Articles

Comparison of HPV-positive triage strategies combining b

Check for
updates

extended genotyping with cytology or p16/ki67 dual staining "™
in the Italian NTCC2 study

Maria Benevolo,"” Guglielmo Ronco,” Pamela Mancuso,® Francesca Carozzi,® Laura De Marco,*’ Elena Allia, Simonetta Bisanzi," Raffaella Rizzolo,”
Daniela Gustinucci,? Annarosa Del Mistro," Helena Frayle,h Massimo Confortini,d Jessica Viti* Anna lossa,® Elena Cesarini? Simonetta Bulletti?
Basilio Passamonti? Silvia Gori," Laura Toniolo,” Laura Bonvicini® Francesco Venturelli® Nicolas Wentzensen, and Paolo Giorgi Rossi,” NTCC2
Working Group

®Regina Elena National Cancer Institute IRCCS, Rome, Italy

BCentre for Cancer Epidemiology and Prevention (CPO), Turin, Italy

“Epidemiology Unit, Azienda Unita Sanitaria Locale—IRCCS di Reggio Emilia, Reggio Emilia, Italy

dinstitute for Cancer Research, Prevention and Oncological Network (ISPRO), Florence, Italy

“Centre for Cervical Cancer Screening, City of Health and Science Hospital, Turin, Italy

fUnit of Cancer Epidemiology and Centre for Cancer Prevention (CPO), City of Health and Science Hospital, Turin, Italy
9Laboratorio Unico di Screening, USL Umbria 1, Perugia, Italy

Pistituto Oncologico Veneto I0V—IRCCS, Padua, Italy

'ULSS6 Euganea, Padua, Italy

IDivision of Cancer Epidemiology & Genetics, National Cancer Institute, Bethesda, MD, USA

Summary eBioMedicine
Background Each high-risk HPV genotype has different oncogenic potential, and the risk of CIN3+ varies according to
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genotype. We evaluated the performance of different strategies of HPV-positivity triage combining cytology, p16/ki67 ~ Published Online 17 May

2024

dual staining (DS), and extended genotyping. https://doi.org/10

Methods Samples from 3180 consecutive women from the NTCC2 study (NCT01837693) positive for HPV DNA at
primary screening, were retrospectively analyzed by the BD Onclarity HPV Assay, which allows extended genotyping.
Genotypes were divided into three groups based on the risk of CIN3+. HPV DNA-positive women were followed up for
24 months or to clearance.

105149

Findings Combining the three groups of genotypes with cytology or DS results we identify a group of women who
need immediate colposcopy (PPV for CIN3+ from 7.8 to 20.1%), a group that can be referred to 1-year HPV retesting
(PPV in those HPV-positive at retesting from 2.2 to 3.8), and a group with a very low 24-month CIN3+ risk, i.e. 0.4%,
composed by women cytology or DS negative and positive for HPV 56/59/66 or 35/39/68 or negative with the
Onclarity test, who can be referred to 3-year retesting.

Interpretation Among the baseline HPV DNA positive/cytology or DS negative women, the extended genotyping
allows to stratify for risk of CIN3+, and to identify a group of women with a risk of CIN3+ so low in the next 24
months that they could be referred to a new screening round after 3 years.

Funding Italian Ministry of Health (grant number RF-2009-1536040). Hologic-Genprobe, Roche Diagnostics, and
Becton & Dickinson provided financial and non-financial support.

Copyright © 2024 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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Introduction molecular testing is replacing cytology-based screening.

Most international guidelines recommend HPV DNA as ~ However, the HPV DNA test is less specific than the pap
the primary test for cervical cancer screening'® and  testand thus it requires the use of a triage test to reduce
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Research in context

Evidence before this study

We last searched PubMed and MedLine databases on July 20,
2023. Moreover, we consulted the official websites of Cervical
Cancer Screening guidelines in many European countries as
well in the USA. We used search terms including “Human
Papillomavirus”, "HPV genotyping”, “
screening”, “triage”, “HPV-DNA testing”, “accuracy”, “Cervical
Intraepithelial Neoplasia”.

All the results from cohort studies are consistent in identifying
different oncogenic risk according to different HPV genotypes.
The oncogenic risk is quantified as the risk of having or
developing a CIN3 in the next 3 or 5 years. How to use this risk
stratification in screening algorithms, in combination with other
biomarkers such as cytology or p16/ki67 dual staining (DS), is
still unclear. In particular, previous studies did not quantify how
the use of genotyping may affect overall colposcopy referral,
detection of CIN2+, and risk of overtreatment.

cervical cancer

Added value of this study
Data from the NTCC2 study with 24-month follow up showed
that extended genotyping combined with cytology or with DS,

the unnecessary referral to colposcopy and the risk of
overtreatment. So far, cytology, with or without partial
genotyping, is the only triage assay recommended by
European* and US guidelines.**

Other biomarkers, alone or in combination with each
other, are being evaluated as possible triage tests, such
as the E6/E7 mRNA overexpression, the dual staining
for p16/ki67 (DS), partial or extended genotyping,"
and the methylation status of cellular/viral genes."
Nevertheless, there is no consensus yet on which is
the best strategy to triage HPV positivity in order to
safely lower the colposcopy referral and unnecessary
treatments. It has been shown that cervical pre-
cancerous lesions, to a higher extent the CIN2 but also
the CIN3,'>"* are highly regressive, so it is essential to
evaluate the accuracy and clinical utility of a biomarker
for identifying persistent lesions. A combination of
biomarkers, instead of a stand-alone test, might increase
the accuracy as well as the clinical utility of triage.

It has been shown that the oncogenic potential of the
12 HPV genotypes considered to be High Risk (HR) by
the IARC" is different for each genotype, likely
depending on different interactions with cellular pro-
teins and on their ability to downregulate or evade the
host immune system.” Consequently, different geno-
types have different longitudinal risks for the develop-
ment of CIN2+ lesions and cancer.’"* HPV16 has been
recognized as the most oncogenic genotype both in
cross-sectional and longitudinal studies. Thus,
numerous trials have evaluated the performance of
partial genotyping for HPV16/18 in cervical
screening'”'*** and, as a result, partial genotyping for

may identify a group of women with very low risk of CIN3+, i.e.
about 0.4%. Moreover, our study, thanks to its randomized
design, allows the evaluation of CIN2+ regression in one year.
Our data suggest a relevant regression of the high-grade CIN
occurring in the women who were infected by HPV genotypes
with low oncogenic potential and who were cytology- or DS-
negative. Therefore, given their low risk of CIN3+ and the high
regression of CIN2+, these women could be invited for a new
screening round after 3 years without further assessments,
substantially reducing the colposcopy workload.

Implications of all the available evidence

The findings of the present study, together with the results of
other large screening cohorts, may contribute to establishing
new protocols for cervical cancer screening, to reduce the
colposcopy burden, and to avoid unnecessary treatments.
Moreover, all the available evidence may help update the
international cervical cancer screening recommendations. In
particular, the combined use of triage biomarkers may help
implement the risk-based management of HPV-positive women.

HPV16/18 has been introduced to triage HPV-positive
women in several countries (USA,° Canada,”
Australia*®). Less has been published about the risk for
precancerous lesions of other HR-types using extended
genotyping assays.'**?° In addition, these studies have
been conducted using different genotyping methods
with different performances.” The Onclarity HPV assay
has shown a good performance and has been clinically
validated for screening.”*

Studies comparing different triage tests”* or
comparing cytology with different thresholds of posi-
tivity,' showed that the accuracy of the triage test
scarcely influences the efficiency of a given screening
algorithm. Only a major change in the screening algo-
rithm can reduce the overall burden of colposcopies,
which includes immediate and delayed referrals.**** In
order to change the screening algorithms maintaining
the high safety of those currently recommended by the
guidelines adopted in the USA and other countries,*’ it
is necessary to identify, among HPV-positive women, a
group of women with low enough risk of CIN3+ that
they can be referred to screening after 2 or 3 years. This
could be more easily obtained by classifying triage re-
sults into three groups, based on their risk level: the
highest risk level requiring immediate colposcopy, the
intermediate risk level requiring shortterm HPV
retesting, and the lowest risk level with sufficiently low
risk to be safely referred to a new HPV testing at longer
interval (3-level strategies). This 3-level strategy has the
potential to be more efficient than the 2-level strategies
distinguishing only those requiring immediate colpos-
copy and those requiring 1-year HPV retesting. The US
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guidelines also suggest a fourth group with a very high
risk of prevalent lesions, for which expedited treatment
is an option.’

The New Technologies for Cervical Cancer
Screening 2 (NTCC2) randomized clinical trial reported
the accuracy of HPV E6/E7 mRNA testing, DS and
cytology to triage HPV DNA-positive women.” We now
retrospectively genotyped specimens from the NTCC2
biobank to evaluate 2- and 3-level triage strategies based
on combining genotyping with cytology or DS, particu-
larly as for their colposcopy referral rate and delay in
detecting high-grade intraepithelial lesions.

Methods

NTCC2 study design and population

The NTCC2 study design and main results have been
previously published.” Briefly, 41,127 women aged 25-59
years were prospectively and consecutively recruited from
five Italian organized HPV DNA-based cervical cancer
screening centres. Cervical samples were collected in
PreservCyt solution (Thin Prep, Hologic, Bedford, Mas-
sachusetts, USA) and HPV DNA results were obtained by
the HC2 (Qiagen, Hilden, Germany) or the Cobas 4800
test (Roche Diagnostics, Basel, Switzerland). All baseline
HPV DNA-positive women were triaged by liquid-based
cervico-vaginal cytology. They were also tested with E6/
E7 mRNA assay (APTIMA; Hologic) and CINtec PLUS
assay (Roche Diagnostics), even though they were
managed only based on cytology results as for the Italian
screening protocol. Cytology and DS methods and
interpretation were described elsewhere.”” Cytology-
positive women, at the ASC-US threshold, were
referred to immediate colposcopy, whereas cytology-
negative women were randomly assigned with a 1:1 ra-
tio to immediate colposcopy or to repeat HPV DNA test
after 1 year. Women were randomized using locally
implemented systems nested in the screening manage-
ment software. Randomization was automatically acti-
vated when the result of cytology was recorded in the
screening database. In the present analyses, we report
results for HPV DNA-positive women followed up for 24
months or to clearance. For each enrolled woman, a 2 mL
aliquot of the cervico-vaginal sample was stored at —80 °C
in a dedicated biobank.

Extended genotyping

Extended genotyping was retrospectively obtained by
means of the Onclarity HPV Assay (Becton & Dickinson,
Sparks, MD, USA), which is a real-time multiplex PCR-
based assay targeting the E6/E7 region of the HPV
genome. The ISPRO (Florence, Italy), and the Center for
Cervical Cancer Screening of Turin (Turin, Italy) labora-
tories performed the analyses according to the manu-
facturer’s protocol. Before beginning the analyses, a
training course was organized for the dedicated staff. We
used 0.5 mL of the 2 mL of Thin Prep cervico-vaginal
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sample stored in the biobank. Nucleic acid extraction
was carried out by BD Fox extraction and BD Viper
Extraction Reagent, followed by a multiplex RT PCR assay
for the qualitative detection of 14 HR-HPV types: indi-
vidual results for genotypes 16, 18, 45, 31, 51 and 52, and
pooled results for genotypes 33/58, 35/39/68, and 56/59/
66. The human p-globin gene served as the internal
control for sample adequacy and assay performance. BD
Viper LT software automatically performed the interpre-
tation of results. The presence or absence of clinically
relevant HPV DNA was determined by the number of
PCR cycles (CT), which was then compared with a pre-
established threshold. The positivity threshold was
defined as 38.4 CT for HPV16 and 34.2 CT for other
HPV types and the internal control.

Statistical analyses

Sample size

The planned 60,000 women provided a 95% confidence
interval (CI) of + 0.5 of 1000 of the CIN2+ cumulative
incidence at 5 years in HPV-positive E6/E7 mRNA-
negative women under the following assumptions: a
cumulative incidence of 1 of 1000 in all the EG/E7
mRNA-negative women, 50% of the E6/E7 mRNA
negative women who developed a lesion in the following
5 years were HPV DNA positive at recruitment, and
70% completed follow up. This sample size would give
an estimate of more than 400 CIN2+ lesions at baseline,
in the hypothesis of a detection of 7 of 1000; with this
number of CIN2+ the study would have more than 90%
power to observe as statistically significantly different
(alpha 0.05) two biomarkers with sensitivity 70% and
80%, respectively (McNemar 2-tail test, under the hy-
pothesis of correlation 0.01). This sample size would
have given 62% power to detect as statistically signifi-
cant (P < .05) an 80% regression of the HPV DNA-
positive E6/E7 mRNA-negative CIN2+ in the 1-year
control arm vs the immediate colposcopy arm when
assuming that 7% of the CIN2+ found in HPV DNA-
positive women are negative to E6/E7 mRNA and that
the total detection rate with HPV is 6 of 1000.

We reported: the colposcopy referral rate, overall and
divided into immediate and after 1-year HPV-retesting,
as a percentage of HPV-positive women; the positive
predictive value (PPV), overall and separately for im-
mediate and after 1-year retesting; the sensitivity for
CIN2+ and CIN3+ of the strategies in which we regar-
ded as positive all those cases referred to immediate
colposcopy and to 1-year retesting. Accordingly, we
assumed 100% sensitivity for the 2-level strategies.
Moreover, we reported the proportion of CIN2+ and
CIN3+ detected at immediate colposcopy and at 1-year
referral, and the observed 24-month risk of CIN3+ in
women referred to a 3-year screening round.

In the analyses, we took into consideration raw data
for single infection (i.e. single-channel positivity) and
multiple infections (i.e. positivity for two or more
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channels). Genotyping has been classified in two
different ways: partial genotyping, divided into two
groups, ie. HPV16/18 vs. all other HR types, and
extended genotyping, divided into three groups, i.e.
HPV16/18, high oncogenic types (31, 33, 45, 52, and
58), and low oncogenic types (35, 39, 51, 56, 59, 66, 68).*'
The cases with negative BD Onclarity result were
grouped together with the low oncogenic types. A
sensitivity analysis has been conducted to compute the
24-month risk also excluding the BD Onclarity negative
women. Cytology reports were also divided into three
groups: the high-grade (HG) cytology, including carci-
noma, AIS, H-SIL and ASC-H; the low-grade (LG)
cytology, including ASC-US, L-SIL, and AGC; and the
NILM cytology.

Using the combination of genotyping and cytology or
DS, we defined different 2-level and 3-level triage stra-
tegies. In the 2-level strategies, women in the highest
risk group were referred to immediate colposcopy, while
intermediate and low risk groups were combined and
referred to 1-year HPV retesting. In the 3-level strate-
gies, women in the highest risk group were referred to
immediate colposcopy, women in the intermediate risk
group were referred to 1l-year HPV retesting, and
women in the lowest risk group were referred to a new
screening round after three years. In all the strategies,
women referred at 1-year HPV retesting were managed
only according to Cobas/HC2 result: if positive, they
were referred to colposcopy; if negative, to a new
screening round after 5 years. Details for the algorithms
used to compute the data, taking into account the study
design, are reported in the Supplementary materials.

Table 1a summarizes the combinations of genotyping
and cytology, listed from a to i, reporting the 24-month
CIN3+ risk. The colours in Table 1 show the linked
management options for each combination: red: imme-
diate colposcopy; orange: immediate colposcopy or 1-year
HPV retesting; yellow: 1-year or 3-year HPV retesting in
partial genotyping strategies; green: 1-year HPV retesting
or 3-year HPV retesting in both partial and extended
genotyping. Similarly, Table 1b summarizes the combi-
nations of genotyping and DS, listed from a to f- Based on
these combinations we evaluated different triage strate-
gies that are described in Table 2.

To compare the most representative strategies, we
applied the screening parameters to a cohort of 100
HPV-positive women and described the tests and col-
poscopies they would receive, and the lesions detected at
each step. We then described one 2-level protocol with
partial genotyping, one 3-level protocol with partial
genotyping, and one 3-level protocol with extended
genotyping, for each morphological test, i.e. cytology or
DS (Figs. 2 and 3). CIN3+ reported in these figures are
those estimated to be prevalent at baseline, so the total
number has been estimated from the observed ones
adjusting for non-compliance to colposcopy, non-
compliance to 1-year follow up, and regression for

those referred at 1-year. To estimate the regression in a
given group, i.e. CIN2+ that after 12 months regress to
CIN1, normal tissue, or clear HPV, we compared the
detection observed in women referred to immediate
colposcopy to that observed in those referred to 1-year
retesting, as previously described.” For details on the
adjustments, see the Supplementary materials.

We report exact-binomial 95% confidence interval
(95% CI) when both numerator and denominator are
observed numbers. For modelled parameters, 95% Cls
have been estimated running 50,000 Monte Carlo sim-
ulations, combining the binomial distributions of all the
observed parameters used in the modelling as described
in the formulas reported in the Supplementary
materials.

Ethics

New Technologies for Cervical Cancer 2 (NTCC2) study
is registered in Clinicaltrials.gov with number:
NCT01837693. The NTCC2 study protocol was approved
by the S. Giovanni Battista University Hospital, Turin,
Italy, on 20 June 2012 (N. CEI513) and by the local
committees of all recruiting centers. The present
extension of the study protocol was approved by the
Comitato Etico Centrale IRCCS Lazio, Fondazione G.B.
Bietti, N 1153/18, on 20 November 2018. All recruited
women provided a written informed consent to partici-
pate in the trial.

Role of funders

The funding sources did not have any role in the study
design and conduct, data analysis, or the decision to
submit data for publication.

Results

Of the 41,127 women participating in the NTCC2 study,
3180 were baseline HPV DNA-positive (7.7%). Among
them, 3129 women, positive with Cobas 4800 (n = 1436)
or with HC2 (n = 1693), were analysed for extended
genotyping by Onclarity assay using biobanked material,
and all of them gave a valid result (Fig. 1; Supplementary
Table S1). Overall, we found 174 CIN2+, of which 95
CIN3 and one adenocarcinoma in situ (AIS). No cancers
were reported in the whole cohort during the first 24
months of follow up. At cytology triage, 44 cases were
inadequate or missing and only one CIN2, and none
CIN3, was found among them. Of the 3085 women with
a valid cytology, 790 had an ASC-US+ report and were
referred to immediate colposcopy where 114 CIN2+ le-
sions, of which 69 CIN3, were found, mainly among the
184 women with a HG cytology (82 CIN2+ of which 52
CIN3, Supplementary Table S1). The majority of the
women (n = 2295) had a NILM report and were ran-
domized in two arms as per the NTCC2 protocol: 1072
women were submitted to immediate colposcopy where
we found 34 CIN2+ (15 CIN3), while 1223 women were
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High grade®

Low grade™

negative

Positive

Negative

* High oncogenic types include 31, 33, 45, 52, and 58 HPV types

§ High grade cytology includes carcinoma, AIS, H-SIL and ASC-H
~ Low grade cytology includes ASC-US, L-SIL, and AGC

g
3.7% (N of women=416)

a
Cytology 16/18 High oncogenic types* Low oncogenic types*

Sy f

3.1% (N of women=193) 1.1% (N of women=268)

h i
2.6% (N of women=644) 0.4% (N of women=1235)

_ 16/18 High oncogenic type Low oncogenic type
d e f

1.5% (N of women=331)

2.0% (N of women=537) 0.5% (N of women=1210)

# Low oncogenic types include 35, 39, 51, 56, 59, 66, 68 HPV types and the cases negative for BD Onclarity

Red cells: immediate colposcopy; orange cells: immediate colposcopy or 1-year HPV retesting; yellow cells: 1-year or 3-year HPV retesting in partial genotyping strategies;
green cells: 1-year HPV retesting or 3-year HPV retesting in both partial and extended genotyping

Table 1: Combinations of genotyping and cytology (a) and DS results (b).

referred to 1-year HPV retesting; 1024 returned at 1 year
and 547 (53.4%) were still positive. Among these 1024
women we found 25 CIN2+ of which 12 CIN3.

Based on the Onclarity genotyping results, the 96
CIN3+ were distributed in the three HPV groups as
follows: 56 (58.3%) among the women positive for
HPV16/18 (n = 667); 26 (27.1%) among the women
positive for high oncogenic types (n = 901); 14 (14.6%)
among the women positive for low oncogenic types
(n = 797) or negative for Onclarity assay (n = 764).

Baseline HPV-positive women were also tested for
DS. A total of 2899 cases had an evaluable result
whereas 230 cases were inadequate or missing and,
among them, we found 2 CIN3 both in the HPV 16/18-
positive subgroup (Supplementary Table S1). In total
821 women resulted DS positive (Supplementary
Table S1; Supplementary Figure Sla); among them
131 CIN2+, of which 80 CIN3, were detected, the ma-
jority of which in the HPV16/18-positive group (50/80,
62.5%), while 20 CIN3 were found in the high onco-
genic (25.0%) and only 10 in the low oncogenic group
(12.5%). In the 2087 DS-negative women, we detected
37 CIN2+, of which 14 CIN3 (Supplementary Table S1;
Supplementary Figure S1b): 4 in the HPV16/18, 6 in the
high oncogenic and 4 among the low oncogenic group.

Estimated performance of different triage
strategies for HPV DNA-positive women

Table 3 reports the performance of each triage strategy
described in Table 2. Referring to immediate colposcopy

www.thelancet.com Vol 104 June, 2024

all the women with HPV16/18 positivity or ASC-
US+ cytology (strategy Cyto-1, Fig. 2), the overall col-
poscopy referral would be 68.7%, with a 1-year HPV
clearance of 51.4%, and an average PPV for CIN3+ of
5.2%. Conversely, if we refer to immediate colposcopy
only women with HG cytology or with HPV16/18 pos-
itivity and simultaneous ASC-US+ cytology (strategy
Cyto-2), we would have a slightly lower overall referral
(58.9%) than in strategy Cyto-1, due to a reduced HPV
clearance (45.9%); moreover, the average PPV for
CIN3+ was slightly higher (6.1%). The combination of
cytology and partial genotyping can also define a 3-level
risk stratification, as in strategy Cyto-3 (Fig. 2). Cytology-
negative women infected with non-16/18 HPV geno-
types have the lowest 24-month CIN3+ risk, ie. 1.1%.
Referring to 3-year rescreening these women, and to
immediate colposcopy only women HPV16/18 and
cytology-positive, would require by far the lowest overall
colposcopy referral (31.8%) with the highest average
PPV (9.8), at the cost of low sensitivity, with 19.2% of
the CIN3 missed in women referred at 3-year rescre-
ening. Strategies Cyto-4, Cyto-5 and Cyto-6 illustrate
three possible solutions to exploit extended genotyping
with a 3-level risk stratification. In all these three stra-
tegies, women with Onclarity negative result or low
oncogenic genotypes, and negative cytology, would be
referred at 3-year rescreening. The 24-month CIN3+
risk of low oncogenic HPV-positive/cytology-negative
women referred to a screening round after 3 years was
0.4%; if we exclude the BD-negative women, the
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Short name  Morphological test ~ Genotyping  Risk-levels  Referral Description of biomarker combination linked to the specific management
Cyto-1 Cytology Partial 2-level Colposcopy Positive for HPV16/18 OR cytology positive (a + b+ c + d + e + f + g)
1-year HPV retesting  Positive for any other HR-types AND cytology negative (h + i)
Cyto-2 Cytology Partial 2-level Colposcopy HG cytology independently of HPV status (a+b + c)
Positive for HPV16/18 AND cytology positive (d)
1-year HPV retesting  Positive for HPV16/18 AND cytology negative (g)
Positive for any other HR types AND negative OR LG cytology (e + f + h + i)
Cyto-3 Cytology Partial 3- level Colposcopy HG cytology independently of HPV status (a+b + c)
Positive for HPV16/18 AND cytology positive (d)
1-year HPV retesting  Positive for HPV16/18 AND cytology negative (g)
Positive for any other HR types AND LG cytology (e + f)
3-year HPV retesting  Positive for any other HR types AND cytology negative (h + i)
Cyto-4 Cytology Extended 3- level Colposcopy HG cytology independently of HPV status (a+b + c)
Positive for HPV16/18 AND cytology positive (d)
1-year HPV retesting  Positive for any other HR types AND LG cytology (e + f)
Positive for HPV16/18 OR high oncogenic HPV types AND cytology negative (g + h)
3-year HPV retesting Positive for low oncogenic HPV types AND cytology negative (i)
Cyto-5 Cytology Extended 3- level Colposcopy Positive for HPV16/18 OR HG cytology (a + b + ¢ + d + g)
Positive for high oncogenic HPV types AND LG cytology (e)
1-year HPV retesting  Positive for low oncogenic HPV types AND LG cytology (f)
Positive for high oncogenic HPV types AND cytology negative (h)
3-year HPV retesting Positive for low oncogenic HPV types AND cytology negative (i)
Cyto-6 Cytology Extended 3- level Colposcopy Positive for HPV16/18 OR cytology positive (a + b+ c+d + e+ f + g)
1-year HPV retesting  Positive for high oncogenic HPV types AND cytology negative (h)
3-year HPV retesting  Positive for low oncogenic HPV types AND cytology negative (i)
DS-1 p16/ki67 Partial 2- level Colposcopy Positive for HPV16/18 OR DS positive (a+b + ¢ + d)
dual staining 1-year HPV retesting  Positive for any other HR-types AND DS negative (e + f)
DS-2 p16/ki67 Partial 2- level Colposcopy Positive for HPV16/18 AND DS positive (a)
dual staining 1-year HPV retesting  Positive for HPV16/18 AND DS negative (d)
Positive for any other HR types independently from DS (b + ¢ + e + f)
DS-3 p16/ki67 Partial 3- level Colposcopy Positive for HPV16/18 AND DS positive (a)
dual staining 1-year HPV retesting  Positive for HPV16/18 AND DS negative (d)
Positive for any other HR types AND DS positive (b + c)
3-year HPV retesting  Positive for any other HR types AND DS negative (e + f)
DS-4 p16/ki67 Extended 3- level Colposcopy Positive for HPV16/18 OR DS positive (a + b + ¢ + d)
dual staining 1-year HPV retesting  Positive for high oncogenic HPV types AND DS negative (e)
3-year HPV retesting Positive for low oncogenic HPV types AND DS negative (f)
DS-5 p16/ki67 Extended 3- level Colposcopy DS positive independently of HPV status (a+b + c)
dual staining 1-year HPV retesting  Positive for HPV16/18 or high oncogenic HPV types AND DS negative (d + e)
3-year HPV retesting  Positive for low oncogenic HPV types AND DS negative (f)
DS-6 p16/ki67 Extended 3- level Colposcopy Positive for HPV16/18 OR high oncogenic HPV types AND DS positive (a+b)
dual staining

1-year HPV retesting

3-year HPV retesting

In gray the strategies reported in Figs. 2 and 3.

Positive for HPV16/18 or high oncogenic HPV types AND DS negative (d + e)
Positive for low oncogenic HPV types AND DS positive (c)

Positive for low oncogenic HPV types AND DS negative (f)

Table 2: Description of the triage strategies included in the evaluation.

24-month CIN3+ risk increased to 0.5%. Referring to
immediate colposcopy all the women with ASC-
US+ cytology or with HPV16/18 positivity would have
the highest proportion of CIN3+ identified at the im-
mediate colposcopy (strategy Cyto-1, 72.4%). Referring
to immediate colposcopy women with ASC-
US+ cytology only when also positive for HPV16/18 or
high oncogenic genotypes would have a slightly lower
overall referral (strategy Cyto-5, 51.4%, Fig. 2).

In the strategies adopting DS instead of cytology
(strategies from DS-1 to DS-6), the results are very similar
to those described above for Cyto strategies (Table 3 and
Fig. 3). In particular, applying a 3-level strategy (DS-3,
DS-4, DS-5, and DS-6), we would obtain similar results to
those shown with the corresponding strategies with
cytology (Cyto-3, Cyto-4, Cyto-5, and Cyto-6) in terms of
sensitivity and 24-month CIN3+ risk in women referred
to a 3-year screening round. Comparing similar
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Fig. 1: Flowchart of the 3129 HPV DNA positive women triaged with cytology. All the baseline analyses are marked in black. All the analyses
performed at 1 year are marked in red. As for the NTCC2 study design, cytology-positive women were referred to immediate colposcopy, while
cytology-negative women were randomized to immediate colposcopy or to 1-year HPV DNA retesting. Those still HPV DNA positive were
referred to colposcopy. The endpoints, CIN2+ and CIN3+ lesions, are reported according to the baseline genotyping results stratified based on
the oncogenic potential of the genotype/s revealed.

Cyto-1 Cyto-3 Cyto-5
HPV-DNA+ HPV-DNA+ HPV-DNA+
100 100 100

(HPV16/18+ OR HG cyto)
Low oncogenic+

HPV16/18+ Other HR-types+ (HPV16/18+ AND cyto+) Other HR-types+ AND (High oncogenic+ AND
OR cyto+ AND cyto- OR HG cyto AND cyto- LG cyto) AND cyto-
Triage Triage Triage
(HPV16/18+ AND cyto-) OR
L (other HR-types+ AND LG cyto) (Low ongogenic+ AND
Immediate Immediate Immediate LG cyto) AND ( High
colpo colpo colpo oncogerfic+ AND cyto-)
39.1 10.7 30.4
(CIN3+2.7) (CIN3+2.1) (CIN3+ 2.6)
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60.9 28.4
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rescreening rescreening
L 40.0
(CIN3+0.7) (CIN3+0.2)
v

A 4 A 4
Screening Screening Screening
31.3 73 8.6

Fig. 2: Proportion of women referred to colposcopy, to 1-year retesting, or to 3-year retesting, and proportion of CIN3+ lesions, detected at
each step, in a cohort of 200 HPV DNA positive women applying, as triage strategy, three most representative combinations of genotyping and
cytology among those described in Table 2. Cyto-1: 2-level protocol with partial genotyping; Cyto-3: 3-level protocol with partial genotyping;
Cyto-5: 3-level protocol with extended genotyping.
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Fig. 3: Predicted outcomes, the proportion of women referred to colposcopy, to 1-year retesting, or to 3-year retesting, and proportion of CIN3+
lesions, detected at each step, in a cohort of 100 HPV DNA positive women applying, as triage strategy, three most representative combinations
of genotyping and dual staining described in Table 2. DS-1: 2-level protocol with partial genotyping; DS-3: 3-level protocol with partial

genotyping; DS-5: 3-level protocol with extended genotyping.

scenarios, the overall colposcopy referral was slightly
lower with DS than with cytology, mostly due to the
higher HPV clearance in DS-negative women when
referred to 1-year HPV retesting.

Fig. 4 represents a summary graph of the overall
colposcopy referral rate and 24-month CIN3+ risk for
triage-negative women, comparing the different 3-level
strategies that apply partial or extended genotyping. All
the scenarios with extended genotyping showed, in
women referred at 3-year retesting, a lower risk of
CIN3+ and a higher colposcopy referral rate than those
observed in strategies adopting partial genotyping.

Estimated regression of precancerous lesions

Comparing the CIN2+ detection in the two arms of
randomization, we could estimate the regression of
CIN2+ in HPV-positive/cytology-negative women. Over-
all, the detection in the immediate colposcopy arm was
3.6% (34 CIN2+ out of 946 women) and in the 1-year
retesting arm was 2.6% (25 CIN2+ out of 964 women)
with an estimated regression in one year of 28% (95%
CI -20% to 57%) (Fig. 1, Table 4). Adopting partial
genotyping, in women who are cytology-negative and
positive for non-16/18 HPV types, the regression would
be 29% (95% CI -38% to 63%). Adopting extended
genotyping, in women cytology-negative and infected
with the low oncogenic types or Onclarity negative, the

regression would be 41% (95% CI —135% to 85%) (Fig. 1,
Table 4). In women who are also DS-negative, the results
are similar: adopting partial genotyping, in women pos-
itive for non-16/18 HPV, the estimated regression would
be 23% (95% CI -74% to 66%) while adopting the
extended genotyping, in the group with the low onco-
genic types or Onclarity negative, the estimated regres-
sion would be 51% (95% CI -93% to 88%)
(Supplementary Figure S1, Table 4). However, all the
estimates are very imprecise, and differences could be
due to chance. It is worth noting that regression in DS-
negative women can be estimated only for those who
are also cytology-negative, since the study design did not
foresee randomization for cytology-positive women. Even
with very sparse numbers, for all these low risk groups,
also CIN3 detection was higher in the immediate col-
poscopy arm than in the 1-year retesting arm. For
example, in women with negative cytology and non-16/18
HPV types, CIN3 detection was 1.1% (9/785) and 0.6%
(4/703) in the two arms respectively (Fig. 1 and
Supplementary Figure S1).

Discussion

Main findings

Three-level triage strategies combining extended geno-
typing and cytology or DS may define a group of HPV-
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% (95% Cl)
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667 (65.0-68.4)
57.9 (54.8-58.4)
25.7 (24.1-27.3)
47.4 (45.6-49.2)
49.6 (47.8-51.4)
39.3 (37.5-41.1)
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201(157 25.1)
20.1 (15.7-25.1)
201(157 25.1)
7 (7.8-12.0)
6.2-9.7)
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14.4-24.4)
14.4-24.4)
6.6-10.0)
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2 (
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(
(

1.8 (0.9-3.1)
3.0 (21-4.1)
4.5 (2.9-6.5)
3.8 (2.6-5.3)
25 (13-43)
2.8 (1.4-5.1)
1.6 (0.8-2.9)
3.9 (2.8-5.2)
7.0 (4.9-9.6)
2.2 (0.7-5.2)
2.0 (1.03.7)
3.2 (1.8-5.2)

51.4 (48.0-54.9)
45.9 (43.5-49.7)
25.7 (20.0-32.8)
27.8 (23.8-32.0)
29.0 (23.8-34.7)
29.0 (23.8-347)
55.2 (51.3-59.1)
48.2 (44.9-51.5)
303 (24.7-36.4)
28.0 (21.6-35.0)
28.9 (24.0-34.3)
30.1 (25.4-35.1)

52 (5.0-53)
6.1 (5.9-6.4)
9.8 (9.3-10.2)
7.6 (7.2-7.9)
6.8 (6.5-7.0)
6.4 (6.2-6.5)
55 (5.2-5.6)
6.6 (6.2-6.9)
10.9 (10.3-11.5)
6.8 (6.4-7.0)
7.0 (6.6-7.3)
7.6 (7.3-8.0)

72.4 (71.0-73.2)
58.4 (56.9-61.1)
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6.0 (5.5-6.6)
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The same accuracy indicators for CIN2 are reported in Supplementary Table S2. *The description of the strategies is reported in Table 2. °95% Cl estimated with Monte Carlo simulation.

Table 3: Referral rate, positive predictive value (PPV), proportion of CIN3 detected, HPV clearance after one year and 24-month CIN3+ risk of different triage strategies.

positive women who have a 24-month risk of CIN3+ low
enough, i.e. 0.4%, to safely refer them at three years.
Our data also suggest that a non-negligible part of CIN2,
and possibly CIN3, found in women with low-risk pat-
terns may regress in less than one year, further

24-month CIN3+ risk for triage negative women referred at 3
years (%)

1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.2

10

The bars reports the 95% confidence intervals

DS-3

20

favouring non-intensive management. This approach
could reduce the overall colposcopy workload to about

50% of HPV-positive women.

Strategies adopting cytology or DS in combination
with extended genotyping gave similar performance.

Cyto-3

30

DS-6

40

Overall colposcopy referral (%)

50

60

Fig. 4: Summary graph of the overall colposcopy referral and 24-month CIN3+ risk, for triage negative women referred at 3-year retesting,
considering all the 3-level triage strategies described in Table 2.
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Immediate colposcopy arm 1-year retesting arm Estimated
regression
N assessed N of Nof % CIN2+ % CIN3 N assessed N of Nof % CIN2+ % CIN3 % 95% Cl
CIN2+ CIN3 detected detected CIN2+ CIN3 detected detected
All cytology negatives 946 34 15 3.6 16 964 25 12 2.6 12 28 -20 to 57
HPV genotyping”
16/18 161 12 6 75 3.7 180 11 8 6.1 4.4 18 -81to 63
All non-16/18 types 785 22 9 2.8 1.1 703 14 4 2.0 0.6 29 -38 to 63
High oncogenic types 270 16 7 5.9 2.6 268 11 3 4.1 11 31 -46 to 67
Low oncogenic types 515 6 2 12 0.4 435 3 1 0.7 0.2 41 -135to0 85
DS
Positive 169 17 7 10.1 4.1 165 13 9 7.9 5.5 22 -56 to 61
Negative 711 16 7 23 1.0 730 10 3 14 0.4 39 -33t72
HPV genotyping® in DS-negative
16/18 101 3 1 3.0 1.0 119 1 1 0.8 0.8 72 -168 to 97
All non-16/18 610 13 6 21 1.0 611 10 2 1.6 03 23 -74 to 66
High oncogenic types 187 7 4 37 21 176 7 1 4.0 0.6 -6 -197 to 62
Low oncogenic types 423 6 2 14 0.5 435 3 1 0.7 0.2 51 -93 to 88

?Genotyping is reported both in two- and three-risk groups. In the two-risk group, i.e. partial genotyping, we distinguish 16/18 from all the other non-16/18 genotypes; in the three-risk group, i.e.
extended genotyping, we further divided the non-16/18 genotypes into high oncogenic (31, 33, 45, 52, and 58) and low oncogenic (35, 39, 51, 56, 59, 66, 68, and the cases that resulted negative to BD

Onclarity).

Table 4: Estimated regression of CIN2+ and CIN3 in HPV-positive/cytology-negative women by baseline biomarker results.
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On the contrary, using partial genotyping only
enabled the identification of a group with a 24-month
CIN3+ risk higher than 1%, both with cytology and DS,
which corresponded to about 20% of the CIN3 missed.
Some of the current guidelines™**** would consider such
a risk too high to refer to 3-year rescreening.

Among the 2-level strategies, we only considered
those that referred to colposcopy both the HPV-positive
women who are triage-positive and those who are triage-
negative but still HPV-positive after one year, as
currently recommended by several guidelines.*” Our
data confirm that, with such strategies, applying strict
criteria for immediate colposcopy referral, i.e. HPV16/
18 and cytology-positive, would lead to a small reduction
of the overall colposcopy workload and would have a
modest impact on overall PPV for CIN3+, compared to
applying wider criteria, i.e. HPV16/18 or cytology-
positive. Similar findings can be observed when
cytology is substituted with DS.

Main limitations

The assays we used as primary HPV DNA screening
tests, HC2 or Cobas, do not allow extended genotyping.
Therefore, we retrospectively assessed extended geno-
typing on HC2 or Cobas HPV-positive samples stored in
the study biobank. Because of this two-step testing, we
found a high proportion of unconfirmed baseline HC2
positive tests (578/1693, 34.1%) and some unconfirmed
Cobas positive tests (186/1436, 13%). Compared with
using only the Onclarity assay, which simultaneously
allows screening and typing, this two-step testing led to
an increase in the specificity of the whole process due to

the identification of the discordant cases, HC2 or Cobas-
positive and Onclarity-negative. In fact, these discordant
cases had a very low 24-month risk of CIN3+; on the
contrary, in our study, we miss the Onclarity-positive
and Cobas or HC2-negative women, which also prob-
ably had very low 24-month CIN3+ risk, but would be
classified as HPV positive using Onclarity as the only
test. In a random sample of women who tested HPV-
negative with HC2 or Cobas, we found 5/333 (1.5%)
Onclarity-positive samples. Thus, we can expect an ab-
solute decrease in the specificity of this magnitude by
using Onclarity as the first level test. These findings are
consistent with those from previous studies showing
that the concordance between HPV DNA tests is far
from perfect, even if all of the assays reach extremely
high sensitivity.”” Moreover, our data suggest that there
is room for optimization of the commercially available
tests, focusing on increasing their specificity. However,
the 2021 Global HPV LabNet HPV DNA proficiency
showed an overall improvement in comparability and
reliability of HR-HPV assays, and panels with
screening-relevant concentrations of HPV genotypes
have been developed.*

The new approach of “equal management for equal
risk” proposed by the US guidelines, shifted from
result-based to risk-based management recommenda-
tions. In the recent management guidelines,”* the de-
cision about the management of women who have such
a low prevalence of CIN3+ that do not require an im-
mediate colposcopy, is based on the prospective 5-year
risk of detecting a CIN3+.** To the end of allowing
the use of the risk-based approach for new technologies
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that have less than 5 years of follow-up, 3-year correlates
of the 5-year risk management thresholds were recently
developed and they will be used in the US Guidelines.*
In our study, we have a limited follow-up period, i.e. 24-
months. Therefore, we cannot make recommendations
based on the established 5-year and 3-year risk thresh-
olds. Nevertheless, other studies confirmed a very low 5-
year CIN3+ risk in cytology-negative women who were
positive for those HR-HPV genotypes that had the
lowest oncogenic potential.?***

It is worth noting that our findings refer to an un-
vaccinated population. In the screening of vaccinated
cohorts, the accuracy of triage biomarkers will change
since both specificity and PPV depend on the probability
of having a CIN2+ lesion when a woman is HPV
infected, which in turn determines the prevalence of
CIN2+.” This probability is type-specific, and a change
in the circulating types will change the accuracy of triage
tests. Nevertheless, the risk within the groups charac-
terized by extended genotyping should not change in the
vaccinated cohorts.

Implications for practice

Delaying to 3 years the HPV retesting of a subset of
HPV-positive women requires a very low risk of CIN3+,
as substantial delays in the detection of CIN3+ can
occur, with a risk of progression to cancer. For rescre-
ening after 3 years the threshold proposed by the USA
guidelines is a 5-year cumulative CIN3+ risk of 0.55%
(which is what was observed after a negative Pap test).
In the 3-level strategies that combine cytology or DS
with extended genotyping we estimated, although with a
large confidence interval, a low 24-month CIN3+ risk
and only a small proportion of CIN3 that would be
detected with a delay >3 years. In addition, our data
suggest important regression of the high-grade CIN
occurring in the women who would be retested after 3
years, even if the study is underpowered to compare
regression across groups.

In the 3-level strategies adopting extended genotyp-
ing, we observed colposcopy referral rates below 50% of
the HPV-positive women, which represent a reduction
of about 20% compared to current protocols. Such a
reduction would be attractive even considering that with
these strategies the interval between screening rounds
would be reduced from 5 to 3 years for about 30% of the
population, and that women who will be still HPV
positive at the new round would likely need more
aggressive management than those positive for the first
time. Longer follow-up from this and other ongoing
studies is needed to assess the 5-year CIN3+ risk of
women in the low-risk group.'**** These studies will
also help quantify the actual clearance after three years,
the HPV infection prevalence, and the colposcopy
referral rate, thus allowing a complete quantification of
the desirable (reducing colposcopies and unneeded
treatments) and undesirable (delaying treatment of
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persistent CIN3, thus increasing the risk of cancer) ef-
fects of these less intensive triage strategies.

Cytology-based triage strategies provide small benefit
in terms of reduction of colposcopies by delaying col-
poscopies for one year because the HPV clearance after
one year in cytology-negative women is only 45%. Thus,
in strategies that foresee the rescreening for part of
cytology-negative women, the reduction in colposcopies
due to 1-year referral of the intermediate risk group
ranges from 0 to 9% of the overall colposcopy burden.
With DS, the proportion of avoided colposcopies with 1-
year referral of the intermediate risk group, ranges from
5 to 11%, the difference due to the DS’s ability to predict
HPV persistence.” Nevertheless, in this study an unbi-
ased comparison between the HPV clearance in cytology-
negative and DS-negative women is not possible, since all
cytology-positive women have been referred to immediate
colposcopy even if DS-negative. Therefore, we had to
assume the HPV clearance in the cytology-positive/DS-
negative women. This assumption may overestimate
the advantage of DS in predicting HPV clearance
compared to cytology.

Conclusions

The effects on both efficiency and protection, of
screening strategies including short-term retesting are
not always intuitive. The present work provides some
hints. We showed that by classifying genotypes into
three groups and combining them with cytology or DS
results, we could stratify women according to their 24-
month risk of CIN3+. Women in the highest risk
group, with a PPV for CIN3+ ranging from 7.8 to 20.1%,
should be referred to immediate colposcopy. An inter-
mediate risk group should be referred to 1-year retest-
ing, and the PPV in those HPV-positive at retesting
ranges from 2.2 to 3.8%. Finally, we can identify a
relatively large group of women, about 40%, that have
such a low 24-month CIN3+ risk that could be referred
to a new screening round after three years, without
further assessment.
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