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OBJECTIVE: The objective of the study was to describe baseline data

from Addressing the Need for Advanced HPV Diagnostics, a prospec-

tive, multicenter US cervical cancer screening trial.

STUDY DESIGN: A total of 47,208 women aged 21 years or older un-

dergoing routine screening were enrolled; liquid-based cytology and

human papillomavirus (HPV) testing were performed. Women with ab-

normal cytology underwent colposcopy, as did high-risk HPV (hrHPV)–

positive women and a random subset of women negative by both tests

aged 25 years or older. Verification bias adjustment was applied; 95%

confidence intervals were computed by the bootstrap method.

RESULTS: The prevalence of cytologic abnormalities was 7.1%. hrHPV,

HPV 16, and HPV 18 were detected using the cobas HPV Test in 12.6%,

2.8%, and 1.0% of women, respectively. Both cytologic abnormalities

and hrHPV positivity declined with increasing age. The adjusted preva-

lence of cervical intraepithelial neoplasia grade 2 (CIN2) or greater in

women aged 25-34 years was 2.3%, decreasing to 1.5% among older

women.

CONCLUSION: The Addressing the Need for Advanced HPV Diagnostics

study provides important estimates of the prevalence of cytologic ab-

normalities, hrHPV positivity, and CIN2 or greater in a US screening

population.
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Over the last 50 years, cytology-

based cervical cancer screening has

dramatically reduced the burden of inva-

sive cervical cancer in the United States;

whereas the incidence in the 1940s was

estimated to be 32.6 per 100,000,1 today

it is only 8.1 per 100,000.2 However, de-

spite intensive cytologic screening, cervi-

cal cancer remains a significant cause of

morbidity and mortality in the United

States with more than 12,000 incident

cases of cervical cancer annually and

more than 4000 deaths.3 Moreover,

approximately 500,000 women in the

United States are diagnosed with high-

grade cervical cancer precursors (cervi-

cal intraepithelial neoplasia grades 2 and

3 [CIN2, CIN3]) annually.4

Cervical cancer is caused by infection

with 1 of 14 high-risk types of human

papillomavirus (hrHPV), with just 2

hrHPV genotypes (HPV 16 and HPV

18) causing approximately 70% of all

cases.5 This has led to considerable in-

terest in determining the optimal strat-

egies for incorporating testing for

hrHPV (14 pooled types) and genotyp-

ing for HPV 16 and HPV 18 into the US

cervical cancer screening program to

further reduce the burden of cervical dis-

ease. However, ensuring appropriate

adoption of hrHPV testing into these

strategies will require comprehensive as-

sessments of the performance of cytol-

ogy, hrHPV testing, and the burden of

cervical disease in large US screening

populations.

A recently initiated clinical trial, re-

ferred to as Addressing the Need for Ad-

vanced HPV Diagnostics (ATHENA),

was designed to prospectively evaluate

the performance of the cobas HPV Test,

a new polymerase chain reaction– based

deoxyribonucleic acid (DNA) amplifica-

tion test that simultaneously identifies a

pooled result for 12 hrHPV types (HPV

31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66,

and 68) and individual results for HPV

16 and HPV 18. This trial evaluated

46,887 eligible women aged 21 years and

older undergoing routine screening, of
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whom 8637 women underwent colpos-

copy, including a randomly selected sub-

set of women aged 25 years and older

who were negative by both Papanicolaou

and hrHPV testing.

This manuscript describes the

ATHENA study design and methods as

well as the baseline characteristics of our

study population, including the distri-

bution of cytology results, hrHPV prev-

alence, and cervical disease status by age

and HPV status.

MATERIALS AND METHODS

Objectives

Specific objectives of the ATHENA HPV

trial included determining the perfor-

mance of the cobas HPV Test both as a

triage test for women with abnormal cy-

tology (atypical squamous cells of unde-

termined significance [ASC-US]) and as

an adjunctive test to guide clinical man-

agement in women with cytology results

negative for intraepithelial lesions or

malignancies (NILM). A third objective

was to evaluate the performance of the

cobas HPV Test as a potential first-line

test in the screening of women aged 25

years and older, regardless of cytology

result.

Study design

The study is being conducted in 2 phases:

a baseline (cross-sectional) phase and a

3 year follow-up (longitudinal) phase;

data from only the baseline phase are re-

ported here because the follow-up phase

is ongoing and will be completed in De-

cember 2012. The process used to select

women for colposcopy and biopsy based

on age, HPV test result, and cytology re-

sult is shown in the Figure and described

in detail below.

HPV tests used for subject selection

were first-generation Roche HPV tests

(AMPLICOR HPV test and LINEAR

ARRAY HPV genotyping test; Roche

Molecular Systems, Pleasanton, CA); all

HPV results are based on the second-

generation Roche HPV test (cobas HPV

Test). The primary study endpoint for

disease detection was high-grade cervical

disease defined as CIN2 or greater

(CIN2, CIN3, adenocarcinoma in situ,

and invasive cervical cancer), as deter-

mined by a central pathology review

panel (described in the following text),

and the secondary study endpoint for

disease detection was CIN3 or greater.

Reporting of the study endpoints was

based on the highest grade lesion identi-

fied by the central pathology review

panel.

Sample size was determined by the

need for a sufficient number of women

with CIN2 or greater in the ASC-US

population to adequately evaluate the

performance of the cobas HPV Test. In

accordance with the sample size in simi-

lar registration trials,6,7 it was deter-

mined that approximately 70 women

with CIN2 or greater would be needed.

This estimate was used, along with pub-

lished rates of ASC-US cytology8 and

HPV positivity7 in the overall popula-

tion, to arrive at a sample size of approx-

imately 45,000 women.

Participants were recruited from among

women presenting for routine cervical

cancer screening at 61 clinical sites across

23 states between May 2008 and August

2009. Clinical centers were predomi-

nantly general obstetrics and gynecology

practices that routinely perform colpos-

copy. The inclusion and exclusion crite-

ria are described in detail elsewhere.9

The study was approved by Indepen-

dent Investigational Review Board, Inc.

(Plantation, FL) for the clinical sites and

by Independent Investigational Review

Board, Inc., the local institutional review

board, or Copernicus Group Investiga-

tional Review Board (Research Triangle

Park, NC) for the clinical laboratories.

The study was conducted according to

the International Conference on Har-

monization Guideline for Good Clinical

Practice.

Baseline phase (cross-sectional

phase)

Participating women underwent 1 or 2

study visits at baseline, as follows.

Study visit 1 (enrollment visit [all partici-

pants]). After informed consent was ob-

tained, a brief medical and the women’s

obstetrics and gynecology history were

taken. A speculum examination was then

performed during which 2 cervical sam-

ples (A and B) were collected using a

plastic spatula and cytobrush according to

the manufacturer’s instructions and

placed into 2 separate vials of PreservCyt

solution (Hologic, Inc., Bedford, MA)

(Figure). Sample A was processed for cyto-

logic examination and HPV testing with

the aforementioned Roche tests. Sample B

was used to test for HPV DNA with the

Hybrid Capture 2 assay according to the

manufacturer’s instructions in women

with ASC-US cytology (QIAGEN, Gaith-

ersburg, MD) as well as for DNA sequenc-

ing in a subset of women selected for an

HPV sequencing study (not reported here)

and for long-term storage for future

testing.

Study visit 2 (colposcopy visit [selected par-

ticipants]). Prior to reporting screening

test results back to the clinical sites, results

were entered into a subject selection and

randomization database that generated a

subset of women selected for colposcopy.

Selection/randomization was based on the

results of cervical cytology and HPV test-

ing with the first-generation AMPLI-

COR and LINEAR ARRAY tests

(Roche).

This subset included all women aged

21 years or older with abnormal cervical

cytology (ASC-US or greater), irrespec-

tive of HPV test results (n � 3259);

women aged 25 years or older with

NILM cervical cytology and a positive

HPV test result by either of the first-gen-

eration HPV tests (n � 5726) and ran-

domly selected women aged 25 years or

older with NILM cytology who were neg-

ative for HPV by both first-generation

HPV tests (n � 1041). Women who were

not selected for colposcopy, or who de-

cided to exit the study after the enroll-

ment visit, were subsequently provided

with the results of their enrollment cytol-

ogy and HPV tests. The results of the co-

bas HPV Test were not used to select

women for colposcopy because the test

cutoff value had not been finalized at the

start of enrollment into ATHENA.

Nonpregnant women selected for

colposcopy underwent the procedure

within 12 weeks of the enrollment visit.

At the time of colposcopy, both study

participants and colposcopists were

blinded to cytology and HPV test results

except, for safety reasons, in women with

a cytologic diagnosis of cervical carci-
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noma or other malignant neoplasm. A

standardized colposcopy protocol was

followed as described in detail else-

where9 and in the Supplemental Table.

Women who met the primary clinical

endpoint (CIN2 or greater by consensus

pathology) exited the study.

Follow-up phase (3 year

longitudinal follow-up)

Women who underwent colposcopy but

did not meet the primary endpoint of

CIN2 or greater by consensus pathology

continued to the follow-up phase of the

study (3 year longitudinal follow-up).

Women diagnosed by the clinical labora-

tory with CIN2 or greater that was down-

graded to less than CIN2 by consensus pa-

thology were included in the follow-up

phase. Women requiring additional pro-

cedures (eg, loop electrosurgical excision

procedure, cervical conization) were

managed according to standard of care at

the clinical site. If available, cervical

specimens collected during such treat-

ment procedures were submitted for

consensus pathology review.

During the follow-up phase (ongo-

ing), women are being scheduled for an-

nual follow-up examinations at years 1,

2, and 3. At each visit a liquid-based cy-

tology (LBC) specimen (ThinPrep Papa-

nicolaou test; Hologic, Inc, Bedford,

MA) is obtained for cytology and cobas

HPV testing. The residual specimen is

stored for future testing. Nonpregnant

women in whom cervical cytology is ab-

normal (ASC-US or greater) are referred

for colposcopy with biopsy and/or endo-

cervical curettage (ECC) according to

the same protocol utilized during the

baseline phase. Women found to have a

diagnosis of CIN2 or greater will exit the

study; those who do not will continue in

the follow-up phase.

To optimize disease ascertainment at

the end of the 3 year follow-up phase, an

exit colposcopy and ECC will be offered

to all nonpregnant women. This colpos-

copy will use the same protocol that was

utilized at baseline with the exception

that all participants will have an ECC.

Laboratory testing

Cytology and HPV testing. Cytology was

conducted at four clinical laboratories

and carried out as described in detail

elsewhere9; cytologic evaluation was

performed without computerized im-

aging. HPV testing was performed at

these 4 laboratories and 1 additional

laboratory. Cycle threshold cutoff val-

ues for the cobas HPV Test were estab-

lished using samples from the first ap-

proximately 29,000 women enrolled;

subsequent cross-validation of the test

cutoff was achieved using samples from

the remaining approximately 18,000

participants.

Consensus pathology review

The consensus pathology review panel

consisted of 3 study pathologists blinded

to all subject and laboratory informa-

FIGURE

Selection of women for colposcopy and biopsy at baseline

A, AMPLICOR HPV test and LINEAR ARRAY HPV test (Roche Molecular Systems, Pleasanton, CA). B, cobas HPV Test not used for selection

and randomization.

CPRP, central pathology review panel; hc2, Hybrid Capture 2 assay; HPV, human papillomavirus.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.
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tion. Each biopsy and ECC was initially

evaluated by 2 pathologists and reported

using the 3 grades of CIN (CIN1, CIN2,

CIN3) as well as adenocarcinoma in situ

or carcinoma. If the diagnoses were con-

cordant, it was recorded as the central

pathology review panel diagnosis; if dis-

cordant, the biopsy/ECC was reviewed

by the third study pathologist.

In cases in which all 3 diagnoses were

discordant, the slides were reviewed in

conference between the 3 pathologists to

arrive at a consensus pathology diagno-

sis. Pathology specimens obtained at an

unscheduled visit (a visit after study visit

2 for a gynecologic procedure or for a

study colposcopy performed outside the

12 week window) could be used to deter-

mine the histologic stage of disease at

baseline, provided the specimen was ob-

tained within 28 days of the colposcopy

at study visit 2. If more than 1 pathology

specimen was obtained (either as biopsy

or unscheduled visit specimen), the

highest grade of disease was considered

the consensus pathology diagnosis. Pa-

thology results were categorized as CIN2

or greater, less than CIN2, CIN3 or

greater, and less than CIN3 for determi-

nation of study endpoints as defined in

Supplemental Figure 2.

Statistical analyses

Prevalence estimates of Papanicolaou

and HPV results were calculated based

on all eligible women with valid Papani-

colaou or HPV test results. Crude prev-

alence estimates of cervical disease were

calculated based on women who under-

went colposcopy/biopsy. The crude esti-

mates of prevalence can result in bias

because all women with positive Papani-

colaou/HPV results were selected to un-

dergo colposcopy, whereas only a small

subset of women with negative test re-

sults were randomly selected to undergo

colposcopy.

Verification bias adjustment was ap-

plied to account for the difference in

rates of selection to colposcopy. This was

accomplished by calculating the likely

number of cases that would have been

found if all women had undergone col-

poscopy and been disease verified.10

In brief, the data were divided into

strata of combined age group, Papanico-

laou test results, and HPV test results.

Disease prevalence in each stratum was

assumed to be independent of whether

the women underwent biopsy. Stratum-

specific probabilities were then applied

to the remainder of the women who had

not undergone biopsy; this permitted an

estimate of the number of cases that

would have been found if all women had

undergone colposcopy.

Verification bias-adjusted prevalence

was calculated by collapsing strata by age

TABLE 1

Demographic data and medical history for all eligible women

Characteristics
Eligible women
(n � 46,887)

Age, y
.....................................................................................................................................................................................................................................

Mean y � SD 39.8 � 12.3
.....................................................................................................................................................................................................................................

21-29, n (%) 11,734 (25.0)
.....................................................................................................................................................................................................................................

30-39, n (%) 12,528 (26.7)
.....................................................................................................................................................................................................................................

40-49, n (%) 11,961 (25.5)
.....................................................................................................................................................................................................................................

�50, n (%) 10,664 (22.7)
..............................................................................................................................................................................................................................................

Race, n (%)
.....................................................................................................................................................................................................................................

White 38,904 (83.0)
.....................................................................................................................................................................................................................................

Black or African American 6581 (14.0)
.....................................................................................................................................................................................................................................

Asian 745 (1.6)
.....................................................................................................................................................................................................................................

American Indian or Alaskan Native 263 (0.6)
.....................................................................................................................................................................................................................................

Native Hawaiian or Other Pacific Islander 114 (0.2)
.....................................................................................................................................................................................................................................

Any combination/missing 280 (0.6)
..............................................................................................................................................................................................................................................

Ethnicity, n (%)
.....................................................................................................................................................................................................................................

Hispanic or Latino 8380 (17.9)
..............................................................................................................................................................................................................................................

Education, n (%)a
.....................................................................................................................................................................................................................................

Elementary/high school (or GED) 11,929 (25.4)
.....................................................................................................................................................................................................................................

Vocational/college/graduate 34,946 (74.5)
..............................................................................................................................................................................................................................................

Postmenopausal, n (%) 13,442 (28.7)
..............................................................................................................................................................................................................................................

Immunocompromised or immunosuppressed, n (%) 258 (0.6)
..............................................................................................................................................................................................................................................

HPV vaccinated, n (%) 1224 (2.6)
..............................................................................................................................................................................................................................................

History of smoking cigarettes, n (%)
.....................................................................................................................................................................................................................................

Past smoker 6612 (14.1)
.....................................................................................................................................................................................................................................

Present smoker 7145 (15.2)
.....................................................................................................................................................................................................................................

Nonsmoker 33,129 (70.7)
..............................................................................................................................................................................................................................................

Papanicolaou test in past 5 y, n (%) 42,462
.....................................................................................................................................................................................................................................

NILM 31,876 (75.1)
.....................................................................................................................................................................................................................................

ASC-US 1114 (2.6)
.....................................................................................................................................................................................................................................

Greater than ASC-US 367 (0.9)
.....................................................................................................................................................................................................................................

Other 482 (1.1)
.....................................................................................................................................................................................................................................

Missing 8623 (20.3)
..............................................................................................................................................................................................................................................

Colposcopy in past 5 y, n (%) 3646 (7.8)
..............................................................................................................................................................................................................................................

ASC-US, atypical squamous cells of undetermined significance; GED, general education development; HPV, human papillomavirus;

NILM, negative for intraepithelial lesions or malignancies.

a Twelve women had missing information.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.
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groups. The 95% confidence intervals

(CIs) were computed by bootstrap

method with 1000 bootstrap samples.11

The 2.5th and 97.5th percentile of the

bootstrap distribution of prevalence

were used as the lower and upper limits

of the 95% CIs.

RESULTS

Demographics of study population

A total of 46,887 eligible women 21-93

years of age were enrolled into the study.

The number of participants enrolled at

any given clinical site ranged from 54 to

2824, and the median age at individual

clinical sites ranged from 26 to 46 years.

The flow of participants through the

baseline phase of the study is shown in

Supplemental Figure 1. Population de-

mographics and medical histories of the

participants at enrollment are shown in

Table 1. Most were white, had more than

a high school education, were premeno-

pausal, were nonsmokers, and had had a

normal cervical cytology result within

the previous 5 years. Only 2.6% of the

women had been vaccinated for HPV.

Prevalence of cytologic abnormalities

and hrHPV at enrollment

Overall, 90.9% of the participants’ en-

rollment LBC specimens were classified

as NILM (Table 2). The overall preva-

lence of ASC-US, low-grade squamous

intraepithelial lesion (LSIL), and high-

grade squamous intraepithelial lesion

(HSIL) was 4.1%, 2.3%, and 0.3%, re-

spectively. The prevalence of cytologic

abnormalities decreased with increasing

age. This decrease was especially marked

for LSIL and HSIL. Cytology was evalu-

ated as LSIL in 6.5% of women in the

21-24 year age group compared with

0.4% in the 60 years and older age group.

HSIL cytology was diagnosed in 0.4% of

the 25-29 years age group compared with

0% in the 60 years and older age group.

The prevalence of hrHPV (14 types)

detected using the cobas HPV Test also

decreased with increasing age (Table 3).

At enrollment hrHPV was detected in

30.5% of women 21-24 years of age, but

by age 40-44 years, the prevalence of

hrHPV had decreased to only 7.6%, and

by 70 years and older, it had decreased to

5.0%. Similar reductions in prevalence

with increasing age were also observed

for both HPV 16 and HPV 18. In the vac-

cinated population, hrHPV was detected

in 33.1% and 27.3% of women 21-24

years and 25-29 years, respectively. Im-

munocompromised women represented

only a small subpopulation (256 wo-

men) in the study, and the prevalence of

hrHPV was 16.4% (42 of 256).

Cervical disease identified during the

baseline phase

Of 10,026 women selected for colpos-

copy, 8637 (86.1%) underwent colpos-

copy and valid biopsy results were avail-

able in 8383 (83.6% of those selected for

colposcopy). The distribution of women

undergoing colposcopy among the study

populations was as follows: 2799 with

abnormal cytology, 4943 aged 25 years or

older with NILM cytology who were

hrHPV positive with either of the first-

generation HPV tests, and 895 aged 25

years or older with NILM cytology who

were hrHPV negative.

Biopsy-confirmed cervical disease (con-

sensus pathology) at baseline decreased

with increasing age (Table 4). The prev-

alence of CIN2 or greater in women aged

21 years or older who underwent colpos-

copy was 5.9%. Because only a subset of

the women underwent colposcopy, a

verification bias adjustment was made to

estimate the disease prevalence across

the entire 25 years of age and older study

population. This could be done for only

women aged 25 years and older because

only women with abnormal cytology

were referred to colposcopy in the 21-24

years of age group.

The verification bias-adjusted esti-

mate of the prevalence of CIN by con-

TABLE 2

Distribution of cytology results

Papanicolaou test
result, n (%)

Age group, y

Total
(n � 46,887)

21-24
(n � 4932)

25-29
(n � 6802)

30-39
(n � 12,528)

40-49
(n � 11,961)

50-59
(n � 7680)

60 or older
(n � 2984)

NILM 4192 (85.0) 6024 (88.6) 11,445 (91.4) 10,989 (91.9) 7158 (93.2) 2817 (94.4) 42,625 (90.9)
................................................................................................................................................................................................................................................................................................................................................................................

ASC-US 288 (5.8) 341 (5.0) 509 (4.1) 509 (4.3) 207 (2.7) 69 (2.3) 1923 (4.1)
................................................................................................................................................................................................................................................................................................................................................................................

ASC-H 13 (0.3) 17 (0.2) 25 (0.2) 8 (0.1) 2 (0.0) 1 (0.0) 66 (0.1)
................................................................................................................................................................................................................................................................................................................................................................................

LSIL 322 (6.5) 257 (3.8) 254 (2.0) 168 (1.4) 76 (1.0) 11 (0.4) 1088 (2.3)
................................................................................................................................................................................................................................................................................................................................................................................

HSIL 33 (0.7) 29 (0.4) 50 (0.4) 23 (0.2) 11 (0.1) 0 (0.0) 146 (0.3)
................................................................................................................................................................................................................................................................................................................................................................................

SCC 0 (0.0) 0 (0.0) 0 (0.0) 2 (0.0) 0 (0.0) 0 (0.0) 2 (0.0)
................................................................................................................................................................................................................................................................................................................................................................................

AGCa 1 (0.0) 8 (0.1) 12 (0.1) 17 (0.1) 10 (0.1) 3 (0.1) 51 (0.1)
................................................................................................................................................................................................................................................................................................................................................................................

AGC, favor neoplasticb 0 (0.0) 1 (0.0) 1 (0.0) 2 (0.0) 0 (0.0) 1 (0.0) 5 (0.0)
................................................................................................................................................................................................................................................................................................................................................................................

Invalidc 83 (1.7) 125 (1.8) 232 (1.9) 243 (2.0) 216 (2.8) 82 (2.7) 981 (2.1)
................................................................................................................................................................................................................................................................................................................................................................................

AGC, atypical glandular cells; ASC-H, atypical squamous cells, cannot rule out HSIL; HSIL, high-grade squamous intraepithelial lesion; LSIL, low-grade squamous intraepithelial lesion; NILM, negative

for intraepithelial lesions or malignancies; SCC, squamous cell carcinoma.

a AGC includes: AGC endocervical, AGC endometrial, and AGC not otherwise specified; b AGC, favor neoplastic includes AGC endocervical, favor neoplastic, and AGC favor neoplastic; c Invalid includes

endometrial cells older than 40 years of age (n � 30), no result available because of inadequate cells (n � 860), and no sample tested (n � 91).

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.
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sensus pathology for women aged 25

years and older is shown in Table 5. No

clear age trends are seen with either

CIN1 or CIN2. However, the prevalence

of CIN3 or greater decreased from 1.4%

in the 25-34 years of age group to 0.5% in

the 45 years of age and older group.

Cervical disease by age and cobas HPV

Test result (hrHPV positive, HPV 16

positive, and HPV 18 positive) is shown

in Table 6. The proportion of women

positive for hrHPV (14 types) as well as

for HPV 16 increased with increasing

CIN grade across all age groups. The

hrHPV (14 types) was identified in

65.5% of women with CIN1, 83.3% of

women with CIN2, and 92.6% of women

with CIN3. In addition, 87.5% of women

with a diagnosis of adenocarcinoma in

situ were hrHPV positive, as were all 4

women with invasive cancers (2 addi-

tional cases with an initial diagnosis of

CIN3 were subsequently diagnosed as

invasive cancer by procedures per-

formed outside the study window, and

these cases were both hrHPV positive).

Among women with consensus pa-

thology biopsy– confirmed CIN1 or

CIN2, there was a significant reduction

with increasing age in the proportion of

the lesions that were associated with

hrHPV or with HPV 16. For example,

83.8% of CIN1 cases in women 21-24

years of age were hrHPV positive com-

pared with only 39.0% of those diag-

nosed in women aged 50 years and older.

Similarly, 19.8% of CIN1 lesions in

women 21-24 years of age were associ-

ated with HPV 16 compared with only

3.7% of those in women 50 years old and

older. The impact of increasing age on

hrHPV positivity was much less pro-

nounced for CIN3 lesions (Table 6).

However, the prevalence of HPV 16 was

much lower in CIN3 cases diagnosed in

older as opposed to younger women.

The association of HPV 18 was rela-

tively uncommon in almost all grades of

CIN lesions compared with HPV 16 with

the exception of the 16 cases of adeno-

carcinoma in situ, in which 6 cases

(38%) were associated with HPV 16 and

8 (50%) were associated with HPV 18. Of

TABLE 3

HPV prevalence identified using the cobas HPV Test

Age group, y Total, n

Number of women HPV positive, n (%)

hrHPV HPV 16 HPV 18

21-24 4914 1498 (30.5) 428 (8.7) 118 (2.4)
.....................................................................................................................................................................................................................................

Vaccinated 720 238 (33.1) 58 (8.1) 9 (1.3)
..............................................................................................................................................................................................................................................

25-29 6767 1427 (21.1) 362 (5.3) 110 (1.6)
.....................................................................................................................................................................................................................................

Vaccinated 451 123 (27.3) 21 (4.7) 7 (1.6)
..............................................................................................................................................................................................................................................

30-34 6042 810 (13.4) 166 (2.7) 64 (1.1)
..............................................................................................................................................................................................................................................

35-39 6408 634 (9.9) 120 (1.9) 56 (0.9)
..............................................................................................................................................................................................................................................

40-44 6029 458 (7.6) 65 (1.1) 28 (0.5)
..............................................................................................................................................................................................................................................

45-49 5860 386 (6.6) 50 (1.1) 28 (0.5)
..............................................................................................................................................................................................................................................

50-54 4561 300 (6.6) 38 (0.8) 24 (0.5)
..............................................................................................................................................................................................................................................

55-59 3050 181 (5.9) 22 (0.7) 13 (0.4)
..............................................................................................................................................................................................................................................

60-64 1637 98 (6.0) 13 (0.8) 5 (0.3)
..............................................................................................................................................................................................................................................

65-69 775 32 (4.1) 6 (0.8) 0 (0.0)
..............................................................................................................................................................................................................................................

�70 558 28 (5.0) 4 (0.7) 2 (0.4)
..............................................................................................................................................................................................................................................

Overall 46,601a 5852 (12.6) 1287 (2.8) 448 (1.0)
..............................................................................................................................................................................................................................................

HPV, human papillomavirus; hrHPV, high-risk genotypes of human papillomavirus.

a A total of 286 women had invalid/missing cobas HPV Test results.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.

TABLE 4

Cervical disease status by consensus pathology in women undergoing colposcopy

CPRP diagnosis

Age group, y

Overalla21-24 25-29 30-39 40-49 >50

WNL, n (%) 365 (67.3) 1577 (82.0) 2191 (85.7) 1763 (90.0) 1288 (91.7) 7184 (85.7)
................................................................................................................................................................................................................................................................................................................................................................................

CIN1, n (%) 111 (20.5) 194 (10.1) 201 (7.9) 114 (5.8) 82 (5.8) 702 (8.4)
................................................................................................................................................................................................................................................................................................................................................................................

CIN2, n (%) 35 (6.5) 66 (3.4) 51 (2.0) 29 (1.5) 11 (0.8) 192 (2.3)
................................................................................................................................................................................................................................................................................................................................................................................

CIN3, n (%) 31 (5.7) 83 (4.3) 104 (4.1) 46 (2.3) 21 (1.5) 285 (3.4)
................................................................................................................................................................................................................................................................................................................................................................................

ACIS, n (%) 0 (0.0) 2 (0.1) 8 (0.3) 5 (0.3) 1 (0.1) 16 (0.2)
................................................................................................................................................................................................................................................................................................................................................................................

SCC, n (%)b 0 (0.0) 0 (0.0) 2 (0.1) 1 (0.1) 0 (0.0) 3 (0.0)
................................................................................................................................................................................................................................................................................................................................................................................

Adenocarcinoma, n (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1) 1 (0.0)
................................................................................................................................................................................................................................................................................................................................................................................

Overall, n 542 1922 2557 1958 1404 8383
................................................................................................................................................................................................................................................................................................................................................................................

ACIS, adenocarcinoma in situ; CIN, cervical intraepithelial neoplasia; CPRP, central pathology review panel; SCC, squamous cell carcinoma; WNL, within normal limits.

a Includes 18 women who had invalid cobas HPV Test results, 1 with CIN1, and 17 WNL; b Two women with an initial diagnosis of CIN3 were found to have invasive cervical cancer after additional

procedures more than 16 weeks after enrollment and are classified as CIN3 in this table.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.
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note, there were no cases of adenocarci-

noma in situ or invasive cancer in

women below the age of 25 years and

only 1 case of adenocarcinoma in situ

and no invasive cancer in women less

than 30 years of age.

COMMENT

This US population– based cervical can-

cer screening trial was designed to eval-

uate the medical importance of pooled

hrHPV DNA in addition to HPV geno-

types 16 and 18, in 3 populations of

women: those with ASC-US cytology (21

years of age or older), those with normal

cytology (30 years of age or older), and

those in an overall screening population

that included all cytology results (25

years of age or older).

Both the demographics of the partici-

pants in the ATHENA trial and the results

of theenrollmentcytology indicate that the

study participants are representative of

women undergoing cervical cancer screen-

ing in the United States. Recent census es-

timates for the racial breakdown of the en-

tire female population indicate 79% white,

13% black or African American, and 16%

Hispanic or Latino ethnicity,12 which is

comparable with the distribution observed

in ATHENA.

The overall rate of cytologic abnor-

malities in this study is almost identical

to the most recent College of American

TABLE 5

Verification bias–adjusted estimates of the prevalence
of CIN in the overall study populationa

Age group, y

Prevalence, % (95% CI)

CIN1 CIN2 CIN3 or greater

25-34 4.5 (3.2–6.0) 0.9 (0.7–1.1) 1.4 (1.2–1.6)
..............................................................................................................................................................................................................................................

35-44 3.3 (2.0–4.9) 0.4 (0.3–0.6) 1.1 (0.7–1.9)
..............................................................................................................................................................................................................................................

�45 4.6 (2.8–6.6) 1.0 (0.3–2.1) 0.5 (0.3–1.1)
..............................................................................................................................................................................................................................................

Overall 4.2 (3.3–5.2) 0.8 (0.5–1.2) 1.0 (0.7–1.3)
..............................................................................................................................................................................................................................................

CI, confidence interval; CIN, cervical intraepithelial neoplasia.

a Prevalence assessed by consensus pathology.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.

TABLE 6

Grade of cervical disease according to age and cobas HPV Test result

Consensus pathology result

Age groups, y

Overall21-24 25-29 30-39 40-49 >50

hrHPV positive, % (n/N)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN1 83.8 (93/111) 76.8 (149/194) 64.5 (129/200) 49.1 (56/114) 39.0 (32/82) 65.5 (459/701)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN2 91.4 (32/35) 84.8 (56/66) 86.3 (44/51) 75.9 (22/29) 54.5 (6/11) 83.3 (160/192)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN3 96.8 (30/31) 96.4 (80/83) 92.3 (96/104) 89.1 (41/46) 81.0 (17/21) 92.6 (264/285)
.......................................................................................................................................................................................................................................................................................................................................................................

ACIS — 100.0 (2/2) 87.5 (7/8) 100.0 (5/5) 0.0 (0/1) 87.5 (14/16)
.......................................................................................................................................................................................................................................................................................................................................................................

SCC/adenocarcinoma — — 100.0 (2/2) 100.0 (1/1) 100.0 (1/1) 100.0 (4/4)
................................................................................................................................................................................................................................................................................................................................................................................

HPV 16 positive, % (n/N)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN1 19.8 (22/111) 17.0 (33/194) 12.5 (25/200) 6.1 (7/114) 3.7 (3/82) 12.8 (90/701)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN2 45.7 (16/35) 34.8 (23/66) 27.5 (14/51) 10.3 (3/29) 9.1 (1/11) 29.7 (57/192)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN3 83.9 (26/31) 54.2 (45/83) 52.9 (55/104) 30.4 (14/46) 28.6 (6/21) 51.2 (146/285)
.......................................................................................................................................................................................................................................................................................................................................................................

ACIS — 50.0 (1/2) 37.5 (3/8) 40.0 (2/5) 0.0 (0/1) 37.5 (6/16)
.......................................................................................................................................................................................................................................................................................................................................................................

SCC/adenocarcinoma — — 50.0 (1/2) 0.0 (0/1) 0.0 (0/1) 25.0 (1/4)
................................................................................................................................................................................................................................................................................................................................................................................

HPV 18 positive, % (n/N)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN1 10.8 (12/111) 5.2 (10/194) 7.5 (15/200) 2.6 (3/114) 1.2 (1/82) 5.8 (41/701)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN2 0.0 (0/35) 4.5 (3/66) 5.9 (3/51) 0.0 (0/29) 0.0 (0/11) 3.1 (6/192)
.......................................................................................................................................................................................................................................................................................................................................................................

CIN3 6.5 (2/31) 2.4 (2/83) 6.7 (7/104) 4.3 (2/46) 9.5 (2/21) 5.3 (15/285)
.......................................................................................................................................................................................................................................................................................................................................................................

ACIS — 50.0 (1/2) 50.0 (4/8) 60.0 (3/5) 0.0 (0/1) 50.0 (8/16)
.......................................................................................................................................................................................................................................................................................................................................................................

SCC/adenocarcinoma — — 0.0 (0/2) 100.0 (1/1) 100.0 (1/1) 50.0 (2/4)
................................................................................................................................................................................................................................................................................................................................................................................

All women 21 years old with abnormal Papanicolaou results, or women �25 years old with normal Papanicolaou results and positive by first-generation Roche Molecular Systems (Pleasanton, CA)

HPV test results were selected to go to colposcopy/biopsy. Only a subset of women �25 years old with normal Papanicolaou and negative HPV test results was selected to proceed to

colposcopy/biopsy.

ACIS, adenocarcinoma in situ; CIN, cervical intraepithelial neoplasia; HPV, human papillomavirus; hrHPV, high-risk types of human papillomavirus; SCC, squamous cell carcinoma.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.
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Pathologists survey of cytologic abnor-

malities that was conducted in 2003.

Based on results from 759 separate re-

porting laboratories, the median rate of

cytologic abnormalities for ThinPrep

LBC specimens (Hologic) in 2003 was

7.3% and the median rate of ASC-US

was 4.0%.13

The rate of cytologic abnormalities de-

tected using LBC in ATHENA is also

similar to the rate reported with conven-

tional cytology from 580,280 women un-

dergoing routine screening in Kaiser

Permanente Northern California.14 In

Kaiser, the overall rates of cytologic abnor-

malities for women aged 30-39, 40-49, and

50-59 years were 6.1%, 5.7%, and 4.3%,

respectively; in ATHENA the correspond-

ing rates of LBC cytologic abnormalities

were 6.9%, 6.2%, and 4.1%.14

The overall prevalence of hrHPV (14

genotypes), HPV 16, and HPV 18 in

women aged 21 years or older enrolled in

ATHENA was 12.6%, 2.8%, and 1.0%,

respectively. This is similar to what was

recently reported from a prevalence sur-

vey of HPV infections in 1921 women

(14-59 years of age) participating in the

National Health and Nutrition Exami-

nation Survey (NHANES). In NHANES

the overall prevalence of hrHPV was

15.2%, with an overall prevalence of

HPV 16 and HPV 18 of 1.5% and 0.8%,

respectively.15

In the analysis of women undergoing

routine screening at Kaiser, the overall

prevalence of hrHPV detected by the Hy-

brid Capture 2 assay (QIAGEN) in

women aged 30 years or older was

6.3%.14 In ATHENA, the prevalence of

hrHPV detected by the cobas HPV Test

in women aged 30 years or older was

8.4%.

The observed reduction in hrHPV prev-

alence with increasing age in ATHENA is

consistent with that observed in other

studies from the United States and coun-

tries with established cervical cancer

screening programs. In NHANES, the

prevalence of hrHPV decreased from ap-

proximately 28% in women 20-24 years

of age to approximately 7% in women

50-59 years of age.15 In Kaiser, hrHPV

prevalence was 10.8% in the 30-34 years of

age group and less than 5% in the 45-79

years of age group.14 In the current trial,

hrHPV prevalence dropped from 30.5%

in women 21-24 years of age to 6.6% or

less in women 45-93 years of age.

HPV 16 and HPV 18 are associated

with approximately 70% of all invasive

cervical cancers, and there is increasing

interest among clinicians and policy-

makers in using HPV 16 and HPV 18 sta-

tus as a way of stratifying hrHPV-posi-

tive women into a low-risk group (HPV

16/18 negative) and high-risk group

(HPV 16/18 positive).5,16,17 Therefore, it

is reassuring to observe that a relatively

low overall prevalence of both HPV 16

and HPV 18 was found in women 30

years of age and older and that these ge-

notypes account for a greater proportion

of hrHPV in younger women, in whom

HPV DNA testing is not currently being

recommended for use as an adjunct to

cytology for screening.

In the current trial, the prevalence of

HPV 16 in the women 30-39 years of age

was only 2.3%; it decreased to 1.1% in

women 40-49 years of age and to less

than 1% in older women. HPV 18 was

even less common and was detected in

less than 1% of women 35 years of age

and older.

One of the strengths of the ATHENA

trial is that all women 25 years of age or

older who had either an ASC-US result

or greater or who were hrHPV positive

with the first-generation HPV tests were

referred to colposcopy, as were a subset

of women who had negative results on

both Papanicolaou and HPV tests.

Colposcopy was standardized across

sites and included a random cervical bi-

opsy if no lesions were visible by colpos-

copy. All biopsies underwent a consen-

sus pathology review by gynecologic

pathologists blinded to all clinical and

laboratory information. This in-depth

disease ascertainment process allows for

an accurate assessment of the prevalence

of CIN2 or greater in the trial popula-

tion. Overall, the prevalence of CIN2 or

greater in women aged 25 years and older

undergoing colposcopy was 5.5%; this

can be extrapolated to yield a verification

bias-adjusted estimate of 1.8% for CIN2

or greater in the overall population aged

25 years and older. The verification bias-

adjusted estimate for CIN3 or greater

was 0.98% in this same age group.

Only 2 somewhat smaller North Amer-

ican studies have adjusted for verification

bias by performing colposcopy in women

who were both cytology and hrHPV nega-

tive and thus can produce an accurate esti-

mate of the prevalence of high-grade cer-

vical disease among women undergoing

cervical cancer screening. One was a study

of 4075 women being screened at Planned

Parenthood Clinics in Washington State.18

In that study the estimated underlying

prevalence of CIN3 or greater in women

30-34 years of age was approximately 5%,

and in women 35-50 years of age, it was

approximately 8%.

These estimates are considerably greater

than the estimates of the current trial and

are also considerably higher than the

1.5% prevalence of CIN3 or greater

found in previously unscreened black

South African women enrolled in a cer-

vical cancer screening trial that per-

formed colposcopy and cervical biopsy

in all participants.19 A more recent

Canadian study that enrolled 10,154

women 30-69 years of age estimated that

the underlying prevalence of CIN2 or

greater is about 1%,20 which is somewhat

lower than that found in the current trial.

Possible explanations for variability

in estimated prevalence of underlying

high-grade CIN in the screening popula-

tion include differing risk factors for CIN

and prior screening histories of the par-

ticipants, the pathological criteria used

for diagnosing high-grade CIN, and

whether the pathologists were blinded to

clinical information. It should also be

recognized that the best approach to ad-

justing for verification bias when esti-

mating disease prevalence is controver-

sial,21 particularly if screening tests are

reasonably sensitive and the prevalence

of disease in individuals who are negative

at the screening test is low.

The large number of histologically di-

agnosed CIN lesions (n � 1178, with

valid cobas HPV Test results) observed

during the baseline phase of ATHENA

also allows an assessment of the distribu-

tion of hrHPV, HPV 16, and HPV 18 in

CIN cases of different grades in the

United States. As would be expected,

hrHPV prevalence (in particular HPV

16) was found to increase with increas-
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ing grade of cervical disease. HPV 16 was

identified in 12.8% of CIN1 cases, 29.7%

of CIN2, and 51.2% of CIN3. This is sim-

ilar to what has been previously reported

by metaanalyses of pooled data from

around the globe, with HPV 16 identi-

fied in 18.7% of CIN1 cases and 45.3% of

CIN2,3 cases.22,23

HPV 18 was much less common than

HPV 16 in CIN cases at baseline, and the

prevalence of HPV 18 in CIN of different

grades is also similar to that reported in

the metaanalyses. An unexpected finding

was the reduction in hrHPV positivity in

consensus pathology-confirmed CIN di-

agnoses that occurred with increasing

age. This was found for all grades of CIN

and was most striking for HPV 16. It

should be noted that this reduction in

hrHPV positivity is based on HPV test-

ing of the correlated cytology sample

taken prior to the biopsy. Future analy-

ses that actually genotype the tissues

themselves may clarify whether this ef-

fect is due to interpretive nonspecificity

of histomorphology in older vs younger

women or due to age-related sampling

variables.

The ATHENA trial is a large cervical

cancer screening trial, enrolling 47,208

women 21 years of age or older at 61 clin-

ical sites throughout the United States.

Women were screened using both LBC

and HPV DNA testing, and all women

25 years of age or older with an abnormal

result on either test, as well as a sub-

set of women who were negative on

both screening tests, were referred to

colposcopy.

This trial provides contemporary epi-

demiologic data on the prevalence of cy-

tologic abnormalities, the prevalence of

hrHPV (including HPV 16 and HPV 18),

and the prevalence of biopsy-confirmed

cervical disease in a US population un-

dergoing routine cervical cancer screen-

ing. The epidemiologic data that are be-

ing obtained though ATHENA will likely

prove invaluable to US policymakers de-

veloping guidelines for both cervical

cancer screening and managing women

with screening test abnormalities. f
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SUPPLEMENTAL FIGURE 1

Accountability of women through the baseline phase of the study

First-generation Roche Molecular Systems (Pleasanton, CA) HPV tests: AMPLICOR HPV test and LINEAR ARRAY high risk HPV genotyping test.

CPRP, central pathology review panel; HPV, human papillomavirus; SSRP, subject selection and randomization process.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.

SUPPLEMENTAL TABLE

Biopsy and ECC schedule according to visualization of the cervix

Variable

Satisfactory: visualization
of cervix and SCJ

Unsatisfactory: partial
visualization of SCJ Unsatisfactory: SCJ not visualized

Lesion(s) visible No lesion visible Lesion(s) visible No lesion visible Lesion(s) visible No lesions visible

Biopsy Biopsy all lesions Single biopsy at
SCJ

Biopsy all lesions Single biopsy at
SCJ

Biopsy all lesions No biopsy

................................................................................................................................................................................................................................................................................................................................................................................

ECC No No Yes Yes Yes Yes
................................................................................................................................................................................................................................................................................................................................................................................

ECC, endocervical curettage; SCJ, squamocolumnar junction.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.
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SUPPLEMENTAL FIGURE 2

Final histology diagnosis and study endpoint determination

CIN, cervical intraepithelial neoplasia.

Wright. ATHENA HPV study. Am J Obstet Gynecol 2012.
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