
UCSF
UC San Francisco Previously Published Works

Title
Cervical Cancer Screening

Permalink
https://escholarship.org/uc/item/1wj5b4bq

Journal
Medical Clinics of North America, 101(4)

ISSN
0025-7125

Authors
Sawaya, George F
Huchko, Megan J

Publication Date
2017-07-01

DOI
10.1016/j.mcna.2017.03.006
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/1wj5b4bq
https://escholarship.org
http://www.cdlib.org/


Cervical Cancer Screening

George F. Sawaya, MDa,b,* and Megan J. Huchko, MD, MPHc

aDepartment of Obstetrics, Gynecology and Reproductive Sciences, University of California, San 
Francisco, 550 16th Street, Floor 7, San Francisco, CA 94143, USA

bDepartment of Epidemiology & Biostatistics, University of California, San Francisco, 550 16th 
Street, Floor 7, San Francisco, CA 94143, USA

cDepartment of Obstetrics and Gynecology, Global Health Institute, Duke University, 310 Trent 
Drive, Box 90519, Durham, NC, 27708, USA

Keywords

Cervical cancer screening; Cervical cancer prevention; Human papillomavirus vaccination; Human 
papillomavirus testing; Cervical cytology; High-value care; Preterm birth

INTRODUCTION

Cervical cancer is an uncommon disease in the United States, with an estimated 13,000 

incident cases and 4100 deaths occurring in 2016.1 Rates have steadily declined over the last 

few decades coincident with widespread, population-based screening. Disparities in 

incidence and mortality are still noted, with black and Hispanic women continuing to have 

higher rates of cervical cancer than white women.

High-quality evidence implicates high-risk human papillomavirus (HPV) types as the 

causative agents in cervical cancer. HPV infections are common; the US Centers for Disease 

Control and Prevention (CDC) estimates that nearly all sexually active women are exposed 

to HPV over their lifetimes.2 Although most infections resolve without consequence, 

persistent infections can lead to precancerous cervical lesions and, in a minority of women, 

invasive cancer.

The most common precancerous lesions are of squamous cell origin, called cervical 

intraepithelial neoplasia (CIN), and are graded by the proportion of abnormal epithelium.

• CIN grade 1 indicates an active HPV infection and these lesions are considered 

low grade with a high spontaneous regression rate; these lesions are generally not 

treated.

• CIN grade 2 is often considered a high-grade lesion but has a spontaneous 

regression rate of up to 40%.
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• CIN grade 3 lesions have the highest likelihood of progression to invasion and 

are universally treated.

The estimated time for CIN grade 3 progression to cancer is on average 10 years, allowing 

many opportunities for these lesions to be found and treated. Preinvasive lesions of glandular 

cell origin (adenocarcinoma in situ) are less common but are of such concern that 

hysterectomy is recommended when diagnosed. Of note, cytologybased screening has led to 

declines in the incidence and mortality of squamous cell cancer but not in cancers of 

glandular origin.

High-grade CIN lesions (CIN2 and CIN3) are treated with either ablation (eg, laser, 

cryotherapy) or excision (eg, loop excision, cone biopsy).3 Both treatments have high 

efficacy (short-term cure rates of 85%–95%) but have different side effects. The association 

between excisional procedures and preterm birth has led to a more cautious use of these 

techniques. Prior systematic reviews have found no associations between cryotherapy and 

laser ablation and preterm birth.4 More recent reviews have noted increases in the risk of 

preterm birth as excision depths increase as well as small increases with unspecified ablative 

treatments.5 As with much evidence about harm, the observational nature of current studies 

limits causal inference; the relationship between cervical treatments and preterm birth may 

be confounded by a third factor affecting risk of both. Acknowledging these potential harms, 

treatment guidelines by the American Congress of Obstetricians and Gynecologists (ACOG) 

suggest a judicious approach when treatment is warranted; for example, the guidelines 

encourage surveillance of CIN2 rather than treatment, especially in young women.6

Three highly effective HPV vaccines have been developed to target up to 9 HPV subtypes, 

covering either the most common oncogenic types (bivalent vaccine against 16/18), or a 

combination of these plus the condyloma-causing HPV types 6 and 11 (quadrivalent 

vaccine, now replaced by a nonavalent vaccine). Targeted to adolescents of both sexes, the 

vaccines have been shown to decrease the incidence of both HPV and CIN, with rates of up 

to 100% efficacy against the vaccine-specific HPV types and related disease in women who 

have not been previously exposed.7,8 HPV vaccines show little cross-protection against other 

oncogenic subtypes, and effectiveness decreases when administered to older women and 

women who have previously been exposed to HPV.9 Therefore, although the overall 

population effectiveness is likely to be lower than the efficacy seen in the clinical trials, 

widespread vaccine uptake is anticipated to result in a decrease in CIN and cervical cancer 

in the future and may affect the design of screening and treatment programs.10,11

SCREENING PROGRAMS IN THE UNITED STATES

About 90% of US women report having had screening within the prior 5 years, which is a 

testament to the acceptability of speculum examinations for collection of cervical 

specimens.12 With screening, it is estimated that the lifetime risk of being diagnosed with 

cervical cancer in the United States is 0.6%.1 Among women developing cancer, 50% to 

60% have never been screened or not adequately screened, emphasizing the importance of 

finding innovative ways to provide access to high-quality, low-cost screening to women not 

engaged in screening programs.13
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As with many cancers, the benefits of cervical cancer screening are well known: decreasing 

cancer incidence and mortality and perhaps decreasing morbidity to some degree by finding 

early-stage cancers that are treated with less morbid therapies than those recommended to 

women with late-stage cancers. In addition, like most cancers, the harms of screening are 

difficult to measure and often underestimated. For cervical cancer screening, these include 

false-positive testing, invasive procedures and treatments, psychological distress, and 

extended surveillance of unclear end. From a societal perspective, costs of various screening 

strategies need to be understood to ensure that care meets a standard of being high-value.14

Cytology-based screening has been the typical approach for decades and has evidence of 

high effectiveness, but it has been criticized for having a low sensitivity in the detection of 

high-grade CIN in a single episode of screening. In addition, some common cytologic 

interpretations (eg, atypical squamous cells of undetermined significance [ASC-US]) have 

low specificity and positive predictive value. In addition, cytology results lack objectivity, 

leading to high interobserver variations. In one large US study, agreement between 

community reading and expert reviews were only moderate for cytologic interpretations 

(kappa, 0.46; 95% confidence interval, 0.44–0.48).15

The introduction of reliable, reproducible tests for the detection of 13 or 14 HPV types 

implicated in cervical cancer (high-risk HPV [hrHPV]) has expanded options for screening. 

Summary evidence indicates that hrHPV testing has a higher sensitivity than cytology in 

detecting high-grade CIN16 and can be useful in increasing the specificity of some test 

interpretations (eg, ASC-US).17

CURRENT SCREENING STRATEGIES: AVERAGE-RISK WOMEN

In 2012, ACOG,18 the US Preventive Services Task Force (USPSTF),19 and the American 

Cancer Society (ACS) in collaboration with the American Society of Colposcopy and 

Cervical Cytology (ASCCP) and the American Society of Clinical Pathologists (ASCP)20 

published similar screening guidelines; ACOG updated its guidelines in 20166 (Table 1). 

The guidelines focus on average-risk women, defined as women with no prior diagnosis of 

CIN2 or a more severe lesion or cervical cancer (CIN21), women who are not 

immunocompromised (eg, infected with human immunodeficiency virus [HIV]), and women 

with no in utero exposure to diethylstilbestrol.

All guidelines agree that screening should not begin before age 21 years, regardless of 

sexual history, and that it be performed no more often than every 3 years. Decision analyses 

commissioned by the USPSTF indicated that screening more frequently than every 3 years 

confers small additional reductions in cancer risk, but incurs substantially more screening 

harms, including false-positive testing and colposcopies.21 To mitigate harms, ACOG and 

ACS/ASCCP/ASCP guidelines specifically discourage annual screening among average-risk 

women of any age. For women aged 30 years and older, the addition of hrHPV testing to 

cytology allows the stratification of women with normal cytology and negative HPV tests 

into a particularly low-risk group in which the frequency of screening can be extended to 5 

years, and for identifying women with mild cytologic changes (eg, ASC-US) whose 
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underlying risk of CIN21 is high enough to refer to colposcopy when HPV testing is 

positive.

All guidelines agree that screening can end at age 65 years of age if the following criteria are 

met: 3 consecutive negative cytology results or 2 consecutive negative cytology plus hrHPV 

tests within 10 years before cessation of screening, with the most recent test performed 

within the last 5 years. The ACS/ASCCP/ASCP guidelines state that once screening has 

been discontinued, it should not be restarted, regardless of the acquisition of new sexual 

partners.

CURRENT SCREENING STRATEGIES: HIGHER-RISK WOMEN

Guidelines exclude women at higher than average risk: immune-compromised women, those 

with prior high-grade CIN or cancer, and those with in utero exposure to diethylstilbestrol. 

The Panel on Opportunistic Infections in HIV-Infected Adults and Adolescents recommends 

beginning screening women infected with HIV at the onset of sexual activity and no later 

than age 21 years, and continuing over a lifetime (not ending at 65 years of age).22 The 

panel suggests annual screening with cytology alone or cytology plus hrHPV testing for 

women aged 30 years and older. Intervals can be lengthened to 3 years among those with 3 

prior normal cytology tests or 1 normal cytology test and a negative HPV test result. The 

2016 ACOG guidelines support this approach and state that it is reasonable to screen women 

immune-compromised for non-HIV reasons similarly starting at age 21 years. They 

recommend that women exposed to diethylstilbestrol in utero be screened annually, with no 

rationale provided.

CURRENT SCREENING STRATEGIES: LOW-RISK WOMEN

Women who have had surgical removal of the cervix have no risk of cervical cancer. Thus, 

current guidelines discourage screening among women after hysterectomy with no prior 

history of high-grade CIN or cancer. The USPSTF gives this a grade D recommendation 

(harms outweigh benefits). In women with high-grade CIN, ACOG recommends continued 

routine screening with cytology every 3 years for 20 years after the initial posttreatment 

surveillance period. This recommendation is more conservative than their 2003 

recommendation suggesting screening cessation after 3 normal annual vaginal cytology 

tests.

Although it is anticipated that HPV vaccination will reduce the incidence of CIN and 

cancers, the lack of evidence of effectiveness at the population level has led guideline groups 

to recommend no change in the screening approach to vaccinated women. A recent decision 

analysis suggests that delaying screening initiation among vaccinated women and continuing 

with screening less often than every 3 years would be a cost-effective approach.11

CONTROVERSIES

Cancer screening guidelines are designed to maximize benefits and minimize harms, all at a 

reasonable cost. Frequent screening, earlier ages to begin, later ages to end, and more 

sensitive tests all contribute to screening effectiveness but, if untethered, also exacerbate 
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screening harms and contribute to low-value care. Although current guidelines largely align, 

there is no consensus as to whether one screening approach should be preferred to another. 

ACS/ASCCP/ASCP recommend that cytology plus hrHPV testing (cotesting) should be 

preferred to cytology alone, although the guidelines’ authors acknowledge that the evidence 

supporting the preferred designation is weak. ACOG agrees, justifying cotesting rather than 

cytology alone by citing evidence that hrHPV testing improves detection of 

adenocarcinoma. More simply, the USPSTF recommends this strategy be applied to women 

who would prefer screening less often that every 3 years.

The lack of head-to-head comparisons of cotesting with cytology alone with follow-up 

algorithms similar to those used in the United States has led to uncertainty with regard to 

expected outcomes. One Italian trial of 11,810 women aged 25 to 34 years randomized to 

conventional cytology or liquid-based cytology plus hrHPV testing yielded important 

results.23 After 1 screening round, 17.3% of cotested women had either an abnormal 

cytology result or a positive hrHPV result compared with only 4.0% of women with 

cytology alone. However, despite such a large increase in positive testing, cotesting led to no 

additional cases of CIN3 identified but found substantially more cases of CIN1 and CIN2, 

lesions that are known to regress. Clearly age is an important factor in screening. Although 

the precise age before which hrHPV testing leads to more harms than benefits is unknown, 

all current guidelines discourage adding HPV testing to cytology in women less than age 30 

years.

In 2014, the US Food and Drug Administration (FDA) approved a stand-alone hrHPV test 

for primary screening in women aged 25 years and older; this test detects the presence of 1 

or more of 14 high-risk HPV types. In response to concerns about excessive colposcopy 

rates among those testing positive, the approved algorithm triages to colposcopy only those 

with evidence of HPV types 16 and 18 as well as those with evidence of the 12 other high-

risk types who have abnormal cytology. After adjusting for verification bias, the study on 

which the guideline is based found that colposcopy of everyone with positive hrHPV tests 

had a sensitivity of 61% for CIN21; triage with testing for HPV types 16 and 18 reduced the 

proportion of women undergoing colposcopy but at the expense of sensitivity (45%).24 It is 

recommended that women with abnormal tests who do not proceed to colposcopy (eg, those 

with evidence of the 12 other high-risk types who have concurrent normal cytology) have 

follow-up in 1 year.25

The FDA-approved start age of 25 year for stand-alone hrHPV testing is controversial 

because it contradicts current recommendations by the USPSTF that discourage HPV testing 

in women less than age 30 years, reflecting the concern that the high prevalence of HPV 

infection in this age group will lead to oversurveillance and overtreatment. In the study cited 

earlier, 21% of women aged 25 to 29 years had positive HPV tests and were referred to 

colposcopy or placed in surveillance compared with about 7% screened with cytology alone.
24
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EMERGING NOVEL SCREENING STRATEGIES

Other novel strategies incorporate hrHPV testing as a first-line stand-alone test. An ongoing 

trial in Canada (the FOCAL trial) is now randomizing women into 2 arms: (1) hrHPV 

testing with reflex cytology for those testing positive (women with abnormal cytology get 

colposcopy), and (2) cytology with reflex hrHPV testing for those ASCUS (women with 

ASC-US cytology and positive hrHPV testing or LSIL cytology or worse get colposcopy). 

After a single round, the primary hrHPV screening arm detected more cases of CIN21 (16.5 

out of 1000 vs 10.1 out of 1000) and CIN31 (7.5 out of 1000 vs 4.6 out of 1000), but 

required more women to have colposcopy compared with the control arm (58.9 out of 1000 

vs 30.9 out of 1000).26 Full trial results will provide important evidence on the reach, 

effectiveness, and cost-effectiveness of this strategy.

In addition to novel screening strategies, innovative screening techniques for hrHPV and 

cytology screening may be more acceptable to women, potentially broadening the reach 

among underscreened women. Specifically, self-collection of hrHPV removes the need for a 

speculum examination, a clinician, and possibly even a clinic visit. Self-collected hrHPV 

specimens have similar sensitivity and specificity for high-grade CIN to clinician-collected 

specimens.27,28 Although most of the work in self-collection has been done in low-resource 

settings, multiple studies have shown self-collection to be highly acceptable to women in 

North America.24,29–31 However, fewer studies have shown a relationship between self-

collected HPV and increased screening rates or follow-up referral visits among 

underscreened women.24 Studies of self-collection of cytology specimens have been limited 

to small pilots, likely because of the theoretic difficulty in obtaining endocervical cells using 

a vaginal swab and the increasing use of self-collection for HPV testing.

HIGH-VALUE SCREENING

Clinical guidelines strive to balance benefits and harms in an attempt to make screening high 

value, at least from the patient’s perspective. Clinician surveys monitoring adherence to 

cervical cancer screening guidelines have been discouraging. In the past, clinicians have had 

low guidelines adherence,32–34 including beginning screening too early35; repeating 

screening more often than indicated35–38; and not ending screening in low-risk women, 

either at age 65 years32,39,40 or after hysterectomy for benign disease.41,42 Recent studies 

show a more optimistic picture, suggesting that the age of screening initiation is increasing,
43 and screening visits for women aged 65 years and older are decreasing.40 These changes 

could be caused by improved adherence to guidelines, patient acceptance of less screening, 

or changes in reimbursement for services that are not endorsed by guidelines.

Some aspects of cervical cancer screening have been the subject of the Healthcare 

Effectiveness Data and Information Set (HEDIS) of the National Committee for Quality 

Assurance. In 2014, a new performance measure entitled “Non-recommended cervical 

cancer screening in adolescent females” was proposed to capture unnecessary cervical 

cancer screening. Adding overscreening as a measure of poor-quality care by clinicians may 

bolster adherence to current guidelines.
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Other definitions of high-value care consider costs more specifically. One major driver of 

overall costs is screening periodicity. When cervical cancer screening is conducted annually 

with either cytology alone or cytology in combination with HPV testing, the cost-

effectiveness has been shown to exceed $500,000 per quality-adjusted life year (QALY) 

gained.44,45 Biennial screening has been associated with incremental cost-effectiveness 

ratios of $150,000 to $200,000 per QALY gained,44,46,47 in part because of the finding that 

most lesions detected at the frequent screening intervals are those that would regress if left 

undiscovered and untreated. In contrast, screening conducted every 3 to 5 years has been 

shown to be associated with less than $100,000 per QALY gained.46,48 However, all QALY 

analyses to date have been limited by a lack of a comprehensive set of utilities capturing 

women’s preferences for health states that follow from various strategies.49

EVIDENCE GAPS

It is useful to consider the 6 domains of health care quality put forth by the Institute of 

Medicine in 2001 when considering the way forward in cervical cancer screening. Clinicians 

strive to make care safe, effective, patient centered, timely, efficient, and equitable. As new 

strategies emerge, it will be useful to hold them to these standards to ensure that they are not 

just newer but also better. Patient-centeredness is key, and better understanding the patient’s 

experience as she proceeds through the screening process will be valuable. Finding ways to 

make screening acceptable to hard-to-reach groups will realize the greatest impact of 

screening on cervical cancer incidence. Appropriate HPV vaccination holds great promise 

for additional protection, especially among sociodemographic groups that may be at risk of 

being unengaged in future screening settings.

SUMMARY

Cervical cancer screening in the United States has accompanied profound decreases in 

cancer incidence and mortality over the last half century. Maintaining gains in cervical 

cancer prevention requires a continued vigilant approach. Current screening guidelines 

issued by major groups are largely consistent and strive to find a reasonable balance between 

benefits and harms by recommending less than annual screening in most women. Attention 

to minimizing screening harms is an important aspect of all screening and preventive 

approaches.

As new screening strategies emerge and are adopted, comparative effectiveness analyses will 

be needed to outline the patient-centered and economic implications of choosing one rather 

than another. These analyses will be useful for highlighting high-value screening options to 

clinicians, health systems, and patients.49 Above all, providing women with affordable, 

easily accessible screening, follow-up of abnormal tests, and timely treatment will result in 

the greatest impact of screening on cervical cancer incidence and mortality.
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KEY POINTS

• Cervical cancer screening in the United States has accompanied profound 

decreases in cancer incidence and mortality over the last half century.

• Current screening guidelines issued by major groups are largely consistent 

and strive to find a reasonable balance between benefits and harms by 

recommending less screening in most women.

• Two strategies are endorsed by major US-based guideline groups: (1) triennial 

cytology for women aged 21 to 65 years, and (2) triennial cytology for 

women aged 21 to 29 years followed by cytology plus testing for high-risk 

human papillomavirus types every 5 years for women aged 30 years and 

older.

• Maintaining gains in cervical cancer prevention requires a continued vigilant 

approach that includes access to low-cost, high-quality screening for all 

women and appropriate human papilloma virus vaccination.

• As new screening strategies emerge and are adopted, comparative 

effectiveness analyses will be needed to outline the patient-centered and 

economic implications of choosing one rather than another.
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Table 1

Current recommendations for cervical cancer screening by the US Preventive Services Task Force (2012), 

American Cancer Society
a
 (2012), and/or American Congress of Obstetricians and Gynecologists (2016)

Average-risk Women
b

 Age to begin 21 y

 Method and intervals, by age Ages 21–65 y: cytology every 3 y

Or

Ages 21–29 y: cytology every 3 y, then

Ages 30–65 y: cytology plus hrHPV testing every 5 y

 Age to end
65 y

c

Higher-risk Women (ACOG 2016)

 Infected with HIV Age to begin: initiation of sexual activity, but no later than age 21 y

Ages 21–29 y: cytology every year until 3 normal tests, then every 3 y

Ages 30–65 y: cytology every year until 3 normal tests, then every 3 y, or: cytology plus 
hrHPV testing every 3 y

Age to end: none

 Immunocompromised for non-HIV reasons Screening beginning at age 21 y, then as for women infected with HIV

 In utero exposure to diethylstilbestrol Annual cytology screening

Low-risk Women (ACOG 2016)

 After total hysterectomy, no prior CIN2 + Screening should not be performed

Abbreviation: HIV, human immunodeficiency virus.

a
With the American Society of Colposcopy and Cervical Pathology and the American Society of Clinical Pathologists.

b
Recommendations apply to women with no prior diagnosis of CIN2 or a more severe lesion or cervical cancer (CIN21), women who are not 

immunocompromised (eg, HIV infected) and women with no in utero exposure to diethylstilbestrol.

c
Only among women with 3 consecutive negative cytology results or 2 consecutive negative cytology plus hrHPV tests within 10 years before 

cessation of screening, with the most recent test performed within the last 5 years.
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