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IMPORTANCE Each year in the US, approximately 100 000 people are treated for
cervical precancer, 14 000 people are diagnosed with cervical cancer, and 4000 die
of cervical cancer.
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OBSERVATIONS Essentially all cervical cancers worldwide are caused by persistent infections
with one of 13 carcinogenic human papillomavirus (HPV) genotypes: 16, 18, 31, 33, 35, 39, 45,
51,52, 56, 58, 59, and 68. HPV vaccination at ages 9 through 12 years will likely prevent more
than 90% of cervical precancers and cancers. In people with a cervix aged 21 through 65
years, cervical cancer is prevented by screening for and treating cervical precancer, defined as
high-grade squamous intraepithelial lesions of the cervix. High-grade lesions can progress to
cervical cancer if not treated. Cervicovaginal HPV testing is 90% sensitive for detecting
precancer. In the general population, the risk of precancer is less than 0.15% over 5 years
following a negative HPV test result. Among people with a positive HPV test result, a
combination of HPV genotyping and cervical cytology (Papanicolaou testing) can identify the
risk of precancer. For people with current precancer risks of less than 4%, repeat HPV testing
is recommended in1, 3, or 5 years depending on 5-year precancer risk. For people with
current precancer risks of 4% through 24%, such as those with low-grade cytology test
results (atypical squamous cells of undetermined significance [ASC-US] or low-grade
squamous intraepithelial lesion [LSIL]) and a positive HPV test of unknown duration,
colposcopy is recommended. For patients with precancer risks of less than 25% (eg, cervical
intraepithelial neoplasia grade 1[CIN1] or histologic LSIL), treatment-related adverse effects,
including possible association with preterm labor, can be reduced by repeating colposcopy to
monitor for precancer and avoiding excisional treatment. For patients with current precancer
risks of 25% through 59% (eg, high-grade cytology results of ASC cannot exclude high-grade
lesion [ASC-H] or high-grade squamous intraepithelial lesion [HSIL] with positive HPV test
results), management consists of colposcopy with biopsy or excisional treatment. For those
with current precancer risks of 60% or more, such as patients with HPV-16-positive HSIL,
proceeding directly to excisional treatment is preferred, but performing a colposcopy first to
confirm the need for excisional treatment is acceptable. Clinical decision support tools can
facilitate correct management.

CONCLUSIONS AND RELEVANCE Approximately 100 000 people are treated for cervical
precancer each year in the US to prevent cervical cancer. People with a cervix should be
screened with HPV testing, and if HPV-positive, genotyping and cytology testing should be
performed to assess the risk of cervical precancer and determine the need for colposcopy or
treatment. HPV vaccination in adolescence will likely prevent more than 90% of cervical
precancers and cancers.
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ach year in the US, approximately 100 000 people are

treated for a cervical precancer. Precancers are abnormal

cells that can progress to cancer unless treated and
include histologic high-grade squamous intraepithelial lesions
(HSIL), cervical intraepithelial neoplasia grade 3 (CIN3), and adeno-
carcinoma in situ (AIS). Because not all precancers are detected
and treated, usually due to lack of screening, 14 000 people are
diagnosed with cervical cancer and more than 4000 die from cer-
vical cancer each year.' More than 90% of cervical cancers are
caused by infection with human papillomavirus (HPV).? Although
HPV vaccination has been associated with up to 90% reduction in
cervical cancer for those vaccinated in adolescence,®* the full ben-
efits of vaccination will not occur until the population currently vac-
cinated in adolescence reaches mid to late life. Therefore, screen-
ing remains an important component of cervical cancer prevention.
Currently, approximately half of cervical cancers occur in people
with inadequate screening,>® and up to 25% of individuals in the
US are underscreened.” In addition, approximately 20% of the US
population requires more frequent screening due to prior cervical
cancer screening abnormalities or immunosuppression.”

Programs of repeated cytology (Papanicolaou test) screening,
colposcopically guided biopsies, and excision of precancerous
changes of the cervix have reduced population-level cervical can-
cer incidence and mortality by 60% to 80%.8 Because cytological
and histological classifications have intrinsic variability, however,
including information related to HPV infection increases the accu-
racy of prevention strategies. Specifically, the risk of precancer can
be accurately estimated by identifying the HPV genotype and using
morphological and biochemical tests, such as cytology and p16/
Ki67 dual stain, to understand whether the HPV infection is repli-
cating (more likely benign) or abortive and transforming (more
likely precancerous).>'° This review summarizes current evidence
on HPV pathophysiology and cervical cancer prevention.

Methods

The International Agency for Research on Cancer (IARC) conducted
a literature review of PubMed and Web of Science on February 17,
2020, for the IARC handbook on cervical cancer screening.” This
publication summarized the state-of-the-art science of cervical
cancer screening, HPV virology, pathophysiology, vaccination, diag-
nosis, and management and included relevant articles published
through February 2020." To update the evidence review, we con-
ducted a PubMed search using the same search terms between
January 2020 and March 2023 that identified 1848 articles. Of
these, we included 30 articles: 1 clinical trial, 3 meta-analyses, 18
longitudinal observational studies, 1 cross-sectional study, and 7
guidelines publications.

|
Discussion

HPV and Cervical Cancer Pathophysiology

The squamocolumnar junction of the cervix (Figure 1) is particu-
larly susceptible to HPV carcinogenesis; cellularchanges that are pre-
cursors to cervical cancer typically develop in this area. New evi-
dence indicates “reserve cells” that are susceptible to malignant
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transformation and are also a reservoir for latent HPV infections.
These cells are located above the basement membrane, scattered,
and extend proximal to the visible squamocolumnar junction un-
der the glandular epithelium of the endocervical canal.™

HPV Evolution and Carcinogenicity

More than 450 genotypes of HPV have been identified and orga-
nized into genera and species and numbered in order of genetic
identification. HPV is a stable double-stranded DNA virus that has
evolved slowly into genotypes with potential to initiate cervical
cancer. Among more than 40 000 cervical cancers tested world-
wide, virtually all contained at least 1 of 13 carcinogenic HPV
genotypes.?

Carcinogenic HPV genotypes are evolutionarily linked in a
single branch of the alpha genus (Figure 2). Within this genus, the
alpha-9, -7, -5, and -6 species contain the HPV genotypes that
are carcinogenic, defined in laboratory testing as high-risk HPV.
Low-risk HPV genotypes are not associated with increased cervical
cancer risk and their detection plays no role in cancer prevention
strategies. Virtually all high-risk HPV genotypes in the alpha-9 spe-
cies group are carcinogenic (HPV-16, -31, -33, -35, -52, and -58)."
HPV-16 is the most carcinogenic and is associated with more than
60% of cervical squamous cancers and adenocarcinomas and
with oropharyngeal and other anogenital cancers.?™'> Other
alpha-9 HPV genotypes (HPV-31, -33, -35, -52, and -58) are
medium risk and are each responsible for 2% to 4% of cancers.?"!
Regional variation exists in the HPV genotypes associated with
cervical cancer. For example, HPV-35 is associated with higher can-
cer risks among individuals of African descent than individuals of
other racial backgrounds.® In the alpha-7 species group, HPV-18
and -45 are associated with both squamous cancers and adenocar-
cinomas, and together cause approximately 20% of cancers.?"
The less carcinogenic alpha-7 genotypes, HPV-39, -59, and -68 and
the species alpha-5 (HPV-51) and alpha-6 (HPV-56) are lower risk
carcinogenic genotypes, each responsible for less than 2% of
cancers.?! HPV genotype allows risk stratification and informs
management, with colposcopy recommended when HPV-16 or -18
is detected.’® When HPV results are positive for genotypes other
than 16 or 18, additional information is important for determining
the need for colposcopy.'® Clinical guidelines for management
based on additional genotypes (called extended genotyping) are
in development.

Active and Latent Infections

A new HPV infection, regardless of genotype, is considered an
active HPV infection that produces new copies of the virus. Active
HPV infections may occur without microscopic or visible changes
on the cervix or as equivocal or low-grade cellular abnormalities
of the cervix (Figure 1), but precancerous changes are uncom-
mon. Whether cellular abnormalities occur, such as low-grade
squamous intraepithelial lesion (LSIL), most infections disappear
within 12 to 24 months either due to lack of biological fitness or
through suppression by the host cellular immune system.
Although evidence of immunity against reinfection has been docu-
mented, immunity following natural infection is incomplete and
poorly understood. However, immunity from HPV vaccination pro-
vides approximately 90% protection against HPV infection for at
least 15 years."1®
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Figure 1. Stages of HPV-Mediated Carcinogenesis
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This depicts the necessary, sequential stages of HPV-mediated carcinogenesis:
HPV infection, intraepithelial precancer, and cancer. The images illustrate what
a clinician might see on physical examination at each stage of carcinogensis.
HPV genotype is a major influence on risks of progression to precancer and
cancer compared with immune control and regression to negative results on
HPYV testing. Familiar and overlapping microscopic (cytologic and histologic)

morphologic grading as well as visual classifications have been used to indicate
the increasing severity of HPV-induced changes. However, morphologic and
visual grading classifications have imperfect reproducibility and accuracy, and
many diagnoses are equivocal. Molecular tests (eg, p16/Ki67 dual stain) are
increasingly used to identify the likelihood of prevalent and incipient precancer.

HPV infections can persist in basal cells of the cervix and un-
dergo slow replication, called latent infection. During latent infec-
tion, cervicovaginal tests for HPV are negative, no apparent cellu-
lar damage occurs, and cancer risk is minimal.' HPV infections can
reappear throughout anindividual's lifetime, with reappearance rates
of up to 15% by 5 years.?C Therefore, a newly positive HPV test re-
sult may be a newly acquired infection or the reappearance of an old
infection. Currently available clinical tests do not distinguish be-
tween these alternatives. The risk of progression to precancer over
5 years is approximately 3% with either new or reappearing infec-
tions, suggesting that the distinction is not clinically relevant.2®

Persistence and Progression to Precancer

When a carcinogenic HPV infection persists, infected cells may un-
dergo neoplastic transformation.'* The term precancerindicates the
change from replicating infection to clonal growth of transformed
cells. Replicating HPV infections undergo a complete viral lifecycle
leading to virion production and release. In precancers, however, HPV
viral oncoproteins activate the cell cycle and inhibit apoptosis, the
process of programmed cell death that is essential for renewing the
squamous epithelium and protecting against neoplasia. Precan-
cers retain many normal cellular functions including contact inhibi-
tion, in which noncancerous cells stop proliferating when in con-
tact with the basement membrane. Epithelia grow away from the
basement membrane, which can allow earlier detection of abnor-
mal growth. Precancerous cells sometimes regress and, when grow-
ing, usually enlarge circumferentially without invasion for years. This
typically long period of intraepithelial growth accounts for the suc-
cess of screening.

Several viral and host markers for precancers have been
identified.' Methylation of viral and host DNA markers is observed
at the transition from replicating HPV infection to oncogenic trans-
formation, particularly the L7or L2 genes that code for the viral cap-
sid in active infections.22%®> Methylation assays are promising for
identifying molecular changes associated with cancer risk but are cur-
rently not available for clinical use in the US. The p16/Ki67 dual-
stain test (CINtec Plus) is a new technology approved by the US Food
and Drug Administration for detecting cell transformation. p16 in-
dicatesinterruption of the retinoblastoma pathway by E7 oncopro-
teins and accumulates visibly in transformed cells. Ki67 is a marker
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of cellular proliferation. The combination of p16 and Ki67 suggests
cellular transformation by HPV. Several studies of patients with posi-
tive HPV test results have shown improved performance of dual stain
for distinguishing precancer from low-grade abnormalities over
Papanicolaou-stain cytology.*2¢ p16/Ki67 dual-stain detection can
be automated, which research suggests would further improve
performance.?”

Invasion: Squamous and Adenocarcinomas

HPV genotype determines the probability that an infection will prog-
ress to precancer and cancer. The genotype-specific variationin car-
cinogenicity is largely explained by differences in E6 and E7 pro-
tein structures and their subsequent ability to disrupt genomic
integrity and the normal cell cycle leading to apoptosis. HPV-16 is
associated with the highest risk of cancer.

Adenocarcinomas, cancers of the glandular cells of the endo-
cervix, are caused almost exclusively by HPV-16, -18, and -45. Ad-
enocarcinomas have a different pathophysiology than squamous
cancers, which arise from the squamous cells of the exocervix. Ad-
enocarcinoma precancers may be missed by screening and colpos-
copy, resultingin lower rates of precancer detection and treatment
thansquamous precancers. Consequently, screening programs have
been less effective in preventing adenocarcinomas than squamous
cancers.?82°

Epidemiology and Risk Factors

Most of the sexually active population is estimated to be infected
with HPV during their lifetimes, although the exact percentageis un-
known. Therefore, a positive HPV test result should simply be con-
sidered a marker of sexual activity. Cancers develop in people with
persistence of an HPV infection that is not controlled by the im-
mune system. The most important factors in determining risk of cer-
vical cancer are HPV positivity, HPV genotype, and cytological
changes associated with HPV-related cell transformation.>° The pre-
cancer risks associated with abnormal HPV and cytology results are
similar in diverse US settings.>'

The age-adjusted and hysterectomy-corrected incidence rate
of cervical cancer in the US is 11.5 per 100 000 women aged 15 to
75 years.3? However, individuals with immunosuppression or dieth-
ylstilbestrol exposure have higher risks of cervical precancer and
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Figure 2. Carcinogenic Human Papillomavirus Types

Carcinogenic 9-Year risk of progression of

human Proportion incident HPV infection to cervical

papillomavirus  of cervical intraepithelial neoplasia grade 3 Included in

(HPV) type cancers, % or worse (CIN3+) HPV species Risk group 9-valent vaccine

16 60.3 6.3 Alpha-9 Highest Yes

18 10.5 3.0 Alpha-7 High Yes

45 6.1 2.2 Alpha-7 High Yes

33 3.7 4.5 Alpha-9 Medium Yes

31 3.6 2.2 Alpha-9 Medium Yes

52 2.7 2.2 Alpha-9 Medium Yes

58 2.2 1.9 Alpha-9 Medium Yes

85 2.0 2.8 Alpha-9 Medium No This figure describes the carcinogenic

39 1.6 11 Alpha-7 LaEr No HPV types ordered from highest
(HPV 16) to lowest (HPV 68) and

51 1.2 1.1 Alpha-5 Lower No grouped by their risk of causing

59 1.1 0.9 Alpha-7 Lower No cervical cancers. All HPV types in the
highest, high, and medium risk

56 0.9 08 Alpha-6 Lower No groups are included in the current

68 0.6 1.0 Alpha-7 Lower No 9-valent vaccines with the exception

of HPV 35.

cancer.33 Recent evidence may indicate decreased cervical cancer
screening effectiveness in women with higher body mass index
(BMI). Obese women had higher 5-year cancer risks (0.083% vs
0.056%) but lower 5-year precancer risks (0.51% vs 0.73%) than nor-
mal weight and underweight women even when screened similarly.>*
Those with a higher BMI may also have lower screening
participation.>® Cancer risks associated with higher BMI may there-
fore be due to both less screening and lower precancer detection
among screened individuals 343>

HPV Vaccination

HPV vaccination will likely prevent HPV infections, precancers, and
cancers.>*36:37 Guidelines recommend that vaccination be initi-
ated for all children, regardless of sex, at age 9 years, with 2 doses
of HPV vaccine given 6 to 12 months apart prior to the 13th
birthday.3®3° Vaccination is recommended for those aged 13 through
26 who were not vaccinated according to the recommended guide-
lines; 3 doses are recommended for those initiating vaccination at
age 15 years or older. Vaccines are preventive, and effectiveness
drops after first sexual intercourse. Most studies showed maxi-
mum benefits from vaccination administered prior to age 14 years,
with decreasing effectiveness of vaccination with age.*°-4? Shared
decision-making is recommended prior to vaccination of individu-
als aged 27 through 45 years because vaccination is not expected
to be an effective or cost-effective form of cancer prevention on a
population level 8#! National data from 2021reported that only 62%
of 13- through 17-year-olds had completed the HPV vaccine series.*3
Strategies are needed to promote vaccine uptake.

Vaccination status is not currently considered in cervical can-
cer screening guidelines because most individuals currently partici-
patingin screening were not vaccinated in early adolescence and re-
quiring adolescent vaccination records to determine screening
eligibility was considered a barrier to screening.

Cervical Cancer Screening Recommendations
Over a lifetime, cervical cancer develops in up to 5% of an un-

screened population. Effective screening and treatment of cervical

JAMA August 8,2023 Volume 330, Number 6

precancers can reduce the lifetime risk to less than 0.5%.' Regular
screening of asymptomatic individuals is recommended to diag-
nose and treat precancers to prevent cervical cancer. However,
screening applies only to asymptomatic individuals. People present-
ing with possible symptoms of cervical cancer, including irregular
bleeding, pain, or vaginal discharge, require assessment including
pelvic examination and cervical cytology.*#4°

Screening Considerations

Effective cervical cancer screening consists of the following steps:
(1) assess all patients for screening eligibility and screen when indi-
cated (Figure 3); and (2) screen using HPV testing (with or without
cytology). A negative HPV test result more accurately indicates the
absence of cervical precancer than cytology alone. The sensitivity
of cytology for detecting precancer is 50% to 70% compared with
more than 90% for HPV testing.'®*® Furthermore, cancer risk con-
tinues to decrease with subsequent rounds of negative HPV screen-
ing results.*”48 Ninety-seven percent of precancers are HPV-
positive, so performing concurrent cytology and HPV testing
(cotesting) provides limited additional information compared with
HPV testing alone.*”#° Cervical cancer is most common in individu-
als who do not receive appropriate screening.>>2

Average-Risk Screening

The risk of cervical cancer begins to increase around age 30 years
and remains elevated for the remainder of the lifespan.>© There-
fore, screening is recommended at least every 5 years for individu-
als aged 25 through 65 years who have a cervix (eg, women and
transgender men who have not undergone hysterectomy). The US
Preventive Services Task Force recommends screening average-
risk individuals with cytology alone at ages 21through 29 years and
with HPV testing alone, HPV testing with cytology (cotesting), or cy-
tology alone at ages 30 through 65 years.*® Updated guidelines from
the American Cancer Society,”' noting a better balance of benefits
and harms of HPV testing than cytology,*” recommend HPV test-
ing alone at 5-year intervals for those aged 25 though 65 years (see
the red box in Figure 3).°

jama.com
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Surveillance or High-Risk Screening

Up to 20% of individuals in a general population have prior abnor-
mal results, prior precancer or cancer, or immunosuppression and
require screening at 1 or 3-year intervals (see the yellow box in
Figure 3).” These patients are considered to be under surveillance
or undergoing high-risk screening; management of their care is de-
scribed in more detail below (Table).

Screening Cessation

Screening is not recommended for asymptomatic individuals
(1) younger than 21 years; (2) without a cervix (eg, after hysterec-
tomy) unless previously diagnosed with cervical cancer or precan-
cer; or (3) older than 65 years who fulfill screening cessation crite-
ria: documentation of at least 3 consecutive negative cytology
results or 2 consecutive negative HPV test results within the past
10 years with the most recent within the past 5 years, no abnor-
mal results in the past 10 years, no history of cervical precancer in
the past 25 years, no history of cervical cancer, and no immuno-
suppression (see the green box in Figure 3).7°?>3Adequate
screening prior to cessation at age 65 years is critical. Under-
screening is common between the ages of 45 and 65 years, and
only one-third of women aged 64 through 66 years meet criteria
to stop screening.>? Approximately 25% of cervical cancers occur
in women older than 65 years, their mortality is approximately
twice as high as that of younger women,>*>° and many individu-
als who developed cancer after age 65 years did not fulfill guide-
line criteria for screening cessation.>®>’

Management of Abnormal Screening Test Results

Risk-Based Management: A New Framework

The risk of precancer is used to determine the next steps in man-
agement for patients whose current or past screening results
were abnormal: HPV-positive or abnormal cytology or biopsy
(Table).'® Management in the US is guided by the 2019 ASCCP
(formerly the American Society for Colposcopy and Cervical
Pathology) Risk-Based Management Consensus Guidelines, which
use the concept of risk-based management, defined as treating
patients according to their estimated precancer risk.™ This repre-
sents a paradigm shift from prior guidelines that focused primarily
on test results. Precancer risks were precisely estimated using
current and past cytology and HPV test and biopsy results from
more than 1.5 million individuals who were followed up for up to
15 years at Kaiser Permanente Northern California.*® Comprehen-
sive risk tables are available at https://dceg.cancer.gov/research/
cancer-types/cervix/enduring-guidelines. Results were validated
in the Centers for Disease Control and Prevention (CDC) Breast
and Cervical Cancer Early Detection Program to ensure that risk
estimates were applicable to safety net settings.3' The risk of pre-
cancer is used to determine the next steps in management fol-
lowing abnormal results.’® This reduces testing in low-risk
patients while increasing testing in high-risk patients, resulting in
fewer procedures and better cancer prevention.>® Reductions in
overtesting mean that when clinicians implement risk-based
guidelines, they will more frequently encounter abnormal results
because (1) high-risk individuals screen more often than low-risk
individuals; (2) colposcopy is deferred for some patients, but
these individuals require follow-up in 1year; and (3) a higher pro-
portion of patients undergoing colposcopy will be diagnosed with

jama.com
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Figure 3. Assessing the Need for Screening

Screen patient immediately if:

» Aged 21-65y
and
has a uterus
and
last cervical cancer screening 25 y ago

Abnormal cytology, abnormal biopsy, or positive test
for human papillomavirus (HPV) in past 7 y

History of cervical cancer ever or cervical intraepithelial
neoplasia grade 2 or worse (CIN2+) in past 25 y

Immunosuppressed or exposure to diethylstilbestrol (DES)

Do not screen patient if:

» Aged <21y

» History of hysterectomy with removal of the cervix
and
no history of cervical cancer ever or CIN2+ in past 25y

» Aged >65y
and
22 documented negative HPV tests or 23 documented
negative cytology in past 10y
and
no abnormal results in past 10y
and
no history of cervical cancer ever or CIN2+ in past 25y
and
not immunosuppressed

Any patient with abnormal vaginal bleeding requires evaluation
of the cervix including pelvic examination, cytology, and HPV test.

HPV vaccination is recommended for all individuals aged 9-26 y

who have not completed the vaccination series. HPV vaccination may
be administered to unvaccinated individuals aged 27-45, but benefit
is limited due to high rates of prior infection.

The red box applies to average-risk patients; the yellow box identifies patients
requiring additional screening for surveillance or high-risk conditions; and the
green box describes criteria for screening cessation.

precancer requiring treatment because colposcopy is deferred for
lower-risk patients.

Guidelines use the current (immediate) risk of CIN3, AlS, or
cancer (defined collectively as CIN3 or worse [CIN3+]) to deter-
mine whether individuals require colposcopy or may be safely fol-
lowed up with repeat HPV testing or cotesting in 1, 3, or 5 years
(Figure 4). For results with immediate CIN3+ risks of less than
4%, the 3- or 5-year CIN3+ risks are examined to determine
retesting intervals of 1, 3, or 5 years.'®>° Specifically, patients
should return in 5 years for screening if their risks of developing
CIN3+ within 5 years are similar to the general screening popula-
tion with a negative HPV test or cotest results (ie, <0.15%).
Patients should return in 3 years for screening if their risks are
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Table. Management Recommendations for Patients Aged 25 Years or Older (2019 ASCCP Risk-Based Management Consensus Guidelines)

Current cytology

(Papanicolaou
test) or biopsy
Current HPV test result result

Prior results

Management recommendation

Risk of CIN3+10:49

Recommendation for 5-y follow-up

Negative NILM or no
cytology

Negative NILM

Negative NILM

Unknown or HPV-negative

ASCUS HPV-negative

3 consecutive negative HPV

tests after colposcopy
confirming low-grade

abnormality (eg, 7-y normal

HPV test or HPV/cytology cotestin 5y

HPV or HPV/cytology cotestin 5y
HPV or HPV/cytology cotestin 5y

<0.14%at5y

0.14%at5y
0.03%at5y

follow-up)
Recommendation for 3-y follow-up
Negative ASC-US Unknown HPV test or HPV/cytology cotestin 3y 0.40%at5y
Negative NILM Low-grade abnormal cytology ~ HPV test or HPV/cytology cotest in 3y 0.18% at5y
(ASC-US, LSIL) and colposcopy for 3 consecutive negative results
with no CIN2+ (HSIL) found before returning to a 5-y screening
interval
Negative NILM HIV+ or immunosuppressed HIV+ and immunosuppressed: Special situation:
screen at 3-y intervals opportunistic
infection guidelines®3
Negative NILM or no Treatment of CIN2+ followed Following initial surveillance after 0.35% at 5y for
cytology by 3 consecutive negative HPV  CIN2+ treatment: screen every 3y HPV-negative NILM;

tests or HPV/cytology cotests

for at least 25 y through 65 y;
may continue at 3-y intervals
while patient is in good health

0.44% at 5y for
HPV-negative only

Recommendation for 1-y follow-up

Negative LSIL

Positive NILM

Positive ASC-US or LSIL

Positive ASC-US or LSIL

Positive pl6/Ki-67
dual-stain
negative©
Colposcopy with

normal or CIN1
(LSIL) biopsy
results
Colposcopy with
normal or CIN1
(LSIL) biopsy
results

Colposcopy with
normal or CIN1
(LSIL) biopsy
results
Colposcopy with
normal or CIN1
(LSIL) biopsy
results

Unknown or HPV-negative®

Unknown or HPV-negative®

Negative screening results
with HPV testing or negative
HPV/cytology cotesting within

past 5 y°

Colposcopy within the past
year with no CIN2+ (HSIL)
found and preceded by NILM,

ASC-US, or LSIL cytology
Noncontributory

NILM, ASCUS, or LSIL cytology

HSIL cytology

ASC-H cytology

AGC cytology

HPV test or HPV/cytology cotest in 1y

HPV test or HPV/cytology cotestin 1y

HPV test or HPV/cytology cotestin 1y

HPV test or HPV/cytology cotestin 1y

HPVtestinly

HPV test or HPV/cytology cotestin 1y
(Note observation is preferred to

treatment for persistent results of CIN1 [LSIL])

Colposcopy plus either HPV test or
HPV/cytology cotest at year 1, HPV test

or HPV/cytology cotest at year 2, then HPV test
or HPV/cytology cotest at 3-y intervals for
at least 25 y through age 65 y and may continue

while in good health

HPV test or HPV/cytology cotest at 1 and 2 y,
then HPV test or HPV/cytology cotest at 3-y
intervals for at least 25 y through age 65 y and

may continue while in good health

Repeat HPV/cytology cotest at years 1 and 2,
then HPV/cytology cotest in 3y, then HPV test
or HPV/cytology cotest at 3-y intervals for

at least 25 y through age 65 y and may continue

while in good health

0.44%-1.1% current
risk; 0.79%-2.0%
at5y

0.74%-2.1% current
risk; 2.3-4.8% risk
at5y

2.0%-2.1% current
risk; 3.8% at5y

2.1%-3.1% current
risk; 6.0% at 5y

0.75% current risk,
1.5% at 3y
0.53% current risk;

2.6%at5y

Special situation®¢

Special situation®d

Special situation®¢

Recommendation for repeat testing
Unsatisfactory cytology

Repeat cytology as soon as convenient and no later

than 4 mo;

If both Papanicolaou and HPV test were performed,

repeat both;

A negative HPV result is not considered valid in the
setting of an unsatisfactory cytology result

Note: absent transformation zone is not unsatisfactory
and should be managed as a NILM result

Special situation*¢
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Table. Management Recommendations for Patients Aged 25 Years or Older (2019 ASCCP Risk-Based Management Consensus Guidelines) (continued)

Current cytology
(Papanicolaou
test) or biopsy
result

Current HPV test result Prior results

Management recommendation Risk of CIN3+10-4°

Recommendation for 6-mo follow-up

CIN2:
observation®

CIN2+ (HSIL):
after treatment

AIS: after
treatment

If observation is elected for CIN2, colposcopy plus Special situation®d
either HPV test or HPV/cytology cotest is recommended

at 6-mo intervals forupto 2 y

Treatment is recommended if CIN3 develops at any time

or CIN2 persists for 2 y

If CIN2 regresses at 6 and 12 mo visits, repeat HPV test

or HPV/cytology cotestin 1y

If negative, repeat HPV test or HPV/cytology cotest at

3-y intervals for at least 25 y through age 65 y and may

continue while in good health

Repeat HPV test or HPV/cytology cotest at 6 mo, 18 mo,
30 mo (until 3 consecutive negative results obtained)
then move to 3-y intervals for at least 25 y through age
65 y and may continue while in good health

HPV test, cytology, and ECC at 6-mo intervals for 3y,
then annually for 2 y, then HPV testing or HPV/cytology
cotesting at 3 y intervals for at least 25 y or while in
good health

Hysterectomy preferred when childbearing complete

Multiple-risk
estimates*®

Special situation*¢

Recommendation for colposcopy

Negative or no HPV test ~ ASC-H Noncontributory
Noncontributory AGC Noncontributory
Noncontributory Atypical Noncontributory

endometrial cells

Positive Noncontributory ~ HPV positive

Positive for genotype Noncontributory ~ Noncontributory

Colposcopy Special situation®d

Colposcopy with ECC and perform endometrial biopsy if ~ Special situation®¢

age 235 y or age <35 y with obesity or anovulation
Endometrial and endocervical biopsy; if both negative,
colposcopy

Colposcopy recommended for HPV-positive results
occurring twice consecutively due to elevated

CIN3+ risk associated with persistent HPV infection

Colposcopy for all HPV-16 or HPV-18 results

Special situation*¢

Risk varies by
situation'®

Risk varies by

HPV-16 and/or HPV-18 situation®
Positive ASC-US or LSIL Unknown or HPV-positive Colposcopy 4.4% current risk
No HPV test LSILS Noncontributory Colposcopy Special situation*:d
Positive pl6/Ki-67 Noncontributory Colposcopy 12% current risk
dual-stain
positive©
Recommendation for colposcopy or expedited treatment”
Positive ASC-H Noncontributory Colposcopy or expedited treatment 26% current risk
Positive: untyped HSIL Noncontributory Colposcopy or expedited treatment 49% current risk for
Positive: genotype other HPV-positive untyped
than HPV-16 negative
No HPV test
Recommendation for expedited treatment’
Positive: genotype HSIL Noncontributory Expedited treatment 60% current risk
HPV-16
Positive HSIL No screeningin>5y Expedited treatment 64% current risk

Abbreviations: AGC, atypical glandular cells; AlS, adenocarcinoma in situ;
ASC-H, atypical squamous cells cannot exlude high-grade squamous
intraepithelial lesion; ASC-US, atypical squamous cells of undetermined
significance; CIN3+, cervical intraepithelial neoplasia grade 3 or worse; ECC,
endocervical curettage; HPV, human papillomavirus; HSIL, high-grade
squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion;
NILM, negative for intraepithelial lesion or malignancy.

2 Colposcopy may be warranted for patients with a history of high-grade lesions.
These include: AlS, CIN3, histologic HSIL, CIN2, cytologic HSIL, ASC-H, AGC.

b Negative HPV test or HPV/cytology cotest results only reduce risk sufficiently
to defer colposcopy if performed for screening purposes within the last 5
years. Colposcopy is still warranted if negative HPV test or cotest results
occurred in the context of surveillance for a prior abnormal result.

€ World Health Organization guidelines support dual stain for triage of
HPV-positive screening test results; US guidelines were pending at the time of
this review.

dSpecial situation refers to scenarios for which CIN3+ risk estimates were not
available or when other criteria were used for guidelines.

€ Patients should be counseled on their preference for treatment vs serial

colposcopy. Considerations include but are not limited to age, future
pregnancy considerations, ability and desire to undergo repeated colposcopy
vs treatment.

f Prior cytology results do not modify the recommendation; colposcopy is
always recommended for 2 consecutive HPV-positive tests (note if colposcopy
is performed between the 2 HPV tests, they are not considered consecutive).

& Patients aged 24 y or younger are managed differently: after ASC-US or LSIL
results, repeat cytology is recommended at 1y and 2 y with colposcopy if
ASC-US or LSIL persists at 2 y. Colposcopy is recommended for cytology
results of AGC, ASC-H, HSIL

" Expedited treatment is defined as proceeding to excisional treatment without
first performing colposcopy with biopsy. See footnote e for considerations
related to shared decision-making.

I Expedited treatment is preferred for nonpregnant patients aged 25y or older.
Colposcopy with biopsy is an acceptable option if desired by patient after
shared decision-making. Considerations are described in footnote e. Note that
if referring for treatment would delay diagnosis, colposcopy should be
performed because up to 8% of patients with these results will have invasive
cancer.
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Figure 4. Risk Thresholds, Clinical Actions, and Example Patient Scenarios

« Surveillance based on 5-year risk of CIN3+

Assessment of patient’s immediate
risk of cervical intraepithelial neoplasia
grade 3 or worse (CIN3+)

Immediate CIN3+ risk <4%

Immediate CIN3+ risk 24%

* Management based on immediate risk of CIN3+

L <0.15% J k 0.15%-0.54% J k 20.55% J L 4%-24% 25%-59% 60%-100%
Returnin5y Returnin3y Returninly Colposcopy Treatment or Treatment preferred
Example scenario: Example scenario: Example scenario: Example scenario: colposcopy Example scenario:

HPV-negative or
negative cotest

HPV-negative atypical
squamous cell

of undetermined
significance (ASC-US)

HPV-positive ASC-US or
low-grade squamous
intraepithelial lesion
(LSIL) preceded by

HPV-positive ASC-US or
HPV-positive LSIL with
unknown past results

Example scenario:
HPV-positive atypical
squamous cells, cannot
exclude high-grade

HPV-16-positive
high-grade squamous
intraepithelial lesion
(HSIL)

negative HPV test or
negative cotest within
past5y

squamous intraepithelial
lesion (ASC-H)

This summarizes the principles of risk-based management of abnormal cervical
cancer screening test results. Patients whose risk of currently having precancer
is less than 4% do not require immediate intervention, whereas those whose
risk is 4% or greater require immediate intervention with either colposcopy or

treatment. Treatment in this case refers to proceeding directly to surgical
excision of the lesion and transformation zone without first performing
colposcopy with biopsy.

similar to the general screening population with a normal (nega-
tive for intraepithelial lesion or malignancy [NILM]) result on
cytology-only screening (5-year CIN3+ risk, 0.15%-0.54). Patients
should return in 1 year if their risks are between someone who
qualifies for returning in 3 years and someone who requires col-
poscopy. Colposcopy is recommended for those whose immedi-
ate CIN3+ risk is 4% to 24%, which is approximately that of the
general screening population with HPV-positive, low-grade cyto-
logical abnormalities (eg, HPV-positive atypical squamous cells of
undetermined significance [ASC-US] or HPV-positive LSIL of
unknown duration). Colposcopy or treatment with excision is rec-
ommended for those whose immediate CIN3+ risk is 25% to 59%,
similar to that of the general screening population with HPV-
positive high-grade cytology results (eg, HSIL or ASC cannot
exclude HSIL [ASC-H]). For those with CIN3+ risks of 60% or
higher (eg, HPV-16-positive HSIL), proceeding directly to treat-
ment with excision (expedited treatment) is preferred over first
performing colposcopy with biopsy, although performing colpos-
copy is an acceptable option. If treatment is not readily available,
colposcopy should be performed to prevent diagnostic delay.
Both current results and past history affect risk. Risks are 50%
lower for HPV-positive low-grade cytological abnormalities when
preceded by an HPV-negative test result or by a cytology and col-
poscopy confirming low-grade abnormalities compared with
when prior screening results are not known.*® Clinical decision
support is available via the ASCCP Management Guidelines app or
website (https://www.asccp.org/mobile-app), the Cervical Cancer
Risk Assessor (cervicalrisk.com), and in the Table.

Colposcopic Examination

For patients with abnormal screening test results, colposcopy with
biopsy is used to detect precancer, which is then treated to pre-
vent the development of cancer. Colposcopy involves evaluation of
the cervix by a trained clinician using magnification after applica-
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tion of 3% to 5% acetic acid. Transformed cells that become pre-
cancerous clones often form laterally spreading high-grade lesions
that can be visible as acetowhite plaques on colposcopy (Figure 1).
To reduce unnecessary procedures, new management guidelines
recommend follow-up rather than colposcopy for lower-risk
patients.'® Therefore, a higher proportion of patients undergoing
colposcopy will be diagnosed with precancer. Identification of ab-
normal cervical epithelium and ensuring targeted biopsies of all ace-
towhite areas at the time of colposcopy is important to avoid miss-
ing precancerous lesions.

Colposcopy Standards consensus guidelines were published in
2017 to improve the reliability and reproducibility of colposcopy in
the US.®° Guidelines include requirements for a comprehensive
examination and describe risk-based biopsy recommendations.®' In
nonpregnant patients, biopsies should be performed in all ace-
towhite areas, typically 2 to 4 biopsies per patient. A greater num-
ber of biopsies is associated with improved CIN3+ detection, from
approximately 60% for 1 biopsy to more than 80% for 2 to 4
biopsies.®2:°3 However, biopsy may be deferred for low-risk
patients, defined as cytology of NILM, ASC-US, or LSIL, no evidence
of HPV-16 or -18 infection, and no visible abnormalities. In addition
to biopsies of all acetowhite areas, sampling of the endocervical
canal with endocervical curettage is recommended for high-grade
cytology (ASC-H, HSIL, or AGC), HPV-16 or -18 infection, positive
results on dual stain, following precancer treatment, during obser-
vation of CIN2, and when the squamocolumnar junction is not fully
visualized; endocervical curettage is preferred for those aged 40
years or older.®* During pregnancy, biopsies should be deferred
unless there is concern for cancer, and endocervical curettage is
contraindicated.’®

Management of Biopsy Results
Colposcopic biopsy results are typically reported using the

Bethesda system as CIN1, 2, 3 or using the Lower Anogenital

jama.com
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Squamous Terminology system as histologic LSIL or HSIL.5>5¢

Histologic LSIL approximately corresponds to CIN1, and histo-
logic HSIL to CIN2 and CIN3. Recent guidelines recommend speci-
fying HSIL as CIN2 or CIN3 to improve risk prediction.' CIN3 is a
more reproducible diagnosis than CIN2, with more than 80%
agreement between expert pathologists on CIN3 diagnoses com-
pared with less than 30% agreement on CIN2 diagnoses.®” CIN3
is also more likely to be a histological correlate of cellular transfor-
mation with a substantial risk of progression to cancer and is
often associated with highly carcinogenic HPV genotypes
(Figure 2).%%8 Treatment is recommended for all nonpregnant
individuals with a diagnosis of CIN3, histologic HSIL, or AIS.'©

Treatment is also recommended for nonpregnant patients
with CIN2, although observation is an option for those concerned
about future pregnancies because the effects of treatment on
future pregnancy is unclear.®®7° A meta-analysis indicated an
8.6% risk of preterm labor (<37 weeks' gestation) following exci-
sional treatment compared with 4.6% in those with normal
results. However, preterm labor rates were similar when treated
women were compared with women with prior abnormal results
without treatment, indicating that HPV infection, rather than
treatment, may cause preterm delivery.”' Compared with CIN3,
CIN2 is more heterogenous, more often associated with lower-
risk HPV genotypes, and may resolve spontaneously, especially
among those younger than 30 years.”? Prognosis varies by geno-
type. Among women younger than 30 years followed up for 2
years, HPV-16-associated CIN2 progressed to CIN3 in half of
patients, compared with less than 20% progression for CIN2
associated with other HPV genotypes.”® Shared decision-making
discussions for patients considering observation should include
pregnancy considerations, risk of progression, and need to
undergo serial colposcopies with biopsies at 6-month intervals
for up to 2 years.

Importantly, CIN1 (histologic LSIL), is a not an immediate can-
cer precursor, so observation is preferred to treatment.'® The
microscopic classification of CIN1is neither a reliable nor an impor-
tant modifier of the course of active HPV infection. In the past,
treatment of persistent CIN1 was believed to prevent progression
to CIN2 and CIN3. However, subsequent research showed that
CINT can be caused by many genotypes of HPV, that repeated CIN1
is not necessarily indicative of viral persistence, and that only 8%
progress to CIN3 over 2 years, making treatment unnecessary in
most patients.”*”>

Treatment and Prognosis

Treatment of precancer involves excision or destruction of the en-
tire squamocolumnar junction in addition to destruction of lesions
detected on colposcopy. Treatment aims to eliminate the majority
of HPV-infected cells that have undergone precancerous transfor-
mation to reduce the risk of developing cervical cancer.”® Most ex-
cisional treatments in the US are performed using electrocautery
(eg, loop electrical excision procedure or large loop excision of the
transformation zone), although cold knife cone may be used in some
circumstances. Excisional procedures are preferred but ablation
therapies are acceptable in current US guidelines.'® However, ab-
lation techniques including cryotherapy and thermal ablation are fre-
quently used elsewhere and should follow the World Health Orga-
nization guidelines.””

jama.com
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The short-term risks of CIN3 recurrence following excision and
ablation, respectively, are approximately 1.6% and 2.9% at 6 months,
rising to 3.2% and 7.2% at 12 months.”®78 The risk of invasive cancer
remains elevated for decades following treatment for precancer’8°
and particularly for those older than 50 years.®' Therefore, guide-
lines recommend continued screening at 3-year intervals through age
65 years and for a minimum of 25 years after treatment with the op-

tion to continue for as long as the individual remains in good health.’®

Cervical Cancer Disparities

Inthe US, hysterectomy-corrected cancer incidence is higher in Black
women (16.8 per 100 000) and Hispanic women (15.8 per 100 000)
than in White women (6.8 per 100 000),32 and 5-year survival is
lower for Black women (55.8%) than for White women (63.0%).
More late-stage diagnoses have led to decreased survival over the
past 20 years.52 Disparities in access to screening, diagnostic, and
treatment services exist related to race and ethnicity, socioeco-
nomic status, insurance status, education, and rurality; these dis-
parities contribute to higher cancer rates, later stages of diagnosis,
and higher mortality.®® Universal HPV vaccination and access to
screening and treatment could eliminate disparities.2*®° In the US,
clinician-focused multilevel interventions that involved strong con-
sistent recommendations prior to age 11 years increased HPV vac-
cination rates by more than 20 percentage points in safety net set-
tings of care.®69" Mechanisms to address disparities in screening
participation and management of abnormal results were outlined
in the President’s Cancer Panel report and included improved com-
munication, facilitating equitable access to screening using com-
munity outreach, promoting alternative screening techniques like
HPV self-sampling when available, supporting team-based care to
support cancer screening and risk assessment, and effectively using
clinical decision support to ensure that each patient receives appro-
priate care.®? Specific programs with demonstrated effectiveness
in at-risk populations include community-based outreach and
patient navigation.®* Adequate health insurance coverage is also
critical—higher screening rates were noted following implementa-
tion of the Affordable Care Act and Medicaid expansion.®®

Limitations

This review has several limitations. First, not all topics related to cer-
vical cancer prevention were covered, such as 1-dose vaccination
schedules. Second, quality of the included literature was not evalu-
ated using a formal and systematic approach. Third, some new tech-
nologies in development were outside the scope of this review, in-
cluding self-collected HPV testing. Fourth, the discussion of
disparities was not comprehensive. Fifth, some relevant articles may
have been missed.

.|
Conclusions

Approximately 100 000 people are treated for cervical precancer
each year in the US to prevent cervical cancer. People with a cervix
should be screened with HPV testing, and if HPV-positive, genotyp-
ing and cytology testing should be performed to evaluate the risk
of cervical precancer and determine the need for colposcopy or treat-
ment. HPV vaccination in adolescence will likely prevent more than
90% of cervical precancers and cancers.
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