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• A negative HPV results at baseline predicts one-half the risk of CIN3+ over 3 years than a negative cytology result.

• HPV primary screening with triage using 16/18 genotyping and cytology increases sensitivity to detect CIN3+ 28% over cytology.

• Cytology failed to detect approximately 50% of CIN3+ in women 25–29 years.
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Objectives. ATHENA evaluated the cobas HPV Test as the primary screen for cervical cancer in women ≥25

years. This reports the 3-year end-of-study results comparing the performance of HPV primary screening to

different screening and triage combinations.

Methods.42,209women≥25 yearswere enrolled andhad cytology andhrHPV testing.Womenwith abnormal

cytology (≥atypical squamous cells of undetermined significance) and those HPV positive were referred to

colposcopy. Women not reaching the study endpoint of CIN2+ entered the 3-year follow-up phase.

Results.3-year CIR of CIN3+ in cytology-negativewomenwas 0.8% (95% CI; 0.5–1.1%), 0.3% (95%CI 0.1–0.7%)

in HPV-negative women, and 0.3% (95% CI; 0.1–0.6%) in cytology and HPV negative women. The sensitivity

for CIN3+of cytologywas 47.8% (95%CI; 41.6–54.1%) compared to 61.7% (95%CI; 56.0–67.5%) for the hybrid strat-

egy (cytology if 25–29 years and cotestingwith cytology andHPV if≥30 years) and76.1% (95% CI; 70.3–81.8%) for

HPV primary. The specificity for CIN3+ was 97.1% (95% CI; 96.9–97.2%), 94.6% (95% CI; 94.4–94.8%), and 93.5%

(95% CI; 93.3–93.8%) for cytology, hybrid strategy, andHPV primary, respectively. AlthoughHPV primary detects sig-

nificantlymore cases of CIN3+ inwomen≥25 years than either cytologyor hybrid strategy, it requires significantly

more colposcopies. However, the number of colposcopies required to detect a single CIN3+ is the same as for the

hybrid strategy.

Conclusions.HPVprimary screening inwomen≥25 years is as effective as a hybrid screening strategy that uses

cytology if 25–29 years and cotesting if≥30 years. However, HPV primary screening requires less screening tests.

© 2014 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-SA license

(http://creativecommons.org/licenses/by-nc-sa/3.0/).

Introduction

Persistent infection with a high-risk human papillomavirus (HPV)

genotype is required for the development of high-grade cervical

neoplasia (cervical intraepithelial neoplasia [CIN] grade 3, adenocarci-

noma in-situ, and invasive cervical cancer (CIN3+) [1]. Molecular

tests that detect HPV demonstrate increased sensitivity but lower spec-

ificity than cytology for detecting women with CIN3+ [2]. Currently in

the United States (U.S.) HPV testing is recommended to triage women

with atypical squamous cells of undetermined significance (ASC-US)

and as an adjunct to cytology when screening women ≥30 years

(i.e., “cotesting”) [3–5]. In Europe, guidelines recommend the use of

HPV testing to triage women with ASC-US, for surveillance after treat-

ment of CIN, and as a stand-alone primary screening testwithout cytology
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for cervical cancer screening (HPV primary screening) [6]. Several coun-

tries including Australia and the Netherlands have now adopted HPV pri-

mary screening for their national screening programs [7,8]. HPV primary

screening could reduce both the complexities and resource expenditure

inherent in cotesting while maintaining a high sensitivity. Longitudinal

follow-up studies and randomized trials have shown that HPV primary

screening is more sensitive than cytology and identifies CIN3+ earlier

[2,9]. As a result, fewer cases of cervical cancer or CIN3 are identified on

subsequent rounds of screening [10,11]. Despite the attractiveness of

HPV primary screening, there remain several unresolved issues. These in-

clude developing an effective strategy to determine which HPV-positive

women shouldbe referred to colposcopy andhowHPVprimary screening

performs in the U.S.

In 2008, the 3-year prospective ATHENA (Addressing the Need for

Advanced HPV Diagnostics) study was initiated in the U.S. [12]. This

study was specifically designed to evaluate primary screening with

the cobas HPV test inwomen≥25 years in theU.S. aswell as to evaluate

different triage strategies for HPV-positivewomen. End-of-study results

from ATHENA are presented in this manuscript.

Materials and methods

Study patients

Nonpregnant U.S. women ≥21 years presenting for routine cervical

cancer screening (n=47,208)were enrolled in this observational study

between May 2008 and August 2009. Study inclusion and exclusion

criteria have been previously described and are provided in detail in

the Supplemental appendix together with an in-depth description of

study procedures [12–14]. Since current U.S. management guidelines

recommend against HPV testing for any reason below the age of 25

years, only women ≥25 years were included in the 3-year follow-up

phase and in this subanalysis (n = 41,955) [5]. The study protocol

was approved by institutional review boards of all study sites, and

written informed consent was obtained. This study is registered with

ClinicalTrials.gov (NCT00709891) and was completed in December

2012.

Design and study interventions

Baseline phase

After a brief medical history, a cervical sample was collected

and placed into a PreservCyt vial (Hologic, Inc.). Prior to processing for

cytology (ThinPrep; Hologic, Inc), a 4-mL aliquot was removed for

HPV testing using the cobas HPV Test (Roche Molecular Systems) that

provides three HPV positive/negative results: HPV 16, HPV 18, and 12

other HPV genotypes (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 66,

pooled). Samples were also tested using the AMPLICOR and LINEAR

ARRAY HPV Genotyping Test (Roche Molecular Systems) which are re-

search tests with high analytic sensitivities. Cytology and HPV testing

were conducted in the U.S. at 4 clinical laboratories and Roche Molecu-

lar Systems served as a fifth site for HPV testing. Bethesda System termi-

nologywas used for reporting cytology results [15]. Prior to reporting to

the sites, test results were entered into a randomization database that

selected women for colposcopy based on age, cytology and

AMPLICOR/LINEAR ARRAY HPV test results. This included all women

with abnormal cytology and HPV positivity, as well as a random subset

of HPV and cytology-negative women that was required for verification

bias adjustment of the performance of the screening tests.

Colposcopywith biopsy and in some patients endocervical curettage

(ECC) was completed within 12 weeks of the initial visit (see Supple-

mental appendix for complete details). Both the colposcopist and

patients weremasked to the screening test results until after the colpos-

copy visit. Biopsies and ECCs were reviewed by a panel of 3 pathologists

who were masked to patient information and screening test results.

Standard CIN terminology was used for reporting the histology results

[16].Womenwith CIN2+exited the study for appropriatemanagement.

Follow-up phase

All women who underwent colposcopy in the baseline phase and

who did not have CIN2+ were eligible for the 3-year follow-up phase.

During follow-up, women had annual examinations with collection

of a cervical specimen for both cytology and HPV testing. Women with

abnormal cervical cytology (≥ASC-US) underwent colposcopy with

biopsies and ECCs that were reviewed as in the baseline phase. Women

diagnosed with CIN2+ during follow-up exited the study. At year 3, pa-

tients were invited to have an “exit colposcopy” (see Supplemental ap-

pendix for complete details). Women who declined the exit colposcopy

(319 of 4663) had a cervical specimen collected for cytology and HPV

testing.

Primary and secondary outcomes

The follow-up phase of ATHENA was designed to document the

safety of the cobas HPV Test both when used for cotesting in women

≥30 years as well as when used for HPV primary screening in U.S.

women ≥25 years. With respect to primary HPV screening in women

≥25 years, the 3-year follow-up phase had two secondary objectives.

The first was to compare the 3-year cumulative risk of CIN2+ in

women with different baseline HPV results (stratified by HPV negative,

pooled 14 high-risk HPV positive, HPV 16/18 positive, and HPV 12

“other” positive). The second objective was to compare the 3-year cu-

mulative incidence rate of CIN2+ in women with a negative HPV test

at baseline and those with a negative cytology. After analyzing the per-

formance of different screening strategies incorporating HPV testing

alone and in combination with cytology for the detection of CIN2+

using data from the baseline phase, we decided to perform a post hoc

analysis of the performance of these strategies over the full 3 years of

the study. This was indicated because all of the strategies incorporate

retesting of selected women at 12 months and it was important to in-

clude the results of this retesting to fully understand how the strategies

would perform in a screening setting [5,17].

Screening strategies

We calculated the performance of three screening strategies for

women enrolled in ATHENA over a 3-year period using the dataset

created by the study. One strategy was cytology with HPV testing per-

formed only for ASC-US (cytology). The second was a hybrid strategy

that uses the cytology strategy for women 25–29 years of age and

cotesting with both cytology and HPV (pooled 14 genotypes) in

women ≥30 years. The hybrid strategy mimics current U.S. screening

recommendations [3,4]. With cotesting, HPV-positive women with

negative cytology are retested with both tests in 1 year and undergo

colposcopy if either is abnormal. We compared these strategies with a

HPV primary strategy in which HPV-negative women are rescreened in

3 years, HPV16/18-positive women receive colposcopy, and women

positive for the 12 other HPV genotypes have reflex cytology with

colposcopy if the cytology is ≥ASC-US. If the cytology is negative

women are rescreenedwithHPV and cytology in 1 year. In all strategies,

womenwhowere referred to colposcopy and found to not have CIN2+

are rescreened with both tests in 1 year and referred to colposcopy if

≥ASC-US or persistently HPV-positive. More complete details of the

screening strategies are provided in the Supplemental appendix.

Statistical analysis

Verification bias adjusted (VBA) estimates of absolute risk of CIN2+

or CIN3+ for each year were obtained by estimating the likely cases of

CIN2+ and bCIN2 for each year as previously described [13,14]. Cumu-

lative risk over 3 yearswas obtained by using the Kaplan–Meiermethod

and the VBA risk estimates for each year. Confidence intervals for the
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cumulative riskwere estimated using the bootstrapmethod [18]. An in-

depth description of how the calculations were adjusted for selection

bias and loss to follow-up is included in the Supplemental appendix.

Calculating 3-year performance of screening strategies

Because cytology and HPV testing were performed each year during

the study, we could determine HPV persistence, repeat cytology results,

and loss to follow-up rates annually. This allowed calculation of how

specific screening strategies would perform over the course of 3 years,

as well as the utilization of clinical resources to include number of

tests, colposcopies and number of colposcopies required to detect one

case of CIN2+.

Since all women who were HPV-positive or had ≥ASC-US at base-

line underwent colposcopy and exited the study if they had CIN2+,

calculating how individual screening strategies would perform over a

3-year screening cycle required 3 assumptions. One was that CIN2+

lesions identified at the baseline colposcopy but missed by a specific

screening strategy would persist until the Year 1 visit and be detected

if the woman was referred to colposcopy based on the Year 1 cytology

and HPV results. The second was that HPV-positive CIN2+ lesions at

baseline would be persistently HPV positive at Year 1. Finally, we

assumed that any woman who returned for follow-up and had an ab-

normal test result underwent colposcopy. A more detailed description

of how the calculations were adjusted for selection bias and loss to

follow-up is included in the Supplemental appendix.

Results

From May 2008 to August 2009, 42,209 women ≥25 years were

enrolled in ATHENA, of whom 41,955 (99%) met the eligibility criteria.

The baseline demographic characteristics of this population have been

previously described and are provided in Supplemental appendix [13].

A total of 1054women hadmissing or invalid test results at enrollment,

leaving 40,901 women evaluable for this analysis. After the enrollment

visit, 9353 women were selected for colposcopy, of whom 8067 had

the procedure (Fig. 1A). This included 892 randomly assigned women

who were both HPV and cytology-negative allowing for adjustment of

verification bias. The follow-up rates were 81%, 84% and 90% for years

1, 2 and 3, respectively (Fig. 1B). During the course of the 3-year study

a total of 240 CIN2, 319 CIN3, 20 adenocarcinoma in-situ, and 8 invasive

cervical cancer cases were detected, Supplemental appendix.

3-year cumulative risk of CIN3+ (or CIN2+)

At baseline 10.5% (4275 of 40,901) ofwomenwereHPV-positive and

6.4% (2617 of 40,901) had cytology of ≥ASC-US. 164 of 347 (47.3%) of

CIN3+ identified during the 3-year study occurred inwomenwith neg-

ative baseline cytology, Supplemental appendix. In contrast, 34 (9.8%)

occurred in women high risk HPV negative at baseline (p b 0.001).

Similar results were observed using a CIN2+ endpoint. All of the inva-

sive cervical cancers (8 of 8) were HPV-positive at baseline, and 7 of

8 (87.5%) had ≥ASC-US cytology. 6 of 8 (75%) cervical cancers were

identified at the baseline colposcopy and 2 (25%) at Year 1 colposcopy.

Of 20 cases of adenocarcinoma in-situ, 17 (85.0%) were HPV-positive

at baseline and 13 (65.0%) had ≥ASC-US.

HPV genotype status at baseline was predictive for CIN3+ (or

CIN2+) during the course of the study (Fig. 2). CIN3+ was identified

at baseline in 17.8% (95% CI, 14.8–20.7%) of HPV16 positive women

and after 3 years the cumulative incidence rate (CIR) was 25.2%

(95% CI, 21.7–28.7%). In contrast, the 3-year CIR of CIN3+ was 5.4%

(95% CI, 4.5–6.3%) in women with HPV genotypes other than 16/18.

HPV18positivewomenhad a 3-year CIR thatwas intermediate between

women with HPV16 and women with 12 other genotypes. Similar re-

sults were observed using a CIN2+ endpoint. Fig. 3 presents the VBA

3-year CIR for all of the different combinations of baseline screening

test results. The 3-year CIR for CIN3+ was lower in HPV-negative

women (0.3%; 95% CI, 0.1–0.7%) than in cytology-negative women

(0.8%; 95% CI, 0.5–1.1%) with a CIR ratio of 0.38 (95% CI 0.19–0.6).

When a negative cytology result was added to a negative HPV result,

the 3-year CIR for CIN3+ (0.3%; 95% CI, 0.1–0.6%) was identical to that

in HPV negative women.

Detection of disease in women of different ages

To determine the impact of initiating HPV screening at different

ages, we compared the prevalence of HPV positivity and cytological ab-

normalities, as well as the 3-year cumulative detection rate of CIN3+

(or CIN2+) by age group, Table 1. The prevalence of HPV positivity

(14 pooled genotypes) was almost twice as high in women 25–29

years (21.1%; 95% CI: 20.1–22.1%) as in women 30–39 years (11.6%;

95% CI: 11.0–12.2%). HPV16/18 positivity and cytological abnormalities

were also highest inwomen 25–29 years. Althoughwomen 25–29 years

accounted for only 16.3% of all study subjects, 35.8% (95% CI; 31.9–

39.8%) and 34.3% (95% CI; 29.3–39.6%) of CIN2+ and CIN3+, respec-

tively, occurred in this age group. More cases were identified in

women 25–29 years than in women ≥40 years. In the 25–29 year age

groupmore than half ofwomenwith CIN2+(or CIN3+)had a negative

cytology result.

Comparing different screening strategies

Of the three screening strategies thatwere evaluated,HPVprimary in

women ≥25 years had the highest adjusted sensitivity over 3 years

(76.1%; 95% CI: 70.3–81.8%) for the detection of CIN3+, Table 2. For

comparison, the adjusted sensitivity of cytology for CIN3+ was 47.8%

(95% CI; 41.6–54.1%) and that of the hybrid strategy was 61.7% (95%

CI: 56.0–67.5%). In women≥25 years, cytology had the highest specific-

ity for CIN3+(97.1%; 95% CI: 96.9–97.2%) andHPVprimaryhad the low-

est specificity (93.5%; 95% CI: 93.3–93.8%). The hybrid strategy had a

specificity intermediate between the other two strategies. Similar

results were found using a CIN2+ endpoint. In women ≥30 years the

hybrid strategy and HPV primary had similar sensitivities and both

were higher than cytology for the detection of CIN3+ (or CIN2+). In

women ≥30 years cytology had a higher specificity for CIN2+ or

CIN3+ than did either the hybrid strategy or HPV primary, which had

similar specificities. Positive and negative predictive values, as well as

positive and negative likelihood ratios are also shown in Table 2. Of

note, HPV primary had a significantly higher negative predictive value

(NPV) than cytology.

In women≥25 years cytology detected 179 (95% CI: 152–206) cases

of CIN3+: 143 (95% CI: 119–167) at baseline and 36 (95% CI: 25–49)

during follow-up, Table 3. Cytology required the fewest colposcopies

overall and the fewest colposcopies to detect a single case of CIN3+.

The hybrid strategy required almost twice the number of screening

tests as cytology, but detected 61 more cases of CIN3+ because HPV-

positive, cytology-negativewomenwere retested in 1 year and referred

to colposcopy if either test was abnormal. At year 1, 50% of HPV-

positive, cytology-negative women had an abnormal test result and

underwent colposcopy. The hybrid strategy resulted in an increase in

the number of colposcopies (60.1% compared to cytology) and an in-

crease in the number of colposcopies per case of CIN3+ detected to

12.9 (95% CI: 11.5-14.8). Similar results were seen using CIN2+ as the

endpoint.

In women≥25 yearsHPV primary detectedmore CIN3+ than either

of the other strategies, including the hybrid strategy. It detected 37.8%

more cases of CIN3+ (197; 95% CI: 169–226) at baseline compared

with either cytology or hybrid strategy (143; 95% CI: 119–167 for

both). In total, HPV primary identified 64.2% more CIN3+ (294; 95%

CI: 260–325) than cytology (179; 95% CI: 152–206) and 22.5% more

CIN3+ than the hybrid strategy (240; 95% CI; 2069–270). HPV primary

resulted in an increase in the number of colposcopies compared with

the hybrid strategy, but the number of colposcopies per case of CIN3+
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was similar. Comparable results were seen using a CIN2+ endpoint. In

women ≥30 years, the differences between cytology and HPV primary

observed in women ≥25 years remained, but many of the differences

between the hybrid strategy and HPV primary were diminished. Both

the hybrid strategy and HPV primary identified almost the same total

number of CIN3+ in women ≥30 years and required a similar number

of colposcopies. However the increase in the number of cases of CIN3+

identified at baseline by primary HPV and the higher number of screen-

ing tests with the hybrid strategy persisted.

Discussion

Numerous cross-sectional and prospective screening trials have doc-

umented that cervical cancer screening strategies incorporating molec-

ular testing for HPV are more sensitive than cytological screening [2,9].

There are three ways that HPV testing can be incorporated into screen-

ing: as a triage for ASC-US cytology, testing all women with both HPV

and cervical cytology (e.g., “cotesting”), and HPV primary screening

in which HPV is utilized alone [3,5,9,19]. Cotesting requires more

screening tests than HPV primary screening and interpretation of

screening results is also somewhat more complicated since all women

have two test results that must be taken into account. Recently a num-

ber of prospective randomized screening trials, primarily from Europe,

have shown that cotesting offers minimal increased protection against

the subsequent development of cervical disease compared to HPV pri-

mary screening [9,10,20,21]. Similar conclusions have been reached in

long-term follow-up studies of women enrolled in Kaiser Permanente

of Portland, Oregon and Northern California [22,23]. After 5 years of

follow-up, the cumulative probability of CIN3+ was 0.17% (95% CI;

0.11–0.28%) in HPV-negative women and 0.16% (95% CI; 0.06–0.39%)

in women with negative results for both cytology and HPV in Kaiser

Permanente, Northern California [23]. Based on these studies and cost-

effectiveness modeling analyses, both Australia and the Netherlands

have decided to adopt HPV primary screening for their national cervical

cancer prevention programs. [7,8]

ATHENA is the first large, U.S. prospective screening study of HPV

primary screening and the results confirm both that HPV primary

screening increases sensitivity when compared to cytology and that

Fig. 1. A: CONSORT Diagram of flow of patients through the study. B: CONSORT Diagram showing at what point patients were diagnosed with CIN2+.
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cotesting provides minimal increased protection against the develop-

ment of CIN2+ or CIN3+ compared to HPV primary screening. The

results of the current analyses showed thatHPVprimary screening, com-

pared to cytology, provided a 28.3% increase in sensitivity for CIN3+ in

women ≥25 years and a 24.3% increase in women ≥30 years. After 3

years of follow-up, the CIR of CIN3+ in cytology-negative women was

more than twice that of HPV-negative women and the CIR in HPV-

negative women was comparable to those who were both HPV and

cytology-negative.

In the current study, the reason why HPV primary detected more

CIN3+ in women ≥25 years is that with the hybrid strategy women

25–29 years were screened using cytology and only women ≥30 years

had the added sensitivity of HPV testing. In addition, about half of all

CIN3+ lesions were HPV16/18 positive and would be referred to col-

poscopy with HPV primary. However, with the hybrid strategy, HPV16/

18 positive women do not undergo immediate colposcopy and are

deferred to cotesting in 12 months allowing a substantial number to

be lost to follow up. It should be emphasized that current U.S. screening

recommendations do not endorse cotesting inwomen25–29 years. This

is because guideline groupswere concerned that the high prevalence of

HPV in this age groupwould result in unnecessary colposcopies and the

detection of clinically unimportant CIN2 lesions. However, we found

both a substantial burden of CIN3+ in women 25–29 years and also,

as previously reported from the United Kingdom, that cytology was

insensitive in this age group [24]. Additional studies have shown that

the relative sensitivity of HPV testing versus cytology is higher in

women younger than 30 or 35 years compared to olderwomen [25–27].

Screening guidelines attempt to balance the benefits of detecting

CIN3+ with the “harms” of overscreening [3,28]. A potential harm of

overscreening is the detection of transientHPV infections that can result

in patient anxiety and unnecessary colposcopies [3,19,28]. In ATHENA

10.5%ofwomen≥25 yearswereHPV-positive. Thismeans that the ben-

efits of using HPV would be outweighed by excess colposcopies unless

some form of triage is used to reduce the number of women with clini-

cally unimportant HPV infections referred to colposcopy. The most

obvious triage approaches are cytology and HPV16/18 genotyping,

both of which have been discussedwidely in the literature and incorpo-

rated into U.S. guidelines for cotesting [3,5,9,21,25]. Our HPV primary

strategy incorporates both genotyping forHPV16/18 and reflex cytology

for women positive for other HPV genotypes to determine who needs

colposcopy. Although HPV primary reduces the number of women un-

dergoing colposcopy compared to performing colposcopy in all HPV-

positive women, it still results in a significant increase in the number

of colposcopies compared to either cytology or the hybrid strategy.

Compared to cytology, HPV primary almost doubles the number of

colposcopies that would be performed in women ≥25 years and it

also significantly increases the number compared to the hybrid strategy

in women≥25 years but not≥30 years. However, becauseHPV primary

detects significantlymore CIN3+ (and CIN2+) than cytology, the num-

ber of colposcopies required to detect a single CIN3+ only increases

from 10.1 (95% CI; 8.6–12.2%) to 13.1 (95% CI; 11.5–15.2%). The number

of colposcopies required to detect a single case of CIN3+ with HPV

primary is not increased compared to the hybrid strategy, which is the

preferred screening approach in the U.S. [3,28].

ATHENA has both strengths and limitations. Strengths include num-

ber of participants, rigorous disease ascertainment, and verification bias

adjustment. Limitations include only 3 years of follow-up with a rela-

tively high loss to follow-up rate and with a study design that exited

women with CIN2+ at baseline. Therefore the outcome if these

CIN2+ had not been treated is unknown. Other studies have found

that approximately 20% of untreated CIN2 regresses after one year and

60% after three years [29,30]. However, CIN3 infrequently regresses in

this time frame which is why we have focused on the CIN3+ data

[21]. Other limitations are that the study had organized follow-up and

it is unclear how the screening strategies would perform in the U.S.

where screening is opportunistic, that only one type of HPV test was

evaluated, and that the study is underpowered to use cervical cancer

as an endpoint.We also are unable to tell what proportion of CIN3+de-

tected during follow-up was missed by baseline colposcopy and what

proportion represents incident lesions.

In summary, ATHENA is the first prospective U.S. screening study to

evaluate the performance of HPV primary screening. The results support

the use of HPV primary screening with triage of HPV-positive women

using a combination of genotyping for HPV 16/18 and reflex cytology

beginning at age 25 years. Screening with HPV primary in women ≥25

years is significantly more sensitive for the detection of CIN3+ than

either cytology or the hybrid strategy, the two strategies supported by

current guidelines. The increase in sensitivity is associatedwith a signif-

icant increase in the number of colposcopies compared to either cytolo-

gy or the hybrid strategy but the number of colposcopies required to

detect a case of CIN3 + is the same as with the hybrid strategy.

Supplementary data to this article can be found online at http://dx.

doi.org/10.1016/j.ygyno.2014.11.076.
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Fig. 3. Verification bias-adjusted (VBA) 3-year cumulative incidence rates of consensus pathology cervical intraepithelial neoplasia 2+ (CIN2+) and CIN3+ stratified by different

combinations of baseline cervical cytology and HPV results. Note the x-axis is logarithmic.
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Table 2

Adjusted performance of different screening strategies for the detection of cervical disease

at baseline and through Year 3.

Strategy Performance measure

(95% CI)

CIN2+ CIN3+

Women ≥25 years

Cytology Sensitivity 40.6 (36.1–45.1) 47.8 (41.6–54.1)

Specificity 97.3 (97.1–97.5) 97.1 (96.9–97.2)

Positive Predictive Value 24.8 (22.3–27.4) 17.0 (14.7–19.2)

Negative Predictive Value 98.7 (98.5–98.9) 99.3 (99.2–99.5)

Positive Likelihood Ratio 15.1 (13.7–16.7) 16.3 (14.6–18.1)

Negative Likelihood Ratio 0.6 (0.6–0.6) 0.5 (0.5–0.6)

Hybrid strategy Sensitivity 55.5 (50.4–60.5) 61.7 (56.0–67.5)

Specificity 95.0 (94.8–95.2) 94.6 (94.4–94.8)

Positive Predictive Value 19.5 (17.6–21.4) 12.6 (11.2–13.9)

Negative Predictive Value 99.0 (98.8–99.2) 99.5 (99.4–99.6)

Positive Likelihood Ratio 11.1 (10.3–11.9) 11.4 (10.6–12.4)

Negative Likelihood Ratio 0.5 (0.4–0.5) 0.4 (0.4–0.5)

HPV primary Sensitivity 69.1 (63.7–74.4) 76.1 (70.3–81.8)

Specificity 94.0 (93.8–94.3) 93.5 (93.3–93.8)

Positive Predictive Value 20.2 (18.3–22.0) 12.9 (11.6–14.2)

Negative Predictive Value 99.3 (99.1–99.5) 99.7 (99.6–99.8)

Positive Likelihood Ratio 11.5 (10.9–12.2) 11.8 (11.1–12.5)

Negative Likelihood Ratio 0.3 (0.3–0.4) 0.3 (0.2–0.3)

Women ≥30 years

Cytology Sensitivity 40.3 (34.6–46.0) 48.0 (40.6–55.4)

Specificity 97.9 (97.7–98.0) 97.7 (97.5–97.8)

Positive Predictive Value 23.9 (21.0–26.8) 16.7 (13.9–19.5)

Negative Predictive Value 99.0 (98.8–99.2) 99.5 (99.4–99.6)

Positive Likelihood Ratio 18.8 (16.6–21.2) 20.6 (18.0–23.5)

Negative Likelihood Ratio 0.6 (0.6–0.7) 0.5 (0.5–0.6)

Hybrid strategy Sensitivity 63.4 (56.7–70.1) 69.3 (61.7–76.9)

Specificity 95.1 (94.8–95.3) 94.7 (94.5–95.0)

Positive Predictive Value 17.8 (15.8–19.8) 11.4 (9.8–13.0)

Negative Predictive Value 99.4 (99.2–99.5) 99.7 (99.6–99.8)

Positive Likelihood Ratio 12.9 (11.9–14.0) 13.2 (12.1–14.4)

Negative Likelihood Ratio 0.4 (0.4–0.4) 0.3 (0.3–0.4)

HPV primary Sensitivity 64.8 (58.4–71.1) 72.3 (65.0–79.6)

Specificity 95.2 (95.0–95.5) 94.9 (94.6–95.1)

Positive Predictive Value 18.5 (16.4–20.6) 12.1 (10.4–13.8)

Negative Predictive Value 99.4 (99.2–99.5) 99.7 (99.6–99.8)

Positive Likelihood Ratio 13.5 (12.5–14.6) 14.1 (13.0–15.3)

Negative Likelihood Ratio 0.4 (0.3–0.4) 0.3 (0.3–0.4)

Table 1

Impact of age on HPV status and CIN2+ and CIN3+.

25–29 years 30–39 years 40–49 years ≥50 years Total

Baseline result

Number

(% of row; 95% CI)

6647

(16.3%; 15.9–16.6%)

12,248

(29.9%; 29.5–30.4%)

11,689

(28.6%; 28.1–29.0%)

10,317

(25.2%; 24.8–25.6%)

40,901

hrHPV (+)

(% of age group; 95% CI)

1403

(21.1%; 20.1–22.1%)

1419

(11.6%; 11.0–12.2%)

830

(7.1%; 6.–7.6%)

623

(6.0%; 5.6–6.5%)

4275

HPV 16/18 (+)

(% of age group; 95% CI)

464

(7.0%; 6.4–7.6%)

401

(3.3%; 3.0–3.6%)

181

(1.5%; 1.3–1.8%)

121

(1.2%; 1.0–1.4%)

1167

Cytology ≥ ASCUS

(% of age group; 95% CI)

651

(9.8%; 9.1–10.5%)

849

(6.9%; 6.5–7.4%)

727

(6.2%; 5.8–6.7%)

390

(3.8%; 3.4–4.2%)

2617

Cumulative detection of cervical disease at baseline and through year 3

Number CIN2

(% of row; 95% CI)

91

(37.9%; 31.8–44.4%)

85

(35.4%; 29.4–41.8%)

44

(18.3%; 13.6–23.8%)

20

(8.3%; 5.2–12.6%)

240

Number CIN2+

(% of row; 95% CI)

210

(35.8%; 31.9–39.8%)

225

(38.3%; 34.4–42.4%)

101

(17.2%; 14.2–20.5%)

51

(8.7%; 6.5–11.3%)

587

% Cytology ≥ ASCUS

(95% CI) in CIN2+

42.9% (36.1–49.8%) 49.3%

(42.6–56.1%)

59.4%

(49.2–69.1%)

47.1%

(32.9–61.5%)

% 16/18 HPV (+)

(95% CI) in CIN2+

47.6%

(40.7–54.6%)

47.1%

(40.4–53.9%)

30.7%

(21.9–40.7%)

29.4%

(17.5–43.8%)

Number CIN3+

(% of row; 95% CI)

119

(34.3%; 29.3–39.6%)

140

(40.3%; 35.1–45.7%)

57

(16.4%; 12.7–20.8%)

31

(8.9%; 6.2–12.4%)

347

% Cytology ≥ ASCUS

(95% CI) in CIN3+

43.7%

(34.6–53.1%)

55.0%

(46.4–63.4%)

59.6%

(45.8–72.4%)

64.5%

(45.4–80.8%)

% 16/18 HPV (+)

(95% CI) in CIN3+

57.1%

(47.7–66.2%)

56.4%

(47.8–64.8%)

43.9%

(30.7–57.6%)

45.2%

(27.3–64.0%)

The confidence interval calculation is based on exact confidence interval for proportion.
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Table 3

Detection of cervical disease using different screening strategies and the number of screening tests and colposcopies that each strategy requires.

Strategy Number of detected casesa (95% CI) No. missed

cases

No. screening tests

(95% CI)

No. colposcopies

(95% CI)

No. colposcopies to

detect 1 case

(95% CI)
Total Detected at

baseline

Detected years

1–3

≥25 years

CIN2+ Cytology 270

(239–303)

215

(187–245)

55

(41–70)

317

(282–350)

45,166

(44,931–45,392)

1934

(1809–2061)

7.1

(6.4–8.0)

Hybrid strategy 384

(347–421)

215

(187–245)

169

(145–193)

203

(178–230)

82,994

(82,634–83,397)

3097

(2948–3264)

8.1

(7.4–8.9)

HPV primary 471b,c

(430–514)

283b,c

(250–318)

188

(164–215)

116d,e

(97–136)

52,651b,e

(52,249–53,111)

3767b,c

(3617–3962)

8.0b

(7.4–8.8)

CIN3+ Cytology 179

(152–206)

143

(119–167)

36

(25–49)

168

(144–194)

45,166

(44,931–45,392)

1934

(1809–2061)

10.8

(9.4–12.6)

Hybrid strategy 240

(209–270)

143

(119–167)

97

(79–115)

107

(89–126)

82,994

(82,634–83,397)

3097

(2948–3264)

12.9

(11.5–14.8)

HPV primary 294b,c

(260–325)

197b,c

(169–226)

97

(78–115)

53d,e

(42–66)

52,651b,e

(52,249–53,111)

3769b,c

(3617–3962)

12.8b

(11.7–14.5)

≥30 years

CIN2+ Cytology 185

(158–213)

144

(121–168)

41

(29–54)

192

(164–221)

37,312

(37,077–37,574)

1294

(1197–1390)

7.0

(6.1–8.1)

Hybrid strategy 299

(267–331)

144

(121–168)

155

(133–178)

78

(64–94)

75,140

(74,684–75,614)

2457

(2316–2607)

8.2

(7.4–9.2)

Primary HPV 299b

(266–332)

178b,c

(152–205)

121

(101–143)

78d

(63–94)

42,425b,e

(42,030–42,847)

2522b,c

(2376–2667)

8.4b

(7.6–9.4)

CIN3+ Cytology 128

(105–152)

106

(87–127)

22

(13–31)

100

(82–121)

37,321

(37,077–37,574)

1294

(1197–1390)

10.1

(8.6–12.2)

Hybrid strategy 189

(163–215)

106

(87–127)

83

(67–99)

39

(30–49)

75,140

(74,684–75,614)

2457

(2316–2607)

13.0

(11.5–15.0)

Primary HPV 192b

(165–218)

136b,c

(113–160)

56

(42–71)

36d

(27–48)

42,425b,e

(42,030–42,847)

2522b,c

(2376–2667)

13.1b

(11.5–15.2)

CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus.
a This analysis utilizes crude numbers of detected cases as opposed to verification bias adjusted numbers.
b Significantly higher than Cytology only (p b 0.05).
c Significantly higher than Hybrid strategy (p b 0.05).
d Significantly lower than Cytology only (p b 0.05).
e Significantly lower than Hybrid strategy (p b 0.05).
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