau (HSIL), sendo que neste caso as alteragdes celulares sdo maiores e mais intensas,
havendo como consequéncia desta resisténcia viral maiores alteracdes irreversiveis na célula
levando ao desenvolvimento do cancer do colo uterino. A Figura S ilustra esquema

explicando o que leva a persisténcia do virus na regido do colo uterino.
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Fonte: Prépria autoria.
Figura 5 - Esquema ilustrativo da persisténcia do HPV no organismo levando ao

desenvolvimento do ciAncer

Existem mais de 200 tipos de HPV que foram classificados como de baixo e alto risco
oncogénico (Wolf et al. 2024). Os tipos de HPV de baixo risco, sdo aqueles que causam
lesdes benignas como os condilomas acuminados. Os tipos de baixo risco incluem o HPV 40,

42,43, 44, 54, 61, 70, 72, os tipos ndo classificaveis Gama-HPV; Beta-HPV; 6; 11, sendo os



tipos 6 e 11 encontrados em cerca de 90% das verrugas genitais. J4 os tipos de HPV
classificados como de alto risco sdo HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59. No
caso do HPV de alto risco os mais prevalentes sao os tipos 16 e 18, que sdo encontrados em
cerca de 70% dos casos de cancer cervical (Wolf et al. 2024).

O virus do HPV pertence a familia papillomaviridae com género papillomavirus. Este
virus ndo ¢ classificado através de sorotipos como os outros virus, a classificacdo acontece
pela avaliacao do seu gendtipo. Os HPVs fazem parte de um grupo de muitos tipos de HPV,
onde toda vez que a sequéncia de DNA da regido L1¢ diferente em mais de 10% dos tipos ja
descritos, um novo tipo de HPV ¢ incorporado ao grupo. Quando essas diferengas estdo entre
2% e 10%, descreve-se um novo subtipo de um tipo conhecido e quando as diferencas sao
menores que 2% descrevem-se uma nova variante de um subtipo conhecido (Boyle e Levin
2007; Jensen et al. 2024).

De importancia, fica evidente que a infec¢do pelo virus do HPV ocorre com grande
frequéncia em mulheres no inicio da vida sexual, porém a maioria destas infec¢cdes ocorre de
forma silenciosa e sdo eliminadas pelo proprio organismo em um periodo de 12 a 24 meses
ap6s o contagio. E notério que sdo poucos os casos em que a infecgdo persiste, porém esta
persisténcia em conjunto com o tipo de HPV (alto ou baixo risco) € o fator predominante para

que ocorra uma lesdo de alto grau (Castle, 2024).

1.3 Citologia e rastreamento complementar no cancer do colo uterino

O exame citoldgico do colo uterino ¢ a forma proposta pelo Ministério da Saude do
Brasil para a realizacao do rastreio de lesdes pré-neoplasicas do colo uterino (Ministério da
Saude 2024). A citologia cervical reduziu de 80% a 90% a mortalidade causada por cancer do
colo uterino no mundo todo (Li et al. 2024).

Desde a introducdo da citologia como método de rastreio, nos EUA em meados do
século XX, o cancer cervical passou a ocupar o 14° lugar como fator de causa de morte. Esta
redu¢do da mortalidade por meio do rastreio se deve a um aumento na detec¢do de cancer
invasivo em estagios iniciais e a deteccdo e tratamento de lesdes pré-invasivas, que reduz a

incidéncia de cancer invasivo (Li et al. 2024).



A técnica utilizada se inicia pela coleta de células cervicais, onde ¢ introduzida uma
pequena espatula e escova no canal vaginal da mulher, coletando células escamosas e
glandulares por meio de uma raspagem. Em seguida, esse material ¢ colocado em uma lamina
e fixado por meio da imersdo em dlcool 75% e 90% de concentracdo ou spray de
propilenoglicol. Com a fixagdo, tem a garantia de que a morfologia das células ndo seja
alterada, ndo perca a sensibilidade aos corantes e ndo fique ressecada (Castle, 2024). Embora
a citologia convencional tenha sido eficaz na redugdo da mortalidade, ainda ¢ um método que
ndo possui um aproveitamento de 100% do material coletado. Além de sofrer bastante
interferéncia do muco derivado da propria coleta, ndo ¢é possivel realizar exames
complementares com esse método de processamento (Swanson e Pantanowitz 2024).

Desta forma, foi criada a citologia em meio liquido em 1991, por Hutchinson, com a
intencao de diminuir as falhas da citologia convencional, sendo que a técnica em si conseguiu
aprovacdo em 1996 pela agéncia Food and Drug Administration (Swanson e Pantanowitz
2024). A coleta da amostra ¢ realizada por uma escova que ¢ passada na regido do colo
uterino e apds ¢ mergulhada em um liquido contendo metanol que possui a funcdo de
preservar a amostra que fica dentro de um frasco totalmente fechado. Em seguida o liquido ¢
homogeneizado e filtrado, depois o residuo de células epiteliais ¢ colocado em contato com a
lamina para analise. Essa técnica permite 100% de aproveitamento do material coletado, pois
ndo sofre muita interferéncia de muco e é possivel realizar outras andlises complementares
através da coleta de um tnico material. Comparando as duas técnicas de exame citologico, foi
visto que a citologia em meio liquido apresenta maiores vantagens do que a citologia
convencional (Abe et al. 2024).

Mesmo com o avango das técnicas do exame citologico, ele ainda apresenta
limitagdes. Sendo assim, surgiram testes auxiliares que podem ser utilizados de forma
complementar ao exame citologico no rastreio do cancer do colo uterino como, por exemplo,
o teste molecular para HPV. Atualmente utiliza-se testes moleculares para detectar HPV de
forma reflexa a citologia, principalmente nos casos em que exame citologico ¢ inconclusivo,
que inclui as lesdes de baixo grau e de significado indeterminado (células escamosas de
atipias de significado indeterminado [ASC-US], células escamosas atipicas de significado
indeterminado em que ndo se pode excluir lesdo de alto grau [ASC-H] e células glandulares
atipicas [AGC]) (Colonetti 2024).

O resultado da citologia do colo uterino ¢ descrito pela classificagdo de Bethesda
(Miranda et al. 2020), que possui a seguinte nomenclatura para laudos citopatoldgicos do colo

uterino, que sdo descritos abaixo:



1) Categorizacao da amostra

a)
b)

Negativa para lesdo de intraepitelial ou malignidade na amostra analisada.

Anormalidades em células epiteliais (ver interpretagao/ resultado).

2) Anormalidades em células epiteliais

a)
b)

c)
d)

e)

Células escamosas atipicas de significado indeterminado (ASC-US).

Células escamosas atipicas ndo podendo excluir lesdo intraepitelial de alto grau
(ASC-H).

Lesao intraepitelial escamosa de baixo grau.

Lesdo intraepitelial escamosa de alto grau.

Lesdo intraepitelial escamosa de alto grau com caracteristicas suspeitas de
invasao.

Carcinoma de células escamosas.

3) Anormalidades em células glandulares

a)
b)
c)
d)
€)
f)
g)
h)
i)
i)

Células endocervicais atipicas, sem outras especificagdes.
C¢lulas endometriais atipicas, sem outras especificagoes.
C¢lulas glandulares atipicas, sem outras especificacoes.
Células endocervicais atipicas, favorecendo neoplasia.
Células glandulares atipicas, favorecendo neoplasia.
Adenocarcinoma endocervical in situ.

Adenocarcinoma endocervical.

Adenocarcinoma endometrial.

Adenocarcinoma extrauterino.

Adenocarcinoma, sem outras especificacdes (SOE).

Abaixo segue uma breve descricdo das categorias diagndsticas citologicas.

Citologia com atipias de significado indeterminado: neste caso o ndo ¢ possivel

afirmar se as altera¢des sdo por fatores inflamatorios ou alteracdes neoplésicas. As alteragdes

ocorrem em células maduras e em casos de ASC-H estas alteragdes ocorrem nas células

imaturas. E quando ocorre em células endocervicais ¢ denominado AGC (Figura 6).



Fonte: Imagem retirada de um caso do Departamento de Anatomia Patolégica do A.C.Camargo Cancer

Center.
Figura 6 - Células escamosas atipicas de significado indeterminado (ASC-US).

Papanicolau, 10x e 40x

Lesao intraepitelial de baixo grau: este tipo de lesdo possui predominio em células
intermediarias e superficiais, onde as alteracdes sdo o aumento do tamanho nuclear,

irregularidade no contorno e na forma nuclear, hipercromasia e coilocitose (Figura 7).
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Fonte: Imagem retirada Cancer scrennig at IARC.

Figura7-  Lesao intraepitelial de baixo grau (LSIL). Papanicolau, 10x e 40x

Lesao intraepitelial de alto grau: nesta categoria lesdo as atipias ocorrem em células
escamosas imaturas. H4a aumento da relacdo nucleo-citoplasmatica, hipercromasia,

distribuicao irregular da cromatina e irregularidade do contorno nuclear (Figura 8).
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Fonte: Imagem retirada Cancer scrennig at IARC.

Figura 8 - Lesdo intraepitelial de alto grau. Papanicolau, 40x

O diagnostico e conduta inadequada aumentam as chances dessas lesdes evoluirem
para cancer do colo uterino. Porém, tratar de forma exagerada também pode ser prejudicial.
Desta forma, foram criados consensos na tentativa de padronizar os seguimentos de
tratamento.

As condutas realizadas nos casos de citologias indeterminadas, na qual incluem as
pacientes diagnosticadas com ASC-US de acordo as regras estabelecidas no Consenso em
2019 (Perkins et al. 2020), poderao ser tratadas das seguintes formas:

a) Refazer o exame citopatologico apos 1 ano.

b) Fazer colposcopia.

c) Teste para pesquisa de HPV de alto risco.

De acordo com o resultado da citologia, com o resultado do teste de HPV e analise de
risco para o desenvolvimento de lesdo de alto grau, sdo tragadas as opg¢des de rastreio a ser
seguido pelo paciente (Figura 9). Caso ocorra um resultado de ASC-US com teste de HPV
negativo ou sem teste de HPV, torna-se necessario repetir o citopatologico em 1 ano. Quando

a citologia for negativa e teste de HPV negativo, repetir o citopatologico em 3 anos. No caso
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de citologia com resultado de ASC-US ou positivo devem ser encaminhadas para

colposcopia, caso ndo sejam identificadas lesdes na colposcopia repetir o exame em 12 meses.

Finalmente, as mulheres nestas circunstancias com testes de HPV positivo, sdo tratadas como

pacientes diagnosticadas com lesdao de baixo grau (Figura 10) (Anexo A).

Look at
Immediate CIN3+ risk
and find the correct

Expedited Treatment
or Colposcopy

Y

Yes

Is
Immediate CIN3+
risk greater than or
equal to 4%?

No

Look at
5-year CIN3+ risk and
find the surveillance

interval.

Acceptable

25-59%
(immediate CIN3+ risk)

Colposcopy
Recommended
4-24%

v
-
-

CIN: cervical Intraepithelial.

Figura 9 - Demonstracio de como ¢é realizada a analise de risco do paciente
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Initial Screening:

HPV-Positive ASC-US
Immediate CIN3+ Risk = 4.5%
Management: Colposcopy

Colposcopy Visit:
Colposcopic biopsy result is <CIN2
S-year CIN3+ risk is 2.9%
Management: 1-year follow-up

First Follow-up Surveillance:

HPV-positive ASC-US
Immediate CIN3+ Risk = 3.1%
Management: 1-year follow-up

Second Follow-up Surveillance Second Follow-up Surveillance
HPV-negative NILM HPV-positive ASC-US
S-year CIN3+ Risk = NA Risk = NA
Management: 3-year follow-up Management: Colposcopy

Figura 10 - Rastreio para pacientes de baixo grau (ASC-US positivo para HPV)

De importancia, as categorias ASC-US e ASC-H apresentam desafios associados a
interpretagdo e manejo das lesdes cervicais atipicas (Ndifon e Al-Eyd 2023). Especificamente,
ASC-US representa uma incerteza diagnostica, onde a alteragdo celular ¢ leve e ambigua, o
que dificulta a diferenciagdo entre uma condi¢@o benigna e uma lesdo de baixo grau (Ndifon e
Al-Eyd 2023). Os desafios incluem a subjetividade na interpretagcdo das alteragdes celulares e
a alta variabilidade interobservadora. A principal abordagem para o manejo de ASC-US ¢
realizar o teste molecular para HPV, que permite triagem adicional para colposcopia apenas
nos casos positivos, reduzindo a necessidade de procedimentos invasivos desnecessarios. Por
outro lado, a categoria ASC-H ¢ menos comum e reservada para casos que apresentam
caracteristicas sugestivas de lesdo intraepitelial escamosa de alto grau, exige cuidados, pois
apresenta um risco maior de estar associado a lesdes graves subjacentes (como CIN2 e CIN3).
ASC-H ¢ frequentemente encontrado em células metaplédsicas imaturas e apresenta uma alta
relacdo de N/C (nucleo/citoplasma) e cromatina andmala. Devido ao risco aumentado, os

casos de ASC-H geralmente requerem colposcopia imediata para excluir a presenca de HSIL.



14

1.4 Teste molecular para HPV como método complementar ao rastreio do cancer do

colo uterino

Embora a citologia consista na metodologia utilizada para o rastreio do cancer do colo
uterino, causando grande impacto em relacdo a diminui¢ao desta neoplasia, esta metodologia
ainda ndo ¢ suficiente para erradica-la (Ministério da Satde 2024). Existem diversos fatores
envolvidos nessa dificuldade de eliminacdo do cancer de colo uterino, que podem ser
relacionados a limitagdes inerentes ao exame em si ou a dificuldades no seguimento do
rastreio, como o retorno da paciente para um novo exame € a propria manutengao do rastreio.
Em relagdo as limitacdes ao exame citologico pode-se citar a existéncia de citologias de
carater indeterminado e a incapacidade do exame de predizer qual mulher ird evoluir para
lesdao invasiva (Ndifon e Al-Eyd 2023). Estes pontos fazem com que a incidéncia e
mortalidade de cancer do colo uterino permaneca alta em algumas regides. Frente a esse
cendrio, surge a necessidade da criagdo e implementa¢do de novas técnicas auxiliares para
realizagdo do rastreio do cancer do colo uterino (Mechta et al. 2024).

Dado que o HPV ¢ o fator primordial para o desenvolvimento desta neoplasia, foi
iniciada a utilizacdo de teste molecular para HPV como método de rastreio de lesdes pré-
neoplasicas em alguns paises (Arbyn et al. 2024). A eficacia e a seguranca do rastreio
primario do cancer uterino baseadas no teste de HPV foram avaliadas em grande escala por
meio de ensaios clinicos randomizados realizados em varios paises europeus, além de Canadé
e India, e na triagem de coortes com dados longitudinais de acompanhamento da Europa e dos
Estados Unidos da América. De acordo com os resultados, o teste de HPV como um teste
independente ou em combinacdo com a citologia co-testing aumenta a sensibilidade para a
detecgdo de mulheres com neoplasia intraepitelial cervical (CIN) de grau 2 e de grau 3,
proporciona uma melhor e maior protecao contra o cancer cervical invasivo e reduz a
mortalidade por cancer do colo do utero em comparacdo com testes de citologia isolado
(Arbyn et al. 2024).

O estudo clinico chamado Addressing the Need for Advanced HPV Diagnostics
(ATHENA), realizado nos EUA, analisou o teste de HPV de alto risco utilizado como método
de triagem em casos de ASC-US e o rastreamento primario de neoplasia cervical. Ja outro
estudo, denominado ASCUS-LSIL Triage Study (ALTS), analisou a maneira mais efetiva de
lidar com os casos de atipias minimas, como por meio de colposcopia, refazer o exame

citologico ou pelo teste de HPV de alto risco. Assim, diretrizes recentes nos EUA
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recomendam que, em mulheres com mais de 30 anos, o rastreio do cancer do colo do utero
seja realizado por meio do exame citolégico a cada trés anos ou o teste para HPV a cada 5
anos. Nos casos em que o teste HPV ¢ positivo e a citologia ¢ normal, ¢ recomendado repetir
a citologia a cada 6 meses ¢ teste de HPV em 12 meses (Perkins et al. 2020). No ambito da
avaliagdo de outras estratégias, além do teste utilizado nos EUA, s3o considerados,
globalmente, o teste de HPV sozinho sem citologia e o teste de HPV em primeiro lugar,
seguido por triagem por citologia em resultados positivos (Arbyn et al. 2024).

Um dos testes utilizados para a deteccao molecular para HPV ¢ o Cobas 4800 (Roche
Molecular Systems, 20 Inc., Branchburg, NJ), que foi aprovado pela Food and Drug
Administration em 2014 para utilizacdo no rastreio primario. Esse sistema permite a detecgdo
de tipos de HPV de alto risco por meio da reacdo em cadeia de polimerase (PCR). Além
disso, discrimina os genotipos 16 e 18, que estdo associados a 70% dos carcinomas invasivos
do colo do utero (Arbyn et al. 2024). A Figura 11 ilustra os tipos de HPV de alto risco que

sdo testados nesta metodologia e seu seguimento.

High-Risk HPV
cobas® & & &

HPV
Test W&H 18
525 58 {8
29 BB 68
HPV
HPY- 12 other 16/18+
hrHPV+
Rautine Screening P
Sytology Colposcopy
Pdourmmal =ASEC - LIS
Follow up in 12 months Colposcopy

Fonte: Cobas® HPV Test from Roche

Figura 11 - Tipos de HPV de alto risco que siao testados no Cobas 4800 e seu seguimento
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No A.C.Camargo Cancer Center, por exemplo, o teste molecular para HPV ¢ realizado
de forma reflexa nos casos de citologia com diagndstico de células escamosas atipicas de
significado indeterminado (ASC) utilizando-se a tecnologia supracitada. Assim, consegue-se
observar de forma mais rigorosa o diagnostico das pacientes unindo os beneficios de duas

metodologias que auxiliam na detec¢ao de lesdes pré-neopldsicas em estagio inicial.

1.5 Inteligéncia artificial aplicada a patologia e citologia

A inteligéncia artificial (IA) ¢ a unido de varias tecnologias, como redes neurais
artificiais, algoritmos e sistemas de aprendizado, que conseguem simular a inteligéncia
humana. Um exemplo para isso seria o raciocinio, percepcdo de ambiente e a habilidade de
andlise para tomada de decisdo. Assim, pode-se dizer que a IA ¢ uma area da ciéncia com a
finalidade de estudar, desenvolver e empregar maquinas para executarem atividades de
humanas de forma independente (Akazawa e Hashimoto 2021).

Sobretudo, quando surgiu a IA como uma “maquina pensante” com programas que
mostravam teoremas matematicos, o impacto foi muito grande para o homem. Perante isto
que estava ocorrendo uma revolu¢do que influenciava o campo da psicologia, linguistica e
filosofia. Mostrando, que esta area esta relacionada também com a roboética, reconhecimento
de voz e de visdo e outras tecnologias (Teixeira 2019).

Sendo assim, a IA tem sido utilizada para a interpretagdo de imagens complexas. Por
meio da digitalizagdo de laminas histologicas se tornou possivel um novo método de
diagnostico baseado na histologia celular. Mediante a uma analise da imagem da lamina
digitalizada ¢ possivel avaliar detalhadamente padrdes nas imagens, incluindo a orientagdo
nuclear, textura, entropia, forma e arquitetura de toda paisagem morfoldgica. Com essa
perspectiva da andlise por imagem consegue-se predizer alteragdes associadas a varias
doengas, como o cancer. Nesta doenga expressdes moleculares tendem a se manifestar na
arquitetura tecidual e apresentam alteracoes morfologicas nucleares caracteristicas, por
exemplo (Wang et al. 2024).

Houve, portanto, um crescimento do interesse da comunidade cientifica basica e
translacional em desenvolver abordagens analiticas baseadas em IA visando classificar de forma
automatizada as células, subtipos de doencas, predizer alteracdes moleculares, dentre outras

tarefas capaz de tornar a medicina de precisdo uma realidade acessivel (Wang et al. 2024). Com
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isto, esta capacidade de analisar imagens de slides inteiros e a disponibilidade de solugdes de
armazenamento com pregos acessiveis, tornou-se possivel a geracao e analise de imagens digitais
no uso clinico. Assim, o avango da IA expandiu para aplicagdes além da radiologia.

Um exemplo do uso da IA na patologia digital ¢ para o diagndstico nos casos do
cancer de mama. Em um estudo realizado, foram feitas analises transversais que avaliaram 32
algoritmos, foi visto que sete algoritmos de aprendizado profundo (deep learning) mostraram
maior discriminacao do que um painel de 11 patologistas em um cendrio de diagnostico
simulado com restricdo de tempo, com uma area sob a curva de 0,994 (melhor algoritmo) vs
0,884 (melhor patologista) (Ehteshami Bejnordi et al. 2017). Este estudo mostrou, que a
capacidade discriminatoria medida pela Area Under Curve (AUC) dos algoritmos variou de
0,556 a 0,994. O algoritmo de melhor desempenho alcangou um nivel de lesdo, fragdo
verdadeiro-positivo comparavel ao do patologista WOTC (72,4% [IC 95%, 64,3% -80,4%])
em uma média de 0,0125 falso-positivos por imagem de ldmina inteira normal. Para a tarefa
de classificagdo de imagem de lamina inteira, o melhor algoritmo (AUC, 0,994 [IC 95%,
0,983-0,999]) teve desempenho significativamente melhor do que das analises dos
patologistas em uma simulagdo diagnodstica (AUC média, 0,810 [variagdo, 0,738-0,884]; p <
0,001). Os cinco algoritmos principais tinham uma AUC média que era comparavel com o
patologista interpretando os slides na auséncia de restricdes de tempo (AUC média, 0,960
[intervalo, 0,923-0,994] para os 5 algoritmos principais vs 0,966 [IC 95%, 0,927-0,998]
(Ehteshami Bejnordi et al. 2017).

Um segundo exemplo seria um estudo realizado para o diagndstico do cancer de
prostata por meio da patologia digital. Onde foram digitalizadas imagens de espécimes de
tecido sdo obtidas a partir de cinco tecidos microarrays (TMAs). Os TMAs incluem 70
amostras benignas e 135 de cancer (TMA1), 74 amostras benignas e 89 de cancer (TMA?2), 70
amostras benignas e 115 de cancer (TMA3), 79 amostras benignas e 82 de cancer (TMA4) e
72 amostras benignas e 86 de cancer (TMAS) (Kwak e Hewitt 2017). As imagens de
espécimes de tecido sdo segmentadas usando recursos baseados em intensidade e textura.
Usando os resultados da segmentagdo, uma série de caracteristicas morfoldgicas de lumens e
nucleos epiteliais ¢ computada para caracterizar tecidos em diferentes resolugdes. Aplicando
um algoritmo de refor¢o “multiview”, as caracteristicas do tecido, obtidas a partir de
diferentes resolugdes, sdo combinadas cooperativamente para alcancar a detec¢do precisa do
cancer. Assim, foi visto que o método de refor¢o “multiview” atingiu > 0,97 AUC usando
TMAL. Para detectar canceres, o método de refor¢o “multiview” alcangcou uma AUC de 0,98

(IC de 95%: 0,97-0,99) conforme treinado em TMA?2 e testado nos grupos independentes
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TMA3, TMA4 ¢ TMAS. O método proposto foi superior as abordagens de visdo unica,
utilizando recursos de uma unica resolugao ou mesclando recursos de todas as resolugoes.
Além disso, o desempenho do método proposto foi insensivel a escolha do conjunto de dados
de treinamento. Por outro lado, quando treinado nos grupos TMA3, TMA4 ¢ TMAS, o
método proposto obteve uma AUC de 0,97 (IC 95%: 0,96-0,98), 0,98 (IC 95%: 0,96-0,99) e
0,97 (IC 95%: 0,96-0,98), respectivamente (Kwak e Hewitt 2017).

Ja na area do diagndstico citologico, um estudo teve como objetivo geral criar
algoritmo que auxiliasse no diagndstico do cancer do colo uterino desde seu rastreio. Os
resultados deste estudo mostraram que a inteligéncia artificial pode auxiliar de forma positiva
por meio de redes neurais (Silva 2017). Segue abaixo a Figura 12 mostrando a rede neural

utilizada.
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Fonte: Aparicio (2015).

Figura 12 - Esquema utilizado para rede neural da Universidade de Valladolid

O estudo de coorte de Bao et al. (2020a) comparou os diagnosticos realizados por
citologistas de forma manual com o diagndstico feito por meio da IA. A concordancia entre a
leitura manual com a IA foi de 94,7% intervalo confidencial [IC] de 95%, 94,5%-94,8%) ¢ o
kappa foi de 0,92 (0,91-0,92). Os indices para diagndstico de positivo aumentaram com a
gravidade da anormalidade citolégica realizada por IA e leitura manual (Ptendéncia < 0,001).
J4 as equacdes gerais estimadas mostraram que a detecgdo de CIN2 + entre mulheres com
ASC-H ou HSIL por IA foi significativamente maior do que os grupos correspondentes
classificados por citologistas (para ASC-H: odds ratio [OR] = 1,22, IC 95% 1,11-1,34, P <
0,001; para HSIL: OR = 1,41, 1,28-1,55, P < 0,001). A citologia assistida por 1A foi 5,8%
(3,0%-8,6%) mais sensivel para a deteccdo de CIN2 + do que a leitura manual com uma

ligeira reducdo na especificidade.
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Em um outro estudo de coorte longitudinal durante um periodo de 7 anos (1993-2000),
foram utilizadas varias metodologias de rastreamento do cancer do colo uterino e utilizadas
imagens cervicais que foram digitalizadas para treinamento do algoritmo de IA. Com a
avaliacdo visual de forma automatizada foi verificado casos de pré-cancer/cancer com maior
precisao (AUC = 0,91, IC 95% = 0,89 a 0,93) do que a interpretacdo original (AUC = 0,69, IC
95% = 0,63 a 0,74; P <0,001) ou citologia convencional (AUC = 0,71, IC 95% = 0,65 a 0,77;
P <0,001) (Hu et al. 2019).

Esfor¢os nos ultimos anos tem utilizado IA na andlise de imagens de esfregaco
visando a classificacdo e diagndstico automatizados para o cancer do colo uterino, a partir de
imagens de esfregago para exame de Papanicolau em um periodo de 15 anos, também
mostrou um resultado satisfatorio, mas com alguns problemas em relagdo a método de
inteligéncia artificial aplicada no rastreio cancer do colo uterino. Foram vistos, que grande
parte dos algoritmos existentes possui uma precisdo em torno de 93,78 % em conjunto com
dados de esfregago de Papanicolau. J4 um outro algoritmo denominado k-means e maquinas
de vetores foram classificados como excelentes classificadores de imagens cervicais com
precisdo de 99,27% e 98,5% quando utilizados a um problema de classificagdo de 2 classes
(normal ou anormal) (William et al. 2018). Estudos recentes tém avaliado o uso de IA na
triagem citologica cervical. Em particular, esforcos estdo sendo direcionados para o
desenvolvimento de um sistema de IA integrado a um microscopio que auxilia na
identificacdo de células anormais em esfregacos cervicais. O estudo preliminar demonstrou
que o sistema de IA pode melhorar a eficiéncia e a precisao na deteccdo de lesdes cervicais,
potencialmente reduzindo a carga de trabalho dos citologistas e aumentando a taxa de
detec¢do de anormalidades (Tang et al. 2021). Uma revisdo com mais de 120 publicagdes
destaca o uso crescente de metodologias analiticas modernas incluindo aprendizado
supervisionado, ndo supervisionado e transfer learning em citologia (Jiang et al. 2023). As
aplicagdes abordadas incluem classificagdo de células, deteccdo de nucleos e segmentacdo de
imagens, usando abordagens que melhoram a precisdo e eficiéncia da triagem citologica. A
revisao também discute desafios como variabilidade de coloragdo ¢ anotacdo insuficiente de
dados. Por fim, sugere caminhos futuros, como integragcdo de sistemas colaborativos homem-
maquina e maior adaptagdo de modelos de IA as particularidades citologicas (Jiang et al.
2023). Coletivamente, nota-se que diversos trabalhos ja aplicaram IA em imagens obtidas a
partir de citologia cervicovaginal, com amplo sucesso na identificacdo de lesdes, onde foi
testado seu potencial como preditor de status molecular da amostra, com correlagdo dos

resultados com o status molecular de HPV da paciente.
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1.6 Justificativa

O cancer do colo uterino ainda ¢ muito frequente, em especial no Brasil e o teste de
Papanicolau ¢ a forma mais utilizada de rastreio populacional. Virtualmente, todos os casos de
carcinoma do colo uterino tém etiologia viral e a pesquisa do virus ¢ um complemento ao
exame citologico para selecionar pacientes que requeiram uma avaliacdo mais cuidadosa pelo
médico especialista, principalmente em casos de diagndstico indeterminado. Contudo, para a
realizacdo do teste de HPV torna-se necessario a execucao de uma analise molecular, limitada
muitas vezes por alto pre¢o, demanda e profissionais qualificados.

Pensando nos desafios encontrados para realizacdo e acesso a um teste molecular e
sabendo-se que as alteragcdes morfoldgicas sdo causadas por alteragdes a nivel molecular, uma
possivel abordagem considerando as laminas de citologia digitalizadas seria a criagdo de um
algoritmo capaz de prever o status de HPV (positivo ou negativo) nas amostras pela analise
morfoldgica de exames citologicos. A presente hipotese ¢ que a criagdo de um algoritmo por
meio da IA tem o potencial de melhorar o diagnostico e a forma de acompanhamento de
pacientes com citologia indeterminada e com lesdo, sendo uma alternativa ao uso da
metodologia molecular em situagdes em que a extracdo de DNA da amostra ou aplicagdo de

testes moleculares ¢ prejudicada.



21

2 OBJETIVOS

2.1 Objetivo geral

Investigar a viabilidade do uso de inteligéncia artificial na detec¢dao das principais

categorias de citologia cervicovaginal.

2.2 Objetivos especificos

g)

Realizar um levantamento de uma casuistica retrospectiva da populacao brasileira
com exames citologicos pareados com teste molecular para HPV por
genotipagem,;

Recuperar as laminas e realizar a avaliacdo de qualidade a fim de priorizar
laminas para digitalizacao;

Investigar as abordagens modernas de inteligéncia artificial para predizer grupos
de interesse diretamente das imagens digitalizadas;

Implementar, testar e avaliar a capacidade discriminatéria dos classificadores para
o grupo de interesse;

Predizer o status de HPV (positivo ou negativo) em casos de citologia com
diagnostico indeterminado (ASC-US).

Testar a eficacia do algoritmo criado em comparagdo com o teste molecular por
HPYV, baseado na progressao clinica dos casos.

Testar a eficicia do algoritmo em predigdo do subgrupo de HPV identificado

molecularmente (baixo ou alto grau).
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3 METODOLOGIA

Por meio de um levantamento de exames citologicos pareados com teste molecular
para HPV por genotipagem, foi realizado um estudo retrospectivo no A.C.Camargo Cancer
Center no periodo de 2017 a 2020. Em seguida, foram selecionados os casos em que as
pacientes possuiam também diagnostico de bidpsia para confirmagdo do diagndstico obtido
pelo exame citoldgico, totalizando 598 casos. A partir da lista com 598 casos, os registros
anatomopatoldgicos foram utilizados para recuperar as laminas no arquivo do hospital. Uma
etapa de avaliacdo de qualidade foi realizada por um médico citologista no microscopio que,
por sua vez, excluiu 10 laminas com baixa qualidade. Apds essa avaliacdo, um total de 588
laminas foram entdo digitalizadas. Uma etapa adicional foi realizada com o objetivo de anotar
células que possuiam as caracteristicas de alteracdo de cada categoria diagnostica (Negativo -
NEG, ASC-US, LSIL) com teste de HPV positivo e negativo. Um segundo levantamento foi
realizado a fim de aumentar os casos das pacientes que fizeram exame citoldgico e teste
molecular para HPV pareados no periodo de 2021 a 2024. Foram selecionados os casos em
que as pacientes possuiam também diagnostico de bidpsia para confirmagao do diagnostico
obtido pelo exame citologico, totalizando 687 casos. Os casos foram entdo recuperados do
arquivo do hospital e posterior avaliagdo de qualidade. Nesta etapa, foram excluidas 8

laminas, totalizando um total de 679 casos.

3.1 Teste citologico

O método utilizado para a realizagao dos exames citologicos no A.C. Camargo Cancer
Center ¢ a citologia em meio liquido Cell Preserv, Kolplast. Trata-se de uma técnica na qual
sdo coletadas células da regido ectocervical e zona de transi¢do com uma escova apropriada
para a técnica e este material coletado ¢ depositado em um frasco contendo liquido
conservante. Entdo, as amostras sdo encaminhadas ao laboratorio, onde sdo processadas em
um processador T2000 ou T5000 (Hologic, New Jersey, EUA), que processa a amostra e
deposita o material na lamina de forma automatizada. Apds esse processamento, a lamina ¢

corada com coloragdo de Papanicolaou e encaminhada ao patologista para avaliagao.
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3.2 Teste molecular para HPV

A metodologia utilizada para a pesquisa de HPV ¢ o Cobas 480%, Roche, que utiliza a
tecnologia de PCR em tempo real. Segundo o método descrito pelo fabricante, cada sonda
oligonucleotidica da reagdo esta marcada com um corante fluorescente, que atua como um
sinalizador, e com um supressor que extingue as emissdes fluorescentes do corante de uma
sonda intacta. A medida que a amplificacio progride, as sondas que sio complementares do
amplicon ligam-se as sequéncias de DNA de cadeia simples especificas e sdo clivadas pela
atividade da nuclease 5' a 3' da polimerase do DNA 28 EagleZ05. Assim que o corante de
sinalizagdo ¢ separado do supressor por esta atividade da nuclease, emite fluorescéncia de um
comprimento de onda caracteristico quando excitado pelo espectro de luz adequado. Este
comprimento de onda caracteristico de cada corante permite que o amplicon HPV16, o
amplicon HPV 18, outros amplicons de alto risco (31, 33, 35, 39,45, 51, 52, 56, 58, 59, 66 ¢
68) e o controle da [B-globina sejam medidos independentemente, porque as sondas
especificas para estas sequéncias estdo marcadas com corantes diferentes. O teste consegue,

desta forma, informar a presenca de DNA de HPV na amostra e seus subtipos presentes.

3.3 Digitalizacao das laminas

O digitalizador de 1aminas utilizado ¢ o modelo Aperio da Leica Biosystems. A Leica
Biosystem ¢ uma empresa sediada na Alemanha especializada em diagndstico de céancer e
lider global em solugdes de fluxo de trabalho. Trata-se de uma linha de digitalizacdo de
imagens com velocidade e confiabilidade. A tecnologia garante uma captura precisa de alta
resolugdo de detalhes de slides para espécimes de campo claro, fluorescentes ou FISH. E
possivel organizar e gerenciar as imagens pelo software com sua plataforma de nivel
empresarial. Com essa tecnologia o patologista consegue analisar a imagem das laminas pela
tela do computador de forma inteira, conseguindo verificar a estrutura morfoldégica com
precisdo. Estas imagens foram utilizadas para aplicacao do sistema de inteligéncia artificial

criado para a predicao do status molecular de HPV na amostra.



24

3.4 Construcio do algoritmo de inteligéncia artificial, treinamento e teste

3.4.1 Construcio do conjunto de blocos

Para processar as laminas antes do treinamento do modelo de aprendizado de multiplas
instancias (multiple instance learning - MIL) (Ilse et al 2018), o primeiro passo no
processamento de uma lamina digital ¢ a extragdo de blocos (files), que sdo pequenos
segmentos da lamina original em resolucdo maxima de 224 px. Esse passo ¢ necessario para
aplicacdo de modelos de inteligéncia artificial em laminas, uma vez que as redes neurais
exigem imagens em resolu¢des menores para processamento. A extracao dos blocos ¢ um
processo altamente customizavel, gerando diferentes representagdes da lamina original a
depender dos parametros utilizados.

Dois parametros importantes sao o tamanho do bloco e o Microns por Pixel (MPP):
enquanto a resolugdo dita o tamanho final de cada tile para entrada na rede neural, o MPP
controla o quantos microns do tecido estdo presentes em cada bloco. Na pratica, o MPP
controla o “nivel de zoom” do slide.

Adicionalmente, ¢ necessario realizar uma filtragem dos blocos extraidos para
construgdo de uma bag-of-tiles representativa. Nem todas as regioes da lamina original sdo
importantes, uma vez que grande parte da imagem contém background ou artefatos. Para
andlise de laminas digitais por meio de técnicas de IA, ¢ importante filtrar os blocos nao
importantes para minimizar o risco de overfitting ou aprendizado de caracteristicas
irrelevantes pelo modelo. Nesta tese, foi utilizada a técnica de Otsu (1979) para filtragem de
blocos contendo background.

Foram testadas duas configuragdes de resolucdo e MPP: para resolugdo, investigou-se
112 px/112 px e 224 px/224 px, enquanto para MPP, explorou-se 0,25 m/pixel e 0,50 m/pixel,
que sdo analogos aos niveis de zoom 40x e 20x, respectivamente. O resultado da etapa de
extracao de blocos ¢ o que se chama de bag-of-tiles, que representa a lamina original por meio

de um conjunto de mini segmentos.
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3.4.2 Extracao de caracteristicas

Apo6s a construcdo da bag-of-tiles, o préximo passo ¢ a extracdo de caracteristicas
(features) que, por sua vez, consiste na construcao de uma representacao vetorial que descreve
as caracteristicas de cada bloco para entrada no modelo de MIL. As caracteristicas sdo
obtidas por modelos de IA de imagens previamente treinadas em grandes bases de dados e
tem um grande impacto na performance do modelo, ja que o algoritmo de MIL devera utilizar
apenas eles para classificar a lamina.

Apesar da area de citologia carecer de um extrator de caracteristicas pré-treinado no
dominio de imagens de citologia, ¢ possivel tentar aproveitar as caracteristicas obtidas de
imagens em outros dominios, incluindo da histologia. Em particular, modelos frequentemente
utilizados sao a ResNet 50 (ImageNet) ¢ o UNI, sendo a ResNet50 pré-treinada com o
conjunto de dados da ImageNet, contendo imagens extraidas da internet representando
objetos do dia a dia, enquanto o UNI ¢ um modelo do dominio de histologia, treinado com
mais de 100 milhdes de imagens de mais de 100.000 WSIs com contraste H&E em 20 tipos
principais de tecidos (Chen et al 2024). A representacdo dos blocos gerada pela ResNet50
contempla 2048 caracteristicas, enquanto o UNI gera uma representacdo de 1024. Neste
projeto, explorou-se a performance das caracteristicsa (features) geradas pela ResNetS0

(ImageNet) e pelo UNL

3.4.3 Definicao do modelo MIL

A classificagao de laminas por modelos de inteligéncia artificial ¢ feita por meio de
abordagens especiais, denominadas algoritmos de aprendizado de multiplas instancias
fracamente supervisionados. Esses modelos sdo utilizados por conta da alta resolugdo presente
nas laminas, o que impede o uso de modelos de IA imagens tradicionais. Na técnica MIL, o
algoritmo recebe como entrada uma bag-of-tiles, contendo diversos blocos da mesma lamina,
e sua tarefa ¢ aprender a reconhecer quais desses blocos sao correlacionados com a classe-
alvo. No contexto de classificagdo citologico, os blocos sdo segmentos da lamina contendo
um conjunto de células, e o modelo de MIL precisa aprender quais blocos estdo associados a

cada resultado, diferenciando-os de blocos e artefatos comuns. Esse processo ¢ semelhante a
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como o especialista precisa identificar as células com caracteristicas especiais para fornecer o
resultado do exame. Este processo ¢ o aspecto fracamente supervisionada da abordagem, uma
vez que nao ¢ fornecido exemplos de blocos (ou conjunto de células) de cada classe, mas
apenas o resultado geral do exame, sendo responsabilidade do préprio modelo aprender quais
células estdo presentes em cada resultado.

O aprendizado de quais blocos sdo relevantes para cada modelo pode ser feito de
diferentes maneiras, entretanto, o estado-da-arte realiza essa classificacdo por meio de
mecanismos baseado em atengdo. Em resumo, o objetivo da técnica ¢ atribuir um nivel de
importancia para cada bloco da lamina e, ao final, agregar as caracteristicas da lamina
considerando os blocos mais importantes. Idealmente, os segmentos contendo as células que
justificam o resultado do exame devem ser identificados como mais importantes pelo modelo.
Ha diversos modelos propostos na literatura para aprendizado fracamente supervisionado por
meio de mecanismo de atengdo, entre os mais utilizados, estdo o TransMIL e o CLAM (Lu
etal. 2021).

Resumidamente, o modelo CLAM funciona modelando cada grupo de interesse (por
exemplo HSIL, LSIL, NEG) de forma independente com uma camada de aten¢do e uma
camada de classificagdo. A camada de atencdo ¢ responsavel por identificar blocos
importantes e combina-los em um tnico vetor de 1024 caracteristicas para a lamina, com base
na importancia calculada de seus blocos,

enquanto a camada de classificagdo utiliza esse vetor de representagdo e produz um
unico valor de ativacdo: saidas mais altas representam uma maior probabilidade de a lamina
pertencer a classe. Por fim, esse valor independente para cada grupo ¢ entdo combinado no
vetor de saida usando uma funcao de ativacdo softmax, cujo valor méximo descreve o grupo de
interesse da lamina. Adicionalmente, o0 modelo também emprega um classificador de instancias
cujo objetivo € agrupar os blocos de cada classe. Durante o treinamento, o classificador de
instancias atua como um método de regularizagdo que direciona a aten¢do para produzir
caracteristicas relevantes tanto para o mecanismo de atengdo quanto para ele proprio; no
entanto, uma vez que o modelo conclui a fase de treinamento, ele pode ser utilizado como um
classificador de blocos que identifica blocos associados ao grupo-alvo de interesse.

J& o TransMIL utiliza uma abordagem também baseada em mecanismo de atencdo
especial. O modelo recebe como entrada a bag-of-tiles e tem como objetivo tentar construir
um vetor de caracteristica geral para a lamina, agregando as caracteristicas dos contidos nos
seus blocos. O primeiro passo do modelo consiste em transformar o vetor de caracteristica em

uma representa¢do interna via uma camada linear para 512 caracteristicas. Em seguida, a



27

determinag¢do dos blocos importantes para o resultado é realizada via um mecanismo de
atengdo especial, composto por duas camadas de Transformers, separadas por uma camada
para modelagem posicional. As camadas de transformers sao responsaveis por calcular a
importancia de cada bloco, enquanto a camada posicional tem como objetivo extrair
relacionamentos entre as caracteristicas dos blocos via uma camada de convolugdo,
aumentando sua representatividade ao permitir a captura de relagdes complexas entre os
blocos. Ao final do mecanismo de atencao, cada bloco teve seu vetor de caracteristicas
transformado, considerando os niveis de importancia identificados pelo modelo.

Por fim, uma ultima camada linear transforma a representacao do slide contendo 512
caracteristicas na probabilidade do slide de pertencer a uma das classes-alvo (por exemplo,
ASC-US, HSIL, LSIL). Neste projeto, analisou-se o impacto do uso de ambos os modelos,
TransMIL e CLAM.

3.4.4 Treinamento do modelo

Na etapa de treinamento, a coorte foi dividida num conjunto teste com 15% dos casos,
enquanto os demais 85% restantes foram divididos em 5 subconjuntos (folds) de validacao
cruzada, onde os casos foram aleatoriamente designados para um conjunto de treinamento
(85%) ou de validagdo (15%), garantindo que a distribui¢do dos rotulos e a propor¢ao do
conjunto de laminas permanecem inalteradas em ambos os conjuntos. Todos os modelos
foram treinados de forma independente para cada fold, usando o mesmo conjunto de
hiperparametros fixos, com o objetivo de avaliar a variancia do modelo em diferentes dados.

Ao total, foram testados 320 modelos, cada um considerando combinacao de
configuragdes nas diferentes etapas da metodologia, tal como na constru¢cdo dos bag-of-tiles,
incluindo resolugdo (112 px, 224 px) e nivel de zoom (0,25 mpp, 0,5 mpp), no extrator de
caracteristicas (ResNet50, UNI) e na técnica de MIL aplicada (TransMIL, CLAM). Cada
modelo foi treinado varias vezes com um procedimento de validacdo cruzada de 5 folds,
utilizando os mesmos slides em cada fold, permitindo uma comparagdo justa entre as
configuragdes.

Todos os modelos foram treinados por um total de 100 épocas. Para acelerar o
treinamento e diminuir os requisitos de memoéria da GPU, dividiu-se o procedimento de

treinamento em duas etapas: 1) extragdo de caracteristicas e ii) treinamento do classificador.
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Essa abordagem tem a vantagem de permitir que mais modelos sejam treinados em paralelo
devido aos menores requisitos de memoria e processamento necessarios para treinar cada
modelo, viabilizando a execu¢do de todas as combinagdes. Os modelos foram treinados
paralelamente usando 6x GPU NVIDIA A100 de 40 GB.

Ao final, utilizou-se, para cada modelo, sua propria fun¢do de calculo de erro,
conforme recomendado em suas propostas originais. Para o CLAM, empregou-se a funcdo de
erro original, que ¢ uma combinacao linear de duas partes consistindo em um célculo de erro
de “conjunto” e um erro de “instancia”. A funcao de “conjunto” ¢ uma de Cross Entropy
Loss, ponderada em 0,7, enquanto o erro de “instancia” ¢ uma fun¢do de Smooth SVM Loss.
Para o TransMIL, utilizou-se a funcdo Cross Entropy Loss, apropriada para tarefas
multiclasse. O processo de treinamento utilizou o otimizador ADAM com uma taxa de

aprendizado fixa de 0,0001 e decaimento de peso de 0,0001.
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4 RESULTADOS

4.1 Descricao e aspectos citologicos da casuistica

Foi analisada no periodo de 2017 a 2020 a quantidade de 588 casos de citologia com
diagnodstico Negativo, ASC-US e LSIL pareado com teste molecular para HPV com resultado
positivo ou negativo no departamento de Anatomia patologica do A.C. Camargo Cancer Center.
A Tabela 1 mostra a quantidade de diagnostico Negativo (NEG), ASC-US e LSIL pareado
com teste molecular para HPV no periodo de 2017 a 2020. Apos foi realizado uma segunda na
analise de novos (N = 676) casos no periodo de 2021 a 2024. Seguem os dados descritos na

Tabela 2 e na Tabela 3 ha o total (N = 1264) de casos analisados durante todo o estudo.

Tabela 1 - Casos positivo e negativo para HPV de acordo com cada categoria

diagnostica citologica

Diagnostico HPV+ HPV- Total
Negativo 71 306 377
ASC-US 81 66 147
LSIL 59 5 64

Fonte: Arquivo A.C.Camargo Cancer Center.

Tabela 2 - Casos positivo e negativo para HPV de acordo com cada categoria

diagnostica citologica

Diagndstico HPV+ HPV- Total
Negativo (NEG) 17 176 193
ASC-US 108 93 201
LSIL 169 32 201
HSIL 74 7 81

Fonte: Fonte: Dados retirados do arquivo do departamento de anatomia patolégica doAC Camargo.

Tabela 3 - Total de casos positivo e negativo para HPV de acordo com cada categoria

diagndstica citologica no primeiro e segundo lote

Lote 1 (2017 a 2020) Lote 2 (2021 a 2024)
Diagndstico HPV+ HPV- Total HPV+ HPV- Total
Negativo 71 306 377 17 176 193
ASC-US 81 66 147 108 93 201
LSIL 59 5 64 169 32 201
HSIL - - - 74 7 81

Fonte: Dados retirados do arquivo do departamento de anatomia patolégica do AC Camargo.
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Analisando a quantidade de diagndstico dos casos negativo, ASC-US e LSII no
periodo de quatro (2017 a 2020) em quatro (2021 a 2024) anos, percebe-se que houve uma
diminui¢do do total dos casos negativos (2017 a 2020; N = 377) e (2021 a 2014; N = 193),
nota-se também que no periodo (2017 a 2020) ha 71 casos de HPV positivo e 306 casos
negativo e em (2021 a 2024) 17 casos positivos e 176 negativos nesta categoria diagnostica.
J4 na categoria ASC-US hd um aumento de casos quando comparado com o primeiro lote
(2017 2a2020; N = 147) com o segundo (2021 a 2024; N =201), onde se tem (2017 a 2020) 81
casos de HPV positivo e 66 casos de negativo. Na categoria LSIL houve também um
aumento dos casos (2017 a 2020; N = 64) ¢ (2021 a 2024; N = 201) com 59 casos de HPV
positivo e 5 casos negativo no primeiro lote (2017 a 2021), j& no segundo lote (2021 a 2024)
ha 169 casos de HPV positivo e 32 casos de HPV negativo. Fica evidente que apesar do HPV
ser o fator primordial para desenvolvimento de lesdes pré-neoplésicas, nesta casuistica ha
casos de cada categoria (ASC-US e LSIL) diagnodstica com teste de HPV pareado com
resultado negativo (ASC-US e LSIL) e casos com resultado de HPV positivo onde deveria
ser negativo (NEG). Existem varios fatores que pode explicar esta divergéncia, como: Nos
casos de citologia negativa com HPV positivo, pode ser que quando foi realizada a coleta o
virus ndo tenha ainda causado lesdo, porém estava ali presente. Na categoria ASC-US os
casos negativos para HPV provavelmente as alteragdes se tratava de processos inflamatorios.
Nos casos LSIL pode se tratar de casos em o tipo de HPV presente ndo foi nenhum dos tipos
testados ja que existem mais de 200 tipos atualmente ou no momento da coleta a paciente ja

teria eliminado o virus.
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4.2 Arquitetura de IA proposta

Nesse trabalho, propds-se uma arquitetura de IA para a detec¢@o de subtipos de cancer
cervical a partir de imagens citologicas. O processo comecga com a preparacdo das laminas
digitalizadas, utilizando a técnica de extragdao de blocos (files) em resolucao maxima de 224
px. Os blocos, ajustados em tamanho e nivel de zoom (MPP), sdo filtrados para remover
areas irrelevantes, como fundo e artefatos, criando uma estrutura representativa denominada
bag-of-tiles. Esse conjunto de blocos ¢ essencial para alimentar a o0 modelo em resolucdes
compativeis com a capacidade de processamento. Na etapa de extracdo de caracteristicas,
modelos pré-treinados, como a ResNet50 e o UNI, sdo utilizados para gerar representagdes
vetoriais dos blocos, que capturam caracteristicas significativas para a classificagdo. Essas
representacdes incluem 2048 caracteristicas (ResNet50) e 1024 caracteristicas (UNI), que
alimentam o modelo de aprendizado de multiplas instancias (MIL).

A abordagem MIL utilizada envolve dois modelos de ateng¢do, TransMIL ¢ CLAM,
para identificar blocos relevantes que indicam subtipos especificos de cancer cervical. No
modelo CLAM, uma camada de atengdo seleciona blocos importantes € combina-os em uma
representacao Unica, enquanto a camada de classificagdo define a probabilidade de cada
subtipo. J& o TransMIL emprega camadas de Transformers e modelagem posicional para
aprender relagcdes complexas entre os blocos e construir uma representacdo geral para a
lamina. A arquitetura foi testada com validagdo cruzada em cinco folds, avaliando 320
combinagdes de configuracdes de resolugao, MPP e modelo de MIL, treinadas em GPUs de

alta capacidade para otimizar o desempenho e a precisao na classificagao.
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4.3 Parametrizacio do modelo afeta a capacidade discriminatdria

Foram desenvolvidos 320 modelos considerando distintas configuracdes entre grupos
de diagnostico, resolugdo da imagem e compressao. Para cada modelo com a respectiva
parametrizacdo, foi utilizado a validacdo cruzada (cross validation) para avaliar o
desempenho do respectivo modelo. Pode-se observar uma capacidade discriminatério variavel
de acordo com o grupo diagndstico e parametrizacdo. Desafiou-se a discrimina¢@o dos grupos
em duas grandes arquiteturas: CLAM e transMIL. Enquanto a arquitetura CLAM foca na
atencdao por instdncia com regularizacdo por agrupamento, o TransMIL utiliza a atencdo
global entre todas as instancias por meio da arquitetura de Transformers. Como resultado, foi
observada varidncia da AUC menor nos modelos da arquitetura CLAM o que reflete num
aprendizado consistente nos folds avaliados. Por outro lado, o TransMIL mostrou uma
discreta melhora de desempenho. Especificamente, o modelo dos grupos NEG vs POS da
arquitetura TransMIL mostrou o melhor desempenho quando comparado a outros modelos e
parametrizacdes (112 px/112 px e 0,5 MPP). Os modelos para discriminar HPV+ vs HPV-
apresentam um desempenho marginal com AUC préxima a 0,6. As distribuicdes das AUCs

para cada modelo sdo apresentadas na Figura 13.
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Quando comparada a capacidade do algoritmo no modelo CLAM com a do médico
patologista em fazer diagnéstico NEG vs POS fica evidente que o algoritmo apresenta a
mesma capacidade de um médico de dar o diagndstico positivo ou negativo. Ja na categoria
de diagnostico NEG vs OTHERS a capacidade ¢ quase a mesma, apresentando pouca chance
de falso positivo. Na categoria NEG vs ASC-US vs POS houve um pouco de diferenca.
Porém, quando se tratou de diagnosticar casos de HPV positivo ou negativo o algoritmo
apresenta dificuldade assim como um médico patologista em diagnosticar estes casos sem

teste molecular para HPV.

4.3.1 Combinacdes de classes

Foram construidas quatro combinac¢des de classes para testes, contemplando dois
objetivos distintos: a classificacdo citoldégica das células e a identificagdo do HPV
diretamente a nivel de citologia. Nas combinag¢des de classes citologicas, a discriminagdo
entre NEG vs POS foi frequentemente a que apresentou uma melhor performance (Figura
14). Nela, ndo foram incluidos slides contendo células da classe ASC-US. Em seguida, a
combinagdo contemplando NEG vs ASC-US vs POS obteve o segundo maior poder de
classificagcdo. Por fim, a combinacdo de NEG vs OTHERS, que tenta diferenciar os slides
entre NEG e as outras classes, ASC-US e POS (LSIL e HSIL), frequentemente foi a mais
desafiadora para citologia. Em geral, entretanto, a combina¢do com classes de menor poder

preditivo foi o resultado do HPV diretamente das imagens citoldgicas.
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Figura 14 - Performance geral dos modelos propostos



34

4.3.2 Tamanho do tile vs mpp

A performance de 112 px/112 px tendem a ser superior a dos modelos com 224 px/224
px. A performance dos modelos com 0,25 mpp tendem a ser melhor do que com 0,5 mpp
(menos zoom). Em geral, a melhor combinagao de tamanho de tile e mpp € de 112 px/112 px
com 0,25 mpp, caracterizando tiles pequenos e com alto nivel zoom, de forma que cada tile
considera apenas uma ou poucas células por vez. Adicionalmente, essa combinagdo pode
resultar em um alto namero de tiles construidos (Figura 15).
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Figura 15 - Performance dos modelos e sua relagdo com tamanho e resolucio do tile

4.3.3 Modelo de MIL vs extrator de caracteristicas

Apesar do UNI ter sido treinado apenas com dados histoldgicos, ndo sendo
necessariamente apropriado para citologia, ele obtém performance melhor do que o ResNet50,
que tem o dobro de caracteristicas (2048 vs 1024 do UNI). Em geral, a melhor performance
foi obtida no conjunto NEG vs ASC-US vs POS, pelo CLAM e UNI. Porém, considerando
as outras combinacdes de classes, o uso do UNI e TransMIL obteve performance melhores

no conjunto (Figura 16).
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combinacdo de tiles pequenos e alto nivel de zoom (112 px/112 px, 0,25 mpp), com features
do UNI e modelo TransMIL. Em particular, a discriminagao entre slides NEG vs POS, sem
a classificacdo de ASC-US, obtém performance aceitavel com uma AUROC de 0,7 (Figura

Figura 17 - Performance do modelo e sua relacio com as arquiteturas de IA. C-CLAM,
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5 DISCUSSAO

Este trabalho investiga a viabilidade do uso dos algoritmos de inteligéncia artificial
(IA) em prever subgrupos usualmente identificados a partir do exame cervicovaginal. A
motivacao central do trabalho reside na alta prevaléncia do cancer cervical e nas limitagdes
dos métodos tradicionais de triagem citoldgica, especialmente em diagnosticos
indeterminados como ASC-US. Neste contexto, a tese também explora o uso de IA para
avaliar a capacidade discriminatoria na identificacao de subtipos de HPV, tornando-se uma
alternativa potencialmente mais acessivel € menos invasiva em comparagdo com o teste
molecular de HPV. Para alcancgar esse objetivo, foi empregada uma abordagem que inicia a
partir da digitalizagdo de laminas citologicas, extracdo de caracteristicas utilizando redes
neurais treinadas em imagens histoldgicas, e a aplicacdo de algoritmos de aprendizado de
multiplas instancias (MIL), como CLAM e TransMIL. Estes algoritmos permitem que o
sistema de IA identifique padrdes especificos associados a subgrupos de interesse, incluindo o
status de HPV diretamente das imagens citoldgicas.

A partir dos resultados obtidos, observamos que o modelo CLAM apresentou um
desempenho satisfatorio para a predicdo do diagnostico entre os casos dos grupos POS vs
NEG a partir da citologia cervicovaginal. De fato, no cendrio clinico, embora o médico
patologista seja capaz de discriminar essas duas classes, este diagnostico demanda uma
andlise cuidadosa da lamina citologica e, assim, a analise destaca a viabilidade do uso de IA
como uma abordagem adicional para ampliar a triagem e apoiar na tomada de decisdo na
avaliacdo citologica. O resultado do diagnostico POS ou NEG ¢ de particular interesse, pois,
por meio deste resultado, sera definida a conduta e o tratamento a ser realizado pelo paciente.
Por exemplo, no caso de resultado negativo (NEG) sera realizado um seguimento e, no caso
de positivo (POS), a paciente recebera uma conduta totalmente diferente de acordo com o
grau de lesdo que ela estiver.

Por outro lado, quando olhamos o desempenho do modelo CLAM na predi¢do do
diagnéstico de NEG vs OTHERS, observamos que este modelo apresentou um menor
desempenho. No entanto, na rotina clinica, este cenario desafia o médico patologista diante a
dificuldade em distinguir determinados casos. De fato, isso ocorre devido a processos
inflamatorios causados por infecgdes que ndo sdo pelo HPV, que levam a alteracdes celulares
similares a alteragcdes que o virus do HPV causa, como por exemplo as lesdes de baixo grau.

Este diagnodstico ¢ de extrema importancia para se diferenciar os casos que sdo realmente
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positivo dos falsos positivos para lesdes percussoras para cancer do colo uterino e definir a
conduta para a paciente.

Ja na analise de desempenho a partir da predigdio NEG vs ASC-US vs POS, nota-se
que o desempenho foi similar ao da anélise de diagndstico NEG vs POS apresentando um
pouco mais de dificuldade, sendo que este resultado também se equipara a dificuldade que o
médico patologista apresenta, porque nesta comparacdo a dificuldade maior ndo ¢ nos casos
positivos ou negativos e sim por causa dos diagnosticos indeterminados (ASC-US), por isso
temos um menor desempenho dos modelos de IA. O diagnostico da classe ASC-US ¢ mais
desafiador uma vez ela hd uma incerta maior diante a avaliagdo do patologista, onde ¢
possivel ver alteracdes celulares, porém nado ¢ possivel afirmar que aquela alteragdo se trata de
uma lesao pré-cancer. Portanto, o diagnostico positivo (POS) ou negativo (NEG) ¢ bem mais
facil quando comparando ao diagnostico ASC-US. Este resultado ¢ importante porque
quando temos um diagnostico ASC-US, a paciente precisa ser submetida a repeticao de
exames citoldgicos para acompanhamento da evolug@o ou ndo de uma possivel lesdo que pode
evoluir para cancer, enquanto nos casos positivos (POS) ou negativos (NEG) direciona
conduta e tratamento.

Na ultima anélise, onde 0 modelo CLAM avalia HPV- vs HPV+, observamos o pior
desempenho. De fato, a dificuldade dessa classificagio também ¢ vista pelo médico
patologista, porque ele consegue olhar as laminas e ver possiveis alteragdes nas células que
podem ser ou ndo causadas pelo virus do HPV, porém o médico ndo consegue afirmar esse
diagnostico, embora tenha uma suspeita. Ja nos diagnosticos negativos para HPV, a
dificuldade ¢ ainda maior, sem um teste adicional por meio de um teste molecular para HPV.
De importancia, ao considerar os aspetos do sistema imunologico, a paciente pode ter o virus
no organismo, mas o virus produz as alteragdes celulares levando, assim, a um resultado falso
negativo. Emitir o diagnostico de HPV positivo ou negativo ¢ fundamental, uma vez que
pacientes infectadas com HPV ¢ o principal driver associado ao desenvolvimento do cancer
do colo uterino. Portanto, uma mulher com diagnostico de HPV positivo necessita de um
acompanhamento proximo visando avaliar a evolucao do seu quadro clinico e verificar se o
organismo eliminou o virus ou, em ultimo caso, se o virus persiste levando a uma alteragao
celular que pode levar ao desenvolvimento do cancer do colo uterino.

Este ¢ o primeiro estudo usando uma casuistica com pacientes da populacdo brasileira,
diagnosticadas no A. C. Camargo Cancer. Os resultados alcangados destacam como a
parametrizacdo e as diferentes arquiteturas de IA afetam a capacidade discriminatdria dos

modelos para os subgrupos analisados. Como investigacdo futura, espera-se ampliar a
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casuistica atual. Adicionalmente, pretendemos utilizar uma abordagem de IA supervisionada.
Nesse processo, serd incorporada um conjunto de regides previamente anotadas e que foram
utilizadas na defini¢ao dos subgrupos pelo médico citologista de acordo com o guideline atual

para avaliacao das respectivas lesoes.
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6 CONCLUSOES

De maneira geral, conclui-se que o uso de algoritmos de IA desenvolvidos para a anélise
de citologias cervicovaginais oferece uma abordagem promissora para a predicdo de
subgrupos, incluindo o status molecular de HPV em amostras com diagnosticos
indeterminados. A arquitetura de aprendizado de multiplas instancias proposta demonstrou
capacidade discriminatdria, especialmente ao identificar subtipos de lesdes cervicais, com
destaque para o uso de combinagdes especificas de resolugdo, extracdo de caracteristicas e
modelos baseados em aten¢ao como o CLAM e o TransMIL. Embora desafios, como a
variabilidade diagndstica entre subgrupos e limitagdes no reconhecimento direto do status de
HPYV, ainda persistam, os avangos apresentados indicam um caminho robusto para integrar
tecnologias de IA em praticas clinicas, potencialmente reduzindo a dependéncia de testes

moleculares e aumentando a eficiéncia no rastreamento de lesdes pré-neoplésicas.
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G. RARE CYTOLOGY
RESULTS

G.1 Evaluation of eytology
interpreted as atypical glandular
cells (AGC) or adenocarcinoma
in situ (AIS)

G2 Unsatistactory Cytology

G.3 Absent Transformation
Zone on Cytology

G4 Benign Endometrial Cells in
Premenopausal Patients or
Benign Glandular Cells in
Post-Hysterectomy Patient

H. COLPOSCOPY H.1 ASCCP Colposcopy Standards
PRACTICE STANDARDS  H.2 Exceptions to
AND EXCEPTIONS TO Colposcopy Threshold
COLPOSCOPY CLINICAL
ACTION THRESHOLD

I. MANAGING HISTOLOGY 1.1 Histologic HSIL, Not Further
RESULTS Specified or Qualified
1.2 Management of Histologic
HSIL (CIN 2 or CIN 3)
1.3 Management of CIN 2 in Those
Who Are Concerned About the
Potential Effect of Treatment on
Fumre Pregnancy Ountcomes
1.4 Management of Histologic
LSIL (CIN 1) or less
Preceded by ASC-H or
HSIL Cytology
1.5 Histologic LSIL (CIN 1)
Diagnosed Repeatedly for at
Least 2 Years
1.6 Management of AIS: Adoption of
Society of Gynecologic Oncology
Recommendations
J. SURVEILLANCE AFTER 11 Specific Tests and Testing
ABNORMALITIES Intervals When Managing
Abnormal Results
J.2 Short-Term Follow-up After
Treatment for Histologic HSIL
J.3 Guidance for Long-Term
Follow-up Afier Treatment
for High-Grade Histology
or Cytology
J4 Guidance for Long-Term
Follow-up After Low-Grade
Cytology (HPV-Positive NILM,
ASC-US, or LSIL) or Histologic
LSIL (CIN 1) Abnormalities
Without Evidence of Histologic
or Cytologic High-Grade
Abnormalities
K. SPECIAL POPULATIONS  K.1 Management of Patients
Younger Than 25 Years
K2 Managing Patients
During Pregnancy
K.3 Managing Patients With
Immunosuppression
K.4 Managing Patients Afier
Hysterectomy
K.5 Managing Patients Older Than
65 Years With a History of Prior
Abnormalities
L. CURRENT L.1 Current Considerations
CONSIDERATIONS AND 1.2 Future Directions
FUTURE DIRECTIONS

A. EXECUTIVE SUMMARY

Updated US consensus guidelines for management of cervical
screening abnormalities are needed o accommodate the 3 available
cervical screening strategies: primary human papillomavirus (HPV)
screening, cotesting with HPV testing and cervical cytology, and cer-
vical eytology alone. New data indicate that a patient's risk of devel-
oping cervical precancer or cancer can be estimated using current
screening test results and previous screening test and biopsy results,
while considering personal factors such as age and immunosuppres-
sion. Routine screening applies only to asymptomatic individuals
who do not require surveillance for prior abnormal screening results.

The 2012 consensus guidelines were the first to be based on
the principle of equal management for equal risk, specifically, the
risk of a patient developing cervical cancer, estimated by the surro-
gate end point of the S-year risk of cervical intraepithelial neoplasia
{CIN) grade 3 (CIN 3) or more severe diagnoses {CIN 3+), regard-
less of which test combmations yielded this risk level. Introduction
of risk-based guidelines in 2012 was a conceptual breakthrough,
but the recommendations retained a continued reliance on compli-
cated algorithms and insufficiently incorporated screening history.
With a more nuanced understanding of how previous results affect
risk, and more variables to consider, the 2019 guidelines further
align management recommendations with current understanding
of HPV natural history and cervical carcinogenesis. More frequent
surveillance, colposcopy, and treatment are recommended for pa-
tients at progressively higher risk, whereas those at lower tisk can
defer colposcopy, underge follow-up at longer surveillance inter-
vals, and, when at sufficiently low risk, return to routine screening.
Clearly defined risk thresholds to guide management are designed
to continue functioning appropriately when population-level preva-
lence of CIN 3+ decreases because of HPV vaccination and also as
new screening and triage tests are introduced. The revised guidelines
provide a framework for incorporating new data and technologies as
ongoing incremental recommendation revisions, minimizing the time
needed to implement changes that are beneficial to patient care

B.INTRODUCTION

This is the fourth American Society of Colposcopy and Cer-
vical Pathology (ASCCP)-sponsored consensus guidelines for
management of cervical cancer screening abnormalities, after
the original consensus conferences i 2001' and subsequent up-
dates in 2006” and 2012.% An interim guidance publication provid-
g management recommendations for primary HPV screening was
released in 2015. This document updates and replaces all previous
guidance. The key difference between 2019 guidelines and previous
versions is the change from primarily test results based algorithms
(e.g, “Colposcopy is recommended for patients with HPV-positive
atypical squamous cells of undetermined significance [ASC-US],
low-grade squamous mtraepithelial lesion [LSIL],” etc.) to primarily
“risk-based” guidelines (e.g., “Colposcopy is recommended for any
combination of history and current test results yielding a 4.0% or
greater probability of finding CIN 3+ etc.). See Box | for essential
changes. Tables of risk estimates for possible combinations of current
screening test results and screening history (including unknown his-
tory) have been generated from a prospective longitudinal cohort of
more than 1.5 million patients followed for more than a decade at
Kaiser Permanente Northern California (KPNC), All KPNC esti-
mates of risk underlying guideline decisions are detailed in the ac-
companying article by Egemen et al® The applicabilty of these
risk estimates to other United States regions and populations has been
confirmed in other data sets from screening programs and clinical fri-
als.® Many patients, especially those with minor abnormalities, can be
managed by identifying their risk level using Tables 1A to 5B in
Egemen et al’ and linking it to a recommended clinical action (return
to routine screening, surveillance with repeat testing at 1- or 3-year
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Box 1. Essential Changes From Prior Management Guidelines

1) Recommendations are based on risk, not results.

+ Recommendations of colposcopy, treatment, or surveillance will be based on a patient's risk of CIN 3+ defermined by a
combination of current results and past history (including unknown history). The same current test results may yield dif-
ferent management recommendations depending on the history of recent past test results.

2) Colposcopy can be deferred for certain patients.

+ Repeat HPV testing or cotesting at | year 1s recommended for patients with minor screening abnormalities indicating
HPV infection with low risk of underlying CIN 3+ (e g, HPV-positive, low-grade cytologic abnormalities after a docu-
mented negative screening HPV test or cotest).

3) Guidance for expedited treatment is expanded (Z.e., treatment without colposcopic biopsy).

+ Expedited treatment was an option for patients with HSIL cytology in the 2012 guidelines; this guidance is now better defined.
+ For non-pregnant patients 25 years or older, expedited treatment, defined as treatment without preceding colposcopic biopsy
demonstrating CIN 2+, is preferred when the immediate risk of CIN 3+ is 260%, and is acceptable for those with risks
between 25% and 60%. Expedited treatment is preferred for nonpregnant patients 25 years or older with high-grade
squamous intraepithelial lesion (HSIL) cytology and concurrent positive testing for HPV genotype 16 (HPV 16) (i.e,
HPV 16 positive HSIL cytology) and never or rarely screened patients with HPV-positive HSIL cytology regardless of
HPV genotype.

Shared decision-makmg should be used when considerng expedited treatment, especially for patients with concems
about the potential impact of treatment on pregnancy outcomes.

4)Excisional treatment is preferred to ablative treatment for histologic HSIL (CIN 2 or CIN 3)in the United States. Excision is
recommended for adenocarcinoma in situ (AIS).

5) Observation 1s preferred to treatment for CIN 1.

6) Histopathology reports based on Lower Anogenital Squamous Terminology (LAST) World Health Organization (WHO) rec-
ommendations for reporting histologic HSIL should include CIN 2 or CIN 3 qualifiers, i.e., HSIL{CIN 2) and HSIL (CIN 3).

7) All positive primary HPV screening tests, regardless of genotype, should have additional reflex triage testing performed from
the same laboratory specimen (e.g., reflex cytology).

+ Additional testing from the same laboratory specimen is recommended because the findings may inform colposcopy
practice. For example, those HPV-16 positive HSIL cytology qualify for expedited treatment.

+ HPV 16 or 18 infections have the highest risk for CIN 3 and occult cancer, so additional evaluation (e.g., colposcopy
with biopsy) 1s necessary even when cytology results are negative.

+ IfHPV 16 or 18 testing is positive, and additional laboratory testing of the same sample is not feasible, the patient should
proceed directly to colposcopy.

8) Continued surveillance with HPV testing or cotesting at 3-year intervals for at least 25 years is recommended after treatment
and initial post-treatment management of histologic HSIL, CIN 2, CIN 3, or AIS. Continued surveillance at 3-year intervals be-
yond 25 years is acceptable for as long as the patient's life expectancy and ability to be screened are not significantly compro-
mised by serious health issues.

+ The 2012 guidelines recommended return to 5-year screening intervals and did not specify when screening should cease.
New evidence indicates that risk remams elevated for at least 25 years, with no evidence that treated patients ever return
to risk levels compatible with 5-year intervals.

9) Surveillance with cytology alone is acceptable only if testing with TPV or cotesting is not feasible. Cytology is less
sensitive than HPV testing for detection of precancer and is therefore recommended more often. Cytology is recommended at
6-month mtervals when HPV testing or cotesting is recommended annually. Cytology is recommended annually when 3-year
intervals are recommended for HPV or cotesting.

10) Human papillomavirus assays that are Food and Drug Admimistration (FDA)-approved for screening should be used for
management according to their regulatory approval in the United States. (Noze: all HPV testing in this document refers to testing
for high-risk FIPV types only).

+ For all management indications, HPY mRNA and HPV DNA tests without FDA approval for primary screening alone
should only be used as a cotest with cytology, unless sufficient, rigorous data are available to support use of these par-
ticular tests in management.
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intervals, colposcopy, or treatment). To facilitate use of these tables,
the same information will be accessible via smartphone app (for
purchase) and web (no cost) through http://www.ascep.org. Deci-
sion aids may facilitate use of the tables.” Common abnormalities
are managed using risk estimates outlined in Section E, and rare
abnormalities are managed via the result-specific consensus rec-
ommendations outlined in Sections G-K.

The minimum amount of data required to generate a recom-
mendation will include the patient's age and current test results, as
we recognize that previous screening history is often not known.
Increased precision of management guidance will be possible if
information is available on test results within the past 5 years
and previous precancer treatment within the past 25 years * Cur-
rent results and past history are designed to generate the patient's
risk estimate from data tables.® Risk estimates are available for
the following clinical situations: abnormal screening test results
with unknown history, abnormal screening test results with medical
record documentation of a preceding negative HPV test or cotest,
surveillance of previous abnormal screening test results that did
not require immediate colposcopic referral (e.g., follow-up after
an HPV-positive cytology negative result), colposcopy/biopsy re-
sults, and follow-up surveillance tests after colposcopy or after treat-
ment for, or resolution of, high-grade abnormalities (e.g., CIN 2+).

The recognition that persistent HPV infection is necessary
for developing precancer and cancer (defined as CIN 3+, which
includes diagnoses of CIN 3, AIS, and cancer) underlies the
2019 guideline update. Prospective longitudinal data indicate that
when a new abnormal screening test result follows a negative
HPV test or cotest within the past 5 years, the estimated risk of
CIN 3+ is reduced by approximately 50%.® A negative cytology
result within 3 years of a new abnormal screening test, however,
does not confer a similar reduction in risk ®* The 2019 guidelines
also recognize that a colposcopic examination performed according
to accepted standards (e.g., using the KPNC colposcopy protocol
ar the ASCCP Colposcopy Standards®) confirming low- grade or
normal histology reduces a patient's estimated risk of having
precancer/cancer in the next 2 years."! This allows patients with
an HPV-positive ASC-US or LSIL result at their 1-year follow-
up visit after a colposcopy confirming normal- or low-grade his-
tology to return for repeat HPV or cotesting in 1 more year, rather
than immediately return to colposcopy. Thus, incorporating a
patient's history of previous HPV tests and colposcopy/biopsy re-
sults will permit detection and treatment of CIN 3+ while avoiding
unnecessary interventions for patients with new HPV infections
who are at lower risk.?

C. GUIDING PRINCIPLES

Guidelines are based on several guiding principles. The first
4 guiding principles are new for 2019, whereas the others are from
the 2012 guidelines. As the 2012 guidelines are familiar to pro-
viders, we changed management recommendations only when
new evidence favored an altered management strategy. Note that
management guidelines apply only to patients with current or pre-
vious abnormal screening test results; screening guidelines for in-
dividuals in the general population, that are not being followed for
a screening abnormality, are addressed elsewhere, ">

New 2019 Principles

1. HPV based testing is the basis for risk estimation. The
terin HPV-based testing is used throughout this document and
refers to use of either primary HPV testing alone or HPV testing
in conjunction with cervical cytology (cotesting).

Characteristics of HPV infections, including HPV type and
the dwation of infection, deterrmine a patient's risk of CIN 3+1% 18
Although cytology has high specificity (apart from ASC-US)

and can be helpful when estimating immediate risk, its lower sen-
sitivity and lower negative predictive value compared with HPV
testing reduces its utility for long-term risk prediction.” The re-
sults of HPV tests alone or in conjunction with cytology are used
to guide recommendations that allow lengthening of follow-up in-
tervals and deferral of colposcopy for Jow-risk results. Of note,
risk estimates underlying the 2019 management guidelines are
based on HPV DNA testing.

2. Personalized risk-based management is possible with
knowledge of current results and past history. A patient's risk of
having or developing CIN 3+ is estimated based on current and
previous results, as well as history of previous precancer treatment.
Management fecommendations use thresholds of risk."® Recammen-
dations of routine screening, I-vear or 3-vear surveillance, colpos-
copy, or treatment cortespond to a risk stratum, a range of risk for
CIN 3+ The lower threshold of each risk stratum, called Clinical
Action Threshold, defines the level at which the management rec-
ommendation changes. The Clinical Action Thresholds for each
risk stratum were determined through the consensus process. Risks
were estimated for all combination of current results and past his-
tory (including unknown history) for which adequate data were
available at KPNC. Management can be determined via look-up ta-
bles,” and use of the tables can be facilitated using decision aids.

3. Guidelines must allow updates to incorporate new test
methads as they are validated, and to adjust for decreasing
CIN3+ risks as more patients who received HPV vaccination
reach screening age. The field of cervical cancer prevention is
rapidly evolving, with new technologies being continually validated.
Data on the validation of new technologies are being published fre-
quently, and risk recuction from HPV vaccination is increasing as
vaccing coverage increases and vaccinated mdividuals age into
screening cohorts. Up to now, guideline revisions have required full
consensus conferences, which are time-consuming, expensive, and
not compatible with the rapid evolution ofthe field. The 2019 guide-
lines build a framework that allows incorperation of new technologies
and modified strategies without requiring fuall consensus conferences,
so that revisions may rapidly incorporate new findings and be quickly
disseminated to optimize patient care.

Clinical Action Thresholds for management created through
the 2019 consensus process will remam in place, but as new tests
become available and more long-term data accrue, the test combi-
nations used to reach these thresholds will change. For example, at
the 2019 consensus conference, HPV vaccination levels in the
United States population currently 25 years or older were deemed
too low to warrant incorporating HPV vaccination into the 2019
management recommendations. However, this 1s expected to
change in the near future as more vaccinated patients, who have
lower CTN 3+ risk, reach the age of 25 years and additional data
accrue demonstrating the impact of vaccination on the CIN 3+risk
associated with abnormal test result combinations. The framework
outlined here will allow guideline modification as robust data become
available and are publicized Because Clinical Action Thresholds re-
main constant, new data can be added while the Clinical Action
Thresholds remain unchanged. This design is intentional to reduce
clnician confusion associated with frequently changing guidelines.

4. Colposcopy practice must follow guidance detailed in the
ASCCP Colpascopy Standards." Colposcopy with targeted biopsy
remains the primary method of detecting precancers requiring treat-
ment. Because patients are managed less aggressively after a
colposcopic examination where CIN grade 2 or higher (CIN 2+)
is not found, maximizing detection of CIN 2+ at each colposcopy
visit is paramount. Evidence-based practice recommends that bi-
opsies be taken of all discrete acetowhite areas, usually 2 to 4 bi-
opsies at each colposcopic examination. For those at lowest risk,
defined as less than HSIL cytology, no evidence of HPV 16/18
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infection, and a completely normal colposcopic impression (Z.e.,
no acetowhitening, metaplasia, or other visible abnormality, and
a fully visualized squamocolumnar junction), untargeted (ran-
dom) biopsies are not recommended and patients with a
completely normal colposcopic impression can be observed with-
out biopsy. To ensure that CIN 2+ is not missed, the ASCCP
Colposcopy Standards emphasize the need for biopsies even
when the colposcopic impression is normal but any degree of
acetowhitening, metaplasia, or other abnormality is present.

2012 Principles Carried Forward

5. The primary goal of screening and management is cancer
prevention through detection and treatment of cervical precancer:
Numerous population-level studies indicate that incidence and
mortality from cervical cancer decrease as detection and treatment
of high-grade histologic cervical abnormalities {generally defined
as CIN 2+) increases.>”*' Timely detection and treatment of the
highest grade of precancers (CIN 3/AIS) have been the bench-
mark used for previous guidelines® and remain the primary goal
of the 2019 management guideline; a secondary goal (because
of the relative rarity of this finding in the United States) is early
diagnosis of cervical cancer to reduce related morbidity and mor-
tality. A patient's risk of having or developing CIN 3+ is estimated
based on current and previous results, as well as history of previ-
ous precancer treatment. Management recommendations are
guided by risk thresholds.'” Recommendations of routine screen-
ing, 1- or 3-year surveillanice, colposcopy, or treatment each cor-
respond to a risk stratum. These risk strata (ranges of risk for CIN
3+) are defined by Clinical Action Thresholds that were deter-
mined through the consensus process (Section E).

6. Guidelines apply to all individuals with a cervix. Guidelines
apply to women and transgender men with a cervix, including indi-
viduals who have undergone supracervical hysterectomy. Risk esti-
tates were validated in individuals of diverse racial, ethnic, and
socioeconomic backgrounds and shown to be comparable.®
Though not the primary focus of the 2019 guidelines, management
recommendations are also provided for patients who have under-
gone hysterectomy with removal of the cervix and who have a pre-
vious diagnosis of histologic HSIL, CIN 2, CIN 2/3, CIN 3, and/or
AIS, irrespective of whether the hysterectomy was performed for
precancer treatment or another indication.

7. Equal management for equal visk. History and current test
results are used to calculate a patient's current and future risk of
CIN 3+ Similar visks are managed similarly, vegardiess of the
combination of results/history used to estimate the risk.

8. Balancing benefits and harms. Providing the best care
means balancing cancer prevention with overtesting and overtreat-
ment. Preventing all cervical cancers is unfortunately not an achiev-
able goal. Interventions to prevent cervical cancer can cause harm.
The 2019 guidelines are designed to maximize cervical cancer pre-
vention and minimize harms from overtesting and overtreating by
managing patients according to their current and future risks of
CIN 3+ High-isk patients require closer follow-up to maximize
detection of CIN 3+, whereas low-risk patients require fewer tests
and procedures.

9. Guidelines apply to asymptomatic patients that require
management of abnormal cenical screening test results. Patients with
symptoms such as abnormal uterine or vaginal bleeding or a vis-
1bly abnormal-appearing cervix require appropriate diagnostic
testing as this may be a sign of cancer.*? This evaluation may in-
clude cervical cytology, colposcopy, diagnostic imaging, and
cervical, endocervical, or endometrial biopsy. Guidelines cannot
cover all clinical situations and clinical judgment is advised, es-
pecially in those circumstances which are not covered by the
2019 guidelines.

10. Guidelines arve intended for use in the United States. Ap-
propriate management may differ in countries with limited follow-
up capabilities, less availability of colposcopy, limited pathology
infrastructure, or different views of the trade-offs between cancer
risk, cost, and overtesting/overtreatment.

D. METHODS

D.1 Process and Timeline

The ASCCP and National Cancer Institute (NCI) established
a Memorandum of Understanding in January 2017 to undertake
the work of this guideline ugdate. As with the previous 2001,
2006, and 2012 guidelines,' * NCI produced risk data and other
scientific support for the consensus guideline process. The
ASCCP sponsored the consensus effort to develop and ratify the
guidelines. Stakeholder organizations representing best practice
in the United States were identified and invited to participate.
These included medical professional societies, patient advocacy
groups, and federal agencies integral to cervical cancer screening
and management of abnormal results (see Table 1). Participation of
the stakcholder organizations included identifying organization
representatives and, for nongovernment participants, sponsoring
their travel to consensus conferences. Representatives from 19 or-
ganizations attended the initial meeting in February 2018. At that
time, 7 working groups were convened. In previous consensus
conferences, working groups considered specific test outcomes
(e.g.. ASC-US/HPV-positive) and special populations. [n contrast,
the 7 working groups for the 2019 guidelines were organized with
the goal of establishing consensus Clinical Action Thresholds.

1. The treatment group evaluated which risk levels of CIN 3+ war-
rant expedited treatment without confirmatory biopsy, as well as
addressing treatment-related issues.

. The colposcopy group considered the threshold for
colposcopy referral.

. The surveillance group created a hierarchy of retesting at
shorter mtervals than currently recommended for routine

[}

w

TABLE 1. Participating Organizations

Medical Professional Societies

+ ASCCP

+ American Academy of Family Physicians

* American Cancer Society

+ American College of Nurse-Midwives

« American College of Obstetricians and Gynecologists
+ American Society for Clinical Pathology

+ American Society of Cyiopathology

« College of American Pathologists

+ Nurses for Sexual and Reproductive Health
+ Nurse Practitioners in Women's Health

« Papanicolaou Society of Cytopathology

+ Saciety of Gynecologic Oncology

+ Women Veterans Health Strategic Healthcare Group
Patient Advocacy Organizations

+ American Sexual Health Association

+ Cervivor

+ Latino Cancer Institute

+ Team Maureen

Federal Agencies

+ Centers for Disease Control and Prevention
« National Cancer Institute
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screening with either HPV primary testing or cotesting (5 years)
and also examined when patients could retun to routine
screening. Patients undergoing surveillance include those with
minimally abnormal screening results not requiring colposcopy
(e.g., HPV-positive Negative for Intraepithelial Lesion or Ma-
Tignancy [NILM]), after colposcopy with low-grade results, or
after treatment for high-grade abnormality.

4. The risk modification group evaluated factors that might
change a patient's estimated risk or management, focusing on
pregnancy and Immunosuppression.

5. The high value care group performed decision analyses related
to proposed management strategies and will continue to assess
value as the 2019 guidelines are implemented.

6. The new technologies group evaluated laboratory terminology
and emerging technologies specifically related to management.

7. The communications group created and reviewed relevant con-
tent for public communication to both clinicians and the lay
public about the guidelines and the development process.

Working groups were composed of 2 to 8 members, includ-
ing representatives of participating stakeholder organizations,
content experts, and nonclinician representatives of patient ad-
vocacy organizations. Working groups met regularly from sum-
mer 2018 through fall 2019 to review data and develop guidelines
for management. The consensus process was overseen by a
23-person steering committee convened by the ASCCP and was
directed by a leadership team consisting of 1 NCT representative
(M.S.) and 2 ASCCP representatives (R.G., R.P). Because the
guidelines represent a paradigm shift, the guidelines process in-
cluded a deliberate and extensive process of stakeholder engage-
ment. These included patient and provider surveys, a consensus
meeting to review preliminary guidelines, and a 6-week open
public comment period before the final consensus voting meeting
in October 20197

D.2 Choice of CIN 3+ as Main Clinical End Point for
Risk Estimates

For the management guidelines, we chose CIN 3+ as the
best surrogate for cancer risk. The definition of CIN 3+ as used
in these guidelines includes CIN 3, AIS, and the rare cases of
invasive cervical cancer that are found in screening programs
These management guidelines consider CIN 3+ risk at the time
point relevant for the clinical action being considered  Clinical
Action Thresholds for colposcopy and treatment consider im-
mediate risks of CIN 3+, whereas longer-term surveillance rec-
ommendations use S-year risks.

CIN3+ was chosen as an endpoint instead of cancer because
cancer is uncommon in the United States, and risk is profoundly
decreased by precursor treatment. Cancers that are foumd in robust
screening programs may represent cancers already prevalent at
first screening, tare instances of aggressive or HPV-negative tu-
mors not detectable by screening, or false negative results >
CIN 3+ was chosen instead of CIN 2+ because it is a more path-
ologically reproducible diagnosis,** the HPV type distribution in
CIN 3+ lesions more closely approximates that of vasive cervi-
cal cancers than the larger range of types found in CIN
2,1% 1826 and CIN 2 has appreciable regression rates in the ab-
sence of treatment.”” ?% The choice of CIN 3+ does have some
limitations, as even among CIN 3/AIS lesions, risks of progres-
sion to cancer differ. Glandular lesions including AIS, lesions
with HPV 16 and 18 infections, and those occurring in older pa-
tients have higher cancer risks than HPV-negative lesions and
those occurring in younger patients *°

Different nomenclatures for cervical histopathology are in use
in the United States. The LAST Project and the WHO recommend a

2-tiered terminology (histologic LSIL/HSIL) for reporting histo-
pathology of HPV-associated squamous lesions, similar to the
Bethesda system used for reporting cervical cytology.*!**? How-
ever, the CIN nomenclature is still commonly used, and data used
to generate this set of guidelines relied on CIN nomenclature. Al-
though no direct correlation is possible without use of the pl6 bio-
marker, histologic HSIL 1s similar but not identical to CIN 2/3 2

D.3 Multiple Data Sets Used to Validate Risks

Prior guidelines relied heavily on a large prospective data set
inchuding results of cytology, HPV testing, colposcopy, histology,
and follow-up outcomes from KPNC, which adopted triennial
cotesting as standard practice in 2003. The KPNC data continue
to be the largest, most comprehensive data source in the United
States for risk estimation of combinations of HPV DNA testing
and cytology. For the 2019 guidelines, several additional databases
were analyzed to ensure that results are applicable to patients of di-
verse racial, ethnic, and socioeconomic strata. Risk estimates were
compared using screening and follow-up data from clinical trials
(BD Onclarity registrational trials), > a state registry (New Mexico
HPV Pap Registry>®*7), and the Centers for Disease Control
and Prevention's (CDC's) National Breast and Cervical Cancer
Farly Detection Program, a national ]grogram that includes many
low-income and minority patients. ™ The populations vary in
rates of abnotmal screening results and the prevalence of CIN 3+
Nanetheless, the comparison showed that the risks of CIN 3+ for the
specific combination of curtent results and screening history were
similar in that they fell within the same risk bands for management.
Cheung et al® demonstrates the similarity of CIN 3+ risks
associated with screening test result combmations among the
different populations of screened patients from these data sets.
In summary, different populations within the United States have
higher or lower rates of CIN 3+ due to factors including access
to screening and HPV infection prevalence. Nonetheless, patients
with similar test results and screening history combinations
have largely similar CIN 3+ risk, regardless of their geographic
location, race, ethnicity, or socioeconontic status.

D.4 Estimation of Risks

Details of how risks of CIN 3+ were calculated for the many
combinations of test results, including longitudinal series of tests
aver time, are desctibed in the accompanying Methods article.®
[n brief, for each combination of past and current test results, the
risk of CIN 3+ was estimated using prevalence-incidence mixture
models,* which consist of joint estimation of prevalent CIN 3+ at
the time of the current testing using a logistic regression model,
and incident CIN 3+ at subsequent testing using a proportional
hazards model. These joint models are designed to handle verifi-
cation bias and interval censoring. Verification bias in this context
means that histopathologic outcomes are only available for pa-
tients referred to colposcopy; thus, CIN3+ cases that oceur in
the setting of false negative screening or abnormal screening tests
that were not referred for colposcopy will not be detected. Interval
censoring in this context means that the CIN 3+ is diagnosed at
colposcopy visits, but the actual time of onset of incident CIN
3+ cannot be determined as it is typically asymptomatic and oc-
curs between testing visits. These flexible models are designed
to provide risk estimates without forcing the data into a rigid dis-
tribution assumption (e.g., Weibull).

D.5 Assigning Combinations of Test Results to
Clinical Actions

For each combination of current test results and screening
history (including wnknown history), recommended managerment
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was determined by first estimating immediate and S-year risk of
CIN 3+. The estimated risk was compared with the proposed Clinical
Action Thresholds to determine management recommendation, un-
der the principle of “equal management for equal risk.” For example,
HPV-positive ASC-US and LSIL cytology have very similar risks of
CIN 3+ and are therefore managed similarly. For some rare combina-
tions of test results, too few patients developed CIN 3+ to estimate
risk with statistical certainty. In these situations, a combination of
published literature, previous guidelines, and expert consensus opin-
jon were used to develop recommendations.

D.6 Rating the Recommendations

Recommendation strength (A E) and quality of evidence (I
IIT) were graded using the system that has been used for previous
consensus guidelines {Table 2). Two types of evidence were con-
sidered fo be strong enough to permit a level A recommendation:
(a) systematic literature reviews of trials and observational studies,
evaluated by the new technologies group using the QUADAS-2
adapted criteria to inform risk estimates for the guidelines™ and
(b) reliable risk estimates from the KPNC prospective longitudinal
cohort study. Reliable point estimates are defined as having an
80% certainty of falling within the risk bounds for the recom-
mended management {(based on the standard errors of the immedi-
ate and S-year risk estimates) (e.g., colposcopy and surveillance
Iespec:tivcly)6 High-quality evidence from systematic reviews and
reliable risk estimates from KPNC are considered level 2 evidence.
Strong recommendations against a management option (Jevel E)
rarely had substantial evidence because the obvious risk of harm
precluded a clinical trial (e.g., endometrial biopsy in pregnancy)
‘When neither primary data nor literature provided high-level ev-
idence, previous guidelines or newly developed expert consensus

TABLE 2. Rating the Recommendations

Strength of recommendation
A. Good evidence for efficacy and substantial clinical benefit sup-
port recommendation for nse.
B. Moderate evidence for efficacy or only limited clinical benefit
supports recommendation for use.
C. Evidence for efficacy is insufficient to support a recommendation
for or against use, but recommendations may be made on other
grounds.
D. Moderate evidence for lack of efficacy or for adverse outcome
supports a recommendation against use
L. Good evidence for lack of efficacy or for adverse outcome
supports a recommendation against use.
Quality of evidence
1. Evidence from at least one randomized, controlled trial.
II. Evidence from at least one clinical trial without randomization,
from cohort or case-controlled analytic studies (preferably from
more than one center), or from multiple time-series studies, or
dramatic results from uncontrolled experiments
III. Evidence from opinions of respected authorities based on
clinical experience, descriptive studies, or reports of expert committees.
Terminology used for recommendations
Recommended. Good data to support use when only one opiion is
available
Preferred. Option is the best (or one of the best) when there are
multiple options
Acceptable. One of multiple options when there is either data indicating
that another approach is superior or when there are no data to favor
any single option
Not recommended. Weak evidence against use and marginal risk
for adverse consequences
Unacceptable. Good evidence against use

opinions were used (level 3 evidence), usually leading to a C recom-
mendation. Some recommendations are endorsements of guidelines
from other organizations, which were not rated. When considering
specific guideline recommendations, each group reviewed evidence
derived from systematic reviews of published evidence and primary
data from the KPNC cohort, assessed the strength and consistency
of this evidence, and made recommendations based on quality of
data and a balance of benefits and harms.

E. PARADIGM SHIFT: CLINICAL
ACTION THRESHOLDS

This section explains the paradigm shift from results-based
to risk-based guidelines. We describe the primary Clinical Action
Thresholds on which management recommendations are based
and the clinical situations in which these Clinical Action Thresh-
olds are applied. For most abnormal screening results and subse-
quent management visits, the recommendations are based on
risks estimated and validated by prospective data from large co-
horts. Clinicians can use the 2019 guidelines to manage their pa-
tients via the tables in Egemen ef al” or by using an app or website
designed to facilitate navigation of the tables available at http:/
www.asccp.org, including a no cost version. Sections G to K de-
scribe recommendations for rare clinical situations where man-
agement is based on factors other than risk estimates.

Management recommendations are based on Clinical Action
Thresholds and correspond to risk strata (see Figure 1):

The 3-year return Clinical Action Threshold approximates the
1isk for a patient after a negative screening test using HPV test-
ing or cotesting in the general population, for whom retesting in
5 years is recommended by national screening guidelines.*'*
Patients with risks at or below this threshold are recommended
to receive routine screening at 5-year intervals with HPV-based
testing (Section E.1).

The 3-year return Clinical Action Threshold approximates the
risk for a patient after a negative cervical cytology screen in
the general population, for whom retesting in 3 years is recom-
mended by national screening guidelines.'** Patients with risks
at or below this threshold but above the 5-year threshold are rec-
ommended to receive HPV-based testing in 3 years (Section E.1).
* One-year return is recommended for patients with risks above
the 3-year threshold but below the Clinical Action Threshold
for colposcopy (Section E.1).

The colposcopy Clinical Action Threshold approximates the risk
for a patient after an HP'V-positive ASC-US  or LSIL screening
result in the general population, for whom colposcopy is recom-
mended in the 2012 guidelines.® Patients with risks at or ahove
this threshold but below the expedited treatment threshold are rec-
ommended to receive colpascopy (Section E.2).

The expedited treatment or colposcopy acceptable Clinical
Action Threshold approximates the risk for a patient after
an HPV-positive atypical squamous cells cannot exclude
HSIL (ASC-H) cytology screening result in the general pop-
ulation. Patients with risks at or above this threshold but below
the expedited treatment preferred threshold are recommended
to receive counseling from their providers to choose between
evaluation with colposcopy and biopsy or expedited treatment
(Section E.3). Expedited treatment is defined as treatment with-
out confimatory colposcopic biopsy.

The expedited treatment preferred Clinical Action Threshold
approximates the risk for a patient after an HPV 16 positive
HSIL cytology screening result in the general population. It is
preferred that patients with risks at or above this threshold re-
ceive expedited treatment unless they are pregnant, younger
than 25 years, or have concerns about the potential effects of
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Expedited Treatment
Look at or Colposcopy
Immediate CIN3+ risk Acceptable
and find the correct 25-59%
(immediate CIN3+ risk)
Yes
Colposcopy
Recommended
Is 4-24%
imi iate CIN3+ ri
Immediate CIN3+ [mmsdsts Qi)
risk greater than or
equal to 4%?
Look at
5-year CIN3+ risk and 0 0.54

interval.

find the surveillance

FIGUR'E 1. This figure demonstrates how patient risk is evaluated. For a given current results and history combination, the immediate
CIN 3+risk is examined. If this risk is 4% or greater, immediate management via colposcopy of treatment is indicated. If the immediate risk is less
than 4%, the 5-year CIN 3+ risk is examined to determine whether patients should return in 1, 3, or 5 years.

treatment on future pregnancy outcomes that outweigh concerns
about cancer (Section E.3).

* Ofnote, patients with histologic FISTL (CTN 2} who have ¢chosen
observation are recommended to receive colposcopy and HPV-
based testing at 6-month intervals (Section [.3).

E.1 Clinical Action Thresholds Leading to
Recommendation of Surveillance

Introduction. Surveillance is defined as follow-up testing at a
shorter interval than that currently recommended for routine
screening with either HPV primary testing or cotesting (5 years).
Surveillance is recommended for patients whose risk of CTN 3+
based on current test results and screening history is higher than
the risk for the general screening population, but lower than the
nisk at which colposcopy is recommended. Unlike colposcopy
and treatment, which are performed as soon as possible after a
qualifying abnormal result, surveillance entails retesting at intervals
of 1 to less than 5 years. Therefore, we used the 5-year risk of
CIN 3+ as the estimated risk level when assigning surveillance
Clinical Action Thresholds. Surveillance intervals are defined
in Figure 1 and explained in detail hereinafter. Surveillance
thresholds are based on the principle of equal management for
equal risks and were designed to support current screening and
surveillance recommendations, which are generally accepted as a
reasonable balance of benefits and harms.® In the 2012 guidelines,
intervals of 1 and 3 years were used for surveillance. with return
to routine HPV-based screening at 5 years® Because clinicians and
patients are familiar with these intervals, and review of evidence
did not reveal a compelling reason to change these intervals, these

intervals are retained. Note that for observation in very high-
risk patients (e.g., untreated CIN2, AIS treated with conization)
colposcopy and repeat testing at 6-month intervals is recommended.

Guidefine: When patients have an estimated 5-year CIN 3+
risk of less than 0.15% based on past history and current test re-
sults. return to routine screening at 5-year intervals using HPV-
based testing is recommended (ALL).

Rationale; Using the principle of equal management for equal
risk, this Clinical Action Threshold corresponds to the 5-year CIN
3+ risk after negative HPV-based screening (HPV testing or
cotesting) in the general population (see Table LA in Egemen
et al’y for whom national guidelines recommend a 5-year re-
tum,**** Estimated 5-year CTN 3+ risks in the KPNC database
after a negative HPV test and cotest are 0.14% (95% CL - 0.13%—
0.15%) and 0.12% (95% CT = 0.12%-0.13%), respectively. Note
that cytology alone is never recommended at 5-year intervals.

Guideline: When patients have an estimated 5-year CTN 34
risk of 0.15% or greater but less than 0.55% based on history
and current test results, repeat testing in 3 years with ITPV-based
testing is recommended (AIT).

Rationale: Using the principle of equal management for
equal risk, the 3-year return Clinical Action Threshold corre-
sponds to the 5-year CIN 3+ risk after negative cervical cytology
in the general population. for whom national guidelines recom-
mend a 3-year return.'*'* Estimated 5-year CIN 3+ risks after a
negative cytology result without HPV testing ranged from
0.33% in the KPNC population to 0.52% in the New Mexico
ITPV Pap Registry, to an estimated 0.45% in the screened popula-
tion of the CDC's National Breast and Cervical Cancer Early De-
tection Program. Thus, 0.55% was considered an appropriate
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value for the Clinical Action Thresheld. Three-year surveillance is
recommended for patients whose risk falls between the 3- and
S-year follow-up thresholds. Consistent with the 2012 guidelines,
patients with a low-grade cotest result (e.g;, HPV-positive ASC-US
or LSIL) followed by a colposcopy with results of less than CTN 2,
followed in turn by a negative follow-up HPV test or cotest reach
the 3-year return threshold (see Figure 2}. Also consistent with pre-
vious guidelines, patients with an HPVonegative ASC-US screening
result in the setting of an unknown history can return at 3 years
(estimated 5 year CIN 3+ risk 0.40%).°

Guideline: When patients have an estimated risk of CIN 3+
based on history and current results that is below the threshold
for immediate colposcopy (4.0% immediate risk) and above
the 3-year follow-up threshold (20.55% at 5 years), repeat test-
ing in 1 year with ITPV-hased testing is recommended (AIT).

Rationale: One-year surveillance implies close follow-up for
those whose risks fall between the Clinical Action Thresholds for
colposcopy and 3-year follow-up. Consistent with the 2012 consen-
sus recommendations,” follow-up at 1 year is recommended after
screening tests showing minimal abnormalities: [IPV-positive/
NILM or HPV-negative/LSIL with unknown previous screening
history (immediate risks 2,1% and 1.1% respectively”); 1-year sur-
veillance is also recommended after colposcopy with biopsies of
histologic LSIL (CIN 1) or less preceded by a low-grade cotest

result (defined as HPV-positive LSIL, HPV-positive ASC-US,
or repeated HPV-positive NILM). New data for these guidelines
find that the risk of CIN 3+ is substantially reduced after a doc-
umented negative HPY primary screening test or cotest ot nor-
mal colposcopic examination with biopsy confirmation of less
than CIN 2.” Based on lower CIN 3~ risks, 1-year surveillance,
not colposcopy, is recommended for most patients with new
HPV-positive ASC-US or LSIL results after a documented neg-
ative HPV test or cotest within an appropriate screening interval
(approximately 5 years) or colposcopic examination less than
CIN 2 within the past vear (see Figure 2). Of note, a previous
negative cyvtology result alore does not veduce subsequent risk
like a negative HPV-based screen; therefore, cytology alone is
not wsed to modify subsequent management recommendations.

E.2 Clinical Action Threshold Leading to
Recommendation of Colposcopy

Gruideline: When patients have an estimated immediate risk
of diagnosis of CTIN 31 of 4.0% or greater based on history and
current results, referral to colposcopy is recommended (ALL).

Rationale: The following principles were used to develop the
Clinical Action Threshold for referral to colposcopy: (1) colposcopy
visits recommended by the threshold should yield information useful
for clinical decision-making. Thus. the threshold was based on the

Initial Screening:

HPV-Positive ASC-US
Immediate CIN3+ Risk = 4.5%
Management: Colposcopy

Colposcopy Visit:
Colposcopic biopsy result is <CIN2
S-year CIN3+ risk is 2.9%
Management: 1-year follow-up

First Follow-up Surveillance:
HPV-positive ASC-US
Immediate CIN3+ Risk = 3.1%
Management: 1-year follow-up

Second Follow-up Surveillance
HPV-negative NILM
S-year CIN3+ Risk = NA
Management: 3-year follow-up

Second Follow-up Surveillance
HPV-positive ASC-US
Risk = NA
Management: Colposcopy

FIGURE 2. This figure demonstrates how a patient with a common low-grade screening abnormality (HPV-positive ASC-US)
would be managed based on risk estimates. The initial screening result would lead to colposcopy (immediate risk 4.2%6). Colposcopy of less
than CIN 2 has a 5-year risk of 3.2% (1-year retum). At the 1-year retumn visit, a second HPV-positive ASC-US result has an immediate risk of 3.1%
(1-year return). If the patient has a repeat abnormal screen at the next follow-up, colposcopy is recommended. If the HPV-based test is
negative, return in 3 years is recommended. NA, not applicable because stable risk estimates are not available.
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risk of diagnosing CIN 3+ upon immediate referral to colposcopy. (b)
In the absence of a compelling rationale, the colposcopy threshold
should be similar to 2012 referral recommendations that are generally
accepted as an appropriate balance of benefits and harms.

The 2001 consensus guidelines’ were the first to standardize the
colposcopy teferral threshold, referring patients with LSIL and HPV-
positive ASC-US to colposcopy. This recommendation has been car-
tied forward through revisions in 2006 and 2012.* The workgroup
reviewed frequently cited studies and noted that immediate risk
(CIN 3+ found among E)ahents referred directly to colpcrscopy)
ranged from 3% to 7% ** Current KPNC data were reviewed®
and it was noted that immediate CIN 3+ risk clustered in 3 groups:
(a) high-grade test results {defined as cytology ASC-H, atypical
glandular cell [AGC], HSIL, or higher) having high (>25%) risk;
() low-grade results (HPV-positive ASC-US or HPV-positive
LSIL cytology with unknown previous screening history and
HPV-positive NILM cytology occurring at 2 consecutive annual
visits) having just over 4.0% risk; and {c) result combinations for
which colposcopy has historically not been performed having
risks below 4% (HPV-positive NILM cytology, HPV-negative
LSIL eytology, and HPV-negative ASC-US eytology with unknown
previous screening histories). The Clinical Action Threshold of a
4% mmmediate CIN 3+ risk was considered a reasonable balance
of benefits and harms as, in a population with unknown screening
history, it led to referral of HPV-positive patients with ASC-US
or LSIL cytology, but not the large group of patients with HPV-
positive NILM cytology.

To validate the 4.0% Clinical Action Threshold for colpos-
copy, the KPNC CIN 3+ prevalent risk estimates were compared
with those from other study populations with more diversity in
somodemographlc characterlstms including the New Mexico
HPV Pap Rzglstry CDC's National Breast and Cervical Cancer
Early Detection Program, and the BD Onclarity registrational trials.
The 4% threshold functioned similarly.*®

The 4.0% immediate risk Clinical Action Threshold has im-
portant implications for patients with at least 1 previous negative
HPV-based test because surveillance is recommended rather than
immediate colposcopy for low-grade abnormalities (HP V-positive
ASC-US or LSIL) in patients whose preceding screening result
was a negative HPV test or cotest within a routine screening inter-
val (approximately 5 years) ® This additional information reduces
the immediate CIN 3+ rigk to approximately 2%, leading to a rec-
ommendation of 1-year surveillance instead of immediate colpos-
copy. Adoption of the 4.0% Clinical Action Threshold reduces the
number of patients referred for colposcopy over 2 rounds of screen-
ng from an estimated 9.8%. using the 2012 ASCCP recommenda-
tions, to 8.3% using the 2019 recommendations. Exceptions to the
4.0% threshold, encompassing results with cancer risk dispropor-
tionately higher than CIN 3+ risk, are discussed m Section H.2.

E.3 Clinical Action Thresholds Leading to
Recommendations of Treatment

The primary goal of treatment is cancer prevention through
destruction or excision of precancerous lesions (CIN 3, AIS) to
prevent the development of invasive cancer. [n the only known ob-
servational study of untreated CIN 3, the long-term tisk of develop-
ing invasive cancer was as high as 30% for 30 years™; progression
rates could not be estimated at KPNC because of high rates of
timely treatment. Because treatment 1s generally recommended as
soon as possible after the identification of a precancerous lesion,
the immediate CIN 3+ risk was used when evaluating potential
thresholds. Historically, the treatment threshold has been histologic
CIN 2. The LAST guidelines reports both pl6-positive CIN 2 and
CIN 3 as histologic HSIL. Consistent with previous guidelines, the
threshold for treatment remains histologic HSIL/AIS (by LAST

terminology) or CIN 2+ (by 3-tiered terminology) except in special
circurnstances {Sections [3, K. 1, and K.2). When considering ex-
pedited treatment versus colposcopy with biopsy, clinicians should
have a thorough discussion with patients regarding the risks and
benefits. Treatment without preceding histologic confirmation can
be conducted in one visit among those at high immediate risk of
CIN 3+ Reasons for choosing expedited treatment vary and
may include personal preference, limited healtheare access, finan-
cial concerns, and cancer-related anxicty. The age cutoff of
25 years or older for recommending expedited treatment was cho-
sen as an appropriate balance of benefits and harms due to very
low cancer rates and high rates of regression of precancers among
women in this age group "’

Guideline: For nonpregnant patients 25 years or older with
an estimated immediate tisk of CIN 3+ 0f60% or greater based on
history and current results, treattent using an excisional proce-
dure without previous biopsy confirmation is preferred but col-
poscopy with biopsy is acceptable (BII).

Rationale: In the 2012 guidelines, expedited treatment (i.e.,
without biopsy conﬁrmauun) was an acceptable management op-
tion for HSIL cytn]ogy Patients with HSIL cytology undergoing
expedited treatment are diagnosed with CIN 3+ in 49% to 75% of
cases. ™ 32 The KPNC data show similar risks: HPV-positive
HSIL cytology has immediate risks of CIN 3+ and CIN 2+ of
49% and 77%, respectively.” Two clinical situations currently ex-
ceed the 60% threshold where expedited treatment is preferred.
HSIL cytology that is HPV 16 positive has an immediate CIN
3+ of 60%, CIN 2+ risks of 77%, and immediate cancer risks of
8.1%.* In the CDC's National Breast and Cervical Cancer Farly
Detection Program, women with HPV-positive HSIL cytology (re-
gardless of genotype) who were underscreened (generally defined
as no screening in >5 years) had an immediate CIN 3+ risk of 64%
and CIN 2+ risks of 82% (cancer risk not available). Based on the
KPNC data, for clinical situations that exceed the 60% threshold,
1.7 patients will receive diagnostic excisional procedures for every
CIN 3+ treated, a low rate of overtreatment.

Guidefine: For nonpregnant patients 25 years or older with
an estimated immediate risk of CIN 3+ 25% or greater and less
than 60% based on history and current results, treatment using
an excisional procedure without previous biopsy confirmation
or histologic evaluation with colposcopy and biopsy are both
acceptable (AII).

Rationale: The 2012 guidelines allow treatment without
biopsy-proven histologic confirmation include patients who have
HSIL cytology independent of HPV status. In the KPNC data
set, the 25% to 59% risks strata includes patients with the fol-
lowing results and immediate CIN 2-/CIN 3+ risks, respectively:
(a) HPV-negative HSIL cytology: 47%/25%; (b) HPV-positive
ASC-H cytology: 50%/26%; {c) HPV-paositive AGC (all catego-
ries): 40%/26%; and (d) HPV-positive HSIL cytology: 77%/
49%. Using this thresheld 2.8 patients will underge excisional
procedures for every CIN 3+ treated.

E.4 Clinical Situations Leading to
Management Recommendations

Patients with abnormal cetvical cancer screening tesults
enter management via 5 common clinical situations: (@) initial
management of an abnormal screening test result (see Tables 1A,
B; Egemen et af); {b) return visit for surveillance of a previous
abnormal result that did not lead to colposcopy referral (eg.,
HPV-negative ASC-US), with consideration of whether to continue
surveillance or refer to colposcopy (see Tables 2A C; Egemen
et aP); (¢) evaluation of the colposcopic biopsy results with con-
sideration of whether to treat or begin postcolposcopy surveil-
lance (see Table 3; Egemen ef al’); (d) managing test results at
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the return visit for surveillance after a colposcopic biopsy showing
less than CIN 2 (Tables 4a, b; Egemen et af”); and (e) follow-up af-
ter treatment of CIN2 or CIN3 (see Tables Sa, Sb; Egemen et al®).

Recommendations are based on risks of mmmediate and future
CIN 3+ diagnoses in light of current and past results. Regardless of
the pathway by which patients enter management, equivalent risks
are managed similarly. For each of the 5 clinical situations, risk ta-
bles and recommendations based on the Clinical Action Thresholds
are detailed in the accompanying article by Egemen et al® The
reader 1s directed fo the defmitive updated source of risk tables,
which are freely available online (https://CervixCa.nlm.nih.gov/
RiskTables). A small percentage of patients will present with a
combination of results and personal characteristics requiring con-
sideration outside of the available risk data. Management of these
special situations is described in Sections G to K.

F. UPDATES RELATED TO PATHOLOGY
REPORTING AND LABORATORY TESTS

Although most of the 2019 guidelines describe clinical man-
agement of patients by providers, the consensus process also ad-
dressed laboratory considerations that directly relate to results
reporting and use of ancillary tests.

F.1 Statement on the Use of a 2-Tier Terminclogy
(Histologic LSIL/HSIL) for Reporting
Histopathology of Squamous Lesions of

the Lower Anogenital Tract

Guideline: Tt is important to use pl6 immunohistochemical
stamning according to the guidance provided by the CAP-ASCCP
LAST Project.” pl6 immunohistochemistry should be used for
specific indications as recommended by the LAST guidelmes
when interpreting the hematoxylin and eosin (H&E) slide. A pos-
itive p16 immunostain supports the diagnosis of histologic HSIL
if the morphological assessment of H&E slides is consistent with
CIN 2 or CIN 3. There is a risk of overcalling cervical histology
results when plé is used incorrectly. Most importantly, a mor-
phologic CIN 1 on H&E should not be upgraded to histologic
HSIL (CIN 2) even if pl6 positive.

For epidemiologic and clinical management purposes, it is
strongly recommended to qualify a histologic HSIL result by CIN
2 or CIN 3, according to the options given by the LAST guidelines
(example histologic HSIL [CIN 2]).

Rationale: This CIN qualification can have clinical importance
(e.g., to identify cases of CIN 2 in patients for whom conservative
management is an acceptable option). It is also important for
postvaccine surveillance studies and quality control assessments of
cervical precancer that have historically relied on CIN 2 and CIN 3
end pomts. Furthermore, it is important for future research efforts to
distinguish diagnoses of histologic HSIL (CIN 2) from HSIL {(CIN
3) so that diagnostic categories are compatible with the histologic
end points used for current guidelines.

In 2012, consensus recommendations were published on the
use of a 2-tiered terminology for reporting histopathology of squa-
mous lesions of the anogenital tract by the College of American Pa-
thologists and the ASCCP?' The central components of the LAST
guidelines include a 2-tiered nomenclature that distinguishes histo-
logic LSIL and histologic HSIL and recommendations for the use
of adjunctive pl6 imnumnohistochemistry to assist interpretation of
anogenital histology. pl6 is a tissue marker of HPV oncogene overex-
pression and transformation and can support histologic assessment.

Current guidelines are based on CIN 3 end points, the most
reliable correlate of a cervical precancer. Currently, there are insuffi-
cient data to evaluate risk estimates with histologic HSIL end points
Recent studies have shown that distinguishing CIN 2 and CIN 3
within the LAST histologic HSIL group is biologically and clinically

meaningfill* Although some studies have shown that p16 immnno-
histochemistry improves interpretation of cervical biosgsies, others
have raised concems about overuse and overdiagnosis.®* %

F.2 Updated Management of Primary HPV
Screening (Replaces Interim Guidance)

Guideline: When primary HPV screening is used, performance
of an additional reflex triage test (e.g, reflex cytology) for all positive
HPV fests regardless of genotype 1s preferred (this ncludes tests pos-
itive for genotypes HPV 16/18) (CIIT). However, if primary HPV
screening test genotyping results are HPV 16 or HPV 18 positive
and reflex triage testing from the same laboratory specimen is not fea-
sible, referral for colposcopy before obtaining additional testing 1s ac-
ceptable (CIII). If genotyping for HPV 16 or HPV 18 is positive, and
triage testing is not performed before the colposcopy, collection of an
additional triage test (e.g. cytology) at the colposcopy visit is
recommended (CITI).

Rationale: The US FDA approved the cobas HPV test
(Roche, Indianapolis, IN), in March 2014, and the Onclarity
HPV Test (Becton Dickinson, Franklin Lakes, NJI), in April
2018, fog‘}arimary HPV testing for screening for patients 25 years
or older.”” Both these tests offer and are approved for partial HPV
genotyping. Use of primary HPV screening will likely increase in
the future, as it is more effective than screening with cytology
alone and performs similarly to and with lower costs than screening
with cotesting. * Because HPV 16 positive and TPV 18 positive
test results have the highest risk of CIN 3 and occult cancers, ad-
ditional diagnostic procedures are recommended for all positive
test results (e.g., colposcopy with biopsy for NILM and low-
grade cytology and expedited treatment for HSIL cytology that
is positive for HPV type 16). This guideline replaces interim
guidance (2015) for the management of a positive result for
HPV primary screening, which recommended direct referral
to colposcopy for HPV test results positive for HPV 16 and/or
HPV 18, and performance of cytology for positive results due to
other (non-16/18) high-risk HPV ty]:n:s.4 The immediate risk of
CIN3+ in patients with HPV 16 positive and HSIL cytology ex-
ceeds the treatment threshold of 60%; therefore, these patients
should be given the option for expedited treatment without preced-
ing confirmatory biopsy (see Section E.3). Expedited treatment is
only possible if cytology is performed. Therefore, reflex cytology
is recommended for all HPV-positive primary screening results, re-
gardless of HPV genotype. If reflex testing from the same labora-
tory specimen as the HPV fest is not feasible, patients should
proceed directly to cc»11:>osa:cv1:ry.4 In this situation, collection of
an additional triage test {e.g., cytology) is recommended at the
time of colposcopy to provide further information for risk-
based management (e.g., if HPV 16 positive HSIL cytology is
identified, treatment may be considered even if CIN 2+ is not
identified on biopsy). Combining a test with high specificity
(e.g.. cytology when it is interpreted as HSIL) with a test with
high sensitivity (i.e., HPV test) allows more precise, risk-based
management of these patients.

F.3 Statement on HPV Tests Used in Management
Guideline: HPV agsays should be used for management ac-
cording to thelr regulatory approval for screening, unless there
are sufficient data to support use of the assay differently (AI).
Rationale: Several HPV assays have been approved in the
United States for clinical use in sereening and triage ' None of
these assays have specific indications for management, but they
are widely used for postcolposcopy and posttreatment surveil-
lance. For these indications, HPV assays approved for screening
should be used according to their regulatory approval. For example,
when an HPV test has been approved for cotesting, it should be
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used in management in the context of cotesting, unless there are suf-
ficient, exceptionally rigorous data to support use of the assay dif-
ferently (e.g.. as outlined in Clarke ef /). Approved assays
include target- and signal-amplification assays of HPY DNA, as
well as TPV mRNA. Most FDAfapp)mved HPV DNA assays have
similar performance characteristics.** Most assays are approved for
adjunct testing with cytology (also referred to as cotesting), whereas
a subset of HPY DNA assays have also been approved for primary
HPYV testing alone, without concomitant cytology.

G. RARE CYTOLOGY RESULTS

G.1 Evaluation of Cytology Interpreted as AGC
or AlS

Guideline: For nonpregnant patients of all ages with all sub-
categories of AGC and ALS, except when atypical endometrial
cells are specified, colposcopy is recommended regardless of
HPV test result; endocervical sampling is recommended at initial
colposcopy except 1 pregnancy (for management in pregnancy,
see Section K.2) (All), Accordingly, triage by reflex TPV testing
is not recommended, and triage by repeat cytology is unacceptable
(DII). Endometrial sampling is recommended in conjunction with
colposcopy and endocervical sampling in nonpregnant patients
35 years or older with all categories of AGC and AIS (AII). Endome-
trial sampling is also recommended for nonpregnant patients younger
than 35 years at increased risk of endometrial neoplasia based
on clinical indications (e.g., abnormal uterine bleeding. con-
ditions suggesting chronic anovulation, or obesity) (AlI).
For patients with atypical endometrial cells specified, initial
evaluation limited to endometrial and endocervical sampling
is preferred. with colposcopy acceptable at the time of initial
evaluation. If colposcopy was deferred and no endometrial pathol-
ogy is identified, additional evaluation with colposcopy is then
recommended (see Figure 3).

Subsequent Management. Guideline: For patients with
cytology showing AGC not otherwise specified or atypical
endocervical cells not otherwise specified in whom histologic
IISIL (CIN 2 ) or AlS/cancer is not identified, cotesting at 1
and 2 years is recommended. If both cotests are negative, repeat

cotesting at 3 years 1s recommended. Tf any test is abnormal,
then colposcopy is recommended (BII). If CIN 2 or CIN 3 but
no glandular lesion is identified histologically for patients with
cytology atypical glandular, endocervical, or endometrial cells
not otherwise specified management should be according to the
2019 guidelines for the lesion diagnosed (Section I} (CII}. For
patients with atypical glandular or endocervical cells “favor
neoplasia” or endocervical AIS cytology, if invasive disease is
not identified during initial colposcopic workup, a diagnostic
excisional procedure is recommended. The diagnostic excisional
procedure used in this setting should provide an intact specimen
with interpretable margins (BIT). Endocervical sampling above
the excisional bed is preferred (BIT} (see Figure 4),

Rationale: Atypical glandular cells on cytology is a poorly
reproducible diagnostic category.”® Positive TIPV test results, es-
pecially when positive for ITPV type 18, can be indicative of
higher risk of CIN 2 lesions. ITowever, colposcopy is recom-
mended for all patients regardless of HPV result. Literature is lim-
ited, and comparisons between studies are difficult because of
inconsistent use of the Bethesda system for classification of
AGC.™ Atypical glandular cells can be associated with polyps
and metaplasia as well as adenocarcinomas of the cervix; cancers
of the endometrium, fallopian tube, ovary. and other sites are also
found, especially in older women who test IIPV negative.%*%¢
Using the Bethesda terminology, AGC, favor neoplasia, or adeno-
carcinoma cytology is frequently indicative of invasive or
preinvasive disease.>* For this reason, diagnostic excisional proce-
dures are recommended even when histologic HSIL or AIS has
not been identified. Cytologic AGC results are associated with a
histologic diagnosis of ATS in 3% to 4%, CTN 2+ in 9%, and inva-
sive cancer in 2% to 3%.%”  In the KPNC data, HPV-positive
AGC (all categories) had an immediate CIN 3+ risk of 26% and
HPV-negative AGC had an immediate CTN 3+ nsk of 1.1%. Con-
sistent with other literature, cotest results of TPV-positive AGC fa-
vor neoplasia or adenocarcinoma had an immediate CIN 3+ risk of
55%, whereas other HPV-positive AGC categories had immediate
CIN 3+ risks of approximately 20%. Although endometrial cancer
is rare in premenopausal patients without risk factors, the prevalence
of premenopausal endomefrial cancer is increasing, underscoring
the importance of endometrial sampling when indicated.”™ "

All subcategories 5
(except atypical endometrial celis) Atypical Endomeurial Cells
Any HPV result
Colposcopy (with endocervical if not pregnant) Endomerial and
and Endometrial sampling (if =35 years or age <35 and Endocervical Sampling
B e el * = Colposcopy may also be performed
No Endometrial Pathology
e | R
chronic anovulation
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FIGURE 3. This figure describes the initial workup of AGC found on cervical cytology.
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FIGURE 4. This figure describes follow-up management that should occur after the diagnostic examinations described in Figure 3.

G.2 Unsatisfactory Cytology

Giiideline: For patients with an unsatisfactory cytology result
and no, unknown. or a negative HPV test result. repeat age-based
screening (cytology, cotest, or primary HPV test) in 2 to 4 months
is recommended (BIIN). Triage using HPV testing is not recom-
mended (DIL). Before repeat cytology. treatment to resolve atrophy
or ebscuring inflammation when a specific infection is present is
acceptable (CIIT). For patients 25 years and older who are cotested

=]
\

7 -

]
| |

=3
RN

| ﬁm/

and have unsatisfactory cytology and a positive HPV test without
genotyping, repeat cytology in 2 10 4 months or colposcopy is ac-
ceptable (BIL). If a positive HPV test with partial genotyping is pos-
itive for HPV 16 or HPV 18, direct referral for colposcopy is
recommended (BIT) (see Figure 5).

Rationale: Literature was reviewed from 2012 to 2019, and
no evidence was found to change recommendations.” %> When
cotesting is performed, a negative HPV test in the setting of an un-
satisfactory cytology may reflect an inadequate sample. Although

==
/
=3
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of unsatisfactory cytolegy. Note that “unknown

FIGURE 5. This figure describes the steps involved in clinical

genotype” refersto both HPV testing without genotyping, and HPV testing where genotyping is negative for HPY 16 and 18 but positive for

other high-risk HPV types.
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a negative HPV test (performed from the same vial as the cytol-
ogy) may be adequate for testing even when the cytology cellular-
ity is inadequate for diagnosis, interpreting the HPV result in
the setting of insufficient cellularity has not been validated,
which is of concern given that repeat testing is not recom-
mended for up to 5 years after a negative HPV screen. Negative
results on HPV tests that are not FDA approved for primary
cervical cancer screening should not be considered valid in
the absence of adequate cytology (Section E3). fn summary,
a negalive HPV result from a cotest with inadequate cellularity
on cviology should not be interpreted as negative primary HPV
test and should be repeated.

G.3 Absent Transformation Zone on
Screening Cytology

Guidelire: For patients aged 21 to 29 years with negative
screening cytology and absent endocervical cells/transformation
zone component (i.e., endocervical cells or squamous metaplastic
cells), routine screening is recommended (BIII). When cervical
cytology alone is performed for screening, HPV testing as a triage
test after negative cytology and absent endocervical cells/
transformation zone component in this age group is unacceptable
(DILI). For patients 30 years or older with NILM cytology and ab-
sent endocervical cells/transformation zone component and no or
unknown HPV test result, HPV testing is preferred (BITI). Repeat
cytology in 3 years is acceptable if HPV testing is not per-
formed (BILL). If HPV testing is performed, manage using Clin-
ical Action Thresholds according to 2019 consensus guidelines
(see Figure 6).

Rationale: Literature reviewed for the 2012 guidelines indi-
cated a lower risk of CIN 3+ for patients with absent transformation
zone/endocervical cells than those with cells present, leading to a
recommendation to manage these results similarly.” The TIPV test-
ing is preferred in women 30 years or older to facilitate subsequent
risk-based management. A review of the literature from 2012 to
2019 on whether the absence of a transformation zone component
(TZ/EC. i.e., endocervical cells or squamous metaplastic cells) on

NILM cytology slides affected patients’ subsequent risks of histo-
logic HSIL (CIN 2, CIN 3) diagnoses showed no evidence to
change the 2012 recommendations. ****

G.4 Benign Endometrial Cells in Premenopausal
Patients or Benign Glandular Cells in
Posthysterectomy Patients

Guideline: For asymptomatic premenopausal patients with
benign endometrial cells, endometrial stromal cells, or histiocytes,
no further evaluation is recommended (BIT). For postmenopausal
patients with benign endometrial cells, endometrial assessment is
recommended (BII). For posthysterectomy patients with a cytol-
ogy teport of benign glandular cells, no further evaluation is
recommended (BIT).

Rationale: In the Bethesda system for reporting cervical cy-
tology, cytologically benign-appearing endometrial cells are re-
ported in women 45 years or older under the “other” general
category, and follow-up left to the clinical provider, Benign glandu-
lar cells in women after hysterectomy are reported in the negative
(NILM) Bethesda category. Literature review for the 2012 guide-
lines indicated increased risk of endometrial pathology in postmen-
opausal patients with endometrial cells on cytology but did not
indicate increased endometrial cancer risk for premenopausal pa-
tients with benign endometrial cells in the absence abnormal uterine
bleeding® The literamre review was updated using a PubMed
search for recent publications since 2012 that address benign-
appearing endometrial cells in postmenopausal and glandular cells
i posthysterectomy individuals. References were reviewed and
no evidence was found to change the 2012 recommendations.® **

H. COLPOSCOPY PRACTICE STANDARDS AND
EXCEPTIONS TO COLPOSCOPY CLINICAL
ACTION THRESHOLD

H.1 ASCCP Colposcopy Standards
The ASCCP Risk-Based Management Consensus Guide-
lines reaffirm that colposcopy should be practiced according to

Ages 21 10 20 years* / Age 230 years
HEY Negative No HPV or Unknown
\ / Repeat Cytology in 3
HPV Testing
S HPV Positive

] P

"Triage using HPV testing is not recommended for age <30 years
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FIGURE 6. This figure describes the steps involved in clinical

t of cytology that is negative for intraepithelial

lesion or malignancy, but with absent transformation zone or endocervical cells.
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the ASCCP Colposcopy Standards.!®*4 For those at lowest risk,
defined as less than HSIL cytology, no evidence of HPV 16/18 in-
fection, and a completely normal colposcopic impression (i.e.. no
acetowhitening, metaplasia, or other visible abnormality, and a
fully visualized squamocolumnar junction), untargeted (random),
biopsies are not recommended and patients with a completely nor-
mal colposcopic impression can be observed without biopsy. For
those not meeting the lowest risk criteria, multiple targeted biopsies,
at least 2 and up to 4, are recommended targeting all acetowhite
areas to improve detection of prevalent precancers. The ASCCP
Colposcopy Standards emphasize the need for biopsies even
when the colposcopic impression is normal but any degree of
acetowhitening, metaplasia, or other abnormality is present to
ensure that CIN 2+ is not missed.”* As more patients are
allowed to defer colposcopy under the ASCCP Risk-Based
Management Consensus guidelines, obtaining adequate biop-
sies to effectively rule out CIN 2+ at each colposcopy examina-
tion is paramount.

Note that the KPNC colposcopy protocols precede the Col-
poscopy Standards and are based on 4-quadrant biopsies and an
ECC that were widely conducted in KPNC. The recommendations
against untargeted biopsies are based on the risk of oceult CIN 2+
of 1% to 7% and CIN 3+ of less than 1% among patients with less
than IISIL cytology, IIPV 16/18 negative. and normal colposcopic
impression. This indicates that management recommendations
using the ASCCP Colposcopy Standards would be equivalent to
those using KPNC protocols in nearly all cases. The most recent
recommendations pertaining to the use of ECC are from the
2012 guidelimes. restated here for clarity: ECC 1s preferred for
non-pregnant patients when colposcopy is inadequate, in those
not at lowest risk in whom no lesion is identified, and is acceptable
when a lesion is seen.

}

|

H.2 Exceptions to Colposcopy Threshold

Guidefine. For patients with ASC-H cytology, colposcopy is
recommended regardless of HPV result (AlT),

Rationale: Tn the KPNC data, HPV-negative ASC-H and
HPV-positive ASC-H had very different CIN 3+ rates, but similar
cancer rates. The HPV—positive ASC-H had an immediate CIN
3+ nsk of 26% and a cancer nisk of 0.92%, whereas HPV-
negative ASC-H had an immediate CIN 3 risk of 3.4%, but an
immediate cancer risk of 0.69%. Because the immediate cancer
risk for ASC-H is disproportionately high compared with the
CIN 3+ risk, the working group carried forward the 2012 recom-
mendations and recommended colposcopy for all patients with
ASC-H, regardless of HPV test results.

Guideline: For patients with TIPV 18-positive NILM, colpos-
copy Is recomunended (ATL). (Note colposcopy is also recommended
for HPV 16-positive NILM, repeated here for clarity.)

Rationale: HPV 18—positive NILM had a 3.0% prevalent
CIN 31 risk, less than the Clinical Action Threshold for colpos-
copy. Ilowever. ITPV 18-positive NILM had a disproportionately
high cancer risk compared with other results: 0.2% immediately
and 0.56% at 5 years, This suggests that HPV 18-related CIN
3 or AIS may be difficult to diagnose and/or more apt to rapidly
progress from precancer to cancer. The elevated cancer prevalence
with HPV 18 positivity has been previously noted** and HPV 18
is one of the most common HPV types found in invasive cervical
cancers.”® Given the elevated cancer risk, referral to colposcopy
is recommended.

Gruideline: Colposcopy should be performed after 2 consec-
utive unsatisfactory screening tests (CTIT),

Rationale: No new evidence was found, so the 2012 guide-
line was carried forward.

Any Test Abnormal

© Copyright, 2020, ASCCP. All rights reserved m

FIGURE 7. This figure describes the steps involved in clinical

of histologic HSIL.

g
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. MANAGING HISTOLCGY RESULTS

Treatment Considerations for Patients 25 Years
or Older

Individuals who exceed treatment thresholds may undergo
expedited treatment, defined as excisional treatment without pre-
ceding histologic confirmation. However, most patients will require
both sereening test and colposcopic biopsy results to determine the
next step in management. The following section outlines guiding
principles to consider when managing these results. Treatment
guidelines are dichotomized by younger than 25 years or 25 years
or older because of high spontaneous regression rates of HPV infec-
tion and CIN 2 and low incidence of cancer in those younger than
25 years. [ndividuals younger than 25 years are discussed under
Special Populations (Section K). The term “young women” is no
longer used. The consensus guidelines recognize that patients of
various ages are concerned with the potential impact of treatment
on future pregnancy outcomes. Shared decision-making is espe-
cially critical when individuals consider treatment of histologic
IISIL (CIN 2} and abnormalities with a relatively low likelihood
of underlying CIN 3+, such as histologic LSIL (CIN 1) preceded
by HSIL or ASC-H cytology, or persistent histologic LSIL (CTN 1).

1.1 Management of Histologic HSIL, not Further
Specified or Qualified

Histologic reporting of cervical biopsies has moved to the
LAST/WHO criteria, but its uptake by pathologists has not been uni-
versal. The consensus recommendation of the LAST guidelines (Sec-
tion E1) is to qualify histologic IISIL using the CIN nomenclature
(CIN 2 or CIN 3). Because of measurable regression rates for
CIN 2,% the present guidelines subdivide treatment options based
on the CIN qualifiers of CIN 2 and CIN 3. Howevet, pathology

e

<ASC-H cytology and
<CIN2 histology

HSIL with biopsy <CIN2
|
}

Test resulis negative

FIGURE 8. This figure describes management of CIN 2 in patients whose concerns about the effects of treatment on a future

pregnancy outweigh their concerns about cancer. Also addressed is the management of histologic HSIL not further specified in
women younger than 25 years, for whom observation is acceptable, and for women 25 years or older for whom treatment is preferred.

ip py remains CIN2
or cytology ASC-H. AGG or

reports incorporating the LAST criteria may not specify a
CIN diagnosis.

Guideline: Treatment is preferred if histologic HSIL cannot
be specified (e g, reported as histologic HSIL or histologic HSIL
[CTN 2.3]) (CTIT) (see Figure 7).

Rationale: CIN 3 is considered a direct cervical cancer pre-
cursor. If CIN 3 cannot be excluded, managing the patient as if
CIN 3 is present is preferred. This conservative approach was con-
sidered safest for patients. Alternatively, the clinician could call
the pathologist to turther qualify the CIN equivalent and issue
an additional report, then manage using the revised diagnosis.

1.2 Management of Histologic HSIL (CIN 2 or CIN 3)

Guideline: Tn all nonpregnant patients with a diagnosis of
histologic HSIL (CIN 3), treatment is recommended and obser-
vation is unacceptable (All). In nonpregnant patients with histo-
logic HSIL (CIN 2), treatment is recommended, unless the
patient's concemns about the effect of treatment on future preg-
nancy outweigh concerns about cancer (BIl), Observation is un-
acceptable when the squamocolumnar junction or the upper limit
of the lesion is not fully visualized or when the results of an en-
docervical sam}pling, if performed, is CTN 2+ or ungraded (ETIT)
(see Figure 7).

Rationale: As CIN 3 is considered an immediate cancer pre-
cursor, treatment is always recommended and observation is never
acceptable, except during pregnancy (Section K.2). Observation is
acceptable for CIN 2 in patients concerned about the potential ef-
fects of treatment on future pregnancy outcomes.

Guideline: When treatment of histologic TISIL is planned,
excisional treatment is preferred, and weatment with ablation is ac-
ceptable (BI). Outside of the setting of a clinical research trial, nonsur-
gical therapies, including topical agents, therapeutic vaccines, and
other biologics, are unacceptable for the treatment of histologic HISIL

CIN3 develops at any point or
CIN2 histology or ASC-H. HSIL,

or AGC cytology persists for
2 years
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(CIN 2 or CIN 3) (DIII). Hysterectomy 18 unacceptable as primary
therapy solely for the treatment of histologic HSIL (CIN 2, CIN 3,
ar unqualified) (EIT). When considering ablative therapy, in particular
cryotherapy, ablation is unacceptable in the following circumstances

as defined by the WHO: () the lesion extends into the canal and (b)
when the lesion covers more than 75% of the surface area of the
ectocervix or extends beyond the cryotip being used.”” Additional sit-
wations for which eryotherapy is not recommended include the fol-
lowing: (a) the squamocolumnar junction or the upper limit of any
lesion s not fully visualized; () endocervical canal sample 18 diag-
nosed as CIN 2+ or CIN that cannot be graded; (¢) after previous
treatment for CIN 2+; (d) in the setting of madequate biopsies of
the cervix to confirm histologic diagnosis; and (e) if cancer i
suspected (EIIL).

Rationale: The WHO recommends LEEP over cryotherapy
in settings where LEEP is “available and accessible”” In the
United States, excisional treatment is used more commonly than
ablation treatment for the treatment of histologic HISIL. Excisional
therapy consists of loop electrosurgical excision procedure (LEEP
or LLETZ), cold knife conization, and laser cone biopsy. Ablation
treatment includes cryotherapy, laser ablation, and thermoablation. 28
Few recent data have compared the effectiveness of excisional
and ablative therapy. Most recent studies evaluating ablative ther-
apies have been performed outside of the United States, primarily
in low-resource settings. A meta-analysis of randomized trials
demonstrated a CIN recurrence rate of 26.6% at 12 months after
LEEP compared 31.0% for cryotherapy.”® However, another
meta-analysis calculated that the recurrence rate of CIN 2 3 was
5.3% after both cryotherapy and LEEP and 1.4% after cold knife
conization. More adverse events were noted with cold knife
conization than with LEEP, and more with LEEP than with cryo-
therapy.”" A Cochrane review comparing surgical techniques for
treatment of CIN concluded that no technique was clearly superior
in terms of treatment failure or associated morbidity. ! However,
for high-grade abnormalities, LEEP has the benefit of providing a
histologic specimen, which may reveal a higher grade of squa-
mous abnormality or a glandular abnormality, and also provides
information on margin status, a predictor of CIN 2+ persistence
or recurrence.'™'"* Laser ablation differs from other ablative
techniques and, when performed by highly experienced providers,
may be appropriate in special circumstances including treatment
of large cervical lesions or when lesion extends to the vagina, pro-
vided all other criteria for ablation are met.

1.3 Management of CIN 2 in Those Who Are
Concerned About the Potential Effect of
Treatment on Future Pregnancy Qutcomes

Guideline: For patients with a diagnosis of histologic HSIL
(CIN 2) whose concerns about the effects of treatment on a future
pregnancy outweigh their concerns about cancer, either observation
or treatment i acceptable provided the squamocolumnar junction is
visible and CIN 2+ or ungraded CIN is not identified on endo-
cervical sampling (CII) (see Figure 8). If the histologic HSIL
cannot be specified as CIN 2, treatment is preferred, but ob-
servation is acceptable (CIII). For patients 25 years or older,
observation includes colposcopy and HPV-based testing at
G-month intervals for up to 2 years (See Section K.1 for man-
agement age of younger than 25 years). If during surveillance,
all evahiations demonstrate less than CIN 2 and less than ASC-H
on 2 successive occasions, 6 months apart, subsequent surveil-
lance should occur at 1 year after the second evaluation and use
HPV-based testing. [f negative on 3 consecutive annual surveil-
lance tests, proceed to long-term surveillance (Section I3). If
CIN 2 remains present for a 2-year period, treatment is recom-
mended (CII) (see Figure 8).

Rationale: Unlike CIN 3, which is considered a direct cancer
precursor, CIN 2 has an appreciable regression rate. A systematic
review and meta-analysis of studies from 1973 to 2016 indicated
that among CIN 2 managed conservatively, 50% regressed, 32%
persisted, and 18% progressed to CIN 3+ Notably, most regression
occurted within the first 12 months, whereas rates of progression
continued to increase over time. Regression rates were higher
(60%) in women younger than 30 years* A recent study at the
KPNC of 2,417 patients followed for a median of 48 months with
colposcopy and cotesting at 6-month intervals found similar results:
50% regressed to CIN 1 or less, though remained in intensive sur-
veillance for persistent HPV positivity, 30% wete treated for persis-
fence or progression, and 20% returned to routine screening. Six
patients in the KPNC cohort developed cervical cancer, half of
whom had significant follow-up delays*’

The primary rationale for deferring treatment of CIN 2 is the
potential risk of adverse obstetric outcomes after excisional or
ablative therapy; however, the magnitude of'this risk is debated '™
Studies are complicated by the finding that patients with untreated
CIN have a higher risk of premature delivery than the general pop-
ulation."®1% Although several studies have concluded that exci-
sion is associated with increased risk of preterm birth, especially
as excision depth increases, ' #*1%5197 189 ghers have found no
such association after adjustment for potential confounding
factors. 1% 1% Ablation treatment seerns to have little or no effect
on adverse pregnancy outcomes.'®'%1%%11% A Cochrane Re-
view concluded that results should be interpreted with caution be-
cause of data being of low or very low quality.'®

1.4 Management of LSIL (CIN 1) or Less Preceded
by ASC-H or HSIL Cytology

Ghideline: When CIN 2+ is not identified histologically after
an ASC-H or HSIL cytology result, it is acceptable to review the
cytologic, histologic, and colposcopic findings. If the review
yields a revised interpretation, management should follow guide-
Imes for the revised diagnosis (CIII). When CIN 2+ is not identi-
fied, HSIL cytology is managed more aggressively than ASC-H
cytology. For cytology showing HSIL, but biopsy showing histo-
logic LSIL (CIN 1) or less, either an immediate diagnostic exci-
sional procedure or observation with HPV-based testing and
colposcopy at | year is acceptable, provided in the latter case that
the mitial colposcopic exammation fully visualized the
squamocolumnar junction and the upper limit of any lesion, and
that the endocervical sampling, if collected, was Jess than CIN 2
(BII). For ASC-H, if the colposcopic examination can fully visual-
ize the squamocolumnar junction and the upper limit of any lesion
and that the endocervical sampling, if collected, is negative, obser-
vation at 1 year with HPV-based testing is recommended; a diag-
nostic excisional procedure is not recommended (BII). For both
HSIT and ASC-H cytology, if observation is elected, and all tests
are negative at the 1-year visit, repeat HPV-based testing is recom-
mended in | year {at 2 years from the original cytology). If all tests
are negative at both the 1- and 2-year follow-up visits, return for
retesting with HPV-based testing in 3 years is recommended, then
proceed with long-term surveillance (Section I.3). If any test
is abnormal during the observation period, repeat colposcopy
is recommended, and management based on resulting biopsies
is recommended. A diagnostic excisional procedure is recom-
mended for patients with HSIL cytology results at either the
1- or 2-year visit, or ASC-H results that persist at the 2-year
visit (CIIT) {see Figures 9, 10).

Rationale: Patients with a diagnosis of histologic LSIL (CIN
1) after HSIL and ASC-H c*sytnlogy have l-year CIN 3+ rigks of
3.9% and 1.4%, respectively.” Because HSIL cytology is associated
with a higher risk than ASC-H cytology, colposcopy is
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FIGURE 9. This figure describes management of histologic LSIL (CIN 1) preceded by HSIL cytology.

recommended in addition to HPV-based testing at the L-year
follow-up if excision is not elected. Failure to detect CTN 2+ at col-
poscopy in patients with HSIL cytology does not mean that a CIN
2+ lesion has been excluded, although occult carcinoma is unlikely.
As aresult, patients with TISIL cytology who do not have immedi-
ate diagnostic excision require close follow-up. Few studies of
HSIL cytology managed without treatment have been reported,
and follow-up in those is limited; management relies on expert
opinion? Of note, at all colposcopic examination when ne lesion

b W

1s identified on the cervix, the vagina and vulva must be exannned
for vaginal or vulvar intraepithelial neoplasia.

1.5 Histologic LSIL {CIN 1) Diagnosed Repeatedly
for at Least 2 Years

Guideline: For patients 25 years or older with histologic
LSIL (CIN 1) who is diagnosed at consecutive visits for at
least 2 years, observation is preferred (BIL) but treatment is

|

Negative Cytology or Abnormal Age 2 25 years:
HPV-based testing Test Results Cytology HSIL
at 1 year and 2 years at 1.or2 years or
ASC-H at 2 years
Age <25yrs:
Cytology HSIL
at 2 years
al -junction and
upper
AExcept in pregnant women
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FIGURE 10. This figure describes management of histologic LSIL {(CIN 1) preceded by ASC-H cytology.
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acceptable (CIIT). If treatment is selected and the entire
squamocolumnar junction and all lesions were fully visual-
ized during colposcopic examination, either excision or abla-
tion treatments are acceptable (CIT),

Rationale: Histologic LSIL (CTN 1) is the histologic mani-
festation of HPV infection. CIN 1 may be associated with onco-
genic (high-risk) or low-risk HPV infections and may be due to
persistent infection with 1 type or sequential infections with differ-
ent types. HPV 16 is less common in CIN 1 than in CIN 3. His-
tologic LSIL (CIN 1) and cytologic ASC-US/HPV+ and LSIL are
the same biologically and thus should be managed similarly. Re-
gression rates are high, especially in younger patients, and subse-
quent diagnosis of CIN 2+ is uncommon regardless of whether
CIN 1 is found on endocervical sampling or a biopsy of the trans-
formation zone.>''® The KPNC data showed a similar, relatively
low 5-year risk of CIN 31 of approximately 2% when CIN 1 or
no lesion was found on colposcopy/biopsy after HPV-positive
cytologic ASC-US or LSIL. In the KPNC data set of individ-
uals with CIN 1 on biopsy on 2 consecutive visits, the subsequent
follow-up demonstrated that 52% were [IPV negative, 48% were
HPV positive, and of the HPV-positive group, 92% had NILM,
ASC-US, or LSIL cytology. A study of 126 women undergoing
LEEP for CIN 1 diagnosed at consecutive visits for 2 years found
that 87% had CIN 1 or negative pathology. whereas 13% had his-
tologic HSIL (CIN 2-).''® Based on these data, and considering
the potential harms of treatment, the present recommendations
prefer continued observation of those with histologic LSIL
(CIN1) diagnosed on consecutive visits for at least 2 years. Treat-
ment is an acceptable option based on patient preference, after
shared decision-making. Because the immediate estimated CIN3
+ risk is less than the 25% treatment threshold, this is considered
a special situation.

./

Margins involved or
ECC Positive

All testing
/ negative

g F ety cotesting with

‘endocenvical sampling

**For patients with AIS and persistent positive margins for
‘whom are m.d.-,
simple or e

1.6 Management of AlS: Adoption of Society of
Gynecologic Oncology Recommendations

The Society of Gynecologic Oncology recently completed
guidelines on the management of AIS; recommendations were
adopted by the 2019 ASCCP Risk-Based Management Guide-
lines consensus committee and are summarized below, Evidence
is not graded as the consensus committee did not perform primary
data review.

Guideline: A diagnostic excisional procedure is recommended
for all patients with a diagnosis of ATS on cervical biopsy to rule
out invasive adenocarcinoma, even when definitive hysterectomy
is planned. Excisional procedures should optimally remove an in-
tact specimen to facilitate accurate interpretation of margin status.
Although there 1s no preference for cold kmfe conization versus
LEEP. intentional disruption of the specimen by performance of
a LEEP followed by a “top hat” endocervical excision to achieve
the desired specimen length is unacceptable, An excisional spec-
imen length of at least 10 mm is preferred. and this can be in-
creased to 18 to 20 mm for patients who are not concerned
about the effect of treatment on future pregnancy. These dimen-
sions are preferred regardless of whether hysterectomy is planned.

After the initial diagnostic procedure, hysterectomy is the
preferred management for all patients who have a histologic diag-
nosis of AIS, although fertility-sparing management for appropri-
ately selected patients is acceptable. For patients with confirmed
AIS with negative margins on the excisional specimen, simple
hysterectomy is preferred. For patients with confirmed AIS with
positive margins on the excisional specimen, re-excision to
achieve negative margins is preferred. even if hysterectomy is
planned. For patients with AIS and persistent positive margins
tor whom additional excisional procedures are not feasible, either

7

FIGURE 11. This figure describes management of AlS. This management algorithm was developed by the Society of Gynecologic
Oncology and endorsed by the ASCCP Risk-Based Management Consensus process,
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a simple or modified radical hysterectomy is acceptable. After
hysterectomy, surveillance per the ASCCP surveillance guidelines
for treated CIN 2+ is recommended {Section 1.3).

For patients of reproductive age who desire future pregnancy,
fertility-sparing management with an excisional procedure is ac-
ceptable provided that negative marging have been achieved on
the excisional specimen, and the patient is willing and able to ad-
hete to surveillance recommendations. [f hegative margins cannot
be achieved after maximal excisional attempts, fertility-sparing
management 18 not recommended. For patients who undergo
fertility-sparing management, surveillance with cotesting and en-
docervical sampling is recommended every 6 months for at least
3 years, then annually for at least 2 years, or until hysterectomy
is performed. For patients who have consistently negative
cotesting and endocervical sampling results for 5 years, extending
the surveillance interval to every 3 years starting in the sixth year
of surveillance is acceptable. Small retrospective studies have
shown HPV test results to be the best predictor for recurrent dis-
ease. Therefore, for patients who have consistently negative
cotesting and endocervical sampling results, continued surveil-
Jance is acceptable after completion of childbearing. For patients
who have had positive HPV test results or abnormal cytology/
histologic results during surveillance, hysterectomy at the comple-
tion of childbearing is preferred (see Figure 11).

Rationale: The Society of Gynecologic Oncology recently
conducted a literature review and is publishing recommendations
for management of AIS. The ASCCP recommendations adopted
the Society of Gynecologic Oncology recommendations, and ad-
ditional details are provided in the Society of Gynecologic Oncol-
ogy reference.’!” A brief summary of the rationale is provided
below. Hysterectomy is recommended for AIS for several reasons.
Adenocarcinoma in situ is frequently located within the endocer-
vical canal and colposcopic changes may be minimal; therefore,
determination of the necessary length of a cervical excisional
specimen may be difficult. Adenocarcinoma in situ also has a
higher risk of being multifocal, so negative margins on an exci-
sional procedure specimen do not ensure complete excision of
disease. Importantly, in the setting of histologic AIS on biopsy, in-
vasive cancer cannot be excluded without a diagnostic excisional
procedure. Finally, although increased detection and freatment
of squamous cell cancer precursors (e.g., CIN 3) is associated
with a decrease in the incidence of invasive squamous cell car-
cinoma, the same has not been demonstrated for ATS."'® Be-
cause of the challenges in diagnosing and monitoring AIS,
hysterectomy remains the standard treatment for AIS for pa-
tients who do not desire future pregnancy. For patients desiring
future pregnancy, observation after an excisional procedure re-
mains an option, but this carries a less than 10% risk of recur-
rent AIS and a small risk of invasive cancer even with
negative margins. Both margin status and endocervieal sam-
pling performed at the time of excisional procedure predict re-
sidual disease and risk of invasive cancer on hysterectomy
specimen. After treatment, HPV tests results are the strongest
predictor for recurrent ATS 1% 122

). SURVEILLANCE AFTER ABNORMALITIES

J.1 Guidance for Specific Tests and Testing Intervals
When Managing Abnormal Results

Guideline: After abnormal cervical cancer screening test re-
sults for patients 25 years or older, colposcopic biopsy results,
or treatment of histologic HSIL, surveillance with either HPV
testing alone or cotesting is preferred (Al). Surveillance with
cervical cytology alone is acceptable only if testing with HHPV
or cotesting is not feasible (CIII). Cytology is recommended

at 6-month intervals when 1-year intervals are recommended for
HPV or cotesting, and annually when 3-year intervals are recom-
mended for HPV or cotesting (AIl). Cytology should be used for
patients younger than 25 years, with transition to HP V-based test-
ing at 25 years or older (AII).

Rationale: Individuals treated for histologic HSIL or with a
recent abnormal screening test result have an elevated risk of cer-
vical precancer warranting close follow-up.*'?* HPV testing and
cotesting are more sensitive than cytology alone in detecting
CIN 2+in both the postcolposcopy and posttreatment settings.'>* 2¢
As there is marginal difference between cotesting and HPV testing
alone in detection of recurrent or _’[Je[SiStEDt CIN 2+, either test
may be used for surveillance.**'*” Because cytology is less sen-
sitive than HPV or cotesting, cytology must be performed more
frequently to achieve similar sensitivity for the detection of CIN
3+. For example, in cases of low-grade cytology followed by
colposcopy/biopsy less than CIN 2, follow-up testing at 1 year
is recommended. If the follow-up test is an HPV test with negative
results, the S-year CIN 3+ risk is 0.51%, consistent with a 3-year
return. However, if the follow-up test is cytology only with nega-
tive results, the S-year CIN 3+ risk is 1.5%, consistent with a
I -year return.

J.2 Short-Term Follow-up After Treatment for
Histologic HSIL

Ghsideline: After treatment, HPV-based testing at 6 months is
preferred regardless of the margin status of the excisional specimen
(BIT) (see Figure 7). If HPV-based tests are positive, colposcopy and
appropriate biopsies should be performed (AII). Follow-up at
6 months with colposcopy and ECC is acceptable (BIII).

‘When margins are positive for CIN 2+ or ECC performed at
the time of the excisional procedure shows CIN 2+ in patients
25 yeats or older who are not concerned about the potential effect
of treatment on future pregnancy outcomes, repeat excision or ob-
servation is acceptable. For observation, HPV-based testing in
6 months is preferred; it is alse acceptable to perform a colpos-
copy and ECC at 6 months. For patients younger than 25 years
or those who are concerned about the potential effect of treatment
on future pregnancy outcomes, observation is recommended. (See
Section 1.3 for subsequent management). If recurrent histologic
HSIL (CIN 2+) develops after excisional treatment, and repeat ex-
cision is not feasible or not desired, hysterectomy is recommended
(see Figure 7).

Rationale: The preferential use of HPV-based testing
(cotesting or HPV primary testing) is supported by evidence that
posttreatment HPV testing is the most accurate predictor of treat-
ment outcome.'* Although the relative risk of persistent or recur-
rent histologic HSIL (CIN 2+4) is almost 5 times higher after
excisional treatment with positive margins compared with negative
marging (RR = 4.8; 95% CI=3.2 7.2)'® anly 56% (95% CI,
49 66%) of persistent/recurrent precancer was predicted
by positive margin status. The poor ability for margin status
to predict persistent/recurrent precancer argues against dif-
ferentiating follow-up testing by margin status alone. In con-
trast, the ability of HPV-based testing to predict persistent/
recurrent histologic HSIL (CIN 2+) is 91% (95% CI =
82% 96%) and does not differ significantly between pa-
tients with positive versus negative margins. The absolute
risk of persistent/recurrent histologic HSIL (CIN 2+) after exci-
sion with positive margins is 17% (95% CI = 13 22%). How-
ever, repeat excisional freatment without repeat testing is
considered acceptable for certain patients after appropriate
counseling and consideration of age, likelihood of subsequent
resolution of histologic HSIL/HPV infection, concern for the
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effect of treatment on future pregnancy, and ability to adhere to
surveillance recommendations

J.3 Guidance for Long-Term Follow-up After
Treatment for High-Grade Histology or Cytology

Guideline: In patients treated for histologic or cytelogic
HSIL, after the initial HPV-based test at 6 months, annual HPV
or cotesting is preferred until 3 consecutive negative tests have
been obtained (AIl). After the initial intensive surveillance period,
continued surveillance at 3-year intervals is recommended for at
least 25 years after treatment of high-grade histology (histologic
TISIL, CIN 2, CIN 3, or AIS) or high-grade cytology (IISIL or
persistent ASC-H) even if this is beyond the age of 65 years
(BII). When patients with a history of treated high-grade histology
or cytology reach the age of 65 years, if they have completed the
initial 25-year surveillance period, continued surveillance at
3-year intervals is acceptable and may continue as long as the pa-
tient is in reasonably good health (BIIT). Discontinuation of
screening is recommended if a patient has a limited life expec-
tancy. Management according to the highest-grade abnormality
found on histology or cytology is recommended.

Rationale: According to KPNC data, the S-year CTN 3+ risks
after treatment of CIN 3 for 1, 2, and 3 negative cotests/primary
HPV tests were 1,7%/2.0%, 0.68%/0.91%, and 0.35%/0.44%, re-
spectively.” Therefore, annual surveillance by cotesting or HPV
testing is recommended until 3 negative annual TTPV-based tests
have been obtained. After a third negative HPV-based test, KPNC
data suggest that the 5-year CIN 3— risk remains above the 0.15%
threshold for return to routine, 5-year HPV-based cervical screen-
ing, Leng-term population studies support this finding, as they
demonstrate a persistent twofold increase in cervical cancer risk
after treatment of histologic HSIL. Risk persists for at least
25 years and seems to be increased for patients older than
50 years." 1212 Therefore, continued 3-year surveillance is recom-
mended for a minimum of 25 years. As cervical cancer risk seems to
remain above general population levels,'?* continued screening for as
long the patient remains in good health is acceptable.

J.4 Guidance for Long-Term Follow-up After
Low-Grade Cytology (HPV-Positive NILM,
ASC-US, or LSIL) or Histologic LSIL (CIN 1)
Abnormalities Without Evidence of Histologic
or Cytologic High-Grade Abnormalities

Guideline: Among patients initially diagnosed with low-grade
cytology or histologic abnormalities or IIPV infections, continued
surveillance according to risk estimation using available data is
recommended (CLII).

Rationale: The S-year CIN 3+ risks for abnormal screening
test results without evidence of cytologic or histologic HSIL
followed by negative HP'V-based testing were 0.51% after the first
negative test and 0.23% after the second negative test. Thus, pa-
tients reach criteria for a 3-year remurn after the second negative
HPV-based test.” The ability to perform accurate tisk estimation
for 3 or more rounds of negative testing after abnormalities is lim-
ited by very small numbers of CIN 3+ diagnoses in patients with
persistently negative follow-up testing after low-grade cytologic
ot histologic abnormalities. We estimated risk for two commaen
scenarios related to long-term negative follow-up. The first was
HPV—/NILM followed by 3 rounds of negative cotesting. At
KPNC, the estimated 5-year CIN 3 risk was 0.17% (95% CL -
0.14%~0.44%), therefore continued testing at 3-year intervals is
recommended at this time, The second group included patients
with low-grade abnormalities, who underwent colposcopy at
which CIN2+ was not found, and then had 3 rounds of negative
cotesting. This group had an estimated 5-year CIN3+ risk of
0.03% (95% CI= 0.0-0.19%), and thus does qualify for return
to a S-year interval. The S-year CIN3+ risks for various clinical
scenarios will be re-estimated as either longer-term follow-up ac-
crue or risk modification based on genotyping are available, and
publicly available tables will be modified accordingly (https://
CervixCa.nlm.nih.gov/Risk Tables).

K. SPECIAL POPULATIONS

Introduction: Guidelimes described previously apply to the
average risk individual with an intact cervix and are based primarily

Patients ages < 25 years with ASC-US or LSIL

Patients < 25 years with ASC-H or HSIL

|

NILM/ASC-US/LSIL ASC-H/AGC/HSIL

Repeat Cytology

HPV Negative

" -
Negative x 2 2ASC-US —» -

| *Cytology if age <25 years: HPV-based testing if = 25 years |
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FIGURE 12. This figure describes management of cytologic abnormalities in patients younger than 25 years.

122 © 2020 The Awthorfs). Published by Wolters Kiuwer Health, Inc. on behalf of the ASCCP

65



Journal of Lower Genital Tract Disease « Volume 24, Number 2, April 2020

2019 Consensus Guidelines

on screening and management data from patients aged 23 to
65 years in the KPNC population. However, several populations re-
quire special management considerations. Management of patisnts
who are younger than 235 years, pregnant, immunosuppressed,
posthysterectomy, and older than 65 years are detailed hereinafter.

K.1 Management of Patients Younger Than 25 Years

In the 2012 guidelines, patients aged 21 to 24 years were consid-
ered to be a special population. In the current guidelines, the consen-
sus was to reference this group as “patients younger than 25 years.”

Initial Management After an Abnormal Screening Test
Result. Guideline: Tn patients younger than 25 years with low-
grade cytology screening results of LSIL, ASC-US HPV-positive,
or ASC-US without TIPV testing, repeat cytology alene at 1 and
2 years after the initial abnormal result is recommended (BII).
Colposcopy is recommended if high-grade cytology is found at
any point (HSIL, ASC-H, AGC, AIS) or if Jow-grade cytology
persists at the 2-year follow-up visit (BIl). If reflex TPV testing
for ASC-US is performed and the results are negative, repeat
cytology in 3 years is recommended (BIT). After 2 consecutive
negative cytology results, return to routing age-based screening is
recommended (BIL). If colposcopy is performed and the results
are less than CIN 2 (i.e., histologic LSIL [CIN 1] or less). repeat
cytology in 1 year (BIT), and manage as above (e.g. repeat
cytology for ASC-US/LSIL, colposcopy for ASC-H or higher).
Clinicians should switch to using risk estimates when patients
reach the age of 25 years (see Figures 12, 13).

Rationale: TIPY vaccination became available in the United
States in 2006, and patients at the target age for vaccination have
now entered the younger than 25-year age group.'*” Conse-
quently, population-level risks of CIN 3+ for a given screening re-
sults are expected to decrease through a combination of individual
and herd immunity. Observation is indicated for low-grade cytol-
ogy results (ASC-US, LSIL), which are likely to represent non-16/

NILM/ASC-US/LSIL ASC-H/HSIL/AGC

Negative =ASC-US ——

|

FIGURE 13. This figure describes

of histologi

)

18 HPV infections with a high probability for regression and low
risk for rapid progression to cancer. Accurate risk estimation for this
age group is very difficult because vaccination is rapidly changing
population-level CIN 3+ risk and the conservative 2012 manage-
ment guidelines recommend against colposcopy/biopsy for lesser
cytology abnormalities, which limits the ability to accurately mea-
sure CIN 3+ rates in this age group. Therefore, in the absence of
new compelling data to change management in this age group,
the 2012 algorithms ave carried forward. The guidelines outlined
in this document are designed to adapt to changes in population
vaceination coverage as well as new technologies, and we antici-
pate that incorporating HPV vaccination effects on the popidation-
level prevalence of HPV infections will affect management
recommendations in the near fittre.

Management of Cytology ASC-H and HSIL in Patients
Younger Than 25 Years. Guideline: Colposcopy is recommended
for patients younger than 25 years with ASC-H or HSIL cytology
(ATI). Tmmediate treatment without histologic confirmation is not
recommended (see Figure 13).

Rationale: Although overall CIN 3+ prevalence is lower, cy-
telogy results of ASC-H are associated with higher risks of CIN
3+ than ASC-US, even in patients younger than 25, Therefore,
colposcopy is warranted to evaluate the cervix for CIN 3+, Imme-
diate treatment without histologic confirmation is not warranted in
this population because of the high rate of resolution of CIN 21
and the potential harms of treatment.

Management of Histology of Less Than CIN 2 Preceded
by Cywtology ASC-H and HSIL in Patients Younger
Than 25 Years. Guideline: Observation is recommended and
diagnostic excisional procedures are not recommended for
patients younger than 25 years with a preceding cytology of
ASC-IT or HSIL and a colposcopy with biopsy of CIN 1 or less
as long as the squamocolumnar junction and the upper limit of

‘ “Cytology if age <25 years: HPV-based testing if 2 25 years |
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LSIL (CIN 1) in patients younger than 25 years.
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all lesions are fully visualized, the endocervical sampling is less
than CIN 2, and review of histology/cytology does not change
the diagnosis. Observation with colposcopy and cytology in 1 and
2 years is recommended for those with HSIL cytology. Cytology
at 1 and 2 years is recommended for those with ASC-H cytology,
with colposcopy recommended for ASC-US or above on repeat
testing. If CIN 2+ 15 diagnosed, this is managed per guidelines
described in the following section. If a high-grade cytologic
abnormality (HSIL, ASC-H) without histologic HSIL persists for
2 years, a diagnostic excisional procedure is recommended
(unless the patient is pregnant). A diagnostic excisional procedure
i recommended in patients when the squamocolumnar junction
or the upper limit of all lesions are not fully visualized (see
Figures 9, 10).

Rationale: CIN 1 or less preceded by cytologic ASC-H or
HSIL is a rare diagnosis and not well represented in the KPNC
population. The rationale for conservative management of this
clinical situation is discussed in Section [.4.

Management of Histologic HSIL (CIN 2 or CIN 3) for
Patients Younger Than 25 Years. Guideline: In patients
younger than 25 years with histologic HSIL (CIN 3), treatment
is recommended, and observation is unacceptable (EII). In patients
younger than 25 years with histologic HSIL ¢CIN 2), observation is
preferred, and treatment is acceptable (BII). In patients younger
than 25 years with histologic HSIL unspecified as CIN 2 or
CIN 3, observation or treatment is acceptable. Observation
includes colposcopy and cytology at 6-month intervals. If
during surveillance of histologic HSIL, all cytology results
are less than ASC-H and histology results are less than CIN 2 at
6 and 12 months, subsequent surveillance should be at 1 year
after the second evaluation. If CIN 2 or unspecified histologic
HSIL persists for a 2-year period, treatment is recommended.
Excisional treatment is recommended when the squamocolumnar
Jjunction or the lesion(s) are not fully visualized (see Figure 8).

Rationale: Cervical cancer is uncommon in patients younger
than 25 years despite the high prevalence of HPV infections and
high-grade histologic lesions (especially CIN 2).'%**! Younger
patients have higher rates of regression for histologic HSIL (par-
ticularly CIN 2) and lower risks of progression to invasive can-
cer 2627132133 Therefore, less intensive management strategies
that do not include HPV testing are appropriate for this popula-
tion. The exception is CIN 3, which is considered a direct cervical
cancer precursor and should be treated at any age.

K.2 Managing Patients During Pregnancy

Guideline: In pregnancy. management of abnormal screen-
ing results using the same Clinical Action Thresholds for surveil-
lance and colposcopy established for nonpregnant patients is
recommended (CIIT). Endocervical curettage, endometrial biopsy,
and treatment without biopsy are unacceptable during pregnancy
(EII). A diagnostic excisional procedure or repeat biopsy is recom-
mended only if cancer is suspected based on cytology, colposcopy,
or histology (BII). If histologic HSIL (CIN 2 or CIN 3) is diagnosed
at the first colposcopy examination duting pregnancy, surveillance
colposcopy and testing (diagnostic cytology/HPV depending on
age) 18 preferred every 12 to 24 weeks, but deferring colposcopy
to the postpartum period 18 acceptable (BID). Repeat biopsy is rec-
ommended if invasion is suspected or the appearance of the lesion
worsens (BII). Treatment of histologic HSIL (CIN 2 or CIN 3) dur-
ing pregnancy is not recommended (DII). If AIS is diagnosed dur-
ing pregnancy, referral to a gynecologic oncologist is preferred, but
management by a gynecologist skilled in the colposcopic diagnosis
and treatment of AIS is acceptable (CIII).

In the postpartum period, colposcopy is recommended no
earlier than 4 weeks after delivery (BII). In patients diagnosed
with histologic HSIL (CIN2 or CIN3) during pregnancy, if a le-
sion is detected at postparturn colposcopy, an excisional treatment
procedure or full diagnostic evaluation (cervical cytology, HPV,
and biopsy) is acceptable (BIT). In the absence of a lesion on col-
poscopy, a full diagnostic evaluation is recommended; expedited
treatment is not recommended (BIT)

Rationale: Pregnancy was considered as a special population
in which to consider management and treatment options that
weigh the risk to fetus and mother versus the rigk of missing cancer.
Rate of progression to cancer is not thought to be different in preg-
nancy. The 2012 management guidelines for pregnant patients
were considered,’ and literature published since 2012 was
reviewed.** 1* The adoption of Clinical Action Thresholds in
2019 necessitated modification of the 2012 guidelines, which were
based on test results. Although the risk of precancer is not known to
be elevated among pregnant patients, cervical hyperemia and other
physiologic changes of pregnancy may impact the likelihood
of precancer and cancer detection. Colposcopist experience,
specifically in the evaluation of the pregnant patient, is
known to affect the ability to visually distinguish cancers from
pregnancy-related changes, increasing the risk of a missed cancer
diagnosis. Colposcopy by an experienced provider during preg-
nancy is preferred.

The infervals recommended for follow-up are relatively wide
taking info consideration the experience and comfort level of the
colposcopist, gestational age of the fetus, and the potential for loss
to follow-up. Pregnancy does not seem to alter the risk for or rate
of progression from cervical precancer to cancer, and colposcopy-
directed biopsies in pregnant patients seem to be safe. The 2019
guidelines allow deferral of colposcopy for minor abnormalities
in women with prior negative HPV testing or colposcopic ex-
aminations at which CIN2+ was not found. Therefore, women
referred for colposcopy under the 2019 guidelines will have
higher risk of prevalent CIN3+ due to either lack of prior
screening or persistent HIPV infections. In general, data in preg-
nancy are limited, however, and shared decision-making taking
into account both the pregnant patient and the fetus 1s critical
for management.

Although the risk for progression to cancer during a preg-
nancy is low, an estimated 11% of new mothers lose their health
insurance in the postpartum period. This loss of healthcare access
disproportionately affects those most at risk for cervical cancer;
rates of noninsurance may be 2 to 3 times as high among low-
income and minority patients, as well as those living in states that
did not expand Medicaid *® For individuals who do not qualify
for health insurance before pregnancy, pregnancy care 1s a unique
event that facilitates entry into health care coverage. However,
Medicaid coverage often terminates at the end of the calendar
month in which the delivery occurred or at 6 to 8 weeks postpar-
tum. Because most deliveries in the United States are to individ-
uals with Medicaid, pregnancy may provide an opportunity to
identify cancer precursors and even cancer in this population.
Healthcare access was considered when developmg guidelines.
Individuals who are screened infrequently or are unable to com-
plete appropriate follow-up are at increased risk for developing
cervical cancer.'!

K.3 Managing Patients With Immunosuppression
Immunocompromised patients include those with HIV, solid
organ transplant, or allogeneic hematopoietic stem cell transplant,
as well as those with systemic lupus erythematous, and those with
inflammatory bowel disease or theumatologic disease requiring
current immunosuppressive treatments. The cervical cancer
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screening guidelines for persons living with HIV have been sup-
ported by an increasing number of publications, including prospec-
tive studies. Although the literature for other immmmosuppressed
populations remains limited, these other conditions that suppress
cell-mediated immunity have also been associated with virally in-
duced cancers, inchuding cervical cancer '**'* Therefore, cervical
cancer screening and abnormal result management recommenda-
tions for immunocompromised individuals without HTV use the
guidelines developed for people living with TTIV¥*: screening
should begin within 1 year of first insertional sexual activity and
continue throughout a patient's lifetime: annually for 3 years, then
every 3 years {cytology only) until the age of 30 years, and then ei-
ther continuing with cytology alone or cotesting every 3 years after
the age of 30 years.

Guideline: In immunocompromised patients of any age, col-
poscopy referral is recommended for all results cytology results of
HPV-positive ASC-US or higher. [FHPV testing is not performed
on ASC-US results, then repeat cytology in 6 to 12 months is recom-
mended, with colposcopy referral for ASC-US or higher. For any re-
sult of ASC-US or higher on repeat cytology or if HPV positive,
referral to colposcopy is recommended. For all cytology results of
LSIL or worse (inchuding ASC-H, AGC, AIS, and HSIL), referral
to colposcopy is recommended regardless of HPV test result if done.

Rationale: Because of higher risk of CIN 3+ with low-grade
cytologic abnormalities among HIV+ individuals, colposcopic re-
ferral is recommended for HPV-positive ASC-US.'* Lack of data
at KPNC precludes risk estimation for immunosuppressed pa-
tients. Sexually active patients with HIV infection who are
younger than 21 years may have a high rate of progression to
precancer. No similar prospective data are available for adoles-
cents who acquired HIV during the perinatal period, but as
many as 30% of adolescents perinatally infected had ASC-US
or greater on their first cervical cytology. Because of the rela-
tively high HPV prevalence before age 30 years, HPV cotesting
is not recommended for patients younger than 30 years of age
with HIV'*

K.4 Managing Patients After Hysterectomy

Guideline: After a diagnosis of high-grade histology or cy-
tology, patients may undergo hysterectomy for reasons related or
unrelated to their cervical abnormalities. If hysterectomy is
performed for treatment, patients should have 3 consecutive
annual HPV-based tests before entering long-term surveil-
lance. Long-term surveillance after treatment for histologic
HSIL (CIN 2 or CIN 3) or AIS involves HPV-based testing
at 3-year intervals for 25 years, regardless of whether the pa-
tient has had a hysterectomy either for treatment or at any
point during the surveillance period (CIII). Among patients
who have undergone hysterectomy but either have no previ-
ous diagnosis of CIN 2+ within the previous 25 years or have
completed the 25 year surveillance period, screening is generally
not recommended. However, if performed, abnormal vaginal
screening test results should be managed according to published
recommendations (BIT).**

Rationale: The risk of high-grade vaginal intraepithelial neo-
plasia is elevated among patients who have had a hysterectomy for
treatment of histologic HSIL.'* Although HPV testing is not
FDA approved for vaginal samples, sensitivity of HPV-based test-
ing in the setting of posthysterectomy for histologic HSIL seems
superior o cytology alone.'” For patients who have undergone
a hysterectomy for benign disease and are screened with cytology
and/or HPV testing, ASC-US HPV-positive and LSIL cytology
should be managed with follow-up in 12 months and only those
with high-grade cytology (HSIL, ASC-H, AGC) should be re-
ferred immediately for vaginal colposcopy.'*®

K.5 Managing Patients Older Than 65 Years With a
History of Prior Abnormalities

Guideline: If patients over age 65 years undergo HPV
testing, cotesting, or cytology, management according to
guidelines for patients aged 25 to 65 years is recommended
(CII). If surveillance testing is recommended for either a his-
tory of abnormal screening results or treatment for precancer,
discontinuing surveillance is unacceptable if the patient is in
reasonably good health and testing is feasible (DII). Discon-
tinuation of surveillance is recommended for patients with a lim-
ited life expectancy (EIII).

Rationale: Screening for patients older than 65 years should
follow national guidelines.*'*® However, approximately 20% of
cervical cancers occur in patients older than 65 years. %! To
mitigate cancer risk in patients older than age 65 years, previous
consensus management guidelines included continued testing in
patients with abnormal results as well as those who do not meet
exit criteria.!*'*!1>* Although the sensitivity of cytology, HPV
testing, and colposcopy seem to be higher in premenopausal than
postmenopausal patients, evidence indicates that screening in pa-
tients older than 65 years is associated with a lower risk of the sub-
sequent development of cervical cancer.'*® Because cessation of
routine screening is recommended in adequately screened patients
at the age of 65 years, data on the prognostic value of specific
screening test results in older patients are limited. However, as
cancer rates remain appreciable beyond the age of 65 years,*#131
and cancer diagnostic procedures such as mammography, breast
biopsy, and colonoscopy are recommended beyond the age of
65 vears, "> 1% the consensus decision was to use the guidelines
for patients aged 25 to 65 years in evaluating older individuals
with abnormal results but without limited life expectancy. Patients
with previous CIN 3+ seem to have an elevated lifetime risk of
developing cervical or vaginal cancer and thus may require sur-
veillance testing beyond the age of 65 years.'** However, patient
comfort and the limitations of positioning and examining older
patients should enter into the shared decision-making conver-
sation about when to discontinue screening. Vaginal estrogen
use for a limited time (3 weeks) can be considered to obtain
adequate sampling.'>’

L. CURRENT CONSIDERATIONS AND
FUTURE DIRECTIONS

L.1 Current Considerations

The 2019 guidelines are designed to take into account factors
that influence Clinical Action Thresholds. Working groups con-
sidered risk factors to determine their importance for inclusion
in clinical applications of the guidelines, taking into account both
the magnitude of effect on the estimated risk, as well as the feasi-
bility of collecting accurate data in clinical practice to inform man-
agement. Screening history profoundly influenced risk estimates,
specifically current HPV and cytology test results, previous HPV
test results, and history of histologic HSIL. Patient screening his-
tory is often not known; therefore, unknown history is considered
separately as a risk factor. Additional factors were considered be-
cause of their association with cervical cancer n the literature:
HPV wvaceination, age, hormonal contraception use, history of
sexually transmitted infection, parity, cigarette smoking, obesity,
and sexual behaviors including age of first intercourse and multi-
ple partners. FIPV vaccination in adolescence (generally before
the age of 18 years) does seem to reduce the risk of HPV 16/18
infections and associated histologic HISTL.***% However, TPV
vaccination status was omitted from this revision of the guidelines
because (@) management guidelines are already very conservative
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in the population younger than 25 years, (&) the population prev-
alence of on-time HPV vaccination in the 25- to 29-year-old pop-
ulation is currently lower than that needed for herd mmunity,'
thus changing recommendations for this population as a whole
is not yet warranted, and (¢) making person-specific recommen-
dations based on age at vaceine series initiation and number of
doses received 1s impractical in the United States m the absence
of linkable, comprehensive, state-based immunization registries
Overall, none of the other factors contributed clinically meaning-
ful risk beyond that afforded by the screening factors noted previ-
ously. Therefore, additional factors were not included in risk
estimates. Analyses were limited for heavy smoking history and
younger than 30 years

L.2 Future Directions

A successor to the new technologies group will be proposed to
continue the consensus process, and to provide continuous future
updates to guidelines as new tests become available for manage-
ment. Decreases in the overall population prevalence of HPV infec-
tion, especially HPV 16/18 genotypes, are expected as individuals
vaceinated as adolescents reach screening age. The guidelmes
outlined in this document are designed to adapt to decreases in on-
cogenic HPV prevalence because of HPV vaccination as well as
new screening and management technologies. As data on the
CIN 3+ risks associated with screening test results become
available for individuals aged 25 to 29 years who received
timely vaccination, we anticipate that decreases in population-
level prevalence of HPV infections will affect management rec-
ommendations for this age group in the near future. In addition,
new technologies that enter the market will be evaluated for their
utility in improving the diagnosis and management of CIN 3+
Examples of clinically useful products would be those with in-
creased specificity for detecting high-grade abnormalities or the
ability during longitudinal follow-up to distinguish incident
(new) from prevalent (persistent) HPV infections. No specific
new technologies are listed as creating a comprehensive list of
products in development is beyond the scope of this article.

In the near future, we will also complete analyses related to
costs, benefits, and effectiveness. The high value care group laid
out a future research agenda that includes simulation modeling
to estimate the quality-of life and economic effects of proposed
changes to managing those with abnormal cervical cancer screen-
ing test results over multiple rounds of screening.

Finally, we are tasked with disseminating these guidelines
within the United States to create a new national standard of care
for management of abnormal cervical cancer screening test re-
sults. Changing from recommendations that could be easily mem-
arized by clinicians to guidelines that incorporate both current
results and history is a major undertaking. However, the result of
successful adoption should be reduction of unnecessary testing
and invasive procedures in low-risk patients and identification of
high-risk patients who will benefit fiom more intensive surveillance
Maximizing cancer prevention benefits while minimizing the
harms of overtesting and overtreatment is a worthwhile but lofty
goal, and these guidelines require more robust implementation
plans than previous iterations. The process of guidelines dissem-
ination will invelve a comprehensive communications and dis-
semination plan using best practices for risk communication
and health promotion. Components include the following: pre-
sentations at national, regional and local meetings, social media
outreach to engage clinicians and medical societies, and devel-
opment of promotional materials to answer frequently asked
questions. Additional areas for future research include develop-
ment of an evaluation and impact process for these new recom-
mendations on clinical practices. Because low-income and

minority women bear the greatest burden of cervical cancer, par-
ticular emphasis will be placed on working with these communi-
ties and the providers who serve them.

GLOSSARY

CIN 2+: this term includes CIN 2, CIN 3, AIS, and cancer

CIN 3+: this term includes CIN 3, AIS, and cancer

Clinical Action Threshold: this term refers to risk levels
that prompt different clinical management strategies. For example,
an immediate CIN 3+ risk of 4% is the Clinical Action Threshold
for colposcopy; risks below this threshold undergo surveillance,
whereas risks above this threshold, but below the expedited treat-
ment threshold, undergo colposcopy.

Colposcopy Standards: this term refers to the ASCCP Col-
poscopy Standards that provide evidence-based recommendations
for the practice of colposcopy

Cotesting: this term refers to screening or surveillance per-
formed with both cytology and HPV testing.

Expedited treatment: this term means treatment without
confirmatory colposcopic biopsy (e.g., see and treat).

Excisional treatment: this term includes procedures that
remove the transformation zone and produce a specimen for
histologic analysis, such as loop electrosurgical excision proce-
dure (LEEP), laser cone biopsy, large loop excision of the
transformation zone (LLETZ), and cold knife conization.

HPV: this term refers to human papillomavirus. Within this
text. HPV refers specifically to high-risk HPV as defined by
[ARC, includmg the 12 types that are considered class 1 carcino-
gens, plus type 68 which is considered a class 2A carcinogen (i.e.,
HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68).

HPV-based testing: this term is used in this document to de-
scribe the use of either cotesting or primary HPV screening for
surveillance after abnormalities. It does not apply to reflex HPV
testing for triage of ASC-US cytology in this document. The
HPV testing and positive HPV results discussed throughowt this
dociment refer to high-risk HPV types only.

Lower A ital Sq Terminology (LAST): this
term refers to 2-tiered pathology criteria for evaluating histologic
specimens obtained via colposcopic biopsy

Primary HPV testing: testing with HP'V testing alone as a
screening or surveillance test.

Reflex testing: this means that laboratories should performa
specific additional triage test in the setting of a positive screening
test to inform the next steps in management. For example, an
ASC-US cytology should trigger a reflex HPV test. New for these
guidelines, a positive a positive primary HPV screening test should
trigger both a reflex genotyping test (to determine the presence/
absence of HPV 16/18 if that information is not mcluded in the mitial
primary test result) and also a reflex cytology test to determine
whether the patient would be a candidate for expedited management.

Surveillance: this term refers to repeat testing (HPV primary
screening, cotesting, or cytology alone) that occurs at shorter in-
tervals than those recommended for routine screening. For exam-
ple. HPV primary testing or cotesting at intervals of less than
5 yeats, or cytology alone at intervals of less than 3 years.
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