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Objective: The detection and treatment of high-grade cervical lesions
prevent the development of invasive cervical cancer. Excisional pro-
cedures can pose a risk for subsequent pregnancies, thus conserva-
tive management of Cervical Intraepithelial Neoplasia grade 2 (CIN2)
lesions should be adopted in young women. The aim of our study
is to evaluate the ability of viral and cellular biomarkers in predict-
ing regression/progression of CIN2. Methods: Women aged 25 to 45
years, participating to population-based organised cervical cancer
screening programmes in the Veneto Region (Italy), diagnosed with
a CIN2 lesion and fitting predefined inclusion/exclusion criteria, are
invited to take part in a multicentre observational longitudinal co-
hort study with a follow-up of 24 months. Upon signing an informed
consent, women are enrolled in the study and cervical cell samples
collected. Treatment is delayed and subsequently performed in the
case of lesion progression, or persistence for>12 months. HPV geno-
typing, p16INK4A/ki67 expression and methylation status for L1 viral
sequences and FAM19A4/miR124-2 cellular genes are determined at
baseline and during follow-up, and evaluated in relation to the clini-
cal outcome. Results: The study, registered onClinicalTrials.gov (ID:
NCT04687267), is currently ongoing. Enrolment of women aged 25–
45 years started in 2019, and will continue up to the end of 2021. Dis-
cussion: Since February 2020, the Veneto Region has been hit by the
COVID-19 pandemic. The enrolment of women in the study was in-
terrupted during an initial two-month lockdown, and slowed down
during the subsequent months. The 12-month extension of the study
period will partially counterbalance this delay.
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1. Introduction
Cervical cancer is causally associated with persistent in-

fection of high-risk human papillomavirus (hrHPV) types
[1]. Population-based organised cervical cancer screening
and prophylactic anti-HPV vaccination are effective preven-
tive strategies. Screening programmes can identify women
at risk of developing cancer and prevent its development by
detecting and treating grade 2 and 3 Cervical Intraepithelial
Neoplasia (CIN2-3) carcinoma precursors. Vaccination pre-
vents high-risk types HPV infections, a necessary cause for
tumour formation.

Screening by pap test (i.e., cytological examination) has
been in use for several decades and proved to be effective
in reducing both the incidence and mortality of cervical can-
cer [2]. The results of large randomised clinical trials have
demonstrated a higher efficacy of HPV testing (i.e., search
for hrHPVDNA sequences) as primary screening for women
older than 30 years [3]. Consequently, primary HPV test-
ing (with clinically validated HPV DNA assays and triage
of HPV-positive cases) is being progressively introduced in
many Countries. Evidence-based recommendations, detail-
ing protocols and quality assurance monitoring for screen-
ing, are issued and updated by international and national au-
thorities. Besides indications on the target population and
the protocols for primary testing and examinations to be per-
formed onwomenwith a positive result, indications on treat-
ment and follow-up are also given [4]. In particular, exci-
sional treatment is indicated for CIN2 and 3. These two cat-
egories of lesions, however, differ from each other in terms
of clinical outcome and diagnostic concordance, with CIN2
having a higher spontaneous regression rate (40–60%, de-
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Fig. 1. Flowchart of the study protocol forwomen attending cervical cancer screening in theVeneto region (Italy). Inclusion and exclusion criteria,
biomarkers under study, schedule of follow-up visits and analyses performed, and treatment decisions according to clinical outcome are reported.

pending on age) and a lower progression capacity (around
15%) than CIN3 (30–40% for both). Since the excision proce-
dure can pose a risk for subsequent pregnancies, a conserva-
tive management for CIN2 lesions in young women has been
proposed [5], and performed in selected cases, according to
SkorstengaardM et al. [6] or in the absence of specific guide-
lines [7]. In order to provide guidelines and recommenda-
tions, several studies are ongoing to evaluate the clinical out-
comes of untreated CIN2 under active surveillance [8–11].

The ability of biomarkers to predict the clinical outcome
of CIN2, as well as women’s acceptability of a conservative
management [12] and its impact on the cervical screening or-
ganisation are important issues to explore. Based on the nat-
ural history of cervical HPV infection and of the association
with lesion development, HPV genotyping [13], expression
of p16INK4A and ki67 proteins [14], and the methylation sta-
tus of cellular genes and viral sequences [15, 16] are promis-
ing biomarkers.

In Italy, organised cervical screening programs started in
the late 1990s, and are being performed according to national

recommendations, by call-recall invitation of all women aged
25–64 years-old. The programmes are implemented at a re-
gional level, and each region is structured in Local Health
Units (LHUs). Cytology-based screening was implemented
with HPV-based testing for women aged 30–64 years after
piloting phases in some regions. The Veneto region (North-
East Italy) was part of the pilot phase with six LHUs from
2009 to 2015, when HPV testing was introduced in all the 21
LHUs.

A case-series of 111 womenwho had been diagnosed with
a CIN2 in one of the study centres between 2011 and 2016
and who had not been treated immediately, showed a spon-
taneous regression in 69.4% cases (n = 77) during a 2-year fol-
low up. Within the organised programme of four LHUs of
the Veneto region, we are conducting a multicentre prospec-
tive study on the conservative management of CIN2, aimed
at evaluating the predictive capacity of selected viral and cel-
lular biomarkers and the impact on women and on cervical
screening programmes.
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2. Methods
2.1 Study design

This is a prospective multicentre study with a 24 month
follow up, involving Gynaecologic Units within four screen-
ing programmes of the Veneto region (North-East Italy):
Mestre, Padova, Treviso and Verona. The study was ap-
proved at the end of 2018, formally started on 15 April 2019
and, after receiving authorisation of a 12-month extension
period, will end on 14 April 2022.

At diagnosis of CIN2, eligible women are invited to par-
ticipate in the study. After enrolment (baseline visit), a cer-
vical sample is collected from consenting women. Follow
up visits are planned at 6, 12 and 24 months. An optional
additional visit may be performed at 18 months. The tim-
ing of follow-up visits, colposcopy, cytology (liquid-based or
conventional) and HPV testing is consistent with the routine
post-treatment follow-up, while HPV genotyping, methyla-
tion and immunocytochemical analyses are specifically con-
ducted in the study population. The procedures are sum-
marised in the flowchart of Fig. 1.

Cervical samples are collected in PreservCyt solution
(Thin Prep, Hologic, Bedford, MA, USA) and transported
to the laboratory at room temperature. Three 1-mL sample
aliquots are then taken and stored at –40 ◦C for subsequent
molecular analyses. The residual sample is used for the im-
munocytochemistry analysis.

2.2 Inclusion and exclusion criteria

Women aged 25 to 45 years with a histological diagnosis
of CIN2, and with both transformation zone and lesion fully
visible at colposcopy, are eligible to participate in the study.
Women with one or more of the following criteria are ex-
cluded from the study: pregnancy, previous treatment of a
CIN2+ lesion, immunodeficiency, and presence of an endo-
cervical lesion not completely visible at colposcopy. Eligi-
ble women are provided with information on the rationale
and the procedures of the study and are invited to participate.
Consenting women are requested to sign a written informed
consent. Women unwilling to enter the study are treated
according to the routine practice (lesion excision). Sociode-
mographic and clinical data of all women with a CIN2 diag-
nosis, as well as the exclusion criteria or the reason for re-
fusal are collected and entered in a dedicated database. Three
groups of women are hence defined: (1) not eligible, (2) el-
igible but refused participation, (3) eligible and participating
in the study.

2.3 Study procedures
2.3.1 HPV DNA detection

Cervical samples are directly tested for HPV detection by
the COBAS 4800 HPV assay on the automated cobas 4800
System (Roche Diagnostics, Basel, Switzerland), according
to the manufacturer’s instructions. This is a real-time Poly-
merase Chain Reaction (PCR) assay for the detection of 14
high-risk types in a single analysis, that allow a concurrent
partial genotyping for HPV16 and HPV18 and pooled detec-

tion of the other 12 high-risk types (HPV 31, 33, 35, 39, 45,
51, 52, 56, 56, 58, 59, 66 and 68), referred to as HR-HPV, ac-
cording to the assay designation. Amplification of sequences
of the cellular beta-globin gene serves as internal control for
specimen quality.

2.3.2 DNA extraction
Total genomic DNA is extracted from one of the 1-mL

aliquots using the QIAmp DNA Mini or Micro Kit (Qiagen,
Hilden, Germany), according to the manufacturer’s instruc-
tions. DNA is quantified by the Qubit micro DNA assay Kit
on a Qubit 2.0 fluorometer instrument (Thermo Fisher Sci-
entific, Waltham, MA, USA).

2.3.3 HPV genotyping
HPV genotyping is performed by PCR with consensus

MY09/MY11 primers (targeting the L1 region of most mu-
cosal types; fragment length 450 bp), followed by restric-
tion fragment length polymorphism (RFLP) analysis to de-
fine high- and low-risk specific types; positive (DNA from
HPV16-positive SiHa cells or HPV18-positive HeLa cells)
and negative (no DNA) controls are included, as already
described [17]. DNA amplificability is evaluated by PCR
withGH20/PC04 primers for the beta-globin gene (fragment
length 268 bp).

2.3.4 Methylation analyses
Bisulfite conversion of DNA sequences is done using the

EZDNAMethylationKit (ZymoResearch, Irvine, CA,USA),
following themanufacturer’s instructions; 200 ng of genomic
DNA in 50 µL is used, and modified DNA is eluted in 10 µL.

2.3.4.1 Detection of methylated host cellular DNA. The QIAsure
Methylation test (Qiagen, Hilden, Germany), a multiplex
methylation-specific real time PCR assay, is used for the anal-
ysis of the methylation status of the promoter regions of
the FAM19A4 andmiR124-2 genes, according to the manufac-
turer’s instructions. An aliquot of 2.5 µL bisulfite-converted
DNA from each sample is used as template for DNAmethyla-
tion analysis and added to 17.5 µL QIAsure master mix reac-
tion solution; the PCR is performed on the Rotorgene PCR-
platform (Qiagen, Hilden, Germany). The housekeeping β-
actin (ACTB) gene is used as a reference to monitor bisul-
fite conversion and sample quality, and DNA from HPV16-
positive SiHa cells is used in each run as methylation positive
control. The results of the QIAsure assay are expressed as
Cycle threshold (Ct) values. According to the manufacturer’s
instructions, a test is considered valid when the Ct value for
the housekeeping gene is<26.4. The dedicated software cal-
culates the∆Ct value as the difference between the Ct value
of the FAM19A4 or miR124-2 targets and the Ct value of the
ACTB reference gene. This ∆Ct is a relative quantitative
value for the promoter methylation level of the FAM19A4 or
miR124-2 genes. For normalisation, the ∆Ct value of a cali-
brator is subtracted from the∆Ct of the FAM19A4 ormiR124-
2 targets, resulting in a∆∆Ct [18].
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2.3.4.2 Detection of methylated viral sequences. The methylation
status of high-risk HPV L1 viral sequences is investigated by
pyrosequencing analysis after DNA bisulfite conversion and
preliminary PCR reactions set upwith primers previously es-
tablished by Gillio Tos and collaborators [19]. Consensus
primers for the L1 I regions of different types allow to inves-
tigate all high-risk HPV types by performing four PCR runs;
HPV16, 31, 33, 35, 52, 58 andHPV39, 45, 51, 59 are amplified
as groups, whereas dedicated primers are needed for HPV56
and HPV18; the amplified fragments are then analysed by
type-specific probes. Synthetic DNA plasmids containing the
complete genomes of HPV16 or HPV18 (Medical System,
Genoa, Italy) are used as unmethylated controls. These syn-
thetic HPV plasmids and DNA from HPV16-positive SiHa
cells are also used as fully methylated controls after treatment
with CpG (Cytosine plus Guanine) methylase (M. SssI, Zymo
Research, Irvine, CA, USA), performed according to the
manufacturer’s instructions. Both CpG methylase-treated
and -untreated HPV plasmids undergo two cycles of bisul-
fite modification with incubation time extended to 16 hours
to achieve a complete conversion.

Methylation assays are performed by pyrosequencing
onto a PyroMark Q24 MDx system (Qiagen, Hilden, Ger-
many), as previously described [19]. Based on the correspon-
dence of the sequence to that expected for each genotype and
of the quantity of material available, the quality of the result
at each position is classified by the PyroMark CpGmode soft-
ware as “passed” (valid/acceptable), “check” (interpretation
by operator needed) or “failed” (pyrogram not interpretable).
For each sample, methylation at each CpG site is recorded as
the proportion of methylated cytosines through the C/(C +
T) ratio. When more than one CpG site is detected in one
region (i.e., L1 I), the average methylation value of four sites
is considered.
2.3.5 Immunocytochemistry analysis

The cytology slide for the p16INK4A/ki67 immunocyto-
chemistry analysis is prepared from the liquid-based cytol-
ogy (LBC) specimen using a T2000 slide processor (Hologic,
Bedford, MA, USA). The CINtec® Plus Kit (Roche mtm lab-
oratories AG, Heidelberg, Germany) is used according to the
manufacturer’s instructions. An experienced cytotechnolo-
gist reviews all cervical cytology slides to detect the staining
performance of the two markers. A slide is considered pos-
itive for p16INK4A/ki67 immunocytochemistry if≥1 cervical
epithelial cell shows both a brown cytoplasmic (p16INK4A) and
a red nuclear (ki67) stain, irrespective of the morphology of
the cells. Slides without a brown cytoplasmic stain and/or a
red nuclear stain, and slides with an insufficient number of
cells are considered negative and inadequate, respectively.

2.4 Study endpoints
2.4.1 Primary

The primary endpoint of the studywill be the rate of spon-
taneous regression of CIN2 lesions. The rates of lesion re-
gression will be calculated as the number of women with
CIN1 or no dysplasia/total number of cases.

2.4.2 Secondary
The following secondary outcomes will be calculated:
- CIN2 clinical outcome by HPV genotype. The rate of

CIN2 regression will be calculated in relation to a positiv-
ity for HPV16 vs a positivity for other high-risk types, as
number of regressedHPV16-relatedCIN2 lesions/total num-
ber of HPV16-related CIN2 vs number of regressed non-
HPV16-related CIN2 lesions/total number of non-HPV16-
related CIN2 lesions.

- CIN2 clinical outcome by DNA methylation. The rate
of CIN2 regression will be calculated in relation to the DNA
methylation status of cellular and viral genes, as the number
of regressed hypermethylated CIN2 lesions/total number of
CIN2 lesions with valid result for each gene analysed.

- CIN2 clinical outcome by p16INK4A/ki67 protein ex-
pression. The rate of CIN2 regression will be calculated
in relation to the positivity for p16INK4A/ki67 expression as
the number of regressed p16INK4A/ki67-positive CIN2 le-
sions/total number of CIN2 lesions with valid result for
p16INK4A/ki67 expression.

- Women willingness to accept CIN2 conservative man-
agement. The rate of eligible women consenting to partici-
pate to the study will be calculated as the proportion of en-
rolled women/eligible women.

- Impact of the conservative management on the screen-
ing program. The number of eligible women with regres-
sive CIN2 lesions returning to regular screening as opposed
to those needing treatment or prolonged surveillance will be
calculated in order to predict the relative risk of avoided ex-
cisions.
2.5 Sample size calculation

The primary aim of the study is to quantify the proportion
of CIN2 lesions that regress during follow up.

The study aims to recruit 322 participants in order to ver-
ify, at a significance level of 0.05 with a power of 85%, the
null hypothesis that the proportion of spontaneous regres-
sion is inside the interval 0.70 ± 0.07 (where 0.07 is 10% of
the expected proportion).
2.6 Statistical analysis

For descriptive findings, distribution of categorical vari-
ables will be presented as percentages, while those based
on continuous variables as mean with standard deviation
(SD). The proportion of regressive CIN2 (primary outcome)
and the proportion of women accepting to delay the treat-
ment (secondary outcome) will be estimated along with 95%
Confidence Intervals approximated using the Wilson’s score
method.

The association between the primary outcome and the
other categorical variables, including HPV genotype, genes
methylation and p16INK4A/ki67 positivity will be first evalu-
atedwith the chi-square test (χ2) and the Fisher’s exact test in
case of small sample size. Additionally, a multivariate logis-
tic regression will be used to estimate the primary outcome
adjusting for factors associated with CIN2 regression in uni-
variate analyses (i.e., with a p-value< 0.10).
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Statistical significance will be set at 0.05 and analyses will
be computed using SAS, version 9.4 statistical package (SAS
Institute, Cary, NC, USA) and R-software environment, ver-
sion 4.0.2 (R Foundation for Statistical Computing, Vienna,
Austria).

2.7 Patient and public involvement
Nopatient advisorswere involved in the development and

design or conduct of this study. Study results will be commu-
nicated to the study participants via an information letter.

3. Results
The trial is registered on ClinicalTrials.gov (ID:

NCT04687267). Study enrolment started in January
2019 and will continue up to the end of December 2021.
The number of women being enrolled in the four partici-
pating centres differs due to the extent of the reference area
and colposcopy centralisation. Moreover, rates of CIN2
detection differ depending on when HPV-based screening
was introduced. In particular, two centres had previously
participated in the HPV-based screening pilot phase while
two were running the first round of HPV screening. As of
28 February 2021, a total of 230 women aged 25–45 years
(mean and median age 33 years) have been included in the
study, for a total of 457 cervical samples collected at baseline
and during follow-up visits; samples are under investigation
for the biomarkers analyses.

4. Discussion
The strengths of this study are the nesting into the

population-based organised cervical cancer screening pro-
grammes, the collection of data regarding all the consecutive
CIN2 cases recorded in the study centres, and the analysis of
different biomarkers. On the other hand, a limitation is the
difficulty in reaching the forecasted sample size as a conse-
quence of the COVID-19 pandemic, due to a temporary sus-
pension of invitations to cervical screening from March to
May 2020, and to a reduced number of invitations thereafter,
to comply with the regulations regarding SARS-CoV-2 pre-
vention. These measures have negatively impacted on the
study, mostly on the enrolment of new cases, and to a lesser
extent on the timing of the follow-up visits. The 12-month
extension of the study period will partially counterbalance
this limitation. Another limitation is the lack of p16INK4A
testing on the biopsies diagnosed as CIN2. Indeed, we are
aware that the addition of p16INK4A staining improves the re-
liability of CIN2 diagnosis, but this is not included in the rou-
tine cervical screening protocols. As a consequence, a pro-
portion of the enrolled womenmay have LSIL or even meta-
plasia.

5. Conclusions
Our ongoing prospective study will provide useful data to

improve and personalize the management of women diag-
nosed with a CIN2 lesion at 25–45 years of age; a conserva-
tive approach can allow the spontaneous regression of the le-

sion, thus avoiding an unnecessary surgical treatment. The
search of potential biomarkers will allow the implementation
of the therapeutic protocols within organized cervical cancer
screening programmes.
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