
433

AJCP / Original article

Am J Clin Pathol 2019;151:433-442
DOI: 10.1093/ajcp/aqy169

© American Society for Clinical Pathology, 2019. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License  
(http://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in  
any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

HPV Testing With 16, 18, and 45 Genotyping Stratifies 
Cancer Risk for Women With Normal Cytology

Data From the Baseline Phase of the Onclarity Trial

Mark H. Stoler, MD,1 Thomas C. Wright Jr, MD,2 Valentin Parvu, PhD,3 Karen Yanson, MS,3  
Karen Eckert, MS,3 Salma Kodsi, MBA,3 and Charles Cooper, MD3

From the 1University of Virginia Health System, Charlottesville; 2Columbia University, New York, NY; and 3Becton, Dickinson and Company, BD 
Life Sciences–Diagnostic Systems, Sparks, MD.

Key Words: Cervical cancer screening; Cotesting; Human papillomavirus; Genotype; Cervical intraepithelial neoplasia; Negative for 
intraepithelial lesions and malignancies; Adjunct testing

Am J Clin Pathol April 2019;151:433-442

DOI: 10.1093/AJCP/AQY169

ABSTRACT

Objectives: To determine the BD Onclarity human 
papillomavirus (HPV) assay performance and risk values for 
cervical intraepithelial neoplasia grade 2 (CIN2) or higher 
and cervical intraepithelial neoplasia grade 3 (CIN3) or 
higher during Papanicolaou/HPV cotesting in a negative for 
intraepithelial lesions or malignancies (NILM) population.

Methods: In total, 22,383 of the 33,858 enrolled women 
were 30 years or older with NILM cytology. HPV+ and a 
subset of HPV– patients (3,219/33,858 combined; 9.5%) 
were referred to colposcopy/biopsy.

Results: Overall, 7.9% of women were Onclarity positive; 
HPV 16 had the highest prevalence (1.5%). Verification 
bias-adjusted (VBA) CIN2 or higher and CIN3 or higher 
prevalences were 0.9% and 0.3%, respectively. Onclarity 
had VBA CIN2 or higher (44.1%) and CIN3 or higher 
(69.5%) sensitivities, as well as CIN2 or higher (92.4%) 
and CIN3 or higher (92.3%) specificities—all similar 
to Hybrid Capture 2. HPV 16, 18, 45, and the other 11 
genotypes had CIN3 or higher risks of 6.9%, 2.6%, 1.1%, 
and 2.2%, respectively.

Conclusions: Onclarity is clinically validated for cotesting 
in NILM women. Genotyping actionably stratifies women 
at greater CIN3 or higher risk.

Infection of the genital tract by mucosotropic human 
papillomavirus (HPV) types is nearly ubiquitous.1 Most 
infections are asymptomatic and innocuous. Yet a subset 
of infections with high-risk HPV types may lead to trans-
formation of the cervical epithelium, producing cervical 
neoplasia.1,2 Hence, more than 95% of cervical cancer is 
caused by a panel of 13 to 14 HPV types that are detected 
in clinically valid HPV screening tests.3-7 As cervical 
cytology may miss a significant percentage of precancer 
or cancer cases, many countries have implemented HPV 
testing to supplement8,9 or, in some cases, replace10 cytol-
ogy-based cervical cancer screening. In the United States 
in 2018, HPV testing is recommended for screening as a 
triage for atypical squamous cells–undetermined signifi-
cance (ASC-US) cytology in women 21 years or older, as 
an adjunct test to cytology in women 30 years or older, 
or as a primary screening test in women 25 years or older 
or 30 years or older.11-14 Several randomized clinical trials 
have demonstrated that HPV-based screening reduces the 
incidence of high-grade cervical intraepithelial neoplasia 
(CIN) or cervical cancer cases during subsequent screen-
ing rounds compared with cytology alone.15-20

Published guidelines have integrated risk-based 
approaches for screening, triage, management, and 
treatment following cervical cancer screening efforts.13,21 
Although no universal thresholds for any of these man-
agement strategies exist,21 3- and 5-year risk values for 
CIN grade 3 (CIN3) or higher associated with low-grade 
squamous intraepithelial lesion (LSIL) cytology (4.3% 
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and 5.2%, respectively) have been identified as a US 
benchmark for referral to colposcopy.22-24 For women 
30  years or older, cotesting with HPV more effectively 
predicts risk for cervical cancer and precancer, com-
pared with cytology alone, and facilitates extension of 
the screening interval duration from 3 to 5 years.11,14 In 
addition, cotesting increases sensitivity to detect CIN3 or 
higher cervical pathology,25 provides greater negative pre-
dictive value,26 and offers assurance in the accuracy of a 
negative screening result.12,17,27,28

Although HPV testing improves the ability to detect 
women who are at high risk for cervical cancer and pre-
cancer, the prevalence of HPV in women without cervical 
disease reduces the specificity of cotesting during screen-
ing. Genotyping for HPV-positive women can increase the 
ability to assess risk in cotesting scenarios compared with 
testing only for overall, pooled HPV results.29 For exam-
ple, Schiffman et al,30 studying a partial genotyping assay, 
demonstrated that women (≥30  years of age) with neg-
ative for intraepithelial lesions or malignancies (NILM) 
cytology were at higher cumulative 3-year risk for CIN3 
or higher pathology if  they were HPV 16 (10.3%) or HPV 
18 (5.0%) positive, compared with those positive for any 
HPV type other than HPV 16/18 (2.3%). Stratification in 
this way can effectively allow for triage of women at or 
above the threshold for a referral to colposcopy, without 
generating a large number of additional, unnecessary col-
poscopies for women not at a high risk for cancer.29,31

The Onclarity (Becton, Dickinson and Company, 
BD Life Sciences–Diagnostic Systems) HPV assay was 
approved by the US Food and Drug Administration 
(FDA) as an HPV assay for use during cotesting with liq-
uid-based cytology (LBC) in women 30 years or older and 
is the first DNA test approved for individual reporting 
of HPV 16, 18, and 45 with this cotesting strategy. This 
report describes baseline data from the Onclarity HPV 
trial, a study involving over 33,000 women (≥21  years 
of age), conducted to determine the performance of the 
Onclarity HPV assay during routine screening. Here, a 
subset of women with NILM cytology was selected to 
determine the efficacy of overall HPV (any of 14 high-
risk HPV types) and specific genotypes 16, 18, and 45 
for improving risk stratification as a cotest with LBC in 
women 30 years or older.

Materials and Methods

The study protocol was approved by institutional 
review boards at all study sites, and written informed con-
sent was obtained prior to any trial-related procedures. 
This study was conducted according to the principles set 

forth by the Declaration of Helsinki and Good Clinical 
Practice. This report was prepared according to Standards 
for Reporting of Diagnostic Accuracy (STARD) report-
ing standards.

The study protocol, including details of each visit, is 
described in detail in a prior publication.32 For clarity, rel-
evant details are briefly as follows.

Study Design

This study was conducted in two phases: a baseline 
and a 3-year longitudinal phase. The baseline design 
and selection algorithm for a referral to colposcopy and 
biopsy, established by LBC result, age, and HPV results 
for the baseline study, have been described in detail pre-
viously.32 Subject reconciliation for specimens used in this 
study is shown in ❚Figure 1❚.

The primary study end point was detection of 
biopsy-proven, high-grade (CIN grade 2 [CIN2] or 
higher) lesions (CIN2, CIN3, adenocarcinoma in situ, 
and invasive cervical cancer). Of  the 33,858 screened 
patients, 224 were excluded due to nonevaluable cytol-
ogy. Of  the remaining 33,634 specimens, those with 
ASC-US or higher (n = 3,082) were discussed in Wright 
et  al,33 and a further 63 with unsatisfactory cytology 
were not included in the current analysis. Likewise, 
8,106 patients were younger than 30  years, leaving 
22,383 patients, 30 years or older, with a NILM cytol-
ogy result. In total, 19,164 patients were not referred 
to colposcopy/biopsy because they were either negative 
for HPV at screening or were not included with the 
5% of  negative patients who were randomly selected 
for referral. Of  the remaining 3,219 patients referred 
to colposcopy, 1,228 were HPV negative (for all HPV 
tests) and 1,991 were HPV positive (for any HPV test). 
From this group, 373 were lost to follow-up, 208 with-
drew consent, 21 exited due to pregnancy, eight sam-
ples were not used due to collection error, four exited 
due to hysterectomy, two exited due to a decision by the 
principal investigator, and six samples were not used 
due to nonevaluable histology. The final number of 
NILM (≥30 years) patients with all required specimens 
evaluable and with complete results in this study was 
2,597. The overall HPV vaccination rate (≥1 dose) per-
mitted in the study was capped at 10%.

Enrollment Visit (Study Visit 1)

Two cervical samples were placed into separate LBC 
vials; one BD SurePath vial (TriPath Imaging) was col-
lected first, followed by one PreservCyt vial (Hologic).

Cytology reporting was performed according to the 
2001 Bethesda System. Here, NILM indicates negative 
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for intraepithelial lesion or malignancy, ASC-US indi-
cates atypical squamous cells–undetermined sig-
nificance, and LSIL and HSIL indicate low- and 
high-grade squamous intraepithelial lesion, respec-
tively.34 Evaluation of  cytology was performed without 
computer-assisted imaging.

The SurePath specimen was used to evaluate cytology 
and for testing with the BD Onclarity HPV assay (Becton, 
Dickinson and Company, BD Life Sciences–Diagnostic 
Systems). The PreservCyt sample was used for Onclarity 
HPV and the digene Hybrid Capture 2 (HC2; Qiagen) 
assays. As all women had NILM cytology in this anal-
ysis, referral to colposcopy was based solely on at least 
one positive HPV result from either Onclarity (regardless 
of LBC collection method) or HC2; a subset of HPV-
negative patients was selected for colposcopy/biopsy as 
controls. Henceforth in this report, HPV indicates high-
risk HPV, unless otherwise noted.

Colposcopy and Biopsy Visit (Study Visit 2)

Women selected for colposcopy/biopsy underwent 
the procedure within 84 days of the enrollment visit, and 
colposcopists were masked to cytology and HPV assay 
results. Biopsies were obtained from any lesion or ace-
towhite area, or a random biopsy, at the squamocolum-
nar junction, was performed. An endocervical curettage 
(ECC) was collected from all patients during colposcopy.

Here, as in Stoler et al,32 a three-tiered CIN terminol-
ogy was used for adjudication of histology: CIN grade 1 
(CIN1) indicates LSIL, CIN2 indicates HSIL (CIN2), and 
CIN3 indicates HSIL (CIN3).35 All H&E-stained biopsy 
specimens and ECC samples were initially reviewed by 
two pathologists (M.H.S. and T.C.W.). Each pathologist 
was provided the age of the patient but otherwise was 
masked to all other study information. Samples, about 
which the first two diagnoses did not agree, were reviewed 
by a third pathologist. Consensus was reached when two 

19,164

Visit 2: Referred for colpo/bxa

❚Figure 1❚ Patient reconciliation during baseline enrollment and participation for this study. ≥ASC-US, atypical squamous 
cells–undetermined significance or greater; CIN1, cervical intraepithelial neoplasia grade 1; CIN2, cervical intraepithelial neo-
plasia grade 2; CIN3, cervical intraepithelial neoplasia grade 3; colpo/bx, colposcopy and biopsy; HPV, human papillomavirus; 
NILM, negative for intraepithelial lesions or malignancies; PI, principal investigator; UNSAT, unsatisfactory cytology. aPatients 
positive/negative for either HC2 or Onclarity (regardless of liquid-based cytology collection method).
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of the three pathologists agreed on a diagnosis using eight 
disease categories: unsatisfactory, negative (including no 
significant pathologic findings, reactive or inflammatory 
processes, atypical [equivocal] squamous cell or glan-
dular changes, or squamous metaplasia), CIN1, CIN2, 
CIN3, adenocarcinoma in situ, squamous cell carcinoma, 
and adenocarcinoma and adenosquamous carcinoma 
(the latter two were compiled into one category). If  all 
three diagnoses were discordant, the specimen(s) in ques-
tion were reviewed by all three pathologists, together, to 
achieve a consensus pathology diagnosis. When at least 
one reviewer identified a biopsy specimen as CIN2 or 
when one reviewer rated a specimen as CIN2 or higher, 
with a second reviewer scoring the same sample as less 
than CIN2, immunostaining for p16INK4A was employed 
while adjudicating a final diagnosis.

Statistical Analysis

Data for prevalence estimates were limited to patients 
with key demographic information, LBC results, and HPV 
assay results for all genotypes. Verification bias adjust-
ment (VBA) was used to normalize for the difference in the 
rate of selection for colposcopy/biopsy (briefly, the entire 
population was stratified based on HPV results from the 
assays used in the study; then, CIN– disease status for all 
patients who did not undergo colposcopy was imputed at 
the same rate as the observed rates in the patients who 
underwent colposcopy).36 Unadjusted performance val-
ues (sensitivity, specificity, positive predictive value [PPV], 
negative predictive value [NPV], positive likelihood ratio 
[PLR], and negative likelihood ratio [NLR]) were deter-
mined using standard statistical methods. VBA-adjusted 
absolute risk values were calculated by classifying patients 
hierarchically as HPV 16, else HPV 18, else HPV 45, else 
HPV 11-other positive, else HPV negative. Ninety-five 
percent confidence intervals (CIs) for adjusted perfor-
mance values and adjusted risks were calculated by using 
bootstrapping. The lower and upper limits for the 95% 
CIs were determined using the 2.5th and 97.5th percen-
tiles of the bootstrapped distribution.

Results

Demographics of NILM Study Population

In this trial, 22,383 patients were 30  years or older 
and had NILM cytology ❚Table 1❚. The mean (43.9 years) 
and median (43 years) ages were similar in this study pop-
ulation. The racial makeup of this study population was 
80.4% white, 16.6% African American, and 1.5% Asian. 
Hispanic participants represented 20.5% of the study 

population. The patients were largely nonsmokers, with 
only 33.9% of patients reporting to be current or former 
smokers. Given that the HPV vaccine was introduced to 
the market in 2006, 97.2% of the study population was 
unvaccinated. Only 1.3% of the patients were immuno-
compromised. In this population, 10.4% and 6.4% of the 
patients reported having abnormal cytology or had a col-
poscopy procedure, respectively, within 5  years prior to 
participation in this study (Table 1).

Prevalence of High-Risk HPV

Of the 22,383 patients with NILM cytology who were 
included in this study, 22,284 had evaluable HPV results 
using the Onclarity assay ❚Table 2❚. Of these patients, 7.9% 
were positive for any HPV genotype by Onclarity—com-
pared with 6.9% for patients tested with HC2. The preva-
lence of any HPV-positive result tended to decrease with 
increasing age. HPV 16 was the most prevalent genotype 
(1.5%); HPV 18 and HPV 45 had prevalence values of 
0.4% and 0.5%, respectively. The combined prevalence of 

❚Table 1❚ 
Baseline Demographics and Characteristics of Patients 30 Years 
or Older With NILM Cytologya

Characteristic
Patients With NILM 
Cytology (n = 22,383)

Age, y
 Mean 43.9
 SD 9.6
 Median 43
 Minimum 30
 Maximum 83
Race  
 Asian 336 (1.5)
 African American 3,722 (16.6)
 White 17,988 (80.4)
 Otherb 337 (1.5)
Ethnicity  
 Hispanic or Latino 4,592 (20.5)
 Not Hispanic or Latino 17,789 (79.5)
 Other 2 (<0.1)
Smoking history  
 Nonsmoker 14,794 (66.1)
 Current 3,214 (14.4)
 Past 4,375 (19.5)
HPV vaccinated  
 Yes 403 (1.8)
 No 21,762 (97.2)
 Unknown 218 (1.0)
Postmenopausal 5,590 (25.0)
Immunocompromised 285 (1.3)
Abnormal cytology (past 5 years) 2,330 (10.4)
Colposcopy (past 5 years) 1,439 (6.4)

HPV, human papillomavirus; NILM, negative for intraepithelial lesion or 
malignancy.
aValues are presented as number (%) unless otherwise indicated.
bIncludes American Indian, Alaska Native, Native Hawaiian, or other Pacific 
Islander.
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HPV 16/18 and HPV 16/18/45 was 1.9% and 2.4%, respec-
tively. The prevalence of the 11 other genotypes detected 
by Onclarity was 5.5%.

HPV Assay Performance

Assay performance characteristics, including sensi-
tivity, specificity, PPV, NPV, PLR, and NLR, for detec-
tion of high-grade cervical disease, were determined for 
Onclarity and HC2 in this study population. Unadjusted 
Onclarity sensitivity values for CIN2 or higher and CIN3 
or higher were 87.5% and 93.5%, respectively; unad-
justed specificity values of Onclarity for CIN2 or higher 
and CIN3 or higher were 48.6% and 48.3%, respectively 
❚Table 3❚. Overall PPV for Onclarity was 5.2% for CIN2 or 
higher and 3.2% for CIN3 or higher. NPV for Onclarity 
was more than 99% for all high-grade lesion end points. 
VBA performance values for Onclarity and HC2 were 
also determined; using Onclarity, sensitivity values for 
CIN2 or higher and CIN3 or higher were 44.1% and 
69.5%, respectively, and specificity values were 92.4% and 
92.3%, respectively.

VBA Absolute Risk by HPV Status

VBA absolute baseline risk associated with overall 
HPV-positive results and with HPV genotypes 16, 18, 
and 45 was determined for CIN2 or higher and CIN3 
or higher ❚Table  4❚. Patients with any HPV-positive 
result had a 5.1% and 3.0% risk for CIN2 or higher and 
CIN3 or higher, respectively. There was a trend toward a 
decreased risk for both disease grades with increasing age. 
Patients positive for HPV 16 had elevated risk values for 
both CIN2 or higher (9.3%) and CIN3 or higher (6.9%) 
compared with overall HPV-positive results. HPV 18 was 
associated with risk values of 3.9% and 2.6% for CIN2 
or higher and CIN3 or higher, respectively; for HPV 45, 
the risks were 2.2% and 1.1%, respectively. Absolute risks 

associated with the 11 other HPV genotypes as a group 
for CIN2 or higher and CIN3 or higher were 4.3% and 
2.2%, respectively. Stratification by HPV 16/18/45 resulted 
in risk values for CIN2 or higher and CIN3 or higher of 
6.8% and 4.9%, respectively.

Discussion

In the past two decades, the concept of equal man-
agement for equal risk has been emphasized in cervical 
screening and management guidelines.13,23,24,37 Results 
from this large, prospective, US-based clinical HPV 
assay validation trial demonstrate that performance of 
the Onclarity assay for detection of CIN2 or higher and 
CIN3 or higher is similar to that of an established, clini-
cally validated HPV assay (HC2). However, unlike HC2, 
the Onclarity assay’s integrated genotyping capability 
provides strong evidence that HPV detection and geno-
typing deliver clinical utility as an adjunct test with cytol-
ogy during cervical cancer screening. In particular, these 
baseline results indicate that the Onclarity HPV assay can 
effectively predict elevated risk for both CIN2 or higher 
and CIN3 or higher pathology in women 30  years or 
older with NILM cytology—a population that, prior to 
the introduction of cotesting, was considered extremely 
low risk. Finally, these results show that the differential 
stratification of risk through the detection of individual 
genotypes (HPV 16, 18, or 45) has the potential to affect 
patient care pathways in this population.

The demographic makeup and HPV prevalence 
reported here are similar to demographics previously 
reported in studies involving other FDA-cleared HPV 
assays. For example, the Addressing the Need for 
Advanced HPV Diagnostics (ATHENA)  study popu-
lation was demographically similar, with a mean age of 
44.9 years and an ethnoracial makeup of white, 84.3%; 

❚Table 2❚ 
HPV Detection of Genotype Prevalence by Onclarity Across Age Groups in Patients 30 Years or Older With NILM Cytology

 Age Group, No. (%)

HPV Result 30-39 y (n = 8,663) 40-49 y (n = 6,829) ≥50 y (n = 6,792) Overall (n = 22,284)

Overall HPV 889 (10.3) 485 (7.1) 387 (5.7) 1,761 (7.9)
HPV 16 173 (2.0) 77 (1.1) 80 (1.2) 330 (1.5)
HPV 18 41 (0.5) 29 (0.4) 23 (0.3) 93 (0.4)
HPV 45 63 (0.7) 34 (0.5) 18 (0.3) 115 (0.5)
HPV 16/18 214 (2.5) 106 (1.6) 103 (1.5) 423 (1.9)
HPV 18/45 104 (1.2) 63 (0.9) 41 (0.6) 208 (0.9)
HPV 16/18/45 277 (3.2) 140 (2.1) 121 (1.8) 538 (2.4)
Other 11 GTs 612 (7.1) 345 (5.1) 266 (3.9) 1,223 (5.5)
HPV negative 7,774 (89.7) 6,344 (92.9) 6,405 (94.3) 20,523 (92.1)
HC2 positive 773/8,644 (8.9) 421/6,814 (6.2) 331/6,774 (4.9) 1,525/22,232 (6.9)

GT, genotype; HC2, digene Hybrid Capture 2 assay; HPV, human papillomavirus; NILM, negative for intraepithelial lesion or malignancies.
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African American, 13.0%; Asian, 1.4%; and Hispanic/
Latino, 17.8%.29 Here, the prevalence of overall HPV 
(7.9%) was similar to prevalence values reported for 
other FDA-approved HPV assays in NILM populations 
❚Table 5❚, including the cobas HPV (Roche)40 and Aptima 
HPV (Hologic)38,39 assays, which reported a prevalence of 

6.7% (n = 32,260) and 5.0% (n = 10,871), respectively. For 
individual HPV genotypes HPV 16 and 18, the ATHENA 
trial reported similar prevalence values for both HPV 16 
(1.0%) and HPV 18 (0.5%) as those reported here.

In accordance with FDA guidance for establishing 
the clinical utility of an HPV assay for use in screening, 

❚Table 4❚ 
Adjusted Absolute Risk for CIN2 or Higher and CIN3 or Higher Based on HPV Detection in Patients by Onclarity, 30 Years or 
Older, With NILM Cytology

Characteristic 

Age Group, % (95% CI)

30-39 y (n = 8,663) 40-49 y (n = 6,829) ≥50 y (n = 6,792) Overall (n = 22,284)

≥CIN2
 Overall HPV 7.7 (5.7-10.1) 3.2 (1.6-5.0) 1.5 (0.3-3.0) 5.1 (3.9-6.3)
 HPV 16 14.1 (7.2-22.8) 6.3 (0.0-13.6) 2.9 (0.0-7.3) 9.3 (5.5-13.7)
 HPV 18 6.5 (0.0-16.2) 0.0 (0.0-0.0) 5.0 (0.0-15.8) 3.9 (0.0-8.4)
 HPV 45 2.2 (0.0-7.5) 3.2 (0.0-10.5) 0.0 (0.0-0.0) 2.2 (0.0-5.4)
 HPV 16/18 12.6 (6.8-19.9) 4.6 (0.0-10.0) 3.4 (0.0-7.5) 8.1 (5.0-11.6)
 HPV 18/45 3.9 (0.0-8.7) 1.7 (0.0-5.7) 2.8 (0.0-9.2) 2.9 (0.6-5.5)
 HPV 16/18/45 10.3 (5.7-16.1) 4.2 (0.8-8.6) 2.9 (0.0-6.4) 6.8 (4.4-9.7)
 Other 11 hrHPV 6.6 (4.6-8.7) 2.8 (1.1-4.8) 0.9 (0.0-2.4) 4.3 (3.1-5.5)
 HPV negative 0.6 (0.0-1.4) 0.4 (0.0-1.1) 0.7 (0.0-1.6) 0.5 (0.1-1.0)
≥CIN3
 Overall HPV 4.2 (2.9-5.7) 2.2 (0.8-3.8) 1.2 (0.3-2.5) 3.0 (2.1-3.9)
 HPV 16 9.0 (4.6-14.0) 6.3 (0.0-13.6) 2.9 (0.0-7.3) 6.9 (3.9-9.9)
 HPV 18 3.2 (0.0-10.3) 0.0 (0.0-0.0) 5.0 (0.0-15.8) 2.6 (0.0-6.4)
 HPV 45 0.0 (0.0-0.0) 3.2 (0.0-10.5) 0.0 (0.0-0.0) 1.1 (0.0-3.4)
 HPV 16/18 7.9 (4.1-12.0) 4.6 (0.0-10.0) 3.4 (0.0-7.5) 5.9 (3.5-8.4)
 HPV 18/45 1.3 (0.0-4.1) 1.7 (0.0-5.7) 2.8 (0.0-9.2) 1.7 (0.0-3.8)
 HPV 16/18/45 6.1 (3.2-9.3) 4.2 (0.8-8.6) 2.9 (0.0-6.4) 4.9 (3.0-6.9)
 Other 11 hrHPV 3.4 (2.0-5.1) 1.4 (0.3-2.9) 0.5 (0.0-1.5) 2.2 (1.4-3.2)
 HPV negative 0.3 (0.0-0.9) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.1 (0.0-0.3)

CI, confidence interval; CIN2, cervical intraepithelial neoplasia grade 2; CIN3, cervical intraepithelial neoplasia grade 3; HPV, human papillomavirus; hrHPV, high-risk 
human papillomavirus; NILM, negative for intraepithelial lesion or malignancies.

❚Table 3❚ 
Performance of Onclarity vs HC2 for Detection of High-Grade CIN in Patients 30 Years or Older With NILM Cytologya

 Unadjusted, % (95% CI) Adjusted, % (95% CI)

Characteristic Onclarity HC2 Onclarity HC2

≥CIN2
 Sensitivity 87.5 (78.5-93.1) (n = 70/80) 82.5 (72.7-89.3) (n = 66/80) 44.1 (27.7-77.8) 40.3 (25.2-69.0)
 Specificity 48.6 (46.7-50.6) (n = 1,220/2,508) 52.3 (50.4-54.3) (n = 1,312/2,508) 92.4 (92.1-92.8) 93.4 (93.1-93.8)
 PPV 5.2 (4.6-5.5) (n = 70/1,358) 5.2 (4.6-5.7) (n = 66/1,262) 5.0 (3.9-6.1) 5.3 (4.1-6.5)
 NPV 99.2 (98.6-99.5) (n = 1,220/1,230) 98.9 (98.4-99.4) (n = 1,312/1,326) 99.5 (98.9-99.9) 99.4 (98.9-99.8)
 PLR 1.7 (1.5-1.8) 1.7 (1.5-1.9) 5.8 (3.7-10.2) 6.1 (3.8-10.6)
 NLR 0.3 (0.1-0.4) 0.3 (0.2-0.5) 0.6 (0.2-0.8) 0.6 (0.3-0.8)
 Prevalence  3.1 (n = 80/2,588)  0.9
≥CIN3   
 Sensitivity 93.5 (82.5-97.8) (n = 43/46) 87.0 (74.3-93.9) (n = 40/46) 69.5 (42.8-100) 63.3 (38.7-94.9)
 Specificity 48.3 (46.3-50.2) (n = 1,227/2,542) 51.9 (50.0-53.9) (n = 1,320/2,542) 92.3 (92.0-92.7) 93.3 (93.0-93.7)
 PPV 3.2 (2.8-3.4) (n = 43/1,358) 3.2 (2.7-3.5) (n = 40/1,262) 3.0 (2.2-4.0) 3.2 (2.3-4.2)
 NPV 99.8 (99.3-99.9) (n = 1,227/1,230) 99.5 (99.1-99.8) (n = 1,320/1,326) 99.9 (99.7-100) 99.9 (99.7-100)
 PLR 1.8 (1.6-1.9) 1.8 (1.5-2.0) 9.1 (5.5-13.2) 9.5 (5.8-14.4)
 NLR 0.1 (0.1-0.4) 0.3 (0.1-0.5) 0.3 (0.0-0.6) 0.4 (0.1-0.7)
 Prevalence  1.8 (n = 46/2,588)  0.3

CI, confidence interval; CIN2, cervical intraepithelial neoplasia grade 2; CIN3, cervical intraepithelial neoplasia grade 3; HC2, digene Hybrid Capture 2 assay; NILM, 
negative for intraepithelial lesion or malignancies; NLR, negative likelihood ratio NPV, negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive 
value.
aResults represent p16INK4A immunostain-assisted adjudicated histology with HPV results by Onclarity and HC2 assays (paired analysis).
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the performance for the detection of CIN2 or higher and 
CIN3 or higher was conducted for Onclarity and com-
pared with that for HC2. For all performance values mea-
sured (sensitivity, specificity, PPV, NPV, PLR, and NLR), 
Onclarity was largely in agreement with HC2. VBA was 
applied to the data to account for patients not assigned to 
colposcopy. As expected, VBA led to lower sensitivities 
and higher specificities for CIN2 or higher and CIN3 or 
higher compared with unadjusted values. Similar results 
have been shown in previous studies involving HPV 
screening for detection of cervical disease.41,42 Similar to 
previous studies,29 VBA likely deflated sensitivity due to 
an overestimation of disease prevalence in the large group 
of NILM/HPV-negative patients who were randomly not 
assigned to colposcopy. However, VBA adjusted values 
for Onclarity were similar to those obtained for HC2, 
indicating that Onclarity is a clinically valid assay in this 
screening population.

HPV infection is necessary for the development of 
cervical cancer, and several prospective and cross-sec-
tional studies have shown that including HPV in a cotest-
ing regimen with cytology can both increase concurrent 
detection of cervical disease and decrease its occur-
rence in subsequent rounds of screening.6,16-18,20,27,29,43-46 
As a result, guidelines recommended an extension in 
the screening interval for women 30 years or older from 
3 years with cytology only to 5 years when using cotesting. 

This reflects the improvement in NPV conferred by a neg-
ative HPV result and is accompanied by increased assur-
ance for women undergoing cervical cancer screening. 
Although the 5-year interval for HPV-negative women 
has been controversial, it continues to be recommended 
in the recent US Preventive Services Task Force guide-
lines.11,47 Here, the Onclarity assay resulted in an NPV of 
99.8% for CIN3 or higher, which is consistent with previ-
ous reports27,28 and supports an extended screening inter-
val based on a negative cotesting result.

According to current US guidelines, acceptable 
actions following an HPV-positive result in the NILM 
population during screening include either repeat cotest-
ing after 1 year or concurrent HPV genotyping. For the 
latter step, HPV 16/18–positive women would be directed 
to colposcopy, whereas HPV 16/18–negative women 
would undergo repeat cotesting in 1  year. An HPV-
positive result with the Onclarity assay in this screening 
population imparted a VBA risk for CIN2 or higher and 
CIN3 or higher of  5.1% and 3.0%, respectively, com-
pared with 0.5% and 0.1%, respectively, as determined 
in HPV-negative individuals. These results are similar to 
risk values determined for CIN2 or higher and CIN3 or 
higher reported from the ATHENA trial, which spawned 
the aforementioned use of  16/18 partial genotyping.29 
Genotyping for HPV 16 resulted in a higher detection of 
risk for both CIN2 or higher (9.3% for HPV 16 vs 5.1% 

❚Table 5❚ 
Comparison of Different Regulatory Trials Involving Women With NILM Cytology (≥30 Years of Age)a

Characteristic Aptimab,38,39 Cobasc,29,40 Onclarity

Cytology media ThinPrep ThinPrep SurePath
No. of patients 10,871 32,260 22,284
Mean age, y 44.2 44.9 43.9
HPV+, % 5.0 6.7 7.9
HPV 16+, % 0.4d 1.0 1.5
HPV 18+, % NR 0.5 0.4
HPV 16/18+, % NR 1.5 1.9
HPV 45+, % NR NR 0.5
HPV 18/45+, % 0.4d NR 0.9
CIN2, No. 9 51e 34
≥CIN3, No. 11 80e 46
No. of cancer cases 3 NR 5f

For ≥CIN2, % (95% CI)    
 Sensitivity 75.0 (53.1-88.8) 83.2 (75.9-88.6)e 87.5 (78.5-93.1)
 Specificity 62.6 (59.2-65.9) 60.4 (58.9-61.9)e 48.6 (46.7-50.6)
For ≥CIN3, % (95% CI)    
 Sensitivity 90.9 (62.3-98.4) 90.0 (81.5-94.8)e 93.5 (82.5-97.8)
 Specificity 62.4 (59.0-65.7) 60.0 (58.5-61.5)e 48.3 (46.3-50.2)

CI, confidence interval; CIN2, cervical intraepithelial neoplasia grade 2; CIN3, cervical intraepithelial neoplasia grade 3; HPV, human papillomavirus; NILM, negative 
for intraepithelial lesion or malignancies; NR, not reported.
aBaseline data unless otherwise indicated.
bData obtained from Aptima package insert unless otherwise noted.
cData obtained from Wright et al29 unless otherwise noted.
dBased on Aptima 16, 18/45 package insert (n = 10,846).
eData obtained from cobas package insert.
fIndicates adenocarcinoma in situ cases.
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for overall HPV) and CIN3 or higher (6.9% for HPV 16 
vs 3.0% for overall HPV) compared with risk detected by 
any of  the 14 pooled genotypes (inclusive of  HPV 16). 
Similar results were obtained when assessing risk asso-
ciated with HPV 16/18 genotyping, although this is due 
to the weighting of  both prevalence and risk of  HPV 16. 
Thus, risk assessment through partial genotyping by the 
Onclarity assay in this study supports established screen-
ing algorithms and demonstrates its utility for the triage 
of  HPV-positive women in the NILM population to 
either delayed repeat cotesting or a referral to colposcopy.

The Onclarity assay is the first HPV DNA test indi-
cated to individually detect HPV 45, in addition to HPV 
16 and 18, for cotesting. Although HPV 18 and 45 are 
prevalent in 5% to 8% of squamous cell carcinomas and 
12% to 32% of adenocarcinoma/adenosquamous cell car-
cinomas,2 neither had individual risks for CIN2 or higher 
or CIN3 or higher that exceeded those for the 14 pooled 
genotypes in this study. Individual risks associated with 
HPV 18 and 45 were similar to those for the 11 pooled gen-
otypes exclusive of HPV 16/18/45. Women who are HPV 
18 or 45 positive have demonstrated enrichment of prev-
alence in invasive squamous cell cancer, especially adeno-
carcinoma, compared with women with the 11 other HPV 
genotypes (exclusive of 16/18/45) in cross-sectional stud-
ies.48-50 Adenocarcinoma and adenocarcinoma in situ asso-
ciated with HPV 18 and 45 are often found originating in 
the endocervical canal2,51 and are usually cytologically or 
colposcopically undetectable.51 Therefore, guidelines that 
recommend individual genotyping with HPV 18 (and per-
haps in the future some cases with HPV 45), when cotest-
ing or using primary screening, are based in part on the 
ability to detect occult glandular neoplasia associated with 
these two genotypes (from cross-sectional studies), not the 
risk of CIN2 or higher or CIN3 or higher (from prospec-
tive studies). Future considerations for risk-based colpos-
copy procedures involving HPV 18–positive and HPV 
45–positive women may include the performance of an 
ECC, regardless of whether a punch biopsy is performed.

In summary, these findings validate the Onclarity 
HPV assay for clinical detection of 14 high-risk HPV 
genotypes as a pooled result and detection of individ-
ual genotypes 16, 18, and 45 in women 30 years or older 
with NILM cytology. The performance values and risk 
detection obtained using Onclarity establish its utility 
for use within the current US cervical cancer screening 
guidelines for cotesting. The CIN3 or higher risk values 
for HPV 16, HPV 16/18, and HPV 16/18/45 in women 
with NILM cytology, determined here, exceed the 5-year 
threshold (5.2%) for CIN3 or higher. Furthermore, the 
results described here are in agreement with established 
risk thresholds for non–HPV 16/18, HPV-positive results 

that direct repeat testing at 12  months, and a 5-year 
screening interval following a negative result with HPV 
testing.52 Thus, Onclarity conforms to the parameters for 
HPV detection in the currently accepted cotesting screen-
ing strategy.
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