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• Triage of HPV-positive women is critical for optimal patient management.
• For primary HPV screening, in addition to cytology, approved triage options include extended genotyping and dual-stain cytology.
• Extended genotyping with or without cytology can stratify risk and provide a range of thresholds to guide patient management.
• Extended genotyping resulted in a good balance of disease detection and risk stratification.
• p16/Ki-67 dual-stain cytology performs similarly to extended genotyping, especially when combined with HPV16/18 genotyping.
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Background.Optimizing the balance between colposcopy referrals and thedetection of high-grade cervical in-
traepithelial neoplasia (CIN) during cervical cancer screening requires robust triage strategies. We evaluated the
performance of extended HPV genotyping (xGT), in combination with cytology triage, and compared it to previ-
ously published performance data for high-grade CIN detection by HPV16/18 primary screening in combination
with p16/Ki-67 dual staining (DS).

Methods and materials. The baseline phase of the Onclarity trial enrolled 33,858 individuals, yielding 2978
HPV-positive participants. Risk values for ≥CIN3 were determined for Onclarity result groupings corresponding
to HPV16, not HPV16 but HPV18 or 31, not HPV16/18/31 but HPV33/58 or 52, not HPV16/18/31/33/58/52 but
HPV35/39/68 or 45 or 51 or 56/59/66 across all cytology categories. Published data from the IMPACT trial for
HPV16/18 plus DS was utilized as a comparator during ROC analyses.

Results. There were 163 ≥ CIN3 cases detected. The ≥CIN3 risk stratum hierarchy (% risk of ≥CIN3) that re-
sulted from this analysis included: >LSIL (39.4%); HPV16, ≤LSIL (13.3%); HPV18/31, ≤LSIL (5.9%); HPV33/58/
52/45, ASC-US/LSIL (2.4%); HPV33/58/52, NILM (2.1%); HPV35/39/68/51/56/59/66, ASC-US/LSIL (0.9%); and
HPV45/35/39/68/51/56/59/66, NILM (0.6%). For ≥CIN3 ROC analysis, the optimal cutoff for sensitivity versus
specificity was approximated between not HPV16 but HPV18 or 31, any cytology (≥CIN3 sensitivity = 85.9%
and colposcopy-to- ≥ CIN3 = 7.4) and not HPV16/18/31 but HPV33/58/52, NILM (≥CIN3 sensitivity = 94.5%
and colposcopy-to- ≥CIN3 = 10.8). HPV16/18 with DS triage showed a sensitivity of 94.3%, with a colposcopy-
to- ≥ CIN3 ratio of 11.4.

Conclusions. xGT performed similarly compared to HPV primary screening plus DS for detection of high-grade
CIN. xGT provides results that stratify risk in a flexible and reliable manner for colposcopy risk thresholds set by
different guidelines or organizations.
© 2023 Becton, Dickinson and Company. Published by Elsevier Inc. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Almost all cases of cervical cancer are associated with persistent in-
fection by essentially one of 13–14 high-risk human papillomavirus
(HPV) genotypes [1,2]. Cervical cancer screening via primary HPV test-
ing continues to gain consensus in many countries as the preferred
access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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approach [3]. HPV testing offers better sensitivity for the detection of
cervical intraepithelial neoplasia grades 2 or 3 and greater (≥CIN2
and ≥CIN3, respectively) compared to cytology-based screening alone
or with HPV-based triage for ASC-US (atypical squamous cells-
undetermined significance) [4–7]. Importantly, a negative HPV test of-
fers much better assurance that high-grade cervical disease is not pres-
ent, allowing for a five-year return for routine screening instead of a
three-year return, which is currently suggested for cytology-based
screening, alone [8–11]. A few countries continue to employ cotesting
(some combination of cytology and HPV testing) and have not transi-
tioned solely to HPV primary screening [12]. However, cotesting leads
to a relatively high number of screening tests and colposcopy referrals,
and a higher cost, [4,8,13] compared to HPV primary screening, with
no significant increase in assurance, over HPV primary screening, that
a negative screening result reflects the absence of disease [4,10,14].

Although the large majority of ≥CIN2 and ≥CIN3 cases are associated
with an HPV infection, [15,16] most HPV infections are transient and
clear without leading to high-grade cervical disease [17,18]. Therefore,
it is not clinically beneficial, or feasible, to send all HPV-positive
women to immediate colposcopy and HPV primary screening requires
effective triage to better identify those at greatest risk for developing
high-grade cervical disease [3]. Due to its availability in most countries
and relatively high specificity, [11] cytology-based testing was the first
accepted triage approach forminimizing the number of colposcopies re-
quired for the detection of high-grade cervical disease [19].

In order to provide both high diagnostic accuracy and effective pa-
tient management, while reducing complexity for both health care pro-
viders and patients, theASCCP revised their US cervical cancer screening
guidelines in 2019. The new guidelines outline decision making follow-
ing screening results that are based on risk for high-grade cervical dis-
ease with an underlying concept of “equal management for equal
risk.” They also employed clinical action thresholds, based on the risk
for ≥CIN3, to help determinewhether a woman should go to immediate
colposcopy and possibly clinical treatment, or return for follow-up test-
ing at some time interval (one, three, or five years) [20,21].

Individual identification of HPV16 and 18, the two genotypes associ-
ated with 60 to 70% of all cervical cancer, [16] can improve risk stratifi-
cation for high-grade cervical disease and justify an immediate
colposcopy without an inflated colposcopy-to-disease detected ratio
[19]. A positive HPV result for any of the “other 12” HPV genotypes
(HPV31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), has traditionally
beenmanaged based on cytology triage [19,22]. However, new clinically
validated triage approaches are now available to improve risk stratifica-
tion for primary HPV results that encompass any of the genotypes
within the “other 12” grouping. One approach, extended genotyping, in-
volves identification of individual HPV genotypes, or groups of HPV ge-
notypes, beyond HPV16 and 18 [3,23–25]. This results in ≥CIN2/3 risk
discrimination among the 12, non-HPV16/18 high-risk genotypes in
order to more accurately determine the best course of clinical action
during and following initial screening. For example, results from the
baseline phase of the Onclarity trial demonstrated that HPV31 carries
a high enough immediate risk for ≥CIN3 to justify a colposcopy without
additional testing [26]. Similar conclusions can be drawn for other geno-
types, including HPV33, based on large US and non-US cervical cancer
screening trials [24]. Alternatively, work by Wright et al. (2019) from
the baseline phase of the Onclarity trial, and from other studies, demon-
strates that some “high-risk” genotypes, includingHPV35, 39, 51, 56, 59,
66, and 69, actually have a low enough ≥CIN3 riskwhen associatedwith
normal or equivocal cytology results, to warrant a return to follow-up
testing in lieu of an immediate colposcopy [27]. Thus, extended
genotyping can provide information that can justifiably include or ex-
clude women from immediate colposcopy, depending on their specific
HPV genotype, and achieve patient management that is optimized to
cytology-based testing or cotesting.
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Another promising triage approach involves the utilization of
immunocytochemistry to detect overexpression of the tumor suppres-
sor, p16 andthe cell proliferationmarker, Ki-67, on liquid-based cytology
(LBC) specimens [3,28–30]. Dual staining (DS) for coexpression of these
proteinmarkers in the same cell is strongly associatedwith transforming
HPV infections that cause cell cycle dysregulation and cervical neoplasia
[31]. Previously, DS testinghas demonstrated improved sensitivity (with
no sacrifice in specificity) compared to cytology in cross-sectional
analysis for the detection of ≥CIN3 in HPV-positive women [28]. Other
approaches are being investigated for effective triage, including methyl-
ation assays, which would not require a speculum exam for triage, and
could be performed in a self-collection setting [32,33].

This study utilized data from the baseline phase of the Onclarity trial
to assess performance of extended genotyping, combined with cytol-
ogy, for detection of ≥CIN2 and ≥CIN3 in women undergoing routine
cervical cancer screening. The objective was to establish actionable
≥CIN2/3 risk bands associated with combined extended genotyping
and cytology results and determine the corresponding clinical perfor-
mance characteristics (e.g., sensitivity, ratio of colposcopies-to-disease
detected) associatedwith the relevant risk bands. A secondary objective
of this study was to evaluate the diagnostic performance of extended
genotypingwith combined cytology versus primary HPV16/18 utilizing
DS as a triage for the other 12 genotypes. In order to achieve this second
goal, we utilized published data from the IMproving Primary screening
And Colposcopy Triage (IMPACT) cervical cancer screening trial, which
previously evaluated the clinical performance of DS as a triage approach
during routine cervical cancer screening [28,34]. The similarity of the
clinical trial design, demographics, HPV test positivity and cytology
and histology results from both the Onclarity and IMPACT trials facili-
tated this analysis.

2. Methods and materials

2.1. LBC and HPV testing

LBC for this study was conducted as described previously [15].
Briefly, cervical samples were collected using an endocervical broom
or brush/spatula, according to manufacturer's instructions, and col-
lected in a BD SurePath™ vial (“SurePath;” Becton, Dickinson and Com-
pany, BD Life Sciences – Integrated Diagnostic Solutions, Burlington,
NC). Additional processing utilized the BD PrepMate™ and BD
PrepStain™ systems (Becton, Dickinson and Company, BD Life Sciences
– Integrated Diagnostic Solutions, Burlington, NC); cytological evalua-
tion and results were reported according to the 2001 Bethesda System.

HPV testing was performed as described, previously, [15] using the
BD Onclarity™ assay (“Onclarity;” Becton, Dickinson and Company, BD
Life Sciences – Integrated Diagnostic Solutions, Sparks, MD) from a
SurePath specimen aliquot. Onclarity is a qualitative PCR-based assay
that uses fluorescent probe technology to detect E6 and E7 DNA regions
of the HPV genome. Onclarity simultaneously detects 14 high-risk HPV
types with individual genotyping for the E6/7 coding regions of HPV16,
18, 31, 45, 51, 52, 33/58 (pooled result), 35/39/68 (pooled result), and
56/59/66 (pooled result).

2.2. Histology and disease ascertainment

For Onclarity results, histologicalmethods and assessmentwere per-
formed as described previously [15]. For this study, ≥CIN2 lesion detec-
tion (CIN2, CIN3, adenocarcinoma in situ, and invasive cervical cancer),
following biopsy, was the primary study endpoint. The Lower
Anogenital Squamous Terminology Standardization Project for HPV-
Associated Lesions (LAST) guidelines for adjudication of CIN2 cases
was also utilized; p16INK4A (p16)-assisted immunohistochemistry was
used to supplement hematoxylin and eosin (H&E) histopathology.



Table 1
Characteristics of Onclarity and IMPACT Trials.

Demographics Onclarity
trial [15]

IMPACT
trial [34]

Initial enrollment 33,858 35,263
Primary screening population (≥25 years of age) 29,833 35,263
Age; years (median) ≥25 (39) ≥25 (39)
Vaccinated Participants; № (%) 1637 (5.5) 4297 (12.3)
≥25 years of age with evaluable cytology and
valid HPV; №

29,513 34,807

HPV Prevalence; № (%) 3748a (12.7) 5250b (15.1)
Colposcopic Biopsies; № (%) 5534a (18.8) 6349b (18.2)
Negative; № (%) 4692 (84.8) 5277 (83.1)
CIN1; № (%) 490 (8.9) 477 (7.5)
CIN2; № (%) 179 (3.2) 353 (5.6)
CIN3; № (%) 160 (2.9) 222 (3.5)
Cancer; № (%) 13c (0.2) 20 (0.3)

Abbreviations: IMPACT; IMproving Primary screening And Colposcopy Triage; №, num-
ber; HPV, human papillomavirus; CIN, cervical intraepithelial neoplasia.

a Denominator=29,513; based on participants, ≥25 years, with evaluable cytology and
valid HPV results.

b Denominator=34,807; based on participants, ≥25 years, with evaluable cytology and
valid HPV results.

c Includes 9 adenocarcinoma-in-situ, 3 squamous cell carcinomas, and 1
adenosquamous carcinoma.
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Here, LAST terminology incorporates Bethesda terminology and is sim-
plified to the CIN terminology; thus, CIN1 indicates low-grade squa-
mous intraepithelial lesion (LSIL), CIN2 here indicates high-grade
squamous intraepithelial lesion (HSIL) (CIN2), and CIN3 indicates HSIL
(CIN3) [35]. All H&E-stained biopsies and endocervical curettage sam-
ples were reviewed, initially, by two pathologists who had access to
the subject's age, but were otherwise masked to all other information.
When two of three pathologists provided concordant diagnoses, using
eight disease criteria, consensus was reached: unsatisfactory, negative
(including no significant pathological findings, reactive or inflammatory
processes, atypical squamous cell glandular changes, or squamous
metaplasia), CIN1, CIN2, CIN3, adenocarcinoma in situ, squamous cell
carcinoma (SCC), and adenocarcinoma and adenosquamous carcinoma;
the latter two were compiled into one category. Discordance between
(all three) diagnoses for a specimen prompted a review by all three pa-
thologists, together, to achieve a consensus diagnosis.

2.3. Data analysis

HPV-positive subjects were split into four groups by genotype, ac-
cording to prior published risk data: [26] HPV16, not HPV16 but
HPV18 or 31, not HPV16/18/31 but HPV33/58 or 52, not HPV16/18/
31/33/58/52 but HPV35/39/68 or 45 or 51 or 56/59/66. In addition, cy-
tology results were categorized into three groups, from high to low
risk of CIN disease: >LSIL, ASC-US/LSIL, and NILM (negative for intraep-
ithelial lesions ormalignancies). A total of seven separate strata, ordered
from high to low risk, were obtained at the end, by combining several of
the 12 genotype and cytology combinations: >LSIL combined into one
group regardless of genotype; HPV16 combined into one group regard-
less of cytology; HPV18/31 combined into one group regardless of cytol-
ogy. Baseline risk of disease was estimated with 95% confidence
intervals by the Wilson score method. For strategy evaluation, HPV45
ASC-US/LSIL subjects were upgraded to the same group as HPV33/58/
52 ASC-US/LSIL due to the previously published importance of HPV45
in cervical cancer cases [36–38]. The two studies, IMPACT and Onclarity,
had sufficient ≥CIN3 cases to allow for sensitivity estimationwith amar-
gin of error <3.5%.

This report is aligned with STARD reporting standards. The study pro-
tocol received approval from institutional review boards at each study
site; written, informed consent was obtained prior to any trial-related ac-
tivities. The principles set forth by the Declaration of Helsinki and Good
Clinical Practice were observed during the conduct of this study [15].

3. Results

3.1. Participant reconciliation and inclusion for the Onclarity and IMPACT
trials

The population of enrolled participants at the baseline phase of the
Onclarity trial included 33,858 individuals; the demographic informa-
tion and prevalence of cytology, HPV results, and cervical disease has
been described, previously [15]. Here, only individuals ≥25 years of
age were included. There were 29,513 individuals in that age group
with evaluable cytology and valid HPV results. Overall, there were
3748 HPV-positive women with evaluable cytology (Table S1), and
2976 HPV-positive individuals had evaluable cytology and satisfactory
histology (Table S2 and Fig. S1).

Below, data are utilized from previously published results from the
IMPACT cervical cancer screening trial, which had a study population
and design that is similar to the Onclarity trial (Table 1 and Supplemen-
tal Material). The IMPACT trial initially enrolled 35,263 individuals; of
those, 29,664 women had HPV-negative or invalid HPV results, leaving
5250. After 564 women were excluded due to an incomplete
colposcopy-to-biopsy visit, 4934 women remained. From that group,
3911 women had valid HPV and DS results, and a satisfactory histology
result [28].
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3.2. Clinical performance and risk stratification through extended genotyp-
ing with cytology triage

Within the HPV-positive subjects, 490 were HPV16 positive, 172
were HPV18 positive, and 314 were HPV31 positive. Of the remaining
HPV-positive subjects, 780 were 33/58/52/45 positive and 1220 were
35/39/68/51/56/59/66 HPV-positive (Table S2). Overall, there were
163 cases of ≥CIN3 and 153 CIN2 cases diagnosed at baseline; there
were 2660 ≤ CIN1 results at baseline. By Onclarity result, HPV16 ac-
counted for approximately one-quarter of the CIN2 cases and almost
half of the ≥CIN3 cases. HPV31was the secondmost prevalent Onclarity
result for both the CIN2 and ≥CIN3 categories. The prevalence of the ad-
ditional Onclarity results varied, but ranged from 0.6% to 6.9% within
≥CIN3 and from 2.2% to 7.8% within ≥CIN2 (Table S2).

Immediate ≥CIN3 and ≥CIN2 risk point estimates (with accompany-
ing 95% confidence intervals) were determined for HPV-positive indi-
viduals; results are shown in Fig. 1 and are stratified by cytology
category (either >LSIL, ASC-US/LSIL, or NILM). Within each cytology
category, Onclarity results were grouped as follows: (a) HPV16;
(b) HPV18 and 31; (c) HPV33/58 and 52; and (d) HPV35/39/68, 45,
51, and 56/59/66. A consistent, stepwise reduction in risk was observed
from left (HPV16) to right (35/39/45/51/56/59/66/68) of the x-axes in
Fig. 1, regardless of cytology category, for both ≥CIN3 and ≥CIN2 disease.

Based on the results shown in Fig. 1, hierarchical screening strata
were constructed to delineate risk groupings based on combinations
of extended genotyping and cytology results. The hierarchical order of
the strata (established by rank ordering from the highest to lowest
CIN risk using a combination of HPV genotype and cytology category,
excluding the prior HPV genotype group from each subsequent group)
was as follows: (1) >LSIL, (2) HPV16 (any cytology), (3) not HPV16
but HPV18 [or] 31 (any cytology), (4) not HPV16/18/31 (any cytology)
but HPV33/58 [or] 52 [or] 45 (ASC-US or LSIL cytology), (5) not HPV16/
18/31 (any cytology) or HPV33/58/52/45 (ASC-US or LSIL cytology) but
HPV33/58 [or] 52 (NILM cytology), (6) not HPV16/18/31 (any cytology)
or HPV33/58/52/45 (ASC-US or LSIL cytology) or HPV33/58/52 (NILM
cytology) but HPV35/39/68 [or] 51 [or] 55/59/66 (ASC-US or LSIL cytol-
ogy), (7) not HPV16/18/31 (any cytology) or HPV33/58/52/45 (ASC-US
or LSIL cytology) or HPV33/58/52 (NILM cytology) or HPV35/39/68/51/
55/59/66 (ASC-US or LSIL cytology) but HPV45 [or] 35/39/68 [or] 51 [or]
55/59/66 (NILM cytology). Table 2 also includes cumulative risk values,
which become progressively lower as each new stratum is built onto the
previous one. Colposcopies-to-disease detected, ameasure of diagnostic



Fig. 1. Baseline (immediate) ≥ CIN3 (A) and ≥ CIN2 risk (B) is shown for Onclarity result groupingsHPV16;HPV18/31; HPV33/58, 52, 45; andHPV35/39/68, 51, 56/59/66 across>LSIL, ASC-
US/LSIL, and NILM cytology results. The line originating from the point estimate indicates upper- and lower-bound 95% confidence intervals.
Abbreviations: CIN, cervical intraepithelial neoplasia; LSIL, low-grade squamous intraepithelial lesion; ASC-US, atypical squamous cells-undetermined significance; NILM, negative for in-
traepithelial lesions or malignancies.
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efficiency, worsened by referring women from additional strata, with
decreasing disease risk.

Performance values for detection of ≥CIN3 are also listed in Table 2
for extended genotyping alone and DS alone, or for HPV16/18 primary
screening (using the cobas HPV assay) utilizing DS as a triage for non-
HPV16/18, HPV-positive individuals. As expected, DS alone provided
better ≥CIN3 risk discrimination but lower sensitivity for detection
than DS when used as a triage approach for HPV16/18 primary screen-
ing. HPV16/18 primary screening with DS provided performance char-
acteristics that were similar to extended genotyping with cytology
triage at stratum5. Extended genotyping alone produced similar results
to that of DS but combining extended genotyping results with cytology
categories improved sensitivity and colposcopic efficiency (Table 2).

3.3. Receiver-operator curve (ROC) analysis

Fig. 2 shows a ROC for ≥CIN3 detection that includes all baseline par-
ticipants within the HPV primary screening population with a positive
HPV result. The screening strata from Table 2 are plotted along the
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curve. Along the curve, strata 3–5 occupy areas that represent a reason-
able balance between disease detected and number of colposcopy refer-
rals. A ROC for ≥CIN2 detection was also generated and showed a less
steep rise in sensitivity per change in specificity (Fig. S2). Superimposed
on the plot in Fig. 2 are DS results, both alone and when used as a triage
following HPV16/18 partial genotyping. For ≥CIN3, the optimal cutoff
for sensitivity versus specificity was situated between the not HPV16
but HPV18 or 31 (any cytology) group (≥CIN3 sensitivity = 85.9%;
colposcopy-to- ≥ CIN3 ratio=7.4) and the not HPV16/18/31 (any cytol-
ogy) but HPV33/58 or 52 (NILM cytology) group (≥CIN3 sensitivity =
94.5%; colposcopy-to- ≥ CIN3 ratio= 10.8). DS alone showed a sensitiv-
ity between these points of 89.5% with a colposcopy-to- ≥CIN3 ratio of
9.2, while HPV16/18 with DS triage showed a sensitivity of 94.3% and
a colposcopy-to- ≥CIN3 ratio of 11.4.

4. Discussion

Here we demonstrate the clinical utility of extended genotyping
combined with cytology for stratifying immediate ≥CIN3 risk within



Table 2
Performance for detection of ≥CIN3 through risk-based screening, utilizing extended genotyping or partial genotyping with DS triage.

Trial Baseline ≥CIN3 Individual Stratum Accumulating Strataa

Triage Strategy Stratum n
(N = 2976)

Stratum
Disease
Cases

Cumulative
Disease
Cases

Stratum
Risk

Cumulative
Risk

Specificity Sensitivity Colposcopy-to-≥CIN3

Onclarity
xGT with
cytology

>LSIL 137 54 54 39.4% 39.4% 97.0% 33.1% 2.5
HPV16

(any cytology)
442 59 113 13.3% 19.5% 83.4% 69.3% 5.1

HPV18/31 (any cytology) 456 27 140 5.9% 13.5% 68.2% 85.9% 7.4
HPV33/58/52/45
(ASC-US/LSIL)

205 5 145 2.4% 11.7% 61.1% 89.0% 8.6

HPV33/58/52 (NILM) 419 9 154 2.1% 9.3% 46.5% 94.5% 10.8
HPV35/39/68/51/56/59/66

(ASC-US/LSIL)
352 3 157 0.9% 7.8% 34.1% 96.3% 12.8

HPV45/35/39/68/51/35/39/66
(NILM)

965 6 163 0.6% 5.5% 0.0% 100% 18.3

Onclarity
xGT only

HPV16 490 85 85 17.3% 17.3% 85.6% 52.1% 5.8
HPV18/31 486 40 125 8.2% 12.8% 69.7% 76.7% 7.8

HPV33/58/52/45 780 26 151 3.3% 8.6% 42.9% 92.6% 11.6
HPV35/39/68/51/56/59/66 1220 12 163 1.0% 5.5% 0.0% 100% 18.3

IMPACT Dual Stain 1887 n/a 205 n/a 10.9% 54.0% 89.5% 9.2
HPV16/18 (Dual Stain) 2461 n/a 216 n/a 8.8% 38.6% 94.3% 11.4

Abbreviations: CIN, cervical intraepithelial neoplasia; DS, dual staining; xGT, extended genotyping; LSIL, low-grade squamous intraepithelial lesion; HPV, human papillomavirus; ASC-US,
atypical squamous cells-undetermined significance; NILM, negative for intraepithelial lesions or malignancies.

a Accumulating strata indicates a stepwise addition of positive strata results from the previous stratawhilemoving down the column (e.g., the HPV18/31, any cytology row includes the
>LSIL and the HPV16, any cytology positive results.

Fig. 2. Receiver-operator curve with sensitivity on the y-axis and 1-specificity along the x-axis for detection of ≥CIN3. Combinations of Onclarity result groupings, either alone (hashed
line), or in combination with cytology findings (solid line), within the HPV-positive population, from the baseline phase of the Onclarity trial, are plotted in hierarchical fashion so that
changes in specificity are captured as sensitivity increases in an incremental fashion. Also plotted in the figure are sensitivity/specificity relationships for diagnostic performance of
ASC-US cytology only (from the Onclarity and IMPACT trials), DS-positive only (from the IMPACT trial), and HPV16/18 limited genotyping with DS triage (from the IMPACT trial).
Abbreviations: LSIL, low-grade squamous intraepithelial lesion; HPV, human papillomavirus; ASC-US, atypical squamous cells-undetermined significance; NILM, negative for intraepithe-
lial lesions or malignancies; CIN, cervical intraepithelial neoplasia.

M.H. Stoler, V. Parvu, K. Yanson et al. Gynecologic Oncology 174 (2023) 68–75

72



M.H. Stoler, V. Parvu, K. Yanson et al. Gynecologic Oncology 174 (2023) 68–75
the baseline screening population of the Onclarity cervical cancer
screening trial. New ASCCP guidelines promote the concept of “equal
management for equal risk” as the central tenet for clinical decision-
making regarding colposcopy referral and time intervals associated
with a return for repeat testing. We analyzed all HPV-positive women
that constituted the HPV primary screening population (≥25 years of
age) from the Onclarity trial. We established risk strata using a combi-
nation of extended genotyping and cytology results and demonstrate
the versatility of extended genotyping for devising efficient triage strat-
egies following HPV primary screening. This is important because the
risk threshold for a colposcopy referral, for example, differs in many
countries, based on policy decisionmaking. Some policies aremore con-
servative and employ lower risk thresholds for a colposcopy referral in
an attempt to detect all pre-cancer, which can result in colposcopies
for women who are not at high risk for developing cancer. Other coun-
tries employ high immediate colposcopy thresholds in order to reduce
false positive results and instead utilize return visits at appropriate
time intervals to detect high-grade cervical disease [11,24,39,40]. Re-
gardless of the actual risk threshold value that has been established, ex-
tended genotyping with cytology triage provides utilitarian results that
identify values along the ≥CIN3 risk continuumand, therefore, should be
applicable in any risk-based screening program.

The actual composition of the different risk strata reported here are
consistent with the literature regarding individual risk for high-grade
cervical disease associated with specific genotypes, or groups of geno-
types. As expected, HPV16 carried the highest risk, second only to
>LSIL cytology in combination with an HPV-positive result; HPV16
was also the most prevalent genotype within ≥CIN3 and ≥CIN2 disease.
This is consistent with many other prospective screening trials, real-
world evaluations, and retrospective studies involving individual geno-
type risk [24,41]. Although HPV18 carries a lower risk for high-grade
cervical disease compared to HPV16, it is still clinically relevant due to
its prevalence within SCC and adenocarcinoma, the latter of which can
be difficult to detect through cytology-based screening [9,38]. Although
HPV16/18 primary screening (with cytology triage for an HPV result of
"other 12") is FDA-approved and supported by the ASCCP as a screening
strategy, [19] the concept of extended genotyping or other approaches
for risk-based screening is under consideration by the ASCCP, based
on recent FDA approvals [20]. Previous studies have demonstrated
that extended genotyping stratifies risk in a manner that is clinically
useful for patientmanagement in different cytology categories. For indi-
vidualswithNILM cytology, risk-based approacheswould include geno-
type results in addition to HPV16 or 18 for immediate colposcopy,
including HPV31 or HPV33. Conversely, some genotypes carry a low
enough risk for high-grade cervical disease to exclude immediate col-
poscopy, even in the presence of an equivocal or low-grade cytology
result [27,42].

During HPV16/18 primary screening, the application of DS can also
achieve effective risk stratification for individuals positive for one of
the "other 12" high-risk genotypes such that a positive DS result lifts
the risk above the threshold for immediate colposcopywhile a negative
DS result couldwarrant a return for repeat testing after some interval of
time [3,28–30]. Results from two trials (ATHENA and IMPACT) and from
the Kaiser Permanente Northern California (KPNC) Pap Cohort have
demonstrated the clinical utility for DS, either alone or in combination
with some form of primary HPV screening, for risk stratification and op-
timized patient management during cervical cancer screening. Analysis
of results from the ATHENA trial supports the potential for DS as a supe-
rior triage approach when compared to cytology-based triage that can
also incorporate limited genotyping through HPV16/18 detection [29].
Similar conclusions came from the KPNC Cervical Cancer Screening reg-
istry, which showed that DS demonstrates better risk stratification over
a five-year period when compared to a cytology-based triage approach
[30]. The similar risk profiles and demographics of the two large na-
tional registration trials allowed us to compare the respective perfor-
mance of the two triage approaches. Performance of DS alone or DS in
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combination with HPV16/18 triage aligned very closely with extended
genotyping plus cytology triage. Extended genotyping, combined with
cytology, offers the advantage of multiple points on the ROC graph,
which allows the application of different risk thresholds in different
geographic regions, where risk tolerances and clinical practices may
be different. DS triage, by contrast, results in a single point, which solely
determines colposcopy referral or a return to a specific screening inter-
val. Extended genotyping also enables effective triage of HPV-positive
patients without the added cost of an additional cytology slide and
staining, and allows for test interpretation by leveraging pre-existing
cytology data (cotesting) or the results from a routine and readily avail-
able reflex cytology test (primary HPV screening). Finally, unlike DS, ex-
tended genotyping can be performed on self-collected specimens,
which can extend coverage to under-screened women [43,44]. The re-
sults of this study suggest that extended genotyping alone can perform
similarly to DS, enabling the potential triage of HPV-positivewomen di-
rectly from the self-sampling result, without the use of a clinician-
collected specimen. Where the Pap result is available, combining with
extended genotyping improves both sensitivity and specificity.

4.1. Strengths and limitations

Strengths of this analysis include those that have been previously
noted for both the Onclarity and IMPACT trials [28,34]. As described in
the results, both prospective trials were relatively large, were character-
ized by similar participant demographics, and included similar preva-
lence values for cytology, HPV, and cervical pathology. In addition,
both trials were designed to maximize disease ascertainment from
screening populations. All participants with any abnormal screening re-
sult, as well as a subset of womenwith a negative screening result, were
referred to colposcopy. Colposcopy and biopsy procedures were stan-
dardized for all participants in each, respective, trial, and biopsy speci-
mens received a blinded consensus pathology review by gynecologic
pathologists, which utilized p16 immunohistochemistry to facilitate ad-
judication of CIN2 interpretations.

Although the Onclarity and IMPACT trials were similar in design and
performance parameters, this study did not include a direct comparison
between DS and extended genotyping/cytology triage using the same
pool of participants. Thus, the analyses are potentially subject to con-
founding factors thatmight be difficult to reconcile without proper con-
trols. On the other hand, the overall data pertaining to DS and extended
genotyping, here, demonstrate results that are consistent with risk
stratification previously shown for both screening approaches. On bal-
ance, this analysis provides a reasonable approach to compare the two
screening strategies.

While the two compared studies are large and focus on the impor-
tant ≥CIN3 endpoint, additional studies and/or analyses may be benefi-
cial to better understand how extended genotyping and dual stain
triage strategies perform.

5. Conclusion

Extended genotyping with reflex to cytology for selected HPV geno-
types achieves similar ≥CIN3 sensitivity (94.5% vs 94.3%), specificity
(46.5% vs 38.6%), and colposcopies-per-case detected (10.8 vs 11.4) as
primary HPV screening with 16/18 genotyping and DS; fewer tests
would be needed for cytology vs DS, as HPV31/33/58/52 would not
need to be triaged. For guideline committees looking to reduce the
number of colposcopy referrals and maximize colposcopy efficiency,
HPV33/58/52 could also be triaged by cytology. If ASC-US/LSIL is used
as the cutoff for referral, such a strategy would be similar to DS, while
if >LSIL is used as the cutoff for referral, the strategy would have higher
specificity for a small decrease in sensitivity. Extended genotyping tri-
age alone with colposcopy referral for HPV16/18/31/33/58/52/45 per-
forms similarly to primary HPV screening with 16/18 genotyping and
DS, with no additional tests required; such a strategy is only slightly
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inferior to extended genotyping with reflex to cytology for the lowest-
risk HPV genotypes and could prove beneficial in settings where cytol-
ogy is not easily available, such as testing under self-collection pro-
grams. In general, extended genotyping with or without reflex to
cytology offers a unique ability to tailor clinical action thresholds to
alignwith the risk preferences of different national screening programs,
while simultaneously improving colposcopy efficiency.
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