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Objective To evaluate partial HPV16/18 genotyping as a possible
biomarker to select women attending HPV-based cervical cancer
screening at higher risk to be referred to colposcopy.

Design Population-based cohort study.
Setting Organised cervical cancer screening programmes (Italy).

Population Women with high-risk HPV infection (period: 2015~
2019).

Methods We analysed the association between partial HPV16/18
genotyping, cytology triage and histologically confirmed diagnosis
of high-grade cervical intraepithelial neoplasia (CIN3") lesions.

Main outcome measures Detection rate (DR) and positive
predictive value (PPV) for histologically confirmed CIN3" (any
episode in the 2 years after baseline); sensitivity for CIN3" and
number of colposcopies needed for lesion detection.

Results The study included 145 437 women screened with HPV
testing by the clinically validated COBAS 4800 HPV assay
(Roche). Overall, 9601 (6.6%) women were HPV ™" at baseline;
HPV16 and HPV18 were present in 1865 and 594 samples,
respectively. The cumulative (baseline plus 1-year repeat) cytology

positivity was 42.8% and high-grade cytology was significantly
higher (P < 0.0001) among women with HPV16 infection at
baseline (15.2%). The cumulative CIN3" DR for women with
HPV16, HPV18 and other HPV-type infections was 9.8%, 3.4%
and 1.8%, respectively.

Conclusions Partial HPV16 genotyping may play a role in triage,
whereas HPV18 seems to behave much more similarly to the
other HPV types and does not provide additional stratification.
HPV16 genotyping combined with high-grade cytology can be
envisaged as a triage biomarker in cervical screening to maximise
CIN3" detection while minimising colposcopy at baseline or 1-
year repeat.

Keywords Cervical cancer screening, CIN3, genotyping, HPV,
triage.

Tweetable abstract HPV16 genotyping combined with high-grade
cytology can be used as triage biomarker for CIN3" in HPV-
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Introduction

Cervical cancer is caused by persistent infection with high-
risk human papillomaviruses (HPV),"” and genotypes

HPV16 and HPV18 cause approximately 70% of the global
cervical cancer cases.’

Screening tests are used to identify women at risk of
developing cancer and aim to reduce the risk of disease
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and associated mortality by detecting and treating precur-
sor lesions before they progress to cervical cancer.*

European guidelines recommend primary HPV testing
for organised, population-based screening.’

In Italy, the implementation of organised cervical screen-
ing programmes has been recommended since 1996,° and
screening has been included in the Ministry of Health’s list
of ‘Essential Health Interventions’ since 2001.” Organised
screening programmes are implemented at a regional level
and are based on call-and-recall invitation of all women
aged 25-64 years, and systematic monitoring of the indica-
tors set by the Ministry of Health is performed annually.

In 2013, following the results of pilot projects including
25- to 64-year-old or 35- to 64-year-old women, the Italian
Ministry of Health included HPV test every 5 years as an
option for screening programmes for women aged
>30 years.® The National Prevention Plan 2014-2018 set as
an objective the full implementation of HPV-based screen-
ing by 2018;” timing of this implementation differs by
region.

HPV infections have a transient nature, with only a small
proportion of HPV-positive women developing high-grade
cervical intraepithelial neoplasia (CIN).'>!!

Therefore, all HPV-positive results need additional triage
in order to identify women with a high risk of cervical can-
cer and precancer (CIN3"). Cytology is the most frequently
used triage strategy, but the management of HPV-positive
women with negative cytology is particularly challenging, as
the risk of disease is too high to return these women to
regular screening but too low for colposcopy referral,'> '
and needs additional testing.

Multiple studies have evaluated triage strategies for
HPV-positive women in large screening cohorts.'® 2>
Strategies with immediate cytology, HPV16/18-genotyping,
repeat HPV testing and/or repeat cytology have been iden-
tified and adopted in current HPV-screening guidelines.

We analysed the association between partial 16/18 geno-
typing of HPV-positive tests with triage cytology and histo-
logically confirmed diagnosis of high-grade lesions in
women attending three population-based cervical screening
programmes in order to investigate the usefulness of geno-
typing as triage test.

Methods
Study population

Women attending organised population-based cervical can-
cer screening by HPV testing in three different regions of
North (Veneto and Emilia-Romagna) and Central
(Umbria) Italy were included in the study.

Veneto and Emilia-Romagna participated with one of
the three regional centralised HPV laboratories, whereas
Umbria with the only one regional laboratory. Organised

cervical cancer screening has been in place in all three
regions for more than 20 years; HPV testing has replaced
cytology as the primary test since 2015.

The Italian HPV-screening protocol was applied to
women older than 30 years and included HPV testing with
cytology triage®® for HPV positives. Women with positive
HPV (HPV") and positive cytology (diagnosis of atypical
squamous cells of undetermined significance (ASC-US) or
worse — cyto”) underwent immediate colposcopy; women
with HPV" and negative cytology (cyto~) were referred to
HPV re-testing at 1 year. In this paper, we refer to HPV
testing plus cytology triage and eventual colposcopy as
‘baseline’. After 1 year, women with persistent infection
underwent colposcopy (irrespective of cytology result),
whereas those with a negative HPV returned to regular
screening (i.e. they were invited for HPV testing after 5
years (Figure 1).

For women sent to colposcopy, in the case of negative
colposcopy (see criteria in the following paragraph) women
were followed by repeat testing, according to the local pro-
tocols, with timing between visits being defined according
to cytology grade.

A 2-year period of post-colposcopy follow up (FUP) was
available and was considered for this study. Despite the
availability of national indications for the FUP protocol
after an abnormal Pap test and a negative colposcopy, there
is no uniformity in their application,*® in particular regard-
ing the timing between control visits. For this reason, any
episode of FUP following the baseline was evaluated, and
the first episode with a diagnosis of CIN3" was recorded.

Data about HPV test, cytology, colposcopy and histologi-
cal diagnosis at baseline and 1-year repeat were extracted
by the screening programmes databases. As regards post-
colposcopy FUP, only data for HPV positivity and histolog-
ical diagnosis were available.

HPYV test, cytology and colposcopy

HPV testing was performed by the clinically validated
COBAS 4800 HPV assay (Roche Molecular Systems,
Pleasanton, CA, USA), based on real-time polymerase chain
reaction (PCR) technology.

The method detects 14 HPV types (the 12 designed as
high-risk by the IARC, plus types 68 and 66) and provides
specific results for HPV16 and HPV18, and altogether for
the other 12 types (hereafter referred to as nonl6/18HPV),
and includes an internal quality control (beta-globin) for
each sample. In the case of multiple infections, women
with at least HPV16 (including HPV18) were classified as
HPV16, and women with HPV18 or co-infected by HPV
18 and other non-16 types were classified as HPV18. Typ-
ing was not used for triage.

Cytology triage was classified according to the 2014
Bethesda reporting system: negative for intraepithelial
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Figure 1. Flowchart of the study.

lesion or malignancy (NILM) and epithelial cell abnor-
malities categorised in low grade (LG) and high grade
(HG). LG includes ASC-US and low-grade squamous
intraepithelial lesion (LSIL). HG includes atypical squa-
mous cells, not excluding high-grade SIL (ASC-H), high-
grade squamous intraepithelial lesion (H-SIL), atypical
glandular cells favor neoplastic (AGC), adenocarcinoma
in situ (AIS), squamous cell carcinoma and adenocarci-
noma.”’

Colposcopies were performed according to the 2011 col-
poscopic terminology of the International Federation for
Cervical Pathology and Colposcopy (IFCPC).*® Cervix and
squamocolumnar junction visibility, type of transformation
zone (1, 2, 3) and grading of colposcopic findings (grade 1,
minor; grade 2, major) were recorded. Biopsy was per-
formed in the case of suspected lesions or high-grade cytol-
ogy. Endocervical curettage was performed in the case of
glandular atypia.

Statistical analysis

The primary outcomes of the study were (i) the prevalence
of HPV types at baseline, (ii) the detection rate (DR) and
positive predictive value (PPV) for histologically confirmed
CIN3" (any episode in the 2 vyears after baseline) of
HPV16, HPV18 and nonl6/18HPV, and (iii) the sensitivity
for CIN3" and number of colposcopies needed for lesion

detection. Histologically confirmed CIN2" was a secondary
outcome of the study.

The parameters listed below were calculated for HPV16,
HPV18 and nonl6/18HPV groups.

At baseline

o HPV test positivity (HPV" tests/HPV tests).

e Proportion of positive cytology among HPV" (women
with cyto” at baseline/HPV" women), overall and by cytol-
ogy grade (low, high).

e Detection of CIN3" and CIN2" among HPV' (women
with histologically confirmed CIN3" (CIN2") at baseline/
HPV" women).

e Positive predictive value (PPV) for CIN3" and CIN2" of
biopsy (women with histologically confirmed CIN3"
(CIN2") at baseline/biopsies performed).

At 1-year repeat

o Persistence of HPV positivity at 1-year (HPV" tests/HPV
tests at repetition).

e Proportion of positive cytology at 1-year repeat (women
with cyto” at 1-year/ HPV tests at repetition), overall and
by cytology grade (low, high).

e Detection of CIN3* and CIN2" (women with histologi-
cally confirmed CIN3" (CIN2") at 1-year repeat/HPV tests
at repetition).
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e Positive predictive value (PPV) for CIN3" and CIN2" of
biopsy (women with histologically confirmed CIN3"
(CIN2") at 1-year repeat/biopsies performed at repetition).

Cumulative
e Detection of CIN3" and CIN2" (women with histologi-
cally confirmed CIN3" (CIN2") at baseline + 1-year repeat/
HPYV tests at baseline).
e Positive predictive value (PPV) for CIN3* and CIN2" of
biopsy (women with histologically confirmed CIN3"
(CIN2") at baseline + 1-year repeat/biopsies performed at
baseline + 1-year repeat).

For women with a persistent HPV infection at 1-year,
we compared the HPV type detected at baseline with the
HPV type at repetition.

At follow up
e Results for HPV testing.
e CIN3" detection rate.

All analyses were performed for all screened women and
(limited to Umbria and Veneto regions) stratifying the
indicators in four age classes (2529, 30—44, 45-54 and 55—
64 years).

A sensitivity analysis was performed estimating the main
outcomes (i.e. the baseline and cumulative detection of
CIN3") excluding all women who had multiple HPV types
detected.

Finally, according to the study results, we identified dif-
ferent triage strategies of HPV positives at the baseline and
for women with a persistent HPV at the 1-year repeat. For
each strategy, the relative sensitivity for CIN3" lesions (with
95% confidence intervals), compared with a reference strat-
egy, and the number of colposcopies needed to detect one
lesion (CIN3") were computed. The reference strategy at
baseline (Strategy 1) refers to colposcopy for all HPV"
women with a positive triage cytology (any grade of cyto-
logical positivity) or with HPV16. The reference strategy at
the 1-year repeat (Strategy 5) refers to colposcopy for all
women testing HPV".

Differences in outcomes distribution among HPV types
were tested using the Chi-square test (3°) and the Fisher’s
Exact test.

A P-value <0.05 was considered statistically significant.
SAS, v.9.4 (SAS Institute, Cary, NC, USA) was used for all
analyses.

Core outcome sets and patient involvement are not rele-
vant to this study.

Results

This study included 145 437 women screened with an HPV
test between January 2015 and December 2017 (Table S1).
Overall, more than 90% of women were older than 35

years, but this proportion was lower for the Veneto cohort
than for the other cohorts (86% versus 100%), as a pilot
project involving women aged 25-64 years was conducted
in Veneto starting in 2009,” whereas the pilot phase in
Emilia Romagna and Umbria only included women older
than 35 years.”®?’

The results are presented divided by the specific time-
points of the screening episodes: baseline; 1-year repeat and
cumulative; follow up.

Baseline

At baseline 9601 (6.6%) women were HPV': 1.28% for
HPV16, 0.41% for HPV18, and 4.91% for non-16/18HPV
types (Table 1).

Overall, 35.1% of HPV" women at baseline were positive
at cytology triage: 44.1% for HPV16, 34.3% for HPV18
and 32.8% for non-16/18HPV (P < 0.0001). These results
were consistent among the three study regions.

An HG cytology was diagnosed in 15.2% (283/1865) of
HPV16+ women versus 7.4% (44/594) of women with
HPV18 and 4.8% (346/7142) of women with non-16/
18HPV (P < 0.0001).

At baseline, 3369 HPV" cyto® women were referred to
colposcopy, and 3110 attended (attendance rate 92.3%).
The detection rate of CIN3" was 2.7% (256/9601): 7.9%
among women with HPV16 infection (148/1865), 2.0%
among women with HPV18 infection (12/594) and 1.3%
among women with non-16/18HPV infection (96/7142;
P < 0.0001) (Table 1).

The detection of CIN3" was mainly associated with an
HG cytology (31.8%) versus 1.5% with LG cytology
(P < 0.0001).

One-year repeat

Attendance with the repetition of HPV testing at 1 year
was 79.3% (4943/6232). HPV positivity was recorded for
59.1% (2922/4943), with statistically significant differences
according to HPV type at baseline: 67.0% for HPVIS,
62.7% for HPV18 and 572% for non-16/18HPV
(P < 0.0001) (Table 1).

Among the women with positive HPV test at the 1-
year repeat, type-specific persistence was recorded in
86.3% for HPV16 and 76.8% for HPV18, whereas repeat
positivity for non-16/18HPV types was observed in 95%
of the cases.

The result of cytology at the 1-year repeat is available for
2843/2922 (97%) women; 25.9% (737/2843) tested positive,
without any statistically significant difference by HPV type
at baseline. However, women with HPV16 at baseline and
persistent HPV infection were twice as likely to have HG
cytology compared with women with HPV18 or other HPV
types (10.8% [57/526] compared with 7% [13/187] and
4.7% [100/2130], respectively; P < 0.0001).
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Table 1. Comparison of the main results at baseline, at the 1-year repeat and cumulative, according to HPV type at baseline

Screened women: 145 437

HPV type 16 18 non16/18 All types P-value
Baseline
Type of HPV (n) 1865 594 7142 9601
Prevalence rates per 100 screened women 1.28 0.41 4.91 6.60
Triage cytology
Positive (ASC-US™) cytology per 100 HPV™ (n) 44.1 (823) 34.3 (204) 32.8 (2342) 35.1 (3369) <0.0001
Low-grade cytology, % (n) 29.0 (540) 26.9 (160) 27.9 (1996) 28.1 (2696) 0.73
High-grade cytology, % (n) 15.2 (283) 7.4 (44) 4.8 (346) 7.0 (673) <0.0001
Histology
Total histologies 757 189 2164 3110
CIN3™ per 100 HPV™ (n) 7.9 (148) 2.0(12) 1.3 (96) 2.7 (256) <0.0001
CIN2" per 100 HPV™ (n) 14.4 (269) 6.4 (38) 3.7 (263) 5.9 (570) <0.0001
PPV for CIN3™ of biopsy per 100 histologies (n) 19.6 (148) 6.3 (12) 4.4 (96) 8.2 (256) <0.0001
PPV for CIN2" of biopsy per 100 histologies (n) 35.5 (269) 20.1 (38) 12.2 (263) 18.3 (570) <0.0001
1-year repeat
HPV tests 811 311 3821 4943
HPV type x 100 HPV tests (n) 67.0 (543) 62.7 (195) 57.2 (2184) 59.1 (2922) <0.0001
Cytology
Total cytologies 526 187 2130 2843
Positive (ASC-US™) cytology per 100 cytologies (n) 27.8 (146) 28.3 (53) 25.3 (538) 25.9 (737) 0.28
Low-grade cytology, % (n) 16.9 (89) 21.4 (40) 20.6 (438) 19.9 (567) 0.27
High-grade cytology, % (n) 10.8 (57) 7.0 (13) 4.7 (100) 6.0 (170) <0.0001
Histology
Total histologies 527 188 2084 2799
CIN3™ per 100 HPV tests (n) 4.2 (34) 2.6 (8) 0.8 (31) 1.5 (73) <0.0001
CIN2" per 100 HPV tests (n) 7.9 (64) 4.8 (15) 2.9 (112) 3.9 (191) <0.0001
PPV for CIN3™ of biopsy per 100 histologies (n) 6.4 (34) 4.2 (8) 1.5 (31) 2.6 (73) <0.0001
PPV for CIN2" of biopsy per 100 histologies (n) 12.1 (64) 8.0 (15) 5.4 (112) 6.8 (191) <0.0001
Cumulative index
HPV™ at baseline 1865 594 7142 9601
Histology
Total histologies 1284 377 4248 5909
CIN3" per 100 HPV" at baseline (n) 9.8 (182) 3.4 (20) 1.8 (127) 3.4 (329) <0.0001
CIN2" per 100 HPV" at baseline (n) 17.9 (333) 8.9 (53) 5.3 (375) 7.9 (761) <0.0001
PPV for CIN3™ of biopsy per 100 histologies (n) 14.2 (182) 5.3 (20) 3.0 (127) 5.6 (329) <0.0001
PPV for CIN2" of biopsy per 100 histologies (n) 25.9 (333) 14.1 (53) 8.8 (375) 12.9 (761) <0.0001

CIN3™, CIN27, cervical intraepithelial neoplasia grade 3+, 2+; HPV, human papillomavirus; ASC-US, atypical squamous cells of undetermined

significance; PPV, positive predictive value.

Women with a positive HPV test at 12 months were
referred to colposcopy; the attendance rate was 95.8%
(2799/2922). The CIN3" detection was 1.5% (73/4943),
higher with positivity at baseline for HPV16 than other
HPV types, ie. 4.2% (34/811) versus 2.6% (8/311) for
HPV18 infection and 0.8% (31/3821) for other HPV infec-
tion (P < 0.0001).

The detection of CIN3" was 4.6% in women with persis-
tent HPV16 infection at 1 year, whereas it was 1.4% in
women with persistence of infection by HPV18 or other
HPV types (P < 0.001).

Cumulative

The cumulative (baseline plus 1-year repeat) cytology posi-
tivity was 42.8% (4106/9601) and HG cytology was signifi-
cantly higher with HPV16 infection at baseline (18.2%;
340/1865) than with HPV18 or other HPV types (9.6%;
57/594 and 6.2%; 446/7142, respectively) (P < 0.0001).

The cumulative detection of CIN3" was 3.4% overall
(329/9601) and it was two or three times greater for
women with HPV16 infection than for women with
HPV18 or nonl6/18HPV (9.8% versus 3.4% and 1.8%,
respectively; P < 0.0001) (Table 1).
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When women with multi-infections were excluded, the
baseline detection of CIN3" was 8.3% in women with
HPV16 alone, 1.5% in women with HPV18 alone and
1.3% in women with non-16/18HPV. The cumulative
detection of CIN3" for the aforementioned groups was,
respectively, 10.5%, 2.3% and 1.8%, similar to those
observed for the three groups in the main analysis.

Follow up
Follow-up data were available for 2452/5148 (47.6%)
women; most missing data refer to women whose follow
up was not completed, mainly women in follow up after 1-
year HPV persistence. The HPV persistence was 57.5%;
higher for HPV16 than for HPV18 or nonl6/18HPV
(65.4% versus 57.1% and 55.4%, respectively; P < 0.0001).
The detection of CIN3" at follow up was 0.8%, higher
with HPV16 at baseline (2.5%) than with HPV18 or with
nonl6/18HPV  types (0.0% and 0.5%, respectively;
P < 0.0001).

Analysis by age

HPV positivity was 18.9% in the 25-29 age group and
decreased at increasing age to 3.7% in the 55-64 group
(Table 2). A different prevalence of the HPV types in rela-
tion to age was also observed; in particular, HPV16

infection was more frequently detected in the 25- to 29-
year-old group than in the other groups: 4.6% versus 1.9%
(30-44), 1.0% (45-54) and 0.6% (55-64), respectively
(P < 0.0001).

The cumulative detection of CIN3" was higher in the
25-29 (3.5 per 1000 screened) and in the 30-44 age (4.0)
groups and decreased to 1.6 in the 45-54 and 0.7 in the
55-64 age groups (P < 0.0001) (Table 2).

In the two younger age groups (i.e. 2544 years), about
two-thirds of CIN3" cases were associated with HPV16
(67% in the 2- to 29-year-olds and 60% in the 35- to 44-
year-olds), whereas about half of the cases were associated
with HPV16 (48% in both age groups) in older women,
and nonl6/18 HPV types accounted for 42% and 44% of
cases, respectively, in women 45-54 and 55-64 years old.

Comparison of triage strategies

Figure 2 shows the combination of sensitivity and speci-
ficity for CIN3" (panel A), and sensitivity and number
of colposcopies needed (NNC) to detect one lesion
(panel B) for various strategies at the baseline and at 1-
year repeat. Compared with the reference strategy (high-
est sensitivity) for the baseline (referral to colposcopy of
women with positive cytology or HPVI16), the strategy
based on HPV16 alone (Strategy 3) would detect about

Table 2. Comparison of HPV positivity at baseline and cumulative lesions (baseline + 1-year HPV repeat), by HPV type and age class (data from

Veneto and Umbria regions)

Age class 25-29 years 30-44 years 45-54 years 55-64 years P-value*
Screened women Total n = 3441 Total Total Total
n = 45 446 n =41 388 n = 35 296
n % n % n % n %
Baseline HPV* Total 651 18.9 4002 8.8 2298 5.6 1294 3.7 <0.0001
HPV 16 159 46 854 1.9 398 1.0 220 0.6 <0.0001
HPV 18 35 1.0 253 0.6 164 0.4 72 0.2 <0.0001
non16/18 HPV 457 13.3 2895 6.4 1736 4.2 1002 2.8 <0.0001
Cumulative n %o n %o n Yo n %o
CIN3™ Total 12 35 183 4.0 67 1.6 25 0.7 <0.0001
(per 1000) HPV 16 8 2.3 109 2.4 32 0.8 12 0.3 <0.0001
HPV 18 0 0.0 6 0.1 7 0.2 2 0.1 0.48
non16/18 HPV 4 1.2 68 1.5 28 0.7 1 0.3 <0.0001
P-value** 0.002 <0.0001 <0.0001 <0.0001
CIN2* Total 37 10.8 427 9.4 159 3.8 51 1.4 <0.0001
(per 1000) HPV 16 20 5.8 208 4.6 54 1.3 20 0.6 <0.0001
HPV 18 1 0.3 24 0.5 14 0.3 5 0.1 0.04
non16/18 HPV 16 4.6 195 43 91 2.2 26 0.7 <0.0001
P-value** <0.0001 <0.0001 <0.0001 <0.0001

CIN3™, CIN27, cervical intraepithelial neoplasia grade 3+, 2+; HPV, human papillomavirus.

*Comparison by age class.

**Comparison by HPV type within each age class.
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0.33(0.32-0.34) 12.1
0.18(0.17-0.19) 9.4
0.21(0.20-0.22) 7.7

1-specificity for
CIN3+(95% CI)

Colposcopies needed to
detect one CIN3+ (n)

0.59 (0.57 - 0.60) 383
0.22(0.21-0.23) 189

Figure 2. Comparison of triage strategies of positive HPV at baseline and 1-year repeat: combination of sensitivity and specificity for CIN3* (A) and

sensitivity for CIN3™ and number of colposcopies needed to detect one lesion (B).

two-thirds of CIN3" (relative sensitivity 0.63, 95% CI
0.57-0.68). On average, 9.4 colposcopies would be
needed to detect one CIN3", compared with 12.1 under
the current strategy (positive triage cytology, Strategy 2).
Referring to colposcopy, both HPV16 and non-16HPV
with high-grade triage cytology (Strategy 4) would yield
a sensitivity of 0.93 (95% CI 0.90-0.96), with the lowest
NNC to detect one CIN3" (7.7).

At the 1-year repeat, referring to colposcopy women with
a persistent HPV16 or a persistent non-16HPV with posi-
tive cytology (Strategy 6) would miss 18% CIN3" (relative
sensitivity 0.82, 95% CI 0.71-0.90), compared with the
(current) referral of all women with persistence of HPV
(Strategy 5). However, the NNC to detect one CIN3*
would be 18.9 versus 38.3.

Discussion

Main findings

In this study we evaluated partial HPV16/18 genotyping as
a triage biomarker for high-risk HPV-positive women iden-
tified within organised HPV cervical screening, in order to
devise new strategies to improve its efficacy. This is espe-
cially important for the management of HPV-positive
women with negative cytology at baseline, which is particu-
larly challenging.*

Infection by HPV16 was associated with greater detec-
tion of high-grade cytology, viral persistence and CIN3"
development than any other HPV type (including HPV18)
at all time-points considered (baseline, 1-year repeat, follow
up). With all analyses, it emerged that HPV18 infection
behaves more similarly to other high-risk HPV types than
to HPVI16, in accordance with previously published
results.*’ This implies that the sensitivity and PPV values
of HPV16/18 are considerably lower than those of HPV16
alone. Indeed, the HPV18 infection represents a peculiar
situation due to its rather low risk for pre-neoplastic
lesions coupled with a high risk of cancer, especially the
glandular type, which is more difficult to diagnose by cyto-
logical screening.

In particular, triage cytology at baseline was positive in
almost half of women with HPV16, but in only one-third
of women with HPV18 or other HPV types. Further, about
one in three of positive cytologies in HPV16 cases were
HG, as compared with one in five with HPV18 and one in
seven with nonl6/18HPV.

According to the Italian screening protocol, women who
test HPV-positive/cytology-negative are referred to repeat
HPV testing after 1 year, followed by colposcopy in the
case of positivity (irrespective of cytology result). Overall,
nearly 60% of these women are still HPV-positive, and
viral persistence was greater in women with HPV16 than
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with other HPV type infection at baseline (up to 10 per-
centage points than for HPV18), without significant differ-
ences by age. Longer intervals between baseline and HPV
testing repetition, as well as risk stratification by molecular
biomarkers, have been proposed.'*'¢

The role of HPV16 also emerged when considering histo-
logically confirmed high-grade lesions. At baseline, the
overall detection of CIN3" was 2.7%, with a PPV for
HPV/cyto” at colposcopy of 8.2%. The detection of CIN3*
among women infected by HPV16 was 7.9%, with a PPV
of 19.6%, whereas HPV18 infection had a lower association
with CIN3™ (CIN3" detection 2.0%, PPV 6.3%), closer to
nonl6/18HPV types (CIN3" detection 1.3%, PPV 4.4%).

At the 1-year recall, the detection of CIN3" decreased, as
expected, but the association with HPV16 was confirmed
(PPV of 6.4% versus 4.2% for HPV18 and 1.5% for other
HPV types).

As expected, the detection of CIN3" further decreased at
follow up, but also in this case, the relative weight of
HPV16 compared with the other HPV types was further
strengthened.

These findings highlight that partial HPV16 genotyping
may play a role in improving immediate and short-term
triage, whereas HPV18 seems to behave much more simi-
larly to the other HPV types and does not provide addi-
tional stratification. Nonetheless, as several studies indicate
that HPV18 persistence is associated with an increased
long-term risk,”" *! it is very important to follow up these
women appropriately.

Strengths and limitations

Our findings derive from routine clinical practice within
quality-assured population-based organised cervical cancer
programmes. Attendance was 92.3% at immediate col-
poscopy and 95.8% at colposcopy after 1-year HPV persis-
tence, and compliance with HPV repetition at 1 year was
79%. Moreover, the main results showed high levels of
consistency among the three study regions, supporting gen-
eralisability to Italy as a whole, and possibly to other Euro-
pean countries.

A limitation of our study is that not all the analyses per-
formed for the baseline and 1-year recall could be per-
formed for the follow-up outcomes (especially for
cytology) due to partial availability of the data. Moreover,
as not all the women underwent colposcopy, we cannot
exclude some risk of verification bias.

Interpretation

The close association between HPV16 infection at baseline
and CIN3" at all three time-points could be exploited
within triage protocols based on partial HPV16 genotyping,
to provide a more efficient risk stratification and to reduce

the number of colposcopies needed to detect a lesion, as
suggested by the recent literature.*?

Based on these findings, Figure 2 provides a separate
analysis of the role of the strategies for CIN3" at baseline
and the 1-year repeat.

e At baseline, the most sensitive strategy (1, positive cytol-
ogy or HPV16) does not seem to offer the best balance
between lesion detection and the need for colposcopies. On
the other hand, Strategy 4 (HPV16 or nonl6-HPV with
HG cytology), which combines reasonable sensitivity with a
considerable decrease in the required number of colpo-
scopies, appears to be the most attractive.

e At l-year recall, Strategy 6 (HPV16 persistence or nonl6-
HPV with HG cytology), compared with the reference,
which is the current standard in Italy, shows a saving of
about 50% in the number of colposcopies needed and a
reasonable loss of sensitivity.

Previous studies have shown other strategies to be
effective. In particular, data from the ATHENA study
suggested referring to colposcopy women who were ASC-
US/HPV-positive and LSIL or more severe cytology, irre-
spective of HPV result, as well as all women who were
cytology-negative/HPV16/HPV18-positive.*> This strategy
is very similar to the one presented in our analysis for
baseline, but a direct comparison is not possible, as we
have analysed HPV16 separately from the other HPVs.
As the birth cohorts involved in the HPV vaccination
campaigns will come up for cervical screening, the clini-
cal relevance of partial HPV16 genotyping will decrease,

44 and

and different triage strategies will be necessary. We
others*’ have reported that other HPV types are
associated with increased risk for CIN3" development, in
particular HPV33, HPV 35, HPV31; additional typing
might therefore be wuseful, especially
cohorts.

Given the important role of HPV16 in detecting CIN3"
lesions, as highlighted in our study, it appears that a strat-

in vaccinated

egy in which HPV16 positivity is utilised as a stratification
tool may answer a currently posed question as to whether
it is necessary to detect all CIN3™ or just those that are
most likely to progress.

Conclusions

The results of this study demonstrate that within organised
cervical screening the combination of partial genotyping
and HG cytology has a potential for better stratification
after HPV positivity.

Acknowledgements
The authors wish to thank Dr. Luca Weis for assistance in
the analysis of data and helpful discussion.

1360

© 2020 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd



Disclosure of interests

The authors declare no potential conflicts of interest. Com-
pleted disclosure of interests forms are available to view
online as supporting information.

Contribution to authorship

SG conceived the study, collected and analysed the data
and drafted the manuscript. MZ, CC, RF, BP locally coor-
dinated the screening activities and retrieved the data. JB
and MZ performed the statistical analyses and reviewed the
manuscript. SG, DG, HF, GS, SB, CF, EC performed HPV
and/or cytological analyses. ADM supervised the planning
design and the data analyses and reviewed the manuscript.
All authors read and approved the final version of the
manuscript.

Details of ethical approval
The study was performed in the context of a clinical service
review and therefore ethical approval was not required.

Funding

None.

Supporting Information

Additional supporting information may be found online in
the Supporting Information section at the end of the
article.

Table S1. Regions involved in the study, with study peri-
ods, number of screened women overall and by age, and
proportion of positive HPV tests. l

References

1 Bruni L, Albero G, Serrano B, Mena M, Gémez D, Munoz J, et al.
ICO HPV Information Centre on HPV and Cancer (HPV Information
Centre). Human Papillomavirus and Related Diseases in the World.
Summary Report 17 June 2019.

2 Walboomers JMM, Jacobs MV, Manos MM, Bosch FX, Kummer JA,
Shah KV, et al. Human papillomavirus is a necessary cause of
invasive cervical cancer worldwide. J Pathol 1999;189:12-9.

3 de Sanjose S, Quint WGV, Alemany L, Geraets DT, Klaustermeier JE,
Lloveras B, et al. Human papillomavirus genotype attribution in
invasive cervical cancer: a retrospective cross-sectional worldwide
study. Lancet Oncol 2010;11:1048-56.

4 HIQA-Health Information and Quality Authority. Health technology
assessment of human papillomavirus testing as the primary
screening method for prevention of cervical cancer. 2017. Available
at:  https://www.hiqga.ie/sites/default/files/2017-05/HPV %20HTA %
20technical%20report-%2026052017_updated.pdf. Accessed 19
August 2020.

5 von Karsa L, Arbyn M, De Vuyst H, Dillner J, Dillner L, Franceschi S,
et al. European guidelines for quality assurance in cervical cancer
screening — Second Edition Supplements. 2015, 1-166.

Partial HPV16/18 genotyping as triage biomarker

6 Ronco G, Giubilato P, Carozzi F, Maina G, Zappa M. Italian cervical
cancer screening survey group. Extension of organized cervical
cancer screening programmes in Italy and their process indicators,
2011-2012 activity. Epidemiol Prev 2015;39(Suppl 1):61-76.

7 Grazzini G, Zappa M. Attendance in cancer screening programmes
in ltaly. JPH 2008;5:117-24.

8 Ministero della Salute. Piano Nazionale della Prevenzione 2010-
2012. 2010. Available at: http://www.salute.gov.it/imgs/C_17_pubb
licazioni_1383_allegato.pdf. Accessed 19 August 2020.

9 Dorizzi RM. Screening oncologici. Riv Ital della Med di Lab
2007;3:222-3.

10 Schiffman M, Castle PE, Jeronimo J, Rodriguez AC, Wacholder S.
Human papillomavirus and cervical cancer. Lancet 2007;370:890—
907.

11 Bulkmans NWIJ, Berkhof J, Bulk S, Bleeker MCG, Van Kemenade FJ,
Rozendaal L, et al. High-risk HPV type-specific clearance rates in
cervical screening. Br J Cancer 2007;96:1419-24.

12 Arbyn M, Ronco G, Anttila A, Meijer CILM, Poljak M, Ogilvie G,
et al. Evidence regarding human papillomavirus testing in secondary
prevention of cervical cancer. Vaccine 2012;30:F88-99.

13 Arbyn M, Roelens J, Simoens C, Buntinx F, Paraskevaidis E, Martin-
Hirsch PP, et al. Human papillomavirus testing versus repeat cytology
for triage of minor cytological cervical lesions. Cochrane Database
Syst Rev 2013;(3):CD008054.

14 Dijkstra MG, Snijders PJF, Arbyn M, Rijkaart DC, Berkhof J, Meijer
CJLM. Cervical cancer screening: on the way to a shift from
cytology to full molecular screening. Ann Oncol 2014;25:927-35.

15 Wright TC, Massad LS, Dunton CJ, Spitzer M, Wilkinson EJ,
Solomon D. 2006 consensus guidelines for the management of
women with abnormal cervical screening tests. J Low Genit Tract
Dis 2007;11:201-22.

16 Rijkaart DC, Berkhof J, Van Kemenade FJ, Coupe VMH, Hesselink
AT, Rozendaal L, et al. Evaluation of 14 triage strategies for HPV
DNA-positive women in population-based cervical screening. Int J
Cancer 2012;130:602-10.

17 Dijkstra MG, van Niekerk D, Rijkaart DC, van Kemenade FJ,
Heideman DA, Snijders PJ, et al. Primary hrHPV DNA testing in
cervical cancer screening: How to manage Screen-Positive Women?
A POBASCAM Trial Substudy. Cancer Epidemiol Biomarkers Prev
2014,;23:55-63.

18 Wright TC, Stoler MH, Sharma A, Zhang G, Behrens C, Wright TL,
ATHENA Study Group. Evaluation of HPV-16 and HPV-18
genotyping for the triage of women with high-risk HPV+ cytology-
negative results. Am J Clin Pathol 2011;136:578-86.

19 Naucler P, Ryd W, Tornberg S, Strand A, Wadell G, Elfgren K, et al.
Efficacy of HPV DNA testing with cytology triage and/or repeat HPV
DNA testing in primary cervical cancer screening. J Nat/ Cancer Inst
2009;101:88-99.

20 Castle PE, Stoler MH, Wright TC, Sharma A, Wright TL, Behrens
CM. Performance of carcinogenic human papillomavirus (HPV)
testing and HPV16 or HPV18 genotyping for cervical cancer
screening of women aged 25 years and older: a subanalysis of the
ATHENA study. Lancet Oncol 2011;12:880-90.

21 Ronco G, Zappa M, Franceschi S, Tunesi S, Caprioglio A, Confortini
M, et al. Impact of variations in triage cytology interpretation on
human papillomavirus-based cervical screening and implications for
screening algorithms. Eur J Cancer 2016;68:148-55.

22 Arbyn M, Xu L, Verdoodt F, Cuzick J, Szarewski A, Belinson JL, et al.
Genotyping for human papillomavirus types 16 and 18 in women
with minor cervical lesions: A systematic review and meta-analysis.
Ann Intern Med 2017;166:118-27.

© 2020 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd 1361


https://www.hiqa.ie/sites/default/files/2017-05/HPV%2520HTA%2520technical%2520report-%252026052017_updated.pdf
https://www.hiqa.ie/sites/default/files/2017-05/HPV%2520HTA%2520technical%2520report-%252026052017_updated.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1383_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1383_allegato.pdf

Gori et al.

23 Ronco G, Biggeri A, Confortini M, Rossi PG, Naldoni C, Segnan N,
et al. Ricerca del DNA di papillomavirus umano (HPV) come test
primario per lo screening dei precursori del cancro del collo uterino.
HTA report. Epidemiol Prev 2012;36:e1-72.

24 Carozzi FM, lossa A, Scalisi A, Sideri M, Andersson KL, Confortini M,
et al. hr-HPV testing in the management of women with ASC-US’
and in the follow-up of women with cytological abnormalities and
negative colposcopy. Recommendations of the Italian group for
cervical cancer screening (GISCi). Epidemiol Prev 2015;39(3):84-90.

25 Nayar R, Wilbur DC. The Pap test and Bethesda 2014. Cancer
Cytopathol 2015;123:271-81.

26 Bornstein J, Bentley J, Bosze P, Girardi F, Haefner H, Menton M,
et al. 2011 colposcopic terminology of the International Federation
for  Cervical Pathology and Colposcopy. Obstet  Gynecol
2012;120:166-72.

27 Zorzi M, Del Mistro A, Farruggio A, de’Bartolomeis L, Frayle-Salamanca
H, Baboci L, et al. Use of a high-risk human papillomavirus DNA test as
the primary test in a cervical cancer screening programme: a
population-based cohort study. B/JOG 2013;120:1260-8.

28 Passamonti B, Gustinucci D, Giorgi Rossi P, Cesarini E, Bulletti S,
Carlani A, et al. Cervical human papilloma virus (HPV) DNA primary
screening test: Results of a population-based screening programme
in central Italy. J/ Med Screen 2017,24:153-62.

29 Ronco G, Giorgi-Rossi P, Giubilato P, Del Mistro A, Zappa M,
Carozzi F, HPV Screening Survey Group. A first survey of HPV-based
screening in routine cervical cancer screening in Italy. Epidemiol Prev
2015;39(Suppl1):77-83.

30 Del Mistro A, Giorgi Rossi P, Frayle H, Pasquale L, Campari C, Ronco

G, et al. Five-year risk of CIN3 after short-term HPV-DNA negativity

in cytology-negative women: a population-based cohort study. B/JOG

2019;126:1365-71.

Stanczuk GA, Baxter GJ, Currie H, Forson W, Lawrence JR, Cuschieri

K, et al. Defining optimal triage strategies for hrHPV screen—positive

women — An evaluation of HPV 16/18 genotyping, cytology, and

p16/Ki-67 cytoimmunochemistry. Cancer Epidemiol Biomarkers Prev
2017;26:1629-35.

32 Cuschieri K, Ronco G, Lorincz A, Smith L, Ogilvie G, Mirabello L,
et al. Eurogin roadmap 2017: Triage strategies for the management
of HPV-positive women in cervical screening programs. Int J Cancer
2018;143:735-45.

33 Bottari F, lacobone AD, Passerini R, Preti EP, Sandri MT, Cocuzza CE,
et al. Human papillomavirus genotyping compared with a qualitative
high-risk human papillomavirus test after treatment of high-grade
cervical intraepithelial neoplasia. Obstet Gynecol 2019;134:452-62.

3

-

34 Stoler MH, Baker E, Boyle S, Aslam S, Ridder R, Huh WK, et al.
Approaches to triage optimization in HPV primary screening:
Extended genotyping and p16/Ki-67 dual-stained cytology -
Retrospective insights from ATHENA. Int J Cancer 2019;146:2599—
607.

35 Adcock R, Cuzick J, Hunt WC, McDonald RM, Wheeler CM. Role of
HPV genotype, multiple infections and viral load on the risk of high-
grade cervical neoplasia. Cancer Epidemiol Biomarkers Prev
2019;28:1816-24.

36 Kares S, Veijalainen O, Kholova I, Tirkkonen M, Vuento R, Huhtala
H, et al. High-risk HPV testing as the primary screening method in
an organized regional screening program for cervical cancer: the
value of HPV16 and HPV18 genotyping? APMIS 2019;127:710-6.

37 Luo H, Du H, Belinson JL, Wu R. Evaluation of alternately combining
HPV viral load and 16/18 genotyping in secondary screening
algorithms. PLoS One 2019;14:e0220200.

38 Rebolj M, Rimmer J, Denton K, Tidy J, Mathews C, Ellis K, et al.
Primary cervical screening with high risk human papillomavirus
testing: Observational study. BMJ 2019;364:1240.

39 Rebolj M, Brentnall AR, Mathews C, Denton K, Holbrook M, Levine
T, et al. 16/18 genotyping in triage of persistent human
papillomavirus infections with negative cytology in the English
cervical screening pilot. Br J Cancer 2019;121:455-63.

40 Stoler MH, Wright TC, Parvu V, Yanson K, Eckert K, Kodsi S, et al.
HPV testing With 16, 18, and 45 genotyping stratifies cancer risk for
women with normal cytology. Am J Clin Pathol 2019;151:433-42.

41 Demarco M, Hyun N, Carter-Pokras O, Raine-Bennett TR, Cheung L,
Chen X, et al. A study of type-specific HPV natural history and
implications for contemporary cervical cancer screening programs.
EClinicalMedicine 2020;22:100293.

42 Gilham C, Sargent A, Peto J. Triaging women with human
papillomavirus infection and normal cytology or low-grade
dyskaryosis: evidence from 10-year follow up of the ARTISTIC trial
cohort. BJOG 2020;127:58-68.

43 Cox JT, Castle PE, Behrens CM, Sharma A, Wright TC Jr, Cuzick J,
et al. Comparison of cervical cancer screening strategies
incorporating different combinations of cytology, HPV testing, and
genotyping for HPV 16/18: results from the ATHENA HPV study. Am
J Obstet Gynecol 2013;208:184.e1-e11.

44 Del Mistro A, Adcock R, Carozzi F, Gillio-Tos A, De Marco L,
Girlando S, et al. Human papilloma virus genotyping for the cross-
sectional and longitudinal probability of developing cervical
intraepithelial neoplasia grade 2 or more. Int J Cancer
2018;143:333-42.

1362

© 2020 The Authors. BJOG: An International Journal of Obstetrics and Gynaecology published by John Wiley & Sons Ltd



