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Preface

Lower genital tract diseases include vulvovaginal and HPV-related diseases, ranging from

benign to pre-neoplastic and neoplastic lesions. Nowadays, there has been increasing interest

in innovative methods to diagnose and prevent cervical cancer through HPV primary screening

programs. However, other lower genital tract diseases are unrelated to HPV infection; hence,

cytology, colposcopy, and sonography might play a crucial role in assessment and management.

This Special Issue aims to address current and emerging issues in the field of the diagnosis,

assessment, staging, and management of HPV-related and not-related pathology of the lower female

anogenital tract. These may include new advancements in HPV testing and laboratory biomarkers,

investigations on the actual role of cytology and implementation of diagnostic tools to implement

differential diagnosis, and the current clinical management of lower genital tract diseases.

Fabio Bottari and Anna Daniela Iacobone
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Editorial

The Editorial of the Special Issue “Diagnosis of Lower Genital
Tract Disease”
Fabio Bottari 1,* and Anna Daniela Iacobone 2
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A range of conditions involving the vulvovaginal and anal area, and those associated
with human papillomavirus (HPV) infection, which can manifest as benign, pre-neoplastic,
or neoplastic lesions, can be grouped into lower genital tract diseases. Currently, there
is growing interest in innovative approaches for diagnosing and preventing cervical can-
cer through primary human papillomavirus (HPV) screening programs. However, it is
important to note that other lower genital tract diseases are not related to HPV infection.
Consequently, cytology, colposcopy, and sonography might play a crucial role in their
assessment and management.

The objective of this Special Issue is to address current and emerging issues in the field
of the diagnosis, assessment, staging, and management of both HPV-related and unrelated
pathologies of the lower ano-genital tract. Topics of interest include advancements in
HPV testing and laboratory biomarkers, investigations into the actual utility of cytology,
the implementation of diagnostic tools to facilitate differential diagnosis, and the current
clinical management of lower genital tract diseases.

This Special Issue has had the pleasure of receiving articles that cover all the requested
fields of lower ano-genital tract disease. In total, ten original articles and one systematic
review have been presented.

The first article submitted to the Special Issue demonstrates how a diagnostic tool
commonly used in the field of ophthalmology can be adapted to effectively evaluate vaginal
dryness. Gabrieli et al. [1] presented their findings on the “modified Schirmer test,” which
serves as an objective scale for assessing vaginal moisture levels. This study highlights the
test’s potential to manage women who experience vaginal dryness.

Furthermore, in line with the theme of the Special Issue, several articles focused on
HPV tests have been included. These articles explore diagnostic innovations such as self-
sampling [2] and mRNA-based HPV tests [3]. Additionally, there is an article investigating
the usefulness of HPV testing as a test-of-cure in post-treatment follow-up [4].

Martinelli et al. published an article presenting promising results from their pilot study
on the use of the Onclarity HPV assay on vaginal samples and first-void urine samples.
The accuracy of HPV testing on self-collected samples was found to be nearly equivalent
to clinician-collected cervical samples. This finding represents the basis on which several
studies have been conducted to validate HPV tests on self-sampling as a diagnostic tool to
expand cervical cancer screening coverage [2].

Nikolic et al. showed that mRNA testing may be more relevant than HPV DNA testing
for the assessment of lesion grade and in the diagnosis and monitoring of women at risk of
progressive cervical disease. The HPV mRNA test shows great potential as both a screening
test and a triage test for HPV DNA-positive women due to its higher specificity (detecting
active infections) and greater objectivity compared to cytology. Employing the mRNA
test for the improved risk stratification of HPV infection could help reduce unnecessary
examinations, lower costs, and alleviate patient anxiety [3].
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Bottari et al. provided evidence that the HPV test serves as a valid option for test-of-
cure monitoring in patients treated for CIN2+ lesions during follow-up. Their article also
emphasizes the importance of using validated HPV DNA or RNA tests, as they consis-
tently produce comparable results. Non-validated tests do not share the same assurance,
emphasizing the strong recommendation to utilize validated HPV tests exclusively in both
screening and test-of-cure settings [4].

Other intriguing articles in this Special Issue focus on the use of diagnostic imaging
for the diagnosis of genital diseases, particularly in the early stages of cervical cancer [5]
and endometrial carcinoma [6].

Vidal Urbinati et al. demonstrated a significant correlation between vaginosonography
and magnetic resonance imaging in the assessment of tumor dimensions. They highlighted
the superior performance of the sonographic tool in detecting small tumors and predicting
the absence of fornix infiltration [5].

In their retrospective study, Pace et al. identified several ultrasonographic features
that, in conjunction with subjective hysteroscopic assessment by experienced clinicians, can
suggest the presence of occult endometrial cancer in patients with a preoperative histologic
diagnosis of atypical endometrial hyperplasia. These features include endometrial thick-
ness, a larger diameter of the lesion, an interrupted endometrial–myometrial junction, and
high vascular density on color Doppler imaging [6].

Furthermore, a significant section of this Special Issue is devoted to the pathology of
the lower extra-cervical genital tract. Within this context, three original articles and one
review have been published, focusing on various aspects such as vaginal pre-cancers and
cancer [7], extramammary Paget’s disease of the vulva [8], anal cancer [9], and bladder
cancer [10].

The retrospective analysis conducted by Iacobone et al. aimed to investigate the
correlation between colposcopic features and the development of high-grade vaginal
intraepithelial neoplasia (VAIN) [7]. An accurate diagnosis is crucial for the effective
management of vaginal pre-cancers and cancers. The study found that certain colposcopic
findings, such as grade 2, papillary, and vascular patterns, can serve as predictive factors
for high-grade VAIN. Moreover, HPV genotyping can contribute to risk stratification and
facilitate the prompt identification of women at a higher risk of persistence, recurrence, and
progression to vaginal cancer in cases of high-grade VAIN.

Another highly intriguing article authored by Iacobone et al. [8] explores cervico-
vaginal involvement in extramammary Paget’s disease of the vulva, a distinctive and
uncommon condition. This article provides a comprehensive examination of both the
diagnostic aspects and the management strategies related to this pathology, highlighting
the importance of recognizing its significance in women with a long-standing history of
vulvar Paget’s disease. The article emphasizes the value and reliability of cytology, coupled
with immunocytochemistry, as a prompt and indispensable tool for early diagnosis.

In this Special Issue, Guarendian et al. [9] employed whole-genome sequencing, an in-
novative method that is transforming tumor genetics management. Their findings, utilizing
this advanced approach, indicate that HPV 16 sub-lineages do not exhibit association with
disease versus asymptomatic carriage, nor do they demonstrate independent associations
with outcomes in anal cancer patients.

Additionally, a captivating systematic review on the prevalence of HPV infection in
bladder cancer is presented within this Special Issue. In this article, Muresu et al. highlight
a potential role of HPV in the development of bladder cancer, providing indirect support
for the implementation of primary preventive strategies as recommended by international
authorities and study groups [10].

Finally, the article by Origoni et al. draws attention to the fundamental role of edu-
cation in medicine, particularly in the training of colposcopists. This study emphasizes
the significance of educating new generations of skilled gynecologists and standardizing a
procedure that is inherently subjective. The adoption of colposcopy standards and quality

2



Diagnostics 2023, 13, 2515

recommendations by scientific societies is a fundamental step towards ensuring effective
cervical cancer prevention [11].

All the papers presented in this Special Issue underscore the significance of research
and progress in the diagnosis and management of lower genital tract diseases. The pre-
vailing challenge lies in the exploration of increasingly sophisticated and precise tools that
allow for early detection and robust management approaches.

The advancement of diagnostic techniques and the evolution of patient management
hold promising potential to alleviate the burden and enhance the treatment of lower genital
tract diseases.

Author Contributions: Writing—original draft, review and editing, F.B. and A.D.I. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.
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“Modified Schirmer Test” as an Objective Measurement for
Vaginal Dryness: A Prospective Cohort Study
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1 Faculty of Medicine, Hebrew University of Jerusalem, Jerusalem 9780214, Israel; levsagie@netvision.net.il
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* Correspondence: danagabrieli@gmail.com
† These authors contributed equally to this work.

Abstract: None of the currently available parameters allow for a direct and objective measurement of
vaginal moisture. We used a calibrated filter paper strip as a measurement tool for the quantification
of vaginal fluid, in a similar manner as the ophthalmic “Schirmer test” (used for eye moisture
measurement). The study aimed to evaluate the validity of this new, objective tool, to measure
vaginal moisture. We compared vaginal moisture measurements using the “modified Schirmer test”
in symptomatic women with genitourinary syndrome of menopause to those of women without
vaginal dryness. The mean “modified Schirmer test” measurement in the control group was 21.7 mm
compared to 3.3 mm in the study group, yielding a statistically significant difference (p < 0.001).
Strong correlations were found between “modified Schirmer test” measurements and pH (correlation
coefficient −0.714), Vaginal Health Index [VHI (0.775)], and Visual Analogue Score (VAS) of dryness
during intercourse (−0.821). Our findings suggest that the “modified Schirmer test” can be used as
an objective measurement for the assessment of vaginal fluid level. This test may also prove useful
for evaluation of non-hormonal treatments aimed to treat vaginal dryness.

Keywords: genitourinary syndrome of menopause (GSM); vaginal dryness; vaginal atrophy; vaginal
health index (VHI); estrogen; vaginal maturation index (VMI); fractional CO2 laser

1. Introduction

Urogenital atrophy, also referred to as genitourinary syndrome of menopause (GSM) [1],
is caused by decreased estrogen levels in women’s urogenital tissues. Symptoms include
vulvovaginal discomfort described as dryness, itching, burning, irritation, and soreness;
sexual dysfunction due to decreased lubrication and dyspareunia; and urinary complaints
such as urgency, frequency, and recurrent urinary tract infections [2,3].

Among menopausal women, prevalence of GSM is estimated at approximately 50–60%,
making it one of the most frequent causes of genital complaints in this age group [4].
The diagnosis is clinical, based on a combination of symptoms and signs upon physical
examination, including thin, pale, smooth, and shiny vaginal epithelium with diminished
elasticity [2]. Estrogen supplementation (topically or systemically) is considered the most
efficient treatment [5,6]. Following estrogen administration, epithelial maturation occurs,
with subsequent changes in epithelial thickness, pH level, and tissue elasticity [6,7].

Treatment efficacy is evaluated in clinical trials using a range of measurements that
represent the changes occurring in the vagina in response to the presence or absence of es-
trogen. The commonly used measures include pH level, vaginal health index (VHI, Table 1)
and the vaginal maturation index (VMI) [8]. Other tools used to assess treatment are a
variety of questionnaires or scores, relying on patient’s self-report, assessing symptoms’
severity or quality of life parameters. Available questionnaires include the Most Bother-
some Symptoms (MBS), the Day-to-Day Impact on Vaginal Aging (DIVA) Questionnaire,
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the Vulvovaginal Symptoms Questionnaire (VSQ), and the Vulvar Pain Assessment Ques-
tionnaire (VPAQ) [8]. Alternatively, an array of scores rate severity of symptoms, enabling
subjective comparison. Available scores include the Vaginal and Vulvar Assessment Scale,
the Female Sexual Function Index (FSFI), and the Female Sexual Distress Scale-Revised
(FSDS-R) [8].

As many women with GSM are reluctant to use local estrogen due to various con-
cerns [9], alternatives for topical hormonal treatment are sought. Studies have been eval-
uating the effectiveness of alternative therapies that do not include estrogen, such as
hydrating agents, hormonal non-estrogens including DHEA [6], and energy based treat-
ments, such as the fractional CO2 laser [9,10], non-ablative vaginal Er:YAG laser (VEL) [11]
and radiofrequency procedures [12].

Introduction of energy-based treatments for GSM in recent years resulted in studies
evaluating the efficacy of these treatments. These modalities are claimed to improve
GSM in an estrogen independent mechanism, such as connective tissue remodulation
and neovascularization [9,11–14]. Nevertheless, most of the published research evaluated
treatment outcomes using one or more estrogen-dependent measures (i.e., pH, VMI, and
VHI). Despite reporting positive effects on symptoms and a relative improvement in
the VHI index, pH levels and cytological measures, unsurprisingly, often do not show a
clinically significant difference [15–19].

As none of the currently available parameters allow a direct and objective measure-
ment of the vaginal condition and moisture, there is a need for such tools. Ideally, such
measures should be objective, allow assessment of GSM-associated signs, and incorporate
parameters relevant to new treatment modalities, which do not depend on estrogen or its
effects on the vaginal tissue.

Considering patients’ reports of increased vaginal secretions following estrogen
supplementation as well as following laser treatment, we opted to develop and test a
vaginal dryness/moisture measurement tool. The tool we used was a calibrated filter
paper strip, similar to the one used to perform the ophthalmic “Schirmer test” for eye
moisture measurement.

Our goal was to evaluate the validity of this objective measurement tool for vagi-
nal moisture by comparing measurements in symptomatic women suffering from GSM-
associated vaginal dryness to measurements in healthy women without vaginal dryness.

2. Materials and Methods

This prospective cohort study consisted of women evaluated between January 2021
and June 2021 in an outpatient gynecologic clinic at Hadassah University Medical Center,
Jerusalem, Israel. The study consisted of two groups: (1) menopausal women with com-
plaints characteristic of GSM, including dryness, and (2) premenopausal women without
vulvovaginal symptoms, who denied dryness.

An additional inclusion criterion included age > 18 years. Exclusion criteria included
urinary incontinence, vaginal prolapse, vulvovaginal infection, vulvar skin disease, diag-
nosed Sjogren Syndrome, pregnancy, and vaginal bleeding.

The study was approved by the Institutional Review Board (Number 0923-20-HMO)
and all participants signed informed consent.

Measurement of vaginal moisture was performed by placing a calibrated filter paper
test strip, in a standard manner (see below) for 5 min. In all cases, to keep uniformity, the
tip of the paper was located adjacent to the hymenal tissue (or its remnants) on the right
side of the vaginal opening (at the “7 o’clock” location) (Figure 1).

5
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Figure 1. Modified Schirmer test—paper strip location. Measurement of vaginal moisture is per-
formed by placing the tip of a calibrated filter paper test strip adjacent to the remnants of the hy-
menal tissue on the right side of the vaginal opening, at the “7 o’clock” location. 

The paper was placed using a Q-tip while the patient was lying on a gynecological 
bed, and it was left in place for 5 min. After 5 min, the paper strip was gently removed. 
Fluid amount was measured by the length of the moistened area of the strip in millimeters 
(Figure 2). 

 
Figure 2. Modified Schirmer test paper strip measurement modality. Fluid amount is measured by 
the length of the moistened area of the strip in millimeters, i.e., 20 mm. 

The test is based on the principle of capillary action, which allows the fluid from the 
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To evaluate the association between the “modified Schirmer test” and other 
measures, the following data were collected for each patient: vaginal pH was measured 
using a pH-indicator strip (pH range 3–8, Merck, Germany), VHI score was calculated 
(Table 1) and documented, and patients were requested to score the degree of daily vagi-
nal dryness as well as dryness during intercourse, using a 0–10 visual analogue scale 
(VAS), with 0 representing no dryness, and 10 being the worst possible dryness. 
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(Figure 2).
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Figure 2. Modified Schirmer test paper strip measurement modality. Fluid amount is measured by
the length of the moistened area of the strip in millimeters, i.e., 20 mm.

The test is based on the principle of capillary action, which allows the fluid from the
vagina to be absorbed along the length of a paper test strip in an identical fashion as a
horizontal capillary tube. The hypothesis is that the rate of travel along the test strip for
5 min time represents the amount of fluid in the vagina.

To evaluate the association between the “modified Schirmer test” and other measures,
the following data were collected for each patient: vaginal pH was measured using a
pH-indicator strip (pH range 3–8, Merck, Germany), VHI score was calculated (Table 1)
and documented, and patients were requested to score the degree of daily vaginal dryness
as well as dryness during intercourse, using a 0–10 visual analogue scale (VAS), with
0 representing no dryness, and 10 being the worst possible dryness.
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Table 1. The vaginal health index (VHI) (adapted from Bachmann et al. [20]).

Score 1 2 3 4 5

Elasticity None Poor Fair Good Excellent

Fluid
Volume

(Pooling of
Secretions)

None

Scant amount,
vault not
entirely
covered

Superficial
amount, vault

entirely
covered

Moderate
amount of

dryness (small
areas of dryness

on cotton-tip
applicator)

Normal
amount (fully
saturates on

cotton-tip
applicator)

pH 6.1 or above 5.6–6.0 5.1–5.5 4.7–5.0 4.6 or below

Epithelial
Integrity

Petechiae
noted
before
contact

Bleeds with
light contact

Bleeds with
scraping

Not friable, thin
epithelium Normal

Moisture
(Coating)

None,
surface

inflamed
None, surface
not inflamed Minimal Moderate Normal

Estimation of sample size was based on the expected difference in “modified Schirmer
test” measurements between symptomatic menopausal women and asymptomatic non-
menopausal women, calculated using available preliminary data collected for another
study (NCT03063684). Given standard deviation measurements of 8.8 mm in the control
group compared to 0.79 mm in the GSM group, to prove any difference of 4 mm or higher
between the two groups statistically significant, with a significance of 5% (unilateral) and a
power of 80%, the calculated number of women needed in each group was 30.

Data were analyzed using the SSPS software (SSPS Science, Chicago, IL, USA). Com-
parison of “modified Schirmer test” results between the two groups was performed using
a t-test. Correlation analysis was performed using Pearson’s rank correlation. Statistical
significance was set at p < 0.05.

3. Results

Sixty women were enrolled, and their characteristics are detailed in Table 2. Out of
the 30 women who were enrolled in the control group, two were excluded from the final
analysis because they did not meet the inclusion criteria, as despite verbally denying any
vaginal complaints, their VAS during intercourse score was 4 or higher.

Table 2. Patients’ characteristics.

Study Group Control (N = 28) GSM (N = 30)

Age Mean (Std. Deviation) 38.2 (6.7) 48.3 (7.1)

Median (Range) 36.5 (28–52) 47.5 (36–63)

Gravidity
Mean (Std. Deviation) 3.1 (1.9) 4.1 (2.1)

Median (Range) 3 (0–9) 4 (2–10)

Vaginal
Deliveries

Mean (Std. Deviation) 1.8 (1.4) 3 (1.3)

Median (Range) 2 (0–4) 3 (1–8)

Hormonal Status

Menstruation (%) 19 (67.9) 0 (0)

Amenorrhea with
Hormonal IUD (%) 7 (25) 0 (0)

Perimenopause (%) 2 (7.1) 0 (0)

Menopause (%) 0 (0) 30 (100)

Contraception

None (%) 8 (28.6) 30 (100)

BTL (%) 2 (7.1) 0 (0)

Condoms (%) 4 (14.3) 0 (0)

Copper IUD (%) 4 (14.3) 0 (0)

Hormonal IUD (%) 7 (25) 0 (0)

HCs (%) 3 (10.7) 0 (0)
GSM = genitourinary syndrome of menopause, IUD = intra-uterine device, BTL = bilateral tubal ligation,
HCs = hormonal contraceptives.
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In the GSM group, 28 women were previously diagnosed with breast cancer, and 23 of
them were treated with aromatase inhibitors.

“Modified Schirmer test” measurements, pH levels, VHI, and VAS are presented in
Table 3. Comparison of “modified Schirmer test” measurements between the two study
groups is presented in Table 3 and Figure 3. The differences between the measurements in
the study group and the control group were statistically significant.

Table 3. Measurements of parameters evaluating vaginal atrophy.

Study Group

Control (N = 28) Atrophy (N = 30) t-Test for
Equality of

Means
Mean (Std.
Deviation)

Median
(Range)

Mean (Std.
Deviation)

Median
(Range)

Modified
Schirmer (mm) 21.7 (9.3) 20.5 (9–40) 3.3 (3.9) 2 (0–12) p < 0.001

pH 4.1 (0.4) 4 (4–6) 6.9 (0.85) 7 (5–8) p < 0.001

VHI 24.3 (1.0) 25 (22–25) 12.3 (2.3) 12.5 (8–18) p < 0.001

VAS daily
dryness 0.4 (0.8) 0 (0–3) 6.0 (3.8) 7.5 (0–10) p < 0.001

VAS
intercourse dryness 0.9 (1.1) 0 (0–3) 9.7 (0.5) 10 (8–10) p < 0.001Diagnostics 2022, 12, x FOR PEER REVIEW 6 of 9 
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presents the differences between “modified Schirmer test” measurements in the control and the GSM
groups. The horizontal line within the box indicates the median, boundaries of the box indicate the
1st and 3rd quartile, and whiskers indicate the minimum and maximum values.

A statistically significant difference was observed between the two groups regarding
the number of vaginal deliveries. We therefore performed a covariate analysis, correcting
for vaginal deliveries, to establish that the distinction in the “modified Schirmer test”
measurements was not a result of the difference in vaginal deliveries alone. The analysis
yielded a statistically significant difference after the correction as well.

Correlations between all measured parameters of the entire study population, ex-
pressed by Pearson’s correlation coefficient, are shown in Table 4. The modified Schirmer
measurements showed strong correlations to pH, VHI, and intercourse-VAS. All correla-
tions were statistically significant (p < 0.001).
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Table 4. Correlations between the different measures. Pearson’s correlation coefficient is a measure of
the linear correlation between these parameters. Correlation coefficients of 1 or −1 represent perfect
correlations, whereas a correlation coefficient of 0 represents no correlation. Thus, the closer to 1 or
−1 the value of the coefficient is, the stronger the correlation.

Modified
Schirmer (mm) pH VHI VAS Daily

Dryness

Correlation
Coefficient

(Significance)

pH −0.714 (0.0)

VHI 0.775 (0.0) −0.901
(0.0)

VAS daily dryness −0.544 (0.0) 0.711 (0.0) −0.709 (0.0)

VAS intercourse
dryness −0.821 (0.0) 0.885 (0.0) −0.936 (0.0) 0.731 (0.0)

4. Discussion

The purpose of this study was to test a new, objective measurement modality for
vaginal moisture/dryness and to evaluate its validity. To achieve this, we used a calibrated
filter-paper test strip, similar to the one used for the ophthalmic Schirmer test, in a stan-
dardized manner comparing symptomatic women suffering from GSM-associated vaginal
dryness to women without dryness. The comparison yielded a statistically significant
difference between the groups, suggesting that this test is correlated with symptoms and is
useful in distinguishing symptomatic vaginal dryness from normal vaginal moisture.

Furthermore, the “modified Schirmer test” measurements showed strong and statisti-
cally significant correlations to the currently used indices of vaginal atrophy, i.e., pH, VHI,
and VAS scores. These correlations imply a non-inferiority of the test compared to currently
accepted measures.

It is important to note that the two study groups were significantly diverse in most
characteristics (age, hormonal status, contraception, and lubricant use), as they represent
essentially different phases of women’s lives in terms of hormonal status.

We found no statistically significant distinction in the “modified Schirmer test” mea-
surements between women who reported using hormonal contraceptives and those who
reported using non-hormonal contraceptives; neither did we find differences between
women with diverse hormonal statuses in the control group (i.e., normal menstruation,
amenorrhea associated with hormonal IUD, and perimenopause). This could be a resultant
of the small sample size, as these were subgroups of the entire control group. Although
larger studies are needed to confirm our findings, the finding that this test is not altered by
hormonal status or contraceptive modalities may indicate yet another advantage of its use,
as it provides a direct and hormonal-independent indication of the vaginal moisture level.

Clinical trials evaluate treatment efficacy for GSM mostly using measures that repre-
sent vaginal changes occurring in response to the presence or absence of estrogen. Most
frequently, these include pH level, the VHI, and the VMI [13]. Vaginal pH level is mainly
determined by the presence or absence of lactobacilli. These bacteria produce lactic acid
as they catabolize glycogen, which in turn decreases the vaginal pH level to 3.5–4.5. As
glycogen is found in mature epithelial cells yet absent in para-basal epithelial cells (which
represent atrophy), a vaginal pH level >5 in the absence of other causes (such as infection
or presence of semen, cervical mucous, or blood) is indicative of glycogen absence, thus,
of decreased estrogen and resultant atrophy [3,8]. The VHI, first described by Bachmann
in 1992 [20], is widely used even though it has not been validated (Gloria Bachmann,
personal communication) and uses mostly subjective parameters. The VHI is comprised
of five parameters, observed during examination per speculum, graded from 1 to 5 each.
Four parameters are not well defined and are subjective to inter and intra observer differ-
ences: vaginal elasticity, fluid volume (measured by fluid pooling in the fornix), epithelial
integrity, and epithelial moisture, whereas only one measurement is objective—the vaginal
pH [21]. According to the VHI, atrophy is defined as a score lower than 15 [21]. The VHI
does not include clear examination instructions and is, therefore, dependent on examiner’s
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interpretation, thus lacking uniformity. Like other measures used, it is, at least partially, an
estrogen-dependent index, as pH level comprises one fifth of its value.

VMI is another tool that represents vaginal estrogen influence on epithelial cytol-
ogy, through calculating the relative percentage of superficial (mature) cells compared to
intermediate and para-basal epithelial cells [3,8].

The main strength of our study is the introduction of a new measurement, which is
easy to use and interpret. To our knowledge, previous studies that aimed to test the amount
of vaginal discharge included usage of swabbing the entire vagina during an exam and
weighing the swab [22], weighing tampons after inserting them for 8 h [23], by aspiration of
vaginal fluid [24], or by pad weighing [25]. Nevertheless, these modalities are either effort-
and time-consuming or lack precision, as the weighed fluid is not necessarily comprised of
vaginal discharge alone and may also contain sweat or urine. Other drawbacks include
patient discomfort and functionality. In addition, none of these measures were studied in
relation to vaginal atrophy.

Furthermore, the current tool may allow an objective and direct evaluation of dryness
symptoms when there is a discrepancy between symptoms and findings. For example, in
patients who complain of dryness but have an apparently normal examination, this tool
may allow confirmation of a normal amount of discharge, suggesting a sensory issue or
vulvodynia and directing further evaluation or suitable treatment.

Our study is limited for several reasons, including the small number of participants, the
lack of measures among asymptomatic menopausal women, and the lack of measurement
comparison before and after treatment. The “modified Schirmer test” should be further
evaluated in larger scale studies, which will generate more accurate and specific ranges of
measurements, representing and distinguishing between menopause-associated-vaginal-
atrophy, menopause without atrophy, and an estrogenized state. Furthermore, larger
sample sizes may allow the division of measurement ranges into subranges, such as pre-
menopausal women using hormonal contraceptives with and without vaginal dryness,
compared to age-matched women who are not using hormonal contraceptives.

The main advantage of the “modified Schirmer test” is its potential to serve as an
objective test in assessing vaginal dryness/moisture level in relation to non-estrogenic treat-
ments for vaginal dryness. Therefore, the validity of this test should be further studied by
comparison of measurements before and after treatments aimed to relieve vaginal atrophy.

5. Conclusions

Our findings suggest that the “modified Schirmer test” can be used as an objective
indicator of vaginal moisture level, distinguishing women who suffer from vaginal dryness
from those who do not. This test may also prove useful for evaluation of non-hormonal
treatment results in longitudinal research, where direct and objective measures of vaginal
moisture are sought to complement the subjective VAS score.
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Abstract: The accuracy of available HPV molecular assays on self-samples needs to be evaluated as
compared to clinician-collected samples. This pilot study aimed to investigate the BD Onclarity™
HPV assay on vaginal and first-void urine samples. Sixty-four women referred to colposcopy
for cervical dysplasia performed a vaginal self-collection and provided a first-void urine sample,
after informed consent. A cervical specimen was collected during the clinician examination. All
samples were tested using BD Onclarity™ HPV assay on the BD Viper™ LT System. Overall positive
agreement (OPA) between cervical and self-sample results was evaluated using Cohen’s kappa value
(κ). Using a clinical cut-off of 38.3 Ct for HPV 16 and 34.2 Ct for other HR genotypes, compared to
cervical sample, the self-collected vaginal sample OPA was 85.9%, and κ = 0.699. Without a clinical
cut-off, the OPA was 95.3%, and the κ = 0.890. Data obtained comparing cervical and urine samples
showed an OPA of 87.5% with a κ = 0.79 using a clinical cut-off, and an OPA of 90.6% with a κ = 0.776
without a clinical cut-off. Data showed a substantial agreement between both self-collected and
clinician-collected samples. A specific clinical cut-off analysis should be considered based on type of
sample analysed.

Keywords: human papillomavirus; self-collection; vaginal self-sample; first-void urine; cervical
cancer screening; diagnostic accuracy

1. Introduction

Cervical cancer is one of the most important malignancies affecting women and
caused about 342,000 deaths in 2020. It is well-known that this type of tumour is caused
by persisting infection of high-risk human papillomavirus (hrHPV). Recently, the World
Health Organization (WHO) developed a global strategy for cervical cancer elimination
to be reached by 2030, and one of the points of this strategy is to reach the 70% of women
screened using a high-performance test by the age of 35, and again by the age of 45 [1].

Eighty-five percent of cervical cancer deaths occur in developing countries, where it
still represents the first leading cancer death cause. Self-sampling could be an additional
strategy to reach unscreened and under-screened women, especially in middle- and low-
income countries.

As of now, the global use of HPV self-sampling is still limited. Only 17 countries with
identified screening programs recommend the use of self-sampling in primary screening
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or to reach non-responder women. However, the COVID-19 pandemic has accelerated
worldwide self-sampling introduction, which is now considered an important strategy to
increase screening coverage in the coming years [2].

The importance of self-sampling in improving adherence to cervical cancer screening
has been well documented in the last few years, especially for women not participating
in prevention programs due to different socio-cultural reasons [3,4]. The main barrier is
related to the need for a physician or healthcare worker for cervical specimen collection [5].
The use of alternative and less invasive samples, such as self-collected vaginal and first-void
urine samples, represents the best choice to overcome this issue.

Different devices are commercially available and seem to be suitable for this purpose.
However, the accuracy of clinically validated PCR-based human papillomavirus detection
kits on self-samples needs to be evaluated as compared to clinician-collected samples,
as already reported in a recent meta-analysis by Arbyn et al. [6]. Previous studies have
already shown that HPV testing conducted on vaginal self-samples has a similar sensitivity
compared to testing on physician-collected cervical samples for the detection of cervical
intraepithelial neoplasia grade 2 or higher (CIN2+) [6–8]. Nevertheless, the sample prepa-
ration and preanalytical processes used are highly different [9]. Different assays suggest
in their manufacturer instructions to start from different specimen volumes for hrHPV
detection, and this could influence the result obtained, especially for self-collected samples.
Moreover, the results obtained from samples collected using dry vaginal swabs could be
conditioned from the solution volume used for swab resuspension.

Urine seems to be a good, non-invasive, and more acceptable material for the detection
of HPV and sexually transmitted infections [10–12]. Moreover, because first-void urine
contains exfoliated cells from the cervix [13], it could be considered a specimen alternative
to a clinician-collected cervical sample for the molecular detection of HPV. Furthermore,
several studies have recently been published reporting consistent results from the use of
urine samples for HPV detection [14–18]. Also for this kind of sample, the performance of
urine-based HPV testing for CIN2+ detection is affected by the various HPV assays and
non-standardized urine collection methods [14].

The objective of this pilot study was to evaluate accuracy of the BD Onclarity™ HPV
assay on self-collected vaginal and first-void urine samples as compared to clinician-
collected cervical samples.

The BD Onclarity™ assay has been internationally validated for liquid-phase cytology
samples for use in primary HPV screening according to both the Mejer guidelines and the
VALGENT genotyping protocol [19,20]; in this study we evaluated the performance of this
test, already extensively studied in a screening setting, on self-collected samples in order to
assess its usefulness to increase adherence to screening programs.

In particular, in this pilot study, we decided to use the same BD Onclarity™ protocol
that is used for cervical specimens, without making changes, in order to discover whether
the same protocol could also work for different samples compared to a liquid-phase
cytology sample.

2. Materials and Methods
2.1. Study Design and Sample Collection

For this pilot study of diagnostic accuracy, a group of 64 women (mean age: 38.4 years)
with a recent diagnosis of cervical dysplasia attending the Colposcopy Clinic of San Gerardo
Hospital (Monza, Italy) were enrolled. The study protocol was approved by the Ethics
Committee of the University of Milano-Bicocca, Monza, Italy (Protocol n. 0037320/2017
and 0086409/2018). All subjects provided written and informed consent to participate in
the study. Patients were excluded in case of immunodeficiency, HIV infection, presumed or
confirmed pregnancy, diagnosis of any malignancies, and/or chemotherapy in the previous
6 months.

All women were adequately informed about the study by Colposcopy Clinic staff and
were asked to autonomously collect a vaginal self-sample using a FLOQSwab® (5E046S,
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Copan, Brescia, Italy) and a first-void urine (FVU) sample using a Colli-pee® 20 mL
(Novosanis, Wijnegem, Belgium) before colposcopy examination. The information brochure
of the study and the instructions on how to use the devices were given to all participants.

During the colposcopy examination, the gynaecologist collected one cervical sample
using an L-shaped FLOQSwab® (Copan). All physician-collected cervical and self-collected
vaginal and urine samples were sent to the Clinical Microbiology Laboratory of the De-
partment of Medicine and Surgery, University of Milano-Bicocca, Italy, for preanalytical
processing within 24 h of collection.

2.2. Preanalytical Sample Processing

Cervical samples were collected using an L-shaped FLOQSwab® (Copan, Brescia, Italy)
and transported in a tube with 20 mL of PreservCyt® Solution (HOLOGIC, Marlborough,
MA, USA). All samples were well shaken using vortex for 30 seconds, and 1.5 mL aliquots
were made.

Vaginal self-samples were obtained using a FLOQSwab® (Copan, Brescia, Italy) and
transported dry to the laboratory. Each specimen was suspended in 5.5 mL of PreservCyt®

Solution (HOLOGIC, Marlborough, MA, USA), and 5 aliquots were made.
The Colli-Pee® 20 mL device allowed for capturing a first-void urine volume of 13 mL

(+/−2 mL), in a collection device containing 7 mL of preservative urine conservation
medium (UCM), leading to a final volume of 20 mL (+/−2 mL) [15]. Urine samples were
aliquoted after arrival at the laboratory. One aliquot of each type of sample was sent to the
Division of Laboratory Medicine of the European Institute of Oncology, Milan, Italy, for
HPV testing.

2.3. BD Onclarity™ HPV Assay

The BD Onclarity™ HPV assay (BD, USA), which detects 14 high-risk (HR) genotypes,
provides the capability of extended genotyping through individual detection of HPV 31,
51, and 52 (in addition to 16, 18, and 45) and pooled detection of 33/58, 35/39/68, and
56/59/66. An endogenous human beta-globin sequence is detected as a sample validity
control, sample extraction, and amplification efficiency [20–22].

All samples were tested following manufacturer instructions: BD Onclarity™ uses
0.5 mL of sample (cervical, vaginal, or urine sample) which is added to a suitable solution
produced by BD (the LBC tube) to reach a final volume of 2.2 mL, of which 0.8 mL of
sample is automatically taken by the instrument to perform nucleic acid extraction using
the extraction chemistry developed by BD (BD FOX ™). The extracted DNA is then eluted
to a final volume of 400 microliters, and 50 microliters is automatically pipetted into each
of the three wells containing the dried master mix in order to perform real-time PCR.

The clinical cut-off is set to be related to CIN2+ disease, and an algorithm verifies
the adequacy of the sample using the amplification of the human beta-globin gene. In
particular, the software interprets the amplification curves on the basis of the following
threshold cycles (Ct): 38.3 Ct for HPV16, 34.2 Ct for other HR-HPVs, and 34.2 Ct for
beta-globin. Samples which were judged invalid were re-tested a second time (9 cervical
samples, 2 vaginal swabs, and 4 urines).

2.4. Statistical Analysis

The overall percentage agreement (OPA) between cervical and self-sample results was
evaluated using Cohen’s kappa value (κ) using the GraphPad QuickCalcs software (up-
dated in 2014, available at http://graphpad.com/quickcalcs accessed on 30 October 2022).
Agreement was interpreted as slight (κ < 0.200), fair (0.200 < κ < 0.401), moderate (0.400 < κ < 0.601),
good (0.600 < κ < 0.801), very good (0.800 < κ < 1.000), or perfect (κ = 1.000). Sample results
were evaluated using two different cut-offs: (i) clinical cut-off of 38.3 Ct (cycle threshold)
for HPV 16 and 34.2 Ct for other HR genotypes, as indicated in the package insert and
(ii) without the clinical cut-off (accepting positivity up to 40 Ct).
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3. Results
3.1. Study Population

The 64 women enrolled in this study were referred to colposcopy because of a recent
diagnosis of cervical dysplasia confirmed by Pap smear examination. Clinical data regard-
ing Pap test, colposcopy, and biopsy results are reported in Table 1. Twenty-three out of
the sixty-four women showed abnormal colposcopy findings, and cervical guided biopsies
were taken to histologically define the grade of the lesion; 18/23 (78.3%) biopsies showed
the presence of a CIN2+ lesion.

Table 1. Clinical data of patients enrolled. Low-grade intraepithelial lesion (LSIL); atypical squa-
mous cells of undetermined significance (ASCUS); high-grade intraepithelial lesion (HSIL); atypical
glandular cells of undetermined significance (AGCUS); cervical intraepithelial neoplasia (CIN).

Pap Test Result n (64) %

ASCUS 15 23.4%

LSIL 24 37.5%

AGCUS 5 7.8%

ASCH 6 9.4%

HSIL 14 21.9%

Colposcopy Result n (64) %

ABNORMAL 23 35.9%

NORMAL 41 64.1%

Biopsy Result n (23) %

NEG 2 8.7%

CIN 1 3 13.0%

CIN 2 3 13.0%

CIN 3 14 60.9%

Cervical Cancer 1 4.3%

3.2. HPV Positivity and Genotype Distribution among Samples Collected

HPV positivity results considering and not considering the clinical cut-off are reported
in Figure 1. A very high rate of HPV positivity in cervical samples was found among the
women enrolled: 67.2% (43/64) and 73.4% (47/64) considering and not considering the
clinical cut-off, respectively. Considering just results obtained regarding HPV genotypes
individually detected, HPV 16 was the most prevalent genotype identified among samples
analysed, followed by HPV 31. Using the clinical cut-off, multiple genotype infections were
observed in 14% (9/64), 18.7% (12/64), and 21.8% (14/64) of cervical, vaginal, and urine
samples, respectively. Not considering the clinical cut-off, the percentages obtained were
31.2% (20/64), 28.1% (18/64), and 35.9% (23/64) for cervical, vaginal, and urine samples,
respectively (Figure 2).
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3.3. HPV Overall Positive Agreement between Cervical and Vaginal Self-Samples

Using clinical cut-offs of 38.3 Ct for HPV 16 and 34.2 Ct for other HR genotypes,
compared to the cervical samples, the self-collected vaginal sample PPA (positive per-
centage agreement) was 36/43 = 83.7%; the NPA (negative percentage agreement) was
19/21 = 90.5%. The OPA was 85.9% (55/64), and the Cohen’s kappa was 0.699 (good agreement).

However, differences in collection procedures, preanalytical procedures, and the
nature of the investigated samples may influence HPV detection rates on self-collected
samples as compared to cervical specimens. Therefore, data analysis was performed
without the clinical cut-off (accepting positivity up to Ct 40). Without the clinical cut-off,
the PPA between self-collected vaginal samples and cervical samples was 45/47 = 95.7%;
the NPA was 16/17 = 94.1%. The OPA was 95.3% (61/64), and the Cohen’s kappa was 0.882
(almost perfect agreement).

Using the package insert cut-offs of 38.3 Ct for HPV 16 and 34.2 Ct for other HR
genotypes for the cervical samples and a cut-off of 40 Ct for the vaginal samples, to account
for the excessive dilution, the self-collected sample PPA was 43/43 = 100%; the NPA was
18/21 = 85.7%. The OPA was 95.3%, and the Cohen’s kappa was 0.890 (almost perfect
agreement). All results are reported in Table 2.
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Table 2. Agreement in HPV detection of cervical and self-collected samples using different
cut-off values.

Vaginal Self-Sample Urine

Ct Cut-Off Value PPA% (n) PNA% (n) OPA% (n) κ PPA% (n) PNA% (n) OPA% (n) κ

<38.3 Ct for HPV 16 (for all
sample types) 83.7%

(36/43)
90.5%

(19/21)
85.9%

(55/64)
0.699 90.7%

(39/43)
90.5%

(19/21)
90.6%

(58/64)
0.792

<34.2 Ct for the other HPVs
(for all sample types)

<40 Ct for HPV 16 and other
HPVs (for all sample types)

95.7%
(45/47)

94.1%
(16/17)

95.3%
(61/64) 0.882 91.5%

(43/47)
76.5%

(13/17)
87.5%

(56/64) 0.680

<38.3 Ct for HPV 16 (for
cervical samples)

100%
(43/43)

85.7%
(18/21)

95.3%
(61/64)

0.890 97.7%
(42/43)

76.2%
(16/21)

90.6
(58/64)

0.776<34.2 Ct for the other HPVs
(for cervical samples)

<40 Ct for HPV 16 and other
HPVs (for self-samples)

3.4. HPV Overall Positive Agreement between Cervical and First-Void Urine Samples

Using the clinical cut-offs, the PPA between first-void urine sample and cervical
samples was 39/43 = 90.7% and the NPA 19/21 = 90.5%. The OPA was 87.5%, and the
Cohen’s kappa was 0.79 (good agreement).

Without any clinical cut-off, the PPA was 43/47 = 91.5%; the NPA was 13/17 = 76.5%.
The OPA was 95.3%, and the Cohen’s kappa was 0.680 (good agreement).

Using the package insert cut-offs of 38.3 Ct for HPV 16 and 34.2 Ct for other HR
genotypes for the cervical samples and a clinical cut-off of 40 Ct for the urine samples, the
PPA of self-collected urine samples was 42/43 = 97.7%; the NPA was 16/21 = 76.2%. The
OPA was 90.6% (58/64), and the Cohen’s kappa was 0.776 (good agreement). The results
are reported in Table 2.

3.5. Correlation between HPV Positivity and Clinical Outcome

Comparing the results obtained from hrHPV testing with the clinical data, we evalu-
ated the overall HPV positivity considering women with abnormal colposcopy findings
and women with CIN2+ biopsy. Results for the cervical, vaginal, and urine samples with
and without a clinical cut-off are presented in Tables 3 and 4. In Figures 3 and 4 are reported
the HPV genotypes’ distribution among women with abnormal colposcopy (Figure 3) and
among women with CIN2+ lesions (Figure 4).

Table 3. HPV-positive women related to colposcopy results.

With Clinical Cut-Off Without Clinical Cut-Off

Colposcopy Results
(Tot. 64)

Total HPV-Positive
Women (n)

Total HPV-Positive
Women (%)

Total HPV-Positive
Women (n)

Total HPV-Positive
Women (%)

Cervical Sample ABNORMAL 20 31.3% 20 31.3%

NORMAL 23 35.9% 25 39.1%

Vaginal self-sample ABNORMAL 18 28.1% 21 32.8%

NORMAL 20 31.3% 25 39.1%

Urine ABNORMAL 18 28.1% 20 31.3%

NORMAL 23 35.9% 27 42.2%
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Table 4. HPV-positive women related to biopsy results.

With Clinical Cut-Off Without Clinical Cut-Off

Biopsy Results (Tot. 23) Total HPV-Positive
Women (n)

Total HPV-Positive
Women (%)

Total HPV-Positive
Women (n)

Total HPV-Positive
Women (%)

Cervical Sample CIN2+ 17 73.9% 18 78.3%

CIN2− 3 13.0% 4 17.4%

Vaginal self-sample CIN2+ 15 65.2% 18 78.3%

CIN2− 3 13.0% 3 13.0%

Urine CIN2+ 16 69.6% 17 73.9%

CIN2− 2 8.7% 3 13.0%
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4. Discussion

There is presently great interest in the use of self-collected samples as an alternative
strategy in cervical cancer screening. The introduction of self-sampling in screening has
been demonstrated to be more acceptable to women, resulting in improved participation in
prevention programs [4,23].

18



Diagnostics 2022, 12, 3075

Nowadays, several devices for self-sampling are commercially available, with different
performances in sample collection [24–26]. The majority of HPV molecular assays are
validated on cervical samples, the gold standard in cervical cancer screening [27]. However
HPV assays may give different results when tested on self-taken vaginal and urine samples.
Consequently, in order to obtain reproducible results, a specific HPV assay-sample-type
validation is necessary [28].

The aim of this study was to evaluate accuracy of the BD Onclarity™ HPV assay on
self-collected vaginal samples using a FLOQSwab® and first-void urine using the Colli-Pee®

20 mL device.
The results of the study showed a good overall positive agreement between self-

collected specimens and clinician-collected samples, confirming data already reported in
the expanded meta-analysis by Arbyn et al. [6,7]. Recently, a new meta-analysis of test
agreement between HPV tests using self-taken vs. clinician-collected samples based on
26 studies (10,071 participants) was published, updating a previous meta-analysis on test
accuracy for cervical precancers [29].

The validity of urine samples has been widely debated. On the one hand, this type
of sample is easy to collect, overcomes some cultural barriers, and could be useful for
surveillance in young populations [30]; on the other hand, the DNA in first-void urine
is not always appropriately preserved, thus not allowing the obtaining of an adequate
quantity of nucleic acids for HPV analysis [31]. Moreover, urine may collect cells from other
nearby anatomical sites, accounting for the higher HPV detection rates and/or multiple
infections when compared to cervical samples.

In this study, results from urine samples collected using the Colli-Pee® 20 mL are
comparable to results for cervical and vaginal samples, confirming—as previously reported
in the literature—the validity of this device for the collection and storage of first-void urine
using a preservative medium [15–18,32].

A limitation of the study is that the results come from samples collected from a
population of women referred to colposcopy and not from a primary screening setting.
However, the purpose of the study was to understand whether the BD Onclarity™ HPV
assay could be used in combination with self-samples; hence, it was necessary to have a
sufficient number of HPV-positive women to answer this question. For the same reason,
previous studies aiming to evaluate HPV testing on clinician-collected vs. self-collected
samples have been conducted in a colposcopy setting [18,33,34]. The other main limitation
of this study is the small sample size, with participating women being enrolled at only one
colposcopy centre. This analysis should therefore be considered a pilot study, and the data
obtained could represent the starting point for further larger validation studies on new self-
collection devices paired with the BD Onclarity™ HPV assay. Previous published reports
also showed similar limitations regarding sample size as well as a lack of standardized
preanalytical methods [14,20,32].

In the present study, vaginal swabs resuspended in 5.5 mL of PreservCyt and 20 mL of
first-void urine samples were processed using the same preanalytical protocol as cervical
samples by placing 0.5 mL of each sample’s starting volume in tubes containing 1.7 mL
of BD preserve fluid. Differences in collection procedures, preanalytical procedures, and
the nature of the investigated samples may influence HPV detection rates on self-collected
samples as compared to cervical specimens, on which the BD Onclarity™ HPV assay proto-
col and clinical cut-offs had been previously validated. For this reason, we have analysed
the data obtained both with the cut-offs set by the manufacturer for cervical samples and
without the pre-set cut-offs, still obtaining comparable results in terms of concordance and
agreement. However, the different results obtained underline the importance of considering
using different testing protocols and analytical cut-offs based on the sample type.

No invalid samples were observed in this pilot study after retesting, irrespective of the
sample type. The good sample adequacy observed for vaginal and first-void urine samples
may have resulted from collection at the point of care and to reduced time from collection
to laboratory testing.
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HPV genotyping in self-collected samples represents another strength of the BD
Onclarity™ HPV assay, as genotyping could be a good strategy for the triage of HR-HPV-
positive women in order to identify those at greater risk of cervical cancer progression,
such as HPV 16 and/or 18 positive women. The use of HPV genotyping assays could
be very important, particularly for screening programs based on self-sampling due to
the impossibility to performing cytology triage on the same sample. Moreover, HPV
genotyping on self-taken samples could be helpful to look for persistence of the same
HPV genotype at follow-up and as test-of-cure, without the need for a clinician-collected
sample at each visit. The possibility of performing a reliable test to verify the success of
surgical treatment or the risk of relapse on a self-taken sample can represent another great
advantage for women to consider.

Due to the low number of positive samples, we did not perform a statistical analysis
of specimens’ agreement considering specific HPV genotypes. However, these preliminary
results showed a good concordance, especially for HPV 16, even if a further study enrolling
a larger number of patients is necessary to obtain statistically significant results.

Up to now, the importance of self-sampling has been stressed to increase adherence
to cervical cancer screening programs for women not participating due to socio-cultural
or physical barriers. The SARS-CoV-2 pandemic has added another valuable reason to
enhance the use of self-sample tests collected at home by women, thus avoiding the need
to go to hospital and the risk of COVID exposure and infection [35].

5. Conclusions

Overall, data analysis without adjustment resulted in substantial agreement between
the self-collected and clinic-collected samples, with PPA values of 83.7% and 90.7% for
vaginal and urine samples, respectively. With correction for excess dilution in the sample
preparation, there was almost perfect agreement, with PPA values of 100% and 97.7%
for vaginal and urine samples, respectively. In conclusion, data from this pilot study
are promising for the employment of the BD Onclarity™ HPV assay on vaginal samples
and first-void urine samples, with an accuracy almost equivalent to clinician-collected
cervical samples.
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Abstract: Cervical cancer caused by persistent infection with HR HPV genotypes is the second leading
cause of death in women aged 15 to 44 in Serbia. The expression of the E6 and E7 HPV oncogenes
is considered as a promising biomarker in diagnosing high-grade squamous intraepithelial lesions
(HSIL). This study aimed to evaluate HPV mRNA and DNA tests, compare the results according
to the severity of the lesions, and assess the predictive potential for the diagnosis of HSIL. Cervical
specimens were obtained at the Department of Gynecology, Community Health Centre Novi Sad,
Serbia, and the Oncology Institute of Vojvodina, Serbia, during 2017–2021. The 365 samples were
collected using the ThinPrep Pap test. The cytology slides were evaluated according to the Bethesda
2014 System. Using a real-time PCR test, HPV DNA was detected and genotyped, while the RT-PCR
proved the presence of E6 and E7 mRNA. The most common genotypes in Serbian women are
HPV 16, 31, 33, and 51. Oncogenic activity was demonstrated in 67% of HPV-positive women. A
comparison of the HPV DNA and mRNA tests to assess the progression of cervical intraepithelial
lesions indicated that higher specificity (89.1%) and positive predictive value (69.8–78.7%) were
expressed by the E6/E7 mRNA test, while higher sensitivity was recorded when using the HPV
DNA test (67.6–88%). The results determine the higher probability of detecting HPV infection by 7%
provided by the mRNA test. The detected E6/E7 mRNA HR HPVs have a predictive potential in
assessing the diagnosis of HSIL. The oncogenic activity of HPV 16 and age were the risk factors with
the strongest predictive values for the development of HSIL.

Keywords: E6; E7; HPV; cervical intraepithelial lesion; biomarker; Serbia

1. Introduction

It is estimated that approximately every fourth malignancy can be linked to an in-
fectious agent, that is, its contribution to various stages of cancer development (reviewed
in [1]). About a third of this contribution is related to the human papillomavirus (HPV)
(reviewed in [2]). Today, significant evidence confirms the association of high-risk (HR)
HPV as a carcinogen or promoter in developing malignant diseases in different locations:
the cervix, vulva, vagina, penis, anus, and certain head and neck regions. In first place are
neoplasias of the lower genital tract, such as cervical cancer [3]. According to estimates
by the World Health Organization (WHO), that is, by the International Agency for Re-
search on Cancer (IARC), 604,000 new cases and 342,000 deaths were registered around the
world in 2020, which makes cervical cancer the fourth most frequently diagnosed cancer
in women [4]. In Serbia, organized cervical cancer screening has been conducted since
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2012, using the PAP test, based on the cytomorphological examination of cervical samples.
Screening is mandatory for women aged 25 to 69. However, despite organized screening,
cervical cancer remains one of the most common cancers among women in Serbia [5]. The
incidence of cervical cancer in Serbia is still among the highest and is approximately twice
the average in Europe (10.7 to 100,000) [6,7]. It is necessary to emphasize that data on the
HPV prevalence and genotype distribution among women with normal cervical cytology,
precancerous cervical lesions, and cervical cancer are missing in the updated IARC Human
Papillomavirus and Related Diseases Report for Serbia [6].

HPV vaccination is a crucial prevention tool against HPV infection and HPV-related
precancers and cancers [8]. If vaccination against HPV is carried out before initial sexual
activities, it is one of the most effective ways to prevent cervical cancer [9]. Still, in Serbia,
vaccination against HPV infection is not part of the mandatory national immunization
program, but it is recommended for children aged 9 to 19 years [5].

Strong evidence for HPV as a causative aetiology of cancers of various locations was
provided by the IARC, which classified HPV according to its potential to cause malignant
cell alteration as follows [10]:

Group 1 (carcinogenic to humans, HR) includes HPV genotypes: 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, and 59;

Group 2A (probably carcinogenic) includes HPV genotype 68;
Group 2B (potentially carcinogenic) includes HPV genotypes: 26, 53, 66, 67, 70, 73, 82,

30, 34, 69, 85 and 97;
Group 3 (low risk, LR) includes HPV genotypes 6 and 11.
Persistent HPV infection is the most critical risk factor for the development of cervical

cancer, which is confirmed by the presence of HR HPV in over 99% of cervical cancer
samples. Concerning the oncogenic potential, infection with a particular HR HPV genotype
carries a specific risk for cellular transformation and malignancy (reviewed in [3]). Namely,
one of the most critical determinants of the degree of pathogenicity of different HPV
genotypes is the functional differences between their oncoproteins, E6 and E7 [11].

During viral genome integration into the host cell genome, E1 or E2 are usually
disrupted [12]. This gene disruption leads to uncontrolled transcription of E6 and E7 genes
as the E2 repression on these oncogenes disappears [13,14]. Their protein products lead
to unregulated cell proliferation, differentiation, and loss of the reparative abilities of the
host cell, wherefore they are considered the main actors of virus-induced oncogenesis of
cervical cancer [15,16]. Thanks to the use of cervical cancer screening tests, this cancer
is classified as one of the most preventable malignancies. The most common test for
this purpose is the cytological abnormality test, the Papanicolaou (PAP) test. However,
considering the etiological role of HR HPV in developing cervical cancer, DNA tests have
been incorporated into the primary screening of developed countries. Still, this test is
characterized by high sensitivity and low specificity, which indicates the necessity of
improving the test’s characteristics concerning specificity [17]. In this context, the results of
numerous studies state that using the HR HPV mRNA test as a basic or additional test in
primary screening would improve these characteristics [18].

Given the above, this research aimed to determine the oncogenic activity of the
most commonly diagnosed HR HPVs in cervical smear samples using the mRNA test
and compare the results according to the severity of the cervical intraepithelial lesion.
Furthermore, it aimed to examine the clinical characteristics and predictive potential in
assessing the diagnosis of high-grade cervical intraepithelial lesions of HPV DNA and
mRNA tests.

2. Materials and Methods
2.1. Study Population and Specimen Collection

From 2017 to 2021, cervical smears were obtained from a sample of 365 female patients
(age 20–74 years) with normal and abnormal results of cervical cytology who were under-
going gynecological exams at the Department of Gynecology, Community Health Centre
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Novi Sad, Serbia, and the Oncology Institute of Vojvodina, Serbia. All of the women in the
study did not receive any prior treatment for cervical dysplasia or cancer, and all were un-
vaccinated against HPV infection. The samples were collected using the ThinPrep Pap test
(Hologic Inc., Marlborough, MA, USA) according to the manufacturer’s instructions and
sent for further analyses to the Center of Virology, Institute of Public Health of Vojvodina,
Novi Sad, Republic of Serbia.

The classification of cytological findings was performed according to the criteria of
the Bethesda System 2014. It was categorized into negative for intraepithelial lesion or
malignancy (NILM), atypical squamous cells of unknown significance (ASCUS), low-grade
squamous intraepithelial lesions (LSIL), and high-grade squamous intraepithelial lesions
(HSIL). All of the women enrolled in the study were informed about the research objective
and signed an informed written consent form. The study protocol was reviewed and
approved by the Medical Ethical Committee of the Institute of Public Health of Vojvodina,
Novi Sad, Serbia (approval number: 01-252/3).

2.2. HR HPV Detection and Genotyping

The ThinPrep cervical smear samples were stored at 4–8 ◦C for up to 3 days from
the sampling day. The 2 mL of collected samples were transferred to nuclease-free tubes
and centrifugated at 8000× g for 5 min. The formed pellet was dissolved in 200 µL of
nuclease-free water and used for nucleic acid extraction. According to the manufacturer’s
instructions, DNA extraction was carried out using the SaMag STD DNA Extraction Kit
(Sacace Biotechnologies, Como, Italy). The extracted DNA was eluted in 100 µL elution
buffer. The detection and genotyping of 12 HR HPV genotypes (16, 18, 31, 33, 35, 39, 45,
51, 52, 56, 58, and 59), marked as the HPV DNA test, were performed using the High
Risk Typing Real-TM Kit (Sacace Biotechnologies, Como, Italy) following manufacturer’s
instructions. The E7 gene of specific HPV genotypes was amplified using primers and
TaqMan probes in the multiplex reaction performed in a total of 13 µL. The β globin gene
is used as an internal control. Real-time PCR was performed on the SaCycler-96 (Sacace
Biotechnologies, Como, Italy). After the initial activation of the DNA polymerase at 95 ◦C
for 15 min, five cycles of amplification were performed under the following conditions:
95 ◦C/5 s, 60 ◦C/20 s, and 72 ◦C/15 s, and 40 amplifications were performed under the
following conditions: 95 ◦C/5 s, 60 ◦C/30 s (fluorescence detection), and 72 ◦C/15 s. The
kinetics of the detected fluorescence signals were monitored using the SaCycler-96 software
package (Sacace Biotechnologies, Como, Italy).

2.3. E6/E7 mRNA HPV Detection

E6/E7 mRNA of the most prevalent HPVs was tested in the cervical samples positive
for the most prevalent HR HPVs DNA and HR HPV DNA negative samples. The HR-
HPV-negative samples were included in E6/E7 mRNA testing because the study aimed
to determine the mRNA test’s clinical characteristics by evaluating and comparing it
with the HPV DNA test. Total RNA was extracted from the prepared sample using the
miRNeasy Mini Kit and QIAcube robotic workstation (Qiagen, Hilden, Germany) following
the manufacturer’s instructions. The total RNA was eluted in 50 µL ultrapure water free
from nucleases. Following the manufacturer’s recommendations, potentially present
contaminants were removed using the TURBO DNA-free Kit (Invitrogen/ThermoFisher
Scientific, Waltham, MA, USA). The routine procedure for removing contaminants using
the kit above included the addition of 5 µL of 10× TURBO DNase Buffer and 1 µL of
TURBO DNase enzyme into each sample of extracted total RNA, with incubation for 30 min
at a temperature of 37 ◦C. After the action of the enzyme, 5 µL of inactivation reagent
(Dnase Inactivation Reagent) was added, with incubation for 5 min, at room temperature
and occasional vortexing. After that, centrifugation was performed (90 s, 10,000× g).
The supernatant was carefully transferred to a nuclease-free tube. The real-time reverse
transcription PCR (RT-PCR) analysis, marked as the HPV mRNA test, was performed
using specific primers and TaqMan probes to detect the E6/E7 mRNA of individual HPV
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genotypes. The sequences for the primers and probes (Table 1) were adopted from Lindh
et al. (2007) [19] and purchased from Life Technologies (Carlsbad, CA, USA). The AgPath-
ID One-Step RT-PCR Kit (Applied Biosystems, Waltham, MA, USA) was used for the
real-time RT-PCR. A separate reaction mixture was prepared for each set of primers and
TaqMan probes. The reaction was prepared to a final volume of 25 µL containing: 12.5 µL
2× RT-PCR Buffer, 1 µL of 25× RT-PCR Enzyme Mix, primers to a final concentration
of 300 nM, the probe to a final concentration of 200 nM, 1 µL of RNase Inhibitor reagent
(Applied Biosystems, Waltham, MA, USA), 5 µL of isolated total RNA, and DEPC-treated
nuclease-free water (Invitrogen, Waltham, MA, USA). Real-time PCR was performed on
the Applied Biosystems 7500 Real-Time PCR Systems (ThermoFisher Scientific, Waltham,
MA, USA). After the reverse transcription reaction at 48 ◦C for 30 min, the inactivation of
reverse transcriptase and the activation of Taq polymerase were performed at 95 ◦C for
10 min. After that, 45 cycles of PCR amplification were carried out with denaturation at
95 ◦C for 15 s and annealing and elongation at 58 ◦C for 1 min. The data were analyzed
with the Applied Biosystems Software v2.0.6 (ThermoFisher Scientific, Waltham, MA, USA)
and the GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA).

Table 1. Primer and probe sequences used for the RT-PCR analysis.

Gene Primer and Probe Sequences (5′–3′)

E6/E7 HPV 16
F: TTGCAGATCATCAAGAACACGTAGA

R: CAGTAGAGATCAGTTGTCTCTGGTTGC
P: FAM-AATCATGCATGGAGATACACCTACATTGCATGA-TAMRA

E6/E7 HPV 31
F: ATTCCACAACATAGGAGGAAGGTG
R: CACTTGGGTTTCAGTACGAGGTCT

P: FAM-ACAGGACGTTGCATAGCATGTTGGA-TAMRA

E6/E7 HPV 33
F: ATATTTCGGGTCGTTGGGCA

R: ACGTCACAGTGCAGTTTCTCTACGT
P: FAM-GGACCTCCAACACGCCGCACA-TAMRA *

E6/E7 HPV 51
F: AAAGCAAAAATTGGTGGACGA

R: TGCCAGCAATTAGCGCATT
P: FAM-CATGAAATAGCGGGACGTTGGACG-TAMRA

F—forward; R—reverse; P—TaqMan probe; *—antisense; FAM—6-carboxyfluorescein; TAMRA—6-carboxyte
tramethylrhodamine.

2.4. Statistical Analysis

All of the statistical analyses were performed using SPSS statistics software Version
21.0 (Chicago, IL, USA). Testing the difference in frequencies of attributive features was
performed using the Chi-square (χ2) test of independence and quality of the match. The
Student’s t-test was used to compare values between the two age groups, a numerical
characteristic. A one-way analysis of variance (ANOVA) and the Bonferroni post-hoc test
were applied to compare values between three or more data groups. Frequencies were used
to present the analysis of the oncogenic activity of multiple HR HPV infections. Sensitivity,
specificity, positive predictive value (PPV), negative predictive value (NPV), and their
95% confidence intervals (CIs) of HR HPVs DNA and E6/E7 mRNA HPVs detection and
cytology test were calculated. To quantify the diagnostic capabilities of the selected test and
evaluate its significance, the receiver operating characteristics (ROC) curve was used, which
enables testing the significance of differences in the discriminating potential of different
variables for the same binary outcome. It is based on a graphical presentation of pairs
of sensitivity and specificity that can be obtained by estimating the threshold value for
all values of discontinuous variables of the sample. Univariate and multivariate logistic
regression were used to analyze the connection between two or more features, generating
adequate statistical models. Multivariate logistic regression analysis was applied to all of
the analyzed factors to construct a predictive model and named the most relevant predictors
for the development of HSIL. A p-value of less than 0.05 defined as statistically significance.
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3. Results
3.1. Cervical Cytology

A total of 365 specimens obtained from women in the north part of the Republic of
Serbia (Vojvodina) were classified based on the Bethesda System 2014 into four categories
by cytological criteria.

3.2. HR HPV DNA in Cervical Samples

The cervical samples were analyzed for 12 HR HPVs, where 246 out of 365 (67.4%)
had HPV-DNA-positive results, which indicates that the overall prevalence of HPV in the
study population was 67.4%. All of the HPV genotypes covered by the HPV DNA test
were identified (n = 274) in the study population (246 HR-HPV-positive cervical samples).
The most prevalent HPV genotype is HPV 16 which makes up 38.3% (105/274) of the
total HPV-detected genotypes in 42.7% (105/246) of HP- DNA-positive samples. HPV 31
takes second place with 17.2% (47/274) of total HPV-detected genotypes in 19.1% (47/246)
of HPV-DNA-positive samples. Equally represented are HPV 33 and HPV 51, each with
8.8% (24/274) of total HPV-detected genotypes in 9.8% (24/246) of HPV-DNA-positive
samples (Figure 1). The results show that those HR HPVs make up 73% (200/274) of the
detected genotypes, including multiple infections, which determined those cervical samples
(n = 172) for further examination of oncogenic activity, according to the study’s aim.
Multiple HPV infections were found in 15.7%. The most common co-infections were those
with HPV 16 and 31, found in 7.6% (13/172) of cases with multiple infections (Table 2).

Molecular data were compared with the cytological results and age categories of
patients. The distribution of cytological groups was analyzed within the most prevalent
HR-HPV-DNA-positive samples (172 cervical samples), including multiple infections. A
minority of women, 16.9% (n = 29), had normal results, whereas 83.1% (n = 143) showed
different abnormalities. A total of 26.7% (n = 46) of the examined women had ASCUS; in
25.6% (n = 44), LSILs were found, whereas HSILs were detected in 30.8% (n = 53). The
mean age of the patients was 36.7 years. Among the specimens, the number of Serbian
women who were ≤30 years, 31–44 years, and ≥45 years old accounted for 36.5% (n = 68),
36.0% (n = 62), and 24.4% (n = 42) of the samples, respectively (Table 3).
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Figure 1. Genotype-specific distribution of HR HPVs.

The distribution of the most frequently detected HPVs concerning cytology is shown
in Table 4. The prevalence rates of HR HPV 16 ranged from 44.8% in the group of NILM
cytology to 75.5% in the HSIL group. Contrarily, the prevalence of HR HPV 31 is similar
in the groups of NILM (37.9%), ASCUS (34.8%), and LSIL (31.8%), while it is lower in
the group of HSIL (11.3%). HPV genotypes 33 and 51 are present in all of the cytological
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groups in less than 21%. The statistically significant difference in the prevalence between
the number of positive findings of HPV 16 (χ2 test; p = 0.035) and HPV 31 (χ2 test; p = 0.017)
was determined, depending on the degree of severity of the cytological findings, which
was not determined for HPV 33 and 51 (χ2 test; p = 0.706, p = 0.790, respectively) (Table 4).

Table 2. Distribution of the most prevalent HR HPVs (HR HPV 16, 31, 33, and 51) in single and
multiple infections.

HPV Infection HR HPV DNA n (%) n (%)

Single

16 83 (48.3)

145 (84.3)31 28 (16.3)

33 18 (10.5)

51 16 (9.3)

Multiple

16, 31 13 (7.6)

27 (15.7)

16, 51 6 (3.5)

31, 33 3 (1.7)

16, 33 2 (1.2)

31, 51 2 (1.2)

16, 31, 33 1 (0.6)

Total: 172 (100) 172 (100)

Table 3. Cervical cytology and age of female patients diagnosed with the most prevalent HR HPVs.

Most Prevalent HR-HPV-DNA-Positive Women n (%)

Cytology

NILM 29 (16.9)
ASCUS 46 (26.7)

LSIL 44 (25.6)
HSIL 53 (30.8)

Total: 172 (100)

Age

≤30 68 (36.5)
31–44 62 (36.0)
≥45 42 (24.4)

Mean age (years, SD)) 36.7 (12.6)
SD—standard deviation; NILM—negative for an intraepithelial lesion or malignancy; ASCUS—atypical squamous
cells of unknown significance; LSIL—low-grade squamous intraepithelial lesions; HSIL—high-grade squamous
intraepithelial lesions.

A statistically significant difference was found in the number of female patients
concerning the cytological findings and the age of the patients (χ2 test; χ2 = 29.500;
p = 0.000) (Table 5). The statistically significant difference was determined regarding
the cytological findings and the age of the patients, where the female patients diagnosed
with HSIL were significantly older compared to the other groups (ANOVA; F = 9.321;
p < 0.001). The Bonferroni post-hoc test determined that the female patients with HSIL are
statistically significantly older than those with ASCUS (p < 0.001), NILM (p < 0.001), and
LSIL (p = 0.012) (Figure 2, Table 5). Female patients with confirmed HPV 31 are statistically
significantly younger (33 years) than the other HR-HPV-DNA-positive patients (t = 2.317;
p = 0.022). The average age of the female patients with confirmed HPV DNA 16 was
36.9 years; with HPV DNA 33, it was 34.1 years, while the average age of patients with
HPV DNA 51 was 40.5 years. The statistical analyses show that the proportion of HPV
16 positivity maintained at the same level as age. Conversely, the proportion of HPV 31
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positivity decreases with age. The detection of HR HPV 33 genotypes decreases with age,
while HR HPV 51 increases (Table 5).

Table 4. Distribution of the most frequently detected HR HPVs according to cytology.

HR HPV DNA

Cytology

χ2 pNILM ASCUS LSIL HSIL

n (%) n (%) n (%) n (%)

HPV 16
+ 13 (44.8) 28 (60.9) 24 (54.5) 40 (75.5)

8.628 0.035 *− 16 (55.2) 18 (39.1) 20 (45.5) 13 (24.5)

HPV 31
+ 11 (37.9) 16 (34.8) 14 (31.8) 6 (11.3)

10.214 0.017 *
− 18 (62.1) 30 (65.2) 30 (68.2) 47 (88.7)

HPV 33
+ 6 (20.7) 6 (13.0) 5 (11.4) 7 (13.2)

1.398 0.706− 23 (79.3) 40 (87.0) 39 (88.6) 46 (86.8)

HPV 51
+ 4 (13.8) 5 (10,9) 8 (18.2) 7 (13.2)

1.045 0.790− 25 (86.2) 41 (89.1) 36 (81.8) 46 (86.8)

Total: 29 (100) 46 (100) 44 (100) 53 (100)

* p < 0.05. NILM—negative for an intraepithelial lesion or malignancy; ASCUS—atypical squamous cells of
unknown significance; LSIL—low-grade squamous intraepithelial lesions; HSIL—high-grade squamous intraep-
ithelial lesions.

Table 5. Age-specific distribution of female patients with different cytological groups and genotypes.

HR
HPV-Positive

Women

Age Group (Years)
Total
n (%)

χ2 p Mean Age
(years, (SD)) # p≤30 31–44 ≥45

n (%) n (%) n (%)

Cytology

NILM 19 (27.9) 5 (8.1) 5 (11.9) 29 (16.9)

29.500 0.000 ***

30.9 (12.2)
9.321

0.000 ***
ASCUS 21 (30.9) 21 (33.9) 4 (9.5) 46 (26.7) 33.4 (9.2) 0.000 ***

LSIL 17 (25.0) 18 (29.0) 9 (21.5) 44 (25.6) 35.9 (11.5) 0.012 *

HSIL 11 (16.2) 18 (29.0) 24 (51.1) 53 (30.8) 43.4 (6.8) -

Total: 68 (39.5) 62 (36.1) 42 (24.4) 172 (100)

Genotype §

HR HPV 16 41 (50.6) 39 (52.0) 25 (56.8) 105 (52.5) 0.147 0.929 36.9 (12.9) 0.289 0.773
HR HPV 31 24 (29.6) 15 (20.0) 8 (18.2) 47 (23.5) 3.930 0.140 33.1 (10.8) 2.317 0.022 *
HR HPV 33 10 (12.3) 10 (13.3) 4 (9.1) 24 (12.0) 0.963 0.618 34.1 (11.2) 1.077 0.283
HR HPV 51 6 (7.4) 11 (14.7) 7 15.9 24 (12.0) 2.489 0.298 40.5 (12.7) 1.610 0.109

Total: 81 (40.5) 75 (37.5) 44 (22.0) 200 (100)

SD—Standard Deviation; #—ANOVA; §—t test; * p < 0.05; *** p < 0.001.

3.3. E6/E7 mRNA in Cervical Samples

Figure 3 shows the study design with sample processing to analyze the expression of
the E6/E7 mRNA of the most prevalent HR HPV in cervical samples from Serbian women.
A total of 291 cervical samples, which include HPV 16-, 31-, 33- and 51-positive (n = 172)
and HR-HPV-negative samples (n = 119), were tested by the HPV mRNA test. The E6/E7
mRNA HPV was detected exclusively in HR-HPV-DNA-positive samples (Table 6). E6 and
E7 transcripts of the four most frequent HR HPVs were detected in 57.5% (115/200) of the
HR HPV DNA confirmed genotypes. Accordingly, the distribution of E6/E7 mRNA HR
HPV 16, 31, 33, and 51 are shown in Table 6. The E6/E7 mRNA HR HPV 16 was the most
abundant, which accounted for 25.5% (51/200) of HR HPV genotypes. Next in frequency
was the E6/E7 mRNA HR HPV 31 in 16.5% (33/200), while the E6/E7 mRNAs HR HPV 33
and 51 were equally represented in 8% (16/200) and 7.5% (15/200), respectively. Almost
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every second HPV 16 genotype is oncogenically expressed (48.6%; 51/105), and it was
detected in 29.7% (51/172) HPV-DNA-positive samples. The oncogenic activity of HPV
31 was detected in approximately every fifth (19.2%; 33/172) HPV-DNA-positive sample.
Regarding the oncogenic activity of the remaining tested genotypes, HPV 33 and HPV 51
were detected in roughly every tenth HPV-DNA-positive sample (Table 6). The results of
expressing E6 and E7 HR HPV oncogenes were expressed through the dispersion of the
obtained Ct values. The oncogenic activity of HPV 16 is detected by the lowest registered
value (Ct = 16) (Supplementary Materials Figure S1).
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3.4. Prevalence of HR HPV Based on E6/E7 mRNA HPV Expression in Different
Cytological Groups

The expression of the E6 and E7 genes as indicators of the oncogenic activity of HR
HPV 16, 31, 33, and 51 was analyzed concerning cytological findings. The oncogenic
activity of the tested genotypes increases with the severity of the cervical intraepithelial
lesion. A statistically significant difference in E6/E7 mRNA HPV expression among the
various cytological groups was observed (χ2 test; χ2 = 108.623; p < 0.001). E6/E7 mRNA
HPVs are the most prevalent in patients with HSIL cytological findings (88.9%). In the
group of patients with LSIL cytological findings, it was demonstrated in a lower percentage
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(60%). A two-fold lower prevalence is observed in patients with ASCUS (29.4%). Oncogene
activity in women with normal cytological findings is present in 10.9% of samples (Table 7).
Subsequently, the E6/E7 mRNA distribution of HR-HPV-DNA-positive samples according
to genotype and cytological groups was analyzed. E6/E7 mRNA HR HPV 16 is the most
represented in patients with HSIL cytological findings (64.2%), while in the other groups of
cytological findings, it was demonstrated in a lower percentage (3.4–22.7%). A statistically
significant difference was found in the number of positive findings of E6/E7 mRNA HR
HPV 16 concerning the cytological status (χ2 test; χ2 = 46.881; p < 0.001). This result
singled out the HR HPV 16 genotype for further analyses. The presence of E6/E7 mRNA
HR HPV 31 was the least detected in HSIL (7.5%) compared to other cytological groups
(22.7–26.1%). The distribution of the oncogenic activity of the remaining genotypes (HR
HPV 33 and 51) is approximately the same across different cytological groups and remains
at a low level (2.2–11.4%) (Table 7).

Table 6. Analyses of E6/E7 mRNA HPV 16, 31, 33, and 51 in cervical samples.

E6/E7 mRNA HPV
Genotypes

Genotypes n (%)

HR HPV 16, 31, 33, 51
Cervical Samples (n = 291)

E6/E7 mRNA HR HPV/Most
Prevalent

HR-HPV-DNA-Positive
Samples (%)

E6/E7 mRNA HR HPV
Positive/HR-HPV-DNA-

Positive (%)Positive n
(%)

Negative n
(%)

HPV 16
+ 51 (25.5) 51 (48.6) 0 (0.0)

29.7 (51/172) 48.5 (51/105)− 149 (74.5) 54 (51.4) 186 (63.9)

Total: 200 (100) 105 (36.1) 186 (63.9)

HPV 31
+ 33 (16.5) 33 (70.2) 0 (0.0)

19.2 (33/172) 70.2 (33/47)− 167 (83.5) 14 (29.8) 244 (83.8)

Total: 200 (100) 47 (16.2) 244 (83.8)

HPV 33
+ 16 (8.0) 16 (66.7) 0 (0.0)

9.3 (16/172) 66.7 (16/24)− 184 (92.0) 8 (33.3) 267 (91.8)

Total: 200 (100) 24 (8.2) 267 (91.8)

HPV 51
+ 15 (7.5) 15 (62.5) 0 (0.0)

8.7 (15/172) 62.5 (15/24)− 185 (92.5) 9 (37.5) 267 (91.8)

Total: 200 (100) 24 (8.2) 267 (91.8)

Total E6/E7 mRNA
genotypes

+ 115 (57.5) 0 (0.0) 66.9 (115/172) 57.5 (115/200)- 85 (42.5) 119 (100)

Table 7. Distribution of E6/E7 mRNA HR HPV according to cytology.

E6/E7 mRNA HPV Genotypes
Cytology

Total
n (%)

χ2 pNILM
n (%)

ASCUS
n (%)

LSIL
n (%)

HSIL
n (%)

HPV 16
+ 1 (3.4) 6 (13.0) 10 (22.7) 34 (64.2) 51 (29.7)

46.881 0.000 ***- 28 (96.6) 40 (87.0) 34 (77.3) 19 (35.8) 121 (70.3)

Total: 29 (100) 46 (100) 44 (100) 53 (100) 172 (100)

HPV 31
+ 7 (24.1) 12 (26.1) 10 (22.7) 4 (7.5) 33 (19.2)

6.858 0.077- 22 (75.9) 34 (73.9) 34 (77.3) 49 (92.5) 139 (80.8)

Total: 29 (100) 46 (100) 44 (100) 53 (100) 172 (100)

HPV 33
+ 3 (10.3) 3 (6.5) 5 (11.4) 5 (9.4) 16 (9.3)

0.682 0.878- 26 (89.7) 43 (93.5) 39 (88.6) 48 (90.6) 156 (90.7)

Total: 29 (100) 46 (100) 44 (100) 53 (100) 172 (100)

HPV 51
+ 3 (10.3) 1 (2.2) 5 (11.4) 6 (11.3) 15 (8.7)

- -- 26 (89.7) 45 (97.8) 39 (88.6) 47 (88.7) 157 (91.3)

Total: 29 (100) 46 (100) 44 (100) 53 (100) 172 (100)
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Table 7. Cont.

E6/E7 mRNA HPV Genotypes
Cytology

Total
n (%)

χ2 pNILM
n (%)

ASCUS
n (%)

LSIL
n (%)

HSIL
n (%)

Cervical samples

E6/E7 mRNA HPVs

+ 13 (10.9) 20 (29.4) 30 (60.0) 48 (88.9) 111 (38.1)

- 106 (89.1) 48 (70.6) 20 (40.0) 6 (11.1) 180 (61.9) 108.623 0.000
***

Total: 119 (100) 68 (100) 50 (100) 54 (100) 291 (100)

*** p < 0.001. NILM—negative for intraepithelial lesion or malignancy; ASCUS—atypical squamous cells of
unknown significance; LSIL—low-grade squamous intraepithelial lesions; HSIL—high-grade squamous intraep-
ithelial lesions.

The analyses of the oncogenic activity of multiple HR HPV infections are presented
by frequencies. The overall oncogenic activity, including both single and multiple HR
HPV infections detected using the E6/E7 mRNA HR HPV test, increases with the degree
of cervical lesion severity (60–100%). The oncogenic activity detected in single-genotype
infections (20.0–85.7%) is higher compared to the oncogenic activity of multiple genotypes
(0–40%) (Table 8).

Table 8. Analysis of the oncogenic activity of multiple infections of the most prevalent HR HPV.

Cytology HR HPV
DNA f1

Multiple E6/E7
mRNA HR

HPV
f2

Single E6/E7
mRNA HR

HPV
f3

Multiple E6/E7
mRNA HR
HPV * (%)

Single E6/E7
mRNA

HR HPV ** (%)

Total
Oncogenic

Activity

NILM

16, 31 1 - 0 - 0

40.0 20.0 60.0
16, 51 1 - 0 51 1
31, 33 2 31, 33 1 - 0
31, 51 1 31, 51 1 - 0

Total: 5 Total: 2 Total: 1

ASCUS

16, 31 6 - 0
16 1

22.2 44.4 66.6

31 3

16, 51 1 - 0 - 0
31, 33 1 31, 33 1 - 0
31, 51 1 31, 51 1 - 0

Total: 9 Total: 2 Total: 4

LSIL

16, 31 3 - 0
16 1

0.0 83.3 83.3

31 2

16, 31, 33 1 - 0 33 1
16, 51 2 - 0 51 1

Total: 6 Total: 0 Total: 5

HSIL

16, 31 3 16, 31 1
16 1

14.3 85.7 100

31 1

16, 33 2 - 0
16 1
33 1

16, 51 2 - 0
16 1
51 1

Total: 7 Total: 1 Total: 6

* (f2/f1) × 100; ** (f3/f1) × 100; NILM—negative for an intraepithelial lesion or malignancy; ASCUS—atypical
squamous cells of unknown significance; LSIL—low-grade squamous intraepithelial lesions; HSIL—high-grade
squamous intraepithelial lesions.

3.5. Prevalence of E6/E7 mRNA HR HPV Expression According to Age

The results were categorized according to age categories (≤30, 31–44, ≥45 years) to
analyze the prevalence of E6/E7 mRNA HPV in the specific age groups. The lowest percent
of E6/E7 mRNA HR HPV 16 was detected in the younger group and the highest percent
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was detected in patients over 44 years. A statistically significant difference was observed in
patients with E6/E7 mRNA HR HPV 16 expression (χ2 test; χ2 = 7.331; p = 0.026), wherein
individuals with positive E6/E7 mRNA HPV results were older than the others. The
detection of E6/E7 mRNA HR HPV 31 and 33 decreases with the increasing age of the
patient, while E6/E7 mRNA HR HPV 51 increases (Table 9).

Table 9. Analyses of E6/E7 mRNA HPVs according to age.

E6/E7 mRNA
HR HPV

Age (years)
Total

χ2 p≤30 31–44 ≥45

n (%) n (%) n (%) n (%)

HPV 16
+ 13 (19.1) 20 (32.3) 18 (42.9) 51 (29.7)

7.331 0.026 *- 55 (80.9) 42 (67.7) 24 (57.1) 121 (70.3)

Total: 68 (100) 62 (100) 42 (100) 172 (100)

HPV 31
+ 16 (23.5) 10 (16.1) 7 (16.7) 33 (19.2)

1.373 0.503– 52 (76.5) 52 (83.9) 35 (83.3) 139 (80.8)

Total: 68 (100) 62 (100) 42 (100) 172 (100)

HPV 33
+ 7 (10.3) 6 (9.7) 3 (7.1) 16 (9.3)

0.322 0.851– 61 (89.7) 56 (90.3) 39 (92.9) 156 (90.7)

Total: 68 (100) 62 (100) 42 (100) 172 (100)

HPV 51
+ 3 (4.4) 5 (8.1) 7 (16.7) 15 (8.7)

4.951 0.084– 65 (95.6) 57 (91.9) 35 (83.3) 157 (91.3)

Total: 68 (100) 62 (100) 42 (100) 172 (100)

* p < 0.05.

3.6. Comparison of Tests for the Detection of HR HPV Genotypes and Their Oncogenic Activity

The comparison of tests for the detection of the most prevalent HR HPV genotypes
and their oncogenic activity revealed that the presence of the HR HPV genotypes is higher
than the presence of the oncogenic activity of the genotypes in younger women (≤30 years),
similar in middle-aged women (31–44 years), and lower in women 45 years and older.
The prevalence of oncogenic activity of the HPV genotypes increases with the severity
of the cervical intraepithelial lesion. Compared to the prevalence of the examined HR
HPV genotypes, the same parameter is lower in women with normal and undefined
cytological findings, approximately the same in low-grade lesions, and significantly higher
in high-grade lesions (Figure 4).
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The calculated clinical characteristics of the DNA and E6/E7 mRNA HR HPV tests are
shown in Table 10. The sensitivity and NPV of both tests were increased with the severity
of the cervical intraepithelial lesion, with the HR HPV DNA test showing a statistically
significantly higher level (67.6–98.2%). The specificity of the E6/E7 mRNA HR HPV test
(89.1%) is statistically significantly higher than the HR HPV DNA test (75.6%). The PPV
of the HR HPV DNA test is approximately the same for all types of cytological findings
(60.3– 64.6%), while for the mRNA HR HPV test, it increases with the degree of the cervical
intraepithelial lesion (69.8– 78.7%) and it is statistically significantly higher (Table 10).

Table 10. Clinical characteristics of HR HPV DNA and E6/E7 mRNA HPV tests.

Test Cytology Sensitivity CI Specificity CI PPV CI NPV CI
(%) (95%) (%) (95%) (%) (95%) (%) (95%)

HPV
DNA

ASCUS 67.6 *** 55.2–78.5 75.6 66.9–83.0 61.3 49.4–72.4 80.4 * 71.8–87.3
LSIL 88.0 ** 75.7–95.5 75.6 66.9–83.0 60.3 48.1–71.6 93.8 * 86.9–97.7
HSIL 98.2 90.1–100 75.6 66.9–83.0 64.6 53.3–74.9 98.9 94.0–100

E6/E7
mRNA
HPV

ASCUS 29.4 19.0–41.7 89.1 ** 82.0–94.0 60.6 42.1–77.1 68.8 60.9–76.0
LSIL 60.0 45.2–73.6 89.1 ** 82.0–94.0 69.8 *** 53.9–82.8 84.1 76.6–90.0
HSIL 88.9 77.4–95.8 89.1 ** 82.0–94.0 78.7 *** 66.3–88.1 94.6 88.7–98.0

* p < 0.05; ** p < 0.005; *** p < 0.001. CI (95%)—95% confidence interval; PPV—positive predictive value; NPV—
negative predictive value; NILM—negative for intraepithelial lesion or malignancy; ASCUS—atypical squamous
cells of unknown significance; LSIL—low-grade squamous intraepithelial lesions; HSIL—high-grade squamous
intraepithelial lesions.

To quantify the diagnostic capabilities of the E6/E7 mRNA HPV test and evaluate its sig-
nificance, an ROC curve was used to assess the assays for detecting HSIL. The area determined
by the ROC curve (AUC) of E6/E7 mRNA HR HPV is 0.812 (CI (95%): 0.752–0.871), while
the area under the ROC curve formed by the parameters of the HR HPV DNA test is 0.740
(CI (95%): 0.680–0.799) (Table 11, Figure 5).

Table 11. Performance of E6/E7 mRNA HR HPV and HR HPV DNA tests in HSIL.

HSIL AUC ± SE p CI (95%)

E6/E7 mRNA HR HPV 0.812 ± 0.031 0.000 *** 0.752–0.871
HR HPV DNA 0.740 ± 0.030 0.000 *** 0.680–0.799

AUC—area under the ROC curve; SE—standard error; *** p < 0.001; CI (95%)—95% confidence intervals.
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The relationships between the oncogenic activity of all of the tested HPVs and pre-
viously singled out HPV 16 vs. the cytological results were analyzed using Spearman’s
(ρ) correlation (Figure 6). There is a statistically significant positive moderate correlation
between the presence of HPV 16 oncogenic activity and cytological status (Spearman’s
correlation; ρ = 0.494; p < 0.001) (Figure 6A). The oncogenic activity of the tested HPV
genotypes is associated with a strong statistically significant positive correlation with
the degree of cervical intraepithelial lesion severity (Spearman’s correlation; ρ = 0.594;
p < 0.001) (Figure 6B).
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Univariate multinomial logistic regression examined the individual factors (the HR
HPV DNA 16, the oncogenic activity of all of the tested HR HPVs, the oncogenic activity of
the HR HPV 16 genotype, and the age category) that indicated an increased probability of
developing HSIL (Supplementary Materials Tables S1–S4).

For the influence of HR HPV 16 on the probability of HSIL, a statistically significant
predictive value was determined in the NILM and LSIL cytological groups. Patients
with the confirmed presence of the HPV 16 genotype through a DNA test have a higher
probability of being diagnosed with HSIL than NILM (3.8-fold), while they will have a
2.6-fold higher probability of being diagnosed with HSIL compared to the probability of
being diagnosed with LSIL (Supplementary Materials Table S1).

The influence of the oncogenic activity of all tested of the HR HPV genotypes (E6/E7
mRNA HR HPVs) on diagnosing high-grade lesions of the cervical epithelium has a
statistically significant prediction found in all cytological groups, NILM, ASCUS, and
LSIL. If patients have confirmed indicators of oncogenic activity, they will have an almost
seven-fold higher probability of being diagnosed with HSIL compared to the probability of
being diagnosed with NILM. The same patients have a 19-fold higher probability of being
diagnosed with HSIL compared to the probability of detecting ASCUS and a 5-fold higher
probability of detecting HSIL compared to LSIL (Supplementary Materials Table S2).

E6/E7 mRNA HR HPV 16 is an indicator for diagnosing HSIL, and a statistically
significant predictive value was determined for all types of cytological findings, NILM,
ASCUS, and LSIL. In a patient with confirmed HPV 16 oncogenic transcripts, the probability
of diagnosing HSIL is 50-fold higher than the probability of diagnosing NILM. Patients
with a positive result of E6/E7 mRNAs HR HPV 16 are 12-fold more likely to be diagnosed
with HSIL compared to the detection of ASCUS, while in patients with the same result, the
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probability of detection of HSIL is 6-fold higher than the probability of detection of LSIL
(Supplementary Materials Table S3).

A statistically significant predictive value for the age category was determined in all
cytological groups, NILM, ASCUS, and LSIL. The probability of detecting HSIL concerning
normal results in HR-HPV-positive patients is 6.3-fold higher if they are ≥45 years of age
than women under 30. A similar prediction for the detection of HSIL was shown concerning
ASCUS (6.5-fold). Patients from the oldest age category have a 3.4-fold higher probability of
detecting HSIL concerning LSIL than the youngest (Supplementary Materials Table S4).

The predictive model contains four independent variables: HR HPV DNA 16, E6/E7
mRNA HR HPVs, E6/E7 mRNA HR HPV 16, and age category. The HSIL lesion, as
a representative of a high degree of cervical atypia, represented a dependent variable
concerning all of the analyzed relevant factors. Multivariate logistic regression analysis
was applied to all of the analyzed factors to construct a predictive model and named the
most relevant predictors for the development of HSIL (Table 12).

Table 12. Analysis of the mutual influence of relevant factors for HSIL development.

HSIL OR CI (95%) p

NILM

HR HPV DNA 16
+ 1.627 0.351–7.531

0.534– 1.00 a

E6/E7 mRNA HR HPV
+ 3.989 0.843–18.882

0.081– 1.00 a

E6/E7 mRNA HR HPV 16
+ 19.099 1.539–236.983

0.022 *– 1.00 a

Age (years)
≤30 1.00 a

31–44 5.382 1.360–21.296 0.016 *
≥45 6.654 1.665–26.598 0.007 **

ASCUS

HR HPV DNA 16
+ 0.957 0.230–3.988

0.952– 1.00 a

E6/E7 mRNA HR HPV
+ 3.910 0.906–16.871

0.068– 1.00 a

E6/E7 mRNA HR HPV 16
+ 6.384 1.215–33.545

0.029 *– 1.00 a

Age (years)
≤30 1.00 a

31–44 1.401 0.469–4.182 0.546
≥45 8.738 2.147–35.568 0.002 **

LSIL

HR HPV DNA 16
+ 1.009 0.243–4.192

0.990– 1.00 a

E6/E7 mRNA HR HPV
+ 1.636 0.377–7.102

0.511– 1.00 a

E6/E7 mRNA HR HPV 16
+ 5.099 1.091–23.832

0.038 *– 1.00 a

Age (years)
≤30 1.00 a

31–44 1.362 0.464–3.992 0.574
≥45 3.719 1.161–11.920 0.027 *

OR—Odds ratio; a—reference; CI (95%)—95% confidence interval; * p < 0.05; ** p < 0.01; NILM–negative for
intraepithelial lesion or malignancy; ASCUS–atypical squamous cells of unknown significance; LSIL–low-grade
squamous intraepithelial lesions; HSIL–high-grade squamous intraepithelial lesions.

Analyzing the mutual influence of the examined relevant factors for diagnosing HSIL
compared to the probability of diagnosing a normal cytological finding, the strongest
statistically significant predictor was determined to be the oncogenic activity of the HPV 16
genotype. If it is detected, the probability of diagnosing HSIL concerning the probabil-
ity of diagnosing normal results increases 19-fold (OR = 19.10; CI (95%): 1.54–236.98;
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p = 0.022). A statistically significant but almost three-fold weaker predictor for the de-
tection of HSIL compared to NILM is the patient belonging to the oldest age category
(OR = 6.65; CI (95%): 1.66–26.60; p = 0.007), while female patients from the age category
31–44 years have a slightly lower statistically significant probability (OR = 5.38; CI (95%):
1.36–21.30; p = 0.016) for the detection of the same lesion. The age category was determined
as the strongest statistically significant predictor by analyzing the mutual influence of
relevant factors for diagnosing HSIL concerning the probability of detecting ASCUS. HR
HPV DNA-positive patients belonging to the oldest age category (≥45 years) have an
8.7-fold higher probability of being diagnosed with HSIL compared to the probability of
being diagnosed with ASCUS compared to patients belonging to the younger age category
(OR = 8.74; CI (95%): 2.15–35.57; p = 0.002). Female patients with the proven oncogenic
activity of HPV 16 have a probability of detecting HSIL 6.4-fold higher compared to the
probability of being diagnosed with ASCUS (OR = 6.38; CI (95%): 1.22–33.54; p = 0.029).
By analyzing the mutual influence of relevant factors for diagnosing HSIL concerning the
probability of detection of LSIL, the strongest statistically significant predictor was deter-
mined to be the oncogenic activity of HPV 16 (OR = 5.10; CI (95%): 1.09–23.83; p = 0.038),
while weaker statistically significant predictability is shown by the patient’s belonging to
a specific age category. Female patients belonging to the oldest age category (≥45 years)
have a 3.7-fold greater probability of detecting an HSIL change compared to the detection
of LSIL compared to the younger age category (≤30 years) (OR = 3.72; CI (95 %): 1.16–11.92;
p = 0.027) (Table 12).

4. Discussion

Persistent infection caused by HR HPV is the leading risk factor for developing
cervical intraepithelial lesions and cervical cancer (reviewed in [20]). Many countries have
introduced screening programs based on the cytomorphological examination of cervical
samples using the PAP test during the last 60 years to reduce the morbidity and mortality
caused by cervical cancer. However, this procedure has shown less than optimal sensitivity
(50%) and high inter- and intra-individual variability [21,22]. HPV DNA detection and
genotyping provide an efficient screening method and enable risk stratification. However,
just proving the presence of the HPV genome in a cervical epithelium does not provide
insight into the type of infection. It does not answer whether there is a transient or persistent
infection in which the virus is actively multiplying and in which there is a high risk of
cancer developing (reviewed in [23]). It was established that cervical carcinogenesis is
strongly associated with the HPV-caused infection in which the transcription of E6 and
E7 HR HPV oncogenes occurs, with the consequent increase of their mRNA and protein
levels. For this reason, the detection of E6 and E7 mRNA of HR HPVs can serve as a
promising biomarker of their persistence and oncogenic activity (reviewed in [23]), which
could enable a better assessment of the progression to high-grade cervical intraepithelial
lesions and, in this regard, significantly influence the algorithm for monitoring patients
(reviewed in [18,23,24]).

In our study, 365 female patient samples from Serbia were tested for the twelve HR
HPV genotypes. It should be emphasized that the study has limitations. Used HPV tests
are non-validated according to European Guidelines for use in primary screening (Meijer
HPV test criteria) or according to the VALidation of HPV GENoyping Tests (VALGENT)
protocols [25]. The commercial molecular HPV test was chosen for research according to
Serbia’s general requirements for molecular diagnostics and the limited research expenses.
From the total number of tested samples, 246 (67.4%) samples were positive for at least
one of the 12 tested HR genotypes. These results agree with previous studies in the same
area and European countries, where a high prevalence of HPV was registered. Studies
in Serbia have reported that the presence of HR HPV infections range from 50% to 79%
of women [26,27]. In the countries of our region, such as Croatia, a similar prevalence
was shown (59%) [28] and in Bulgaria (61%) [29], while a slightly lower prevalence was
registered in Italy (53%) [30]. Contrarily, a low prevalence of HPV infection was registered
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in Western and North European countries. Some of them are Great Britain (20.6%), Sweden
(9.7%), and the Netherlands (3.8%) [7].

HPV genotype 16 (38%) emerged as the most frequently detected genotype in the
study group, in concordance with previous reports [26,27]. The presence of HPV 16 is
more often present (76%) in high-grade lesions compared to lower-grade lesions of the
cervical epithelium. Studies on the HPV 16 genotype’s prevalence concerning cytological
findings confirm these results (reviewed in [6]). The following frequencies also represented
the Alpha-9 genotype, HPV 31 (17%) and HPV 33 (9%). A meta-analysis study on five
continents shows that HPV 31 is especially frequent in Europe [31]. The results of this
research indicate that the frequency of the HPV 31 genotype statistically significantly
decreases with the progression of the intraepithelial lesion. The decreasing trend of the
same genotype’s presence according to the degree of severity of the cytological lesion, more
precisely, a lower prevalence in cancers compared to precancerous lesions, is observed
in research from other studies [32–34]. Like HPV 31, a prevalence decrease of HPV 33 in
HSIL compared to normal cytology was also registered in this research. Globally, HPV 33
ranks fourth in frequency and is responsible for 4.2% of all registered cervical cancers [6].
The surprising fact is a markedly high prevalence (9%) of the Alpha-5 genotype HPV 51
in our research. In the context of the causative agents of cervical cancer, HPV 51 is not
included in the top ten most frequent HPV genotypes registered worldwide [6]. However,
the detection of this genotype within this research, as well as previous studies from our
region [26] and certain European countries [35–41], places it among the first four most
prevalent genotypes detected in precancerous lesions of the cervix. Since HPV vaccines do
not protect against all oncogenic HPVs, such as HPV 51, a complete understanding of its
oncogenic activity is particularly significant [42]. The remaining tested genotypes (HR HPV
52, 56, 45, 18, 59, 58, 39, and 35) were present in a low percentage which is in concordance
with previous reports [26]. Although HPV 18 is considered to be responsible for 15% of
invasive cervical cancers, it is essential to note that its prevalence is similar to some studies
from neighboring countries [29,43,44]; we found that in our area, HPV 18 was present at a
lower percentage. Its frequency (3.6%) was 10-fold lower than that of HPV 16 (Figure 1).
The HPV vaccine was introduced in over half of the WHO member countries in 2020 [5].
There is scientific data from numerous countries that have implemented HPV vaccines in
their routine immunization programs on decreasing the burden of cervical HPV infections
and precancers [45]. According to our data, using the nine-valent vaccine could prevent
more than 80% of the cervical precancerous lesions identified in this study.

The presence of HR HPVs determined further examination of their oncogenic potential.
In our study, the expression of E6/E7 mRNA HR HPV was identified in 67% of the HPV-
positive samples (Table 6). The percentage of expression of the E6 and E7 HPV-examined
HR HPVs is proportional to the degree of severity of the cervical lesion (Table 7). It can
be observed that approximately every tenth HPV-infected woman (11%) with normal
cytological findings is infected with an oncogenically expressed HPV. At the same time, in
HSIL, this relationship is the opposite. Namely, the absence of indicators of HPV oncogenic
activity is detected in approximately every tenth woman with HSIL status (11.1%). An
undoubted trend in E6/E7 mRNA HR HPV positivity with increasing cytology severity
has been observed in the data of studies conducted in different regions of the world [46–50].
In agreement with the report of Argyri et al. (2013) and according to the mRNA test, E6/E7
expression was prevalent in 9.1% of women with normal cytology, similar to our study [51].
However, other previously published data indicated the prevalence of those transcripts in
a lower proportion of women with normal cytology findings than our study (0%) [52].

In our study, HPV 16 constituted 29.7%, followed by genotype 31 (19.2%), genotype 33
(9.3%), and genotype 51 (8.7%). The results showed that approximately every second HPV
16 genotype is oncogenically expressed (48.6%). Our data agree with the results reported
in other studies. Rossi et al. (2017) observed a positivity rate for E6/E7 mRNA HR HPV,
ranging from 58% to 77% in HPV-DNA-positive women [50]. A study by Tüney et al. (2017)
in Turkey registered 55.6% E6/E7 mRNA HR HPVs, where HPV genotype 16 constituted
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57.8% [24]; similar to that, Bruno et al. (2018) found that the HPV 16 genotype was the
most oncogenetically active [46]. As confirmed in this research, it is also stated by several
other authors that the transcription product HPV 16 is most often detected, which indicates
that the tendency of expression of the essential oncogenes of this genotype is significantly
higher compared to the other examined genotypes [24,53,54], which gives it the status of
the HPV with the most carcinogenic potential [55]. The oncogenic activity of HPV 31 was
detected in approximately every fifth (19.2%) HPV-DNA-positive sample. Contrary to
HPV 16, the opposite trend is observed with the degree of cervical lesion severity. It can be
assumed that the negative transcriptional status of E6 and E7 oncogenes is more prevalent
due to the presence of an episomal form of the virus or an established transcriptional
control that enables the spontaneous elimination of infection. Within this research, the
results of E6/E7 mRNA HPV 51 detection are approximately the same as those of HPV 33.
The distribution of oncogenic activity of these two genotypes is approximately the same
across cytological groups and remains at a low level (2.2–11.4%) (Table 7). Other studies
have registered different percentage ranges of transcriptional detection of oncogenes of a
particular genotype (HPV 33), from its absence [52] to complete expression of 100% [55].
The reason for those differences can be explained by the variations in their number in the
total sample [55]. Furthermore, the total oncogenic activity increases with the degree of
cervical lesion severity (60–100%). The oncogenic activity of individual genotypes (20–86%)
is higher than that of multiple genotypes (0–40%) in the same type of lesion and increases
with the degree of its severity (Table 8). These data are supported by the literature. Each
of the detected genotypes is considered to have an independent mechanism of action in
oncogenesis [56–59], which supports the hypothesis that different cells being infected with
different viral genotypes rather than their intracellular coexistence is possible [60].

To analyze the oncogenic activity of the four most frequently diagnosed HR HPVs
related to the age categories, a statistically significantly higher prevalence of positive E6/E7
mRNA HPV 16 findings was observed in the older age groups (Table 9). In agreement with
this result, studies have shown that E6 and E7 mRNA HR HPV detection is significantly
higher after 30 years [48,61]. The same result is supported by population-based cohort
studies, which state that the majority of young women have an asymptomatic HPV infection
which, thanks to the immune response, acquires transitory status [49,62].

The growing interest in molecular diagnostics methods has led various authors to
compare the characteristics of the HPV DNA test with the mRNA test, evaluating the
diagnostic accuracy in identifying high-grade cervical lesions. Our data showed that
the specificity (89%) and PPV (70–79%) of the mRNA test are statistically significantly
higher, while the same test has a statistically significantly lower sensitivity than the HPV
DNA test. These results agree with the statements of different authors, who emphasized
slightly lower values of the sensitivity of the mRNA test compared to the sensitivity of
the HPV DNA test. At the same time, the specificity is expressed at a higher level [48,49]
(reviewed in [63]). In contrast, others suggest that the sensitivity is similar and that its
application would significantly improve the assay’s specificity characteristics [49]. Studies
evaluating the reliability of the mRNA assay showed heterogeneous findings (reviewed
in [32]). The meta-analysis results indicated that the obtained sensitivity value ranged from
41% to 95%, while the registered specificity was 42–97% (reviewed in [64]). The observed
difference is explained by the heterogeneous participation of cervical pathology [64] and
methodological quality in different studies, which highlights the limitations in the general
interpretation of these test characteristics [32]. Although the results are presented broadly,
they maintain a unique trend and suggest that the mRNA test over the HPV DNA test
improves specificity [64]. By comparing the clinical characteristics of the test, it can be
concluded that the detection of E6 and E7 mRNA HR HPV compared to HPV DNA
represents a much better marker for more accurate screening of high-grade cellular atypia
of the cervix (reviewed in [32]), which make it an appropriate tool for the secondary
screening of cervical cancer [47,64].
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In our study, the results of the ROC curve analysis indicated that the probability of
detecting HPV infection with the mRNA test (81%, AUC = 0.812) in patients with high-
grade lesions is higher than the possibility of diagnosing them with the HPV DNA test
(74%, AUC = 0.740). The obtained results are in line with the other studies emphasizing
the potential usefulness of this test. Sun et al. (2021) also found higher AUC values for the
mRNA assay compared to the DNA HPV (0.929 vs. 0.833) [65], while according to Yao et al.
(2017), the clinically relevant portion of the AUC of mRNA was 0.721 [66].

According to the previously established degree of influence on diagnosing HSIL,
relevant factors were selected in our research. Factors that represent an increased risk for
more severe cervical changes were gradually examined (the HPV 16 genotype, the total
oncogenic activity of all of the tested HPV genotypes, the HPV 16 oncogenic activity, and
the age category of the patient).

Firstly, the HPV-DNA-16-positive results have a statistically significant predictive
value for diagnosing HSIL (Table S1). In the same context, the study of Bruno et al. (2018)
stated that the presence of the HPV 16 genotype was associated with a five-fold higher
risk of developing a high-grade lesion compared to women with the presence of another
HPV genotype [46]. Similarly, the data from a recent study indicate that type-specific HPV
persistence predicted high-grade lesions, with HPV 16 being the most common type [67].

Secondly, the oncogenic activity of all of the tested HR HPVs has a statistically signif-
icant predictive value for diagnosing HSIL (Table S2). The obtained results support the
statements related to the research on the importance of oncogenic activity, which show
that the detection of E6 and E7 mRNA HR HPV could have a prognostic value in monitor-
ing the development of carcinogenesis [68,69]. The results of the study by Fontecha et al.
(2016) [55] showed that in the highest percentage of E6 and E7 mRNA HPV-positive women,
the progression of the lesion is diagnosed over time (53%), followed by the persistence
of abnormal cytological findings (42%), while regression was recorded in 10-fold lower
cases (4%).

Furthermore, in patients with positive results of indicators of the oncogenic activity of
HPV 16, a statistically significantly higher probability of diagnosing a high-grade lesion was
determined in all types of cytological groups (Table S3). According to the previous insights
into the published statements, one of the few prospective follow-up studies that dealt with
the predictive value of E6 and E7 mRNA HPV 16 indicated that through the detection of
this biomarker, it is possible to identify 87.5% of the HPV infections that progressed. In
this case, the risk of progression of negative cytology and low-grade cervical lesions was
10-fold higher than that detected in mRNA-negative women during a follow-up period of
35 months [70]. This is supported by the results of Johansson et al. (2015), which indicated
that the absence of E6/E7 mRNA HPV demonstrated a high negative predictive value for
the future development of high-grade lesions of the cervix among HR-HPV-DNA-positive
women with ASCUS and LSIL [68].

Within the results of this research, a statistically significant final model with all of the
predictors was constructed, which shows the strength of the potential of the examined
factors, that is, biomarkers for diagnosing precancerous lesions in women with HR HPV
infection. Looking at each cytological group individually, two independent variables
made a statistically significant contribution to the model and were thus named as the
strongest predictors. These are the oncogenic activities of HR HPV 16 and the age category
(≥45 years). It is known that the presence of HPV infection is confirmed in all age categories.
However, belonging to a particular age group is a determinant significantly associated
with the risk of acquiring this infection, depicting the peak in prevalence, which generally
takes place around 20–25 years of age. For lesions to progress to more severe forms of
cervical disease, a period of 5–14 years is necessary, during which the infection persists and
the process of oncogenesis takes place [71]; the results of this research confirm the stated
findings. In the examined women, the age category (≥45 years) is a statistically significant
prognostic factor for diagnosing HSIL in all of the cytological groups (Tables 12 and S4).
Loopik et al. (2020) [58] indicated that the risk of progression of an existing high-grade
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lesion increases with age, i.e., in women over 50, the risk of developing cervical cancer
increases by seven fold. In addition, the risk of developing cervical abnormalities and the
need to use an mRNA test in the diagnostic protocol of HPV-DNA-positive postmenopausal
women with normal cytology is emphasized by Asciutto et al. (2020) [72].

5. Conclusions

In summary, this study describes the detection rates of the most common HR HPVs (16,
31, 33, and 51) and E6/E7 mRNA HR HPV expression in 365 Serbian women who showed
normal and abnormal cytological findings. Those HR HPV genotypes are oncogenically
active in more than half of the examined cases, and the detected oncogenic activity has
predictive potential in diagnosing high-grade cervical intraepithelial lesions. According
to the constructed predictive model, the oncogenic activity of HPV 16 and age are risk
factors with the strongest predictive values for developing those lesions. Thus, our data
indicate that mRNA testing may be more relevant than HPV DNA for assessing lesion
grade and diagnosing and monitoring women at risk of progressive cervical disease. This
way, the mRNA test as a tool for better risk stratification of HPV infection could overcome
unnecessary examinations, increased costs, and patient anxiety. However, further follow-up
studies are needed to determine the clinical utility of the mRNA HR HPV test.
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Analysis of E6/E7 mRNA HR HPV 16’s influence on the diagnosis of HSIL; Table S4: Analysis of the
influence of age on the diagnosis of HSIL.
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Abstract: Background: HPV tests differ for technology, targets, and information on genotyping of
high risk (HR) HPV. In this study, we evaluated the performance of 6 HPV DNA tests and one mRNA
test in the detection of cervical intraepithelial lesions (CIN) and as a test-of-cure in the follow-up
after surgical conservative treatment. Methods: One hundred seventy-two women referred to the
European Institute of Oncology, Milan, for surgical treatment of pre-neoplastic cervical lesions, were
enrolled in this study (IEO S544) from January 2011 to June 2015. For all women, a cervical sample
was taken before treatment (baseline) and at the first follow-up visit (range 3 to 9 months): on
these samples Qiagen Hybrid Capture 2 (HC2), Roche Linear Array HPV Test (Linear Array), Roche
Cobas 4800 HPV test (Cobas), Abbott RealTime High Risk HPV test (RT), BD Onclarity HPV assay
(Onclarity), Seegene Anyplex II HPV HR Detection (Anyplex), and Hologic Aptima HPV Assay
(Aptima) histology and cytology were performed at baseline, and the same tests and cytology were
performed at follow-up. Results: At baseline 158/172 (92%), histologies were CIN2+, and 150/172
(87%) women were recruited at follow-up. Assuming HC2 as a comparator, the concordance of HPV
tests ranges from 91% to 95% at baseline and from 76% to 100% at follow-up (PABAK ranging from
0.81 to 0.90 at baseline and PABAK ranging from 0.53 to 1 at follow-up). All HPV showed a very good
sensitivity in CIN2+ detection at baseline, more than 92%, and a very good specificity at follow-up,
more than 89%. Conclusions: HPV tests showed a good concordance with HC2 and a very good
and comparable sensitivity in CIN2+ detection. Hence, an HPV test represents a valid option as
test-of-cure in order to monitor patients treated for CIN2+ lesions during follow-up.

Keywords: HPV; cervical intraepithelial neoplasia; follow-up; real time PCR; genotyping; concordance

1. Introduction

High-risk (HR) human papillomavirus (HPV) persistent infection has been widely
recognized as the main causal risk factor for the development of cervical intraepithelial
neoplasia (CIN) and progression to cervical cancer [1,2].

Nowadays, an increasing number of HPV tests, which differ for technology, targets,
and genotyping [3], is available for HPV detection. Unfortunately, few of these have been
studied and even less validated for screening [4].

The threshold of validated HR-HPV tests is CIN2+ detection because this is the
clinical target for screening. However, HPV tests have been employed not only for
screening, but also as a triage test and test-of-cure for follow-up of women treated for
precancerous lesions.
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If many studies are not present in previous literature regarding HPV tests in the
screening setting, even less is known about their use in the follow-up after surgical treat-
ment [5]. The objectives of post-treatment follow-up testing are to confirm that treatment
was effective, to identify recurrence early, and to reassure women. Therefore, looking
for the persistence of the same HPV genotype identified at baseline would be helpful for
stratifying the risk of CIN recurrence, also known as “treatment failure” [6,7].

The aim of the present study is to evaluate and to compare the performance of six
HPV DNA tests and one HPV mRNA test from liquid-based cervical cytology samples, for
the detection of CIN2+ at baseline and as “test-of-cure” during post-treatment follow-up.
The secondary objective of the study is to determine the sensitivity and the specificity of
different HPV tests in the settings of screening and post-treatment follow-up.

2. Patients and Methods
2.1. Population

All women aged between 25–61 years, scheduled to be conservatively treated for
CIN2+ at the European Institute of Oncology (IEO), Milan, from January 2011 to June
2015, were enrolled. “Conservative treatment” included excisional procedures, such as
Loop Electro-Excision Procedure (LEEP) and laser conization, and ablative procedures,
such as laser vaporization, in cases of ectocervical lesion and no evidence of ICC at pre-
treatment colposcopic-guided biopsies. The study was approved by the Institutional
Ethical Committee (IEO S544 study), and informed consent was obtained from all women
at enrollment. A ThinPrep PreservCyt (Hologic, Inc. Bedford, MA, USA) cervical sample
was collected in all patients before treatment and at the first follow-up visit planned at
6 ± 3 months after surgical treatment, in order to perform cytology, Qiagen Hybrid Capture
2 (HC2) and Roche Linear Array HPV Test (Linear Array). Roche Cobas® 4800 HPV Test
(Cobas), Abbott RealTime High Risk HPV (RT), BD Onclarity HPV Assay (Onclarity),
and Seegene Anyplex II HPV HR (Anyplex) test were carried out on a left-over aliquot.
Hologic APTIMA mRNA assay (Aptima) has been performed placing an aliquot of Thin
Prep sample in the Aptima storage liquid upon arrival in the laboratory. The results of
histology at baseline and at relapse, when occurred, were available for all patients. Principal
characteristics of all HPV tests are detailed in Table 1.

Table 1. HPV test features.

Test Company Method
HPV
TAR-
GET

TARGET
Region HR HPV Genotypes Validation

References

16 18 31 33 35 39 45 51 52 56 58 59 66 68

Hybrid
Capture II Qiagen

Hybridization
and signal

amplification
DNA Whole

genome • • • • • • • • • • • • •
Gold

standard,
NTCC
study

Linear
Array HPV

Test
Roche

PCR and
oligonu-
cleotide

hybridization

DNA L1 • • • • • • • • • • • • • • [8]

Cobas 4800
HPV Test Roche Real Time

PCR DNA L1 • • • • • • • • • • • • • •
[9],

ATHENA
study

RealTime
High Risk
HPV Test

Abbott Real Time
PCR DNA L1 • • • • • • • • • • • • • • [10]

Onclarity
HPV Assay BD Real Time

PCR DNA E6 E7 • • • • • • • • • • • • • • [11]

Anyplex II
HPV HR

Test
Seegene TOCE Real

Time PCR DNA L1 • • • • • • • • • • • • • • [12]

APTIMA
mRNA
assay

Hologic
Transcription-

Mediated
Amplification

mRNA E6 E7 • • • • • • • • • • • • • • [13]

in pool

in small pool
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2.2. Hybrid Capture 2

Qiagen HC2 test is a sandwich capture molecular hybridization assay: it is a signal
amplification detection method based on chemiluminescence that detects 13 HR HPV types:
HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. The DNA:RNA hybrids are captured
on a microplate, and the emitted light is measured in a luminometer as relative light units
(RLU). Samples were considered as positive if the ratio RLU/cut-off was >1.0 (equivalent
to 5000 copies/reaction). All samples with RLU between 1 and 2.5 should be retested, as
requested in package insert instructions.

2.3. Linear Array

The Roche Diagnostics Linear Array test uses biotinylated PGMY09/11 consensus
primers to amplify a 450-bp region of the L1 gene. It is capable of detecting 37 HPV geno-
types: HPV6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 42, 45, 51, 52, 53, 54, 55, 56, 58, 59, 61, 62, 64,
66, 67, 68, 69, 70, 71, 72, 73 (MM9), 81, 82 (MM4), 83 (MM7), 84 (MM8), IS39 e CP6108. The
denatured PCR products were then hybridized to an array strip containing immobilized
oligonucleotide probes. The results were visually interpreted by using the provided refer-
ence guide according to manufacturer’s protocol by two independent operators, and the
results were compared to reach the final one.

2.4. Cobas 4800 HPV Test

Cobas is a real-time PCR-based test able to detect HR-HPV genotypes: HPV 16 and
18 are reported as single genotypes, as well as a group of 12 other HR-HPV types (31, 33,
35, 39, 45, 51, 52, 56, 58, 59, 66, and 68) are reported as HR positive readout. This fully
automated test detects the same genotypes of HC2, which have been classified as HR by
(the International Agency for Research on Cancer (IARC)), and in addition HPV66, and
includes an internal control (B-globin) as the marker of sample adequacy.

2.5. Real Time HR HPV

The Abbott RealTime HR HPV test (Abbott, Wiesbaden, Germany) is a qualitative
real-time PCR for the detection of DNA from 12 HR-HPV genotypes (16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, and 68), and includes an internal control (B-globin) as the marker
of sample adequacy. Even an RT test is able to provide the identified genotype: for HPV 16
and 18 as single and for other HR genotypes in the pool, respectively.

2.6. Onclarity

The BD Onclarity HPV Assay detects 14 HR-HPV genotypes and co-amplifies a beta-
globin internal control (IC) that acts as processing control. The primers for the 14 HPV
genotypes are designed to target a region of 79–137 bases in the E6/E7 genome, whereas
the IC primers amplify a 75 base region in the human beta-globin gene. The assay consists
of three PCR assay tubes (G1, G2, and G3) and four optical channels for the detection of the
14 HR-HPV genotypes (16, 18, 31, 45, 51, 52) as single infections and the remaining eight
genotypes in three groups (33/58, 56/59/66, 35/39/68) and the IC.

2.7. Anyplex II

The Seegene Anyplex II HPV HR test simultaneously detects 14 HR-HPV genotypes
(HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68), and co-amplifies a beta-globin
internal control (IC), which acts as processing control in only one real-time PCR reaction
based on TOCE (tagging oligonucleotide cleavage and extension) technology. In case of
positivity, Anyplex also provides the information of semi-quantitative viral load level
of amplification, which can be measured repeatedly at 30, 40, and 50 cycles during the
PCR process.
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2.8. Aptima

The APTIMA HPV Assay searches for E6/E7 HR-HPV mRNA by three main steps,
which take place in a single tube: target capture, target amplification through amplification
mediated by the transcription (Transcription-Mediated Amplification, or TMA), and de-
tection of amplification products (amplicons) by Hybridization Protection dosage Assay.
The assay incorporates an internal control for the capture, amplification, and detection of
nucleic acid, as well as any operator or instrumentation errors.

2.9. Cytology

The physician-collected ThinPrep PreservCyt cervical specimens were processed in
the ThinPrep 2000 machine (Cytyc Corporation, Boxborough, Mass). All liquid-based
cytology slides were stained according to the Pap method and all cytologic diagnosis were
performed by trained specialist biotechnicians, following automated Focal Point evaluation
of all slides. In case of abnormal cytology, a dedicated pathologist from the Cytology Unit
of IEO reviewed cytology slides to confirm diagnosis. Results were reported according to
the 2001 Bethesda Reporting System.

2.10. Histology

All histological diagnoses were made on a colposcopic-guided biopsy of the transfor-
mation zone alone or with endocervical curettage or on excision surgical specimens, by
dedicated gynecological pathologists working at the Division of Pathology of IEO.

2.11. Statistical Methods

Patients’ characteristics were summarized by count and percent or mean and standard
deviation (SD) for categorical and continuous variables, respectively. HPV test agreement,
at both baseline and at follow-up, were estimated by the proportion of concordant cases.
In order to take into account the low prevalence of negative and positive cases at baseline
and at follow-up, respectively, concordance was estimated by the prevalence-adjusted and
bias-adjusted kappa (PABAK) [14] statistic. Point estimates were tabulated alongside 95%
confidence interval and the significance of the agreement between each HPV test with the
HC2 test was determined by using the McNemar test. Sensitivity and specificity of each test
at baseline and at follow-up were plotted in a forest-like plot for all patients and tabulated
for the CIN2+ patients only. All tests were two-tailed and considered significant at the 5%
level. The HC2 test was used as the reference test. All analyses were conducted using SAS
9.4 (N.C, Cary) and STATA (StataCorp. 2021. Stata Statistical Software: Release 17. College
Station, TX, USA: StataCorp LLC).

3. Results

One hundred and seventy-two women scheduled to be conservatively treated with
LEEP or laser conization or laser vaporization for CIN2+ were enrolled. The main charac-
teristics of the study population at baseline are listed in Table 2.

Not all HPV tests were performed at baseline and follow-up due to lack of supply
of reagents. Histological diagnosis on surgical specimens at baseline confirmed a CIN2+
lesion in 158 (91.9%) patients. Only histology confirmed samples were included in the
final analysis.
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Table 2. Patients’ Characteristics at Baseline.

Characteristic Level Statistic a

Age, years 39.0 (7.8) b

Histology CIN 1 14 (8.1)
CIN 2+ 158 (91.9)

HC2 Negative 12 (7.0)
Positive 160 (93.0)

Cytology Negative 6 (3.5)
ASCUS 6 (3.5)

LSIL 18 (10.5)
HSIL/ASC-H 107 (62.2)

AGC 2 (1.2)
SCC 7 (4.1)

missing 26 (15.1)
a Statistics are: Mean (SD) for Age, N (%) otherwise; SD = Standard Deviation; b min = 25, max = 61 years.

Overall, 150 patients were recruited at post-treatment follow-up, but only 118 in a
time range between 3 and 6 months. Twenty-two patients (12.8%) were lost to follow-up
and 32 (21.3%) were excluded due to incorrect timing of test-of-cure. Assuming HC2 as
comparator, all HPV tests employed showed a good degree of comparison at both baseline
(PABAK ranging from 0.81 to 0.90) and follow-up (PABAK ranging from 0.53 to 1). The
concordance between different HPV tests and HC2 ranges from 91% to 95% at baseline and
from 76% to 100% at follow-up, respectively, as shown in Tables 3 and 4.

Table 3. HPV Test Results at Baseline Compared to Hc2 (Reference).

HC2, N (col %) a

HPV Test Negative Positive PABAK
(95% CI) p-Value b Agreement %

(95% CI)
Abbott Negative 8 (72.7) 3 (2.9) 0.90 95%

Positive 3 (27.3) 100 (97.1) (0.81, 0.98) 1.00 (88.9, 98.0)
Roche Negative 3 (60.0) 3 (4.3) 0.87 93%

Positive 2 (40.0) 67 (95.7) (0.75, 0.98) 1.00 (85.1, 97.8)
Aptima Negative 8 (66.7) 12 (7.6) 0.81 91%

Positive 4 (33.3) 147 (92.5) (0.73, 0.90) 0.08 (85.3, 94.6)
Linear
Array Negative 6 (54.6) 9 (5.7) 0.84 92%

Positive 5 (45.4) 150 (94.3) (0.75, 0.91) 0.42 (86.6, 95.4)
BD

Onclarity Negative 6 (66.7) 7 (4.9) 0.87 93%

Positive 3 (33.3) 136 (95.1) (0.79, 0.95) 0.34 (88.2, 96.8)
Seegene Negative 4 (40.0) 4 (2.8) 0.87 93%

Positive 6 (60.0) 137 (97.2) (0.79, 0.95) 0.75 (88.2, 96.8)
a Column percent on non-missing counts; b McNemar test exact p-Values. PABAK = Prevalence and Bias adjusted
Kappa; 95%CI = 95% Confidence Interval.
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Table 4. HPV Test Results at Follow-Up a Compared to Hc2 (Reference).

HC2, N (col %) b

HPV Test Negative Positive PABAK
(95% CI) p-Value c Agreement %

(95% CI)
Abbott Negative 43 (97.7) 7 (25.9) 0.78 89%

Positive 1 (2.3) 20 (74.1) (0.63, 0.92) 0.07 (79.0, 95.0)
Roche Negative 28 (100) 0 1.00 100%

Positive 0 16 (100) (1.00, 1.00) 1.00 (92.0, 100)
Aptima Negative 52 (98.1) 7 (21.2) 0.81 88%

Positive 1 (1.9) 26 (78.8) (0.69, 0.94) 0.07 (80.1, 93.1)
Linear
Array Negative 36 (100) 8 (24.2) 0.77 88%

Positive 0 25 (75.8) (0.62, 0.92) 0.008 (78.4, 94.9)
BD

Onclarity Negative 63 (95.5) 16 (47.1) 0.62 81%

Positive 3 (4.6) 18 (52.9) (0.47, 0.77) 0.004 (71.9, 88.2)
Seegene Negative 57 (89.1) 16 (48.5) 0.53 76%

Positive 7 (10.9) 17 (51.5) (0.36, 0.70) 0.09 (66.6, 84.3)
a N = 118 patients with first visit at 3–6 months, median f.u. days = 108, (min = 90, max = 179) b Column percent
on non-missing counts; c McNemar test; PABAK = Prevalence and Bias adjusted Kappa; 95%CI = 95% Confidence
Interval.

Sensitivity and specificity of all employed tests for CIN2+ at baseline and at follow-up,
compared to HC2, are summarized in Figures 1 and 2. All HPV tests showed a very good
sensitivity in detecting CIN2+ at baseline, more than 92%, and a very good specificity at
follow-up, more than 89%.
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4. Discussion

The results of our study showed a very good concordance among different HPV tests
performed in liquid-based cervical samples from a group of women with high prevalence
of preneoplastic cervical disease. The confidence intervals of these concordances overlap,
further demonstrating the similarities of these HPV tests in performance. These data are in
agreement with previous studies summarized in the 2020 list of human papillomavirus
assays suitable for primary cervical cancer screening, published by Arbyn et al. (Arbyn et al.,
2021). All HPV tests employed at baseline and follow-up have been validated according
to Meijer’s guidelines [9–13]. As requested by validation guidelines (Meijer’s guidelines
or Valgent protocol), the relative sensitivity and specificity must be high to be considered
“validated”. Only LA is a test not fully validated according to Meijer’s guidelines, due to
the additional search for low-risk (LR) HPV genotypes and the high sensitivity that does
not correlate with CIN2+. However, data regarding positivity for LR-HPV have not been
included in our analysis. Moreover, LA is a test previously validated according to Valgent
protocol [8].

Since validations have been usually performed in the screening setting, these data
are only indicative for baseline. In the present analysis, we focused on comparing tests’
performance not only at baseline, but also at the post-treatment follow-up. Interestingly,
our data showed comparable performance of the tests in terms of sensitivity and specificity
at both baseline and test-of-cure.

Due to the setting of samples, which show a high prevalence of positive at baseline
and negative at follow-up, respectively, sensitivities were found to be higher at baseline
and lower at follow-up. On the contrary, specificities are notably higher at follow-up than
at baseline. Due to the low prevalence of HPV after treatment, we chose the prevalence
and bias adjusted kappa, instead of either the simple or the weighted kappa, to estimate
the HPV tests’ agreement.

However, all tests perform similarly at baseline and follow-up. Although Cobas seems
to show better performance than other tests, these data might suffer from a bias related to
the smaller number of samples that have been tested with the Cobas method.

A negative HPV result at follow-up provides a good negative predictive value. Indeed,
we found only a case of disease recurrence in the cohort of patients with a post-treatment
negative HPV test result, for any validated HPV test. In this patient, cytology was HSIL
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at follow-up and only LA revealed the presence of HPV18 and 73 at baseline, with the
persistence of HPV 73 at relapse. Actually, LR HPV genotypes are not detected by validated
HPV tests.

Furthermore, HPV tests that provide partial or extended genotyping showed compa-
rable results.

The Aptima test, which detects HPV mRNA, showed no particular advantages in
terms of sensitivity or specificity: the test performances are in line with other tests that
detect HPV DNA.

Strengths of the present study include the type of population (women with only con-
firmed CIN2 + histology) and the timing of test-of-cure that was performed at 6 ± 3 months,
as also suggested by the most recent guidelines from the Italian Group for Cervical Cancer
Screening (GISCi) [15]. On the contrary, the main limit consists in the impossibility of
performing all HPV tests in all samples.

In conclusion, our results demonstrate that validated HPV tests produce comparable
results, and this cannot be extended to non-validated tests without proven evidence. Thus,
only the use of validated HPV DNA or RNA tests is strongly recommended in both
screening and test-of-cure settings. Moreover, HPV genotyping could be helpful in post-
treatment management, by identifying women at higher risk of CIN2+ recurrence, due to
the persistence of the same HPV genotype, and reassuring women who may present new
HPV genotype infection after surgical treatment.
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Abstract: This study aims to analyze the sensitivity of vaginosonography (VGS) and magnetic
resonance imaging (MRI) in the preoperative local evaluation of early-stage cervical cancers and to
assess their accuracy in the detection of tumors, size of the lesions and stromal invasion by comparing
them with the final histopathology report. This single-center study included 56 consecutive patients
with cervical cancer who underwent VGS and MRI from November 2012 to January 2021. VGS
significantly overestimated the lesion size by 2.7 mm (p = 0.002), and MRI underestimated it by
1.9 mm (p = 0.11). Both MRI and VGS had a good concordance with the pathology report (Cohen’s
kappa of 0.73 and 0.81, respectively). However, MRI had a false-negative rate (38.1%) that was greater
than VGS (0%) in cases of cervical tumor size <2 cm. We found a good concordance between histology
and VGS in the stromal infiltration assessment, with 89% sensitivity (95% CI 0.44–0.83) and 89%
specificity (95% CI 0.52–0.86). VGS is a simple, inexpensive, widely available, and fast execution
method that can complement ultrasound in particular cases and show a good correlation with MRI
in the assessment of tumor dimensions, with a better performance in detecting small tumors (<2 cm).

Keywords: vaginosonography; transvaginal ultrasound; cervical cancer; MRI and gynecological
oncology diagnosis

1. Introduction

Cervical cancer is one of the leading causes of morbidity and mortality in women,
representing the second most common cancer in developing countries and the fourth
worldwide [1].

Although a pelvic examination continues to be the first approach to detecting cervical
cancer, the 2018 FIGO classification has updated the cancer staging, highlighting the central
role of imaging. In fact, imaging techniques allow a better definition of the tumor size,
parametrial invasion, extension to the pelvic wall or adjacent organs, and lymph node
involvement [2].

Many diagnostic methods are used in clinical practice; their use depends on availabil-
ity, cost, and the expertise of clinicians and radiologists. Although magnetic resonance
imaging (MRI) is considered the main technique to assess tumor size and parametrial
extension [3–6], transvaginal ultrasound (TVUS) or transrectal ultrasound (TRUS) can
provide comparable information (especially if performed by expert examiners) while being
more widely available, faster, and cheaper [4,7–10]. Moreover, the sonographic appearance
of cervical lesions seems to predict the histopathological subtype: hypoechogenicity is
associated with squamous cell carcinoma in 73% of cases, while isoechogenicity suggests an
adenocarcinoma in 68% of women [11]. The role of imaging in assessing vaginal invasion
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is less clear, as several false-negative and false-positive results have been reported for large
tumors that spread to the upper vagina [2,8]. Several sonographic and anatomical factors
may reduce the performance of ultrasound techniques in the detection of vaginal and distal
cervix lesions, such as similar echogenicity and collapsed vaginal walls [9,11,12].

Vaginosonography (VGS) is a technique first described by Dessole et al. in 2003 [13]
that combines TVUS with the vaginal instillation of saline solution or ultrasound gel. It
is used to evaluate local disorders of the cervix and vagina, such as benign or malignant
lesions, malformations, and infiltrating endometriosis. The acoustic window created by the
passive distention of the vaginal walls allows a better analysis of the anatomical structures,
making the ultrasound evaluation easier, especially in the detection of exophytic early-stage
cervical cancers [13–15].

Our study aims to analyze the sensitivity of VGS and MRI in the preoperative local
evaluation of early-stage cervical cancers and to assess their accuracy in the detection of
tumor presence, size of the lesion, and stromal invasion by comparing them with the final
histopathology report.

2. Materials and Methods

We enrolled 81 consecutive women diagnosed with cervical cancer by clinical ex-
amination and referred to the European Institute of Oncology from November 2012 to
January 2021. All patients underwent diagnostic evaluation, including a cervical biopsy or
a pathological review of the original slides if the initial diagnosis was made at a different
institution. All tumors were staged according to the FIGO (2018) criteria using vaginal and
rectal examinations, standard chest and abdominal computed tomography (CT), TVUS
or TRUS, and MRI. Twenty-five patients were excluded either because they received non-
surgical treatments [12] or their FIGO stage was above IB2 [13]. Data from 56 patients were
analyzed in the study. We included only the patients that underwent both VGS and MRI,
whose surgical specimen was available within 30 days from the imaging evaluation, and
that had early FIGO stages (≤IB2).

The results of MRI and VGS were compared with the pathology report. If the MRI
scan was performed outside the European Institute of Oncology, an internal gynecological
oncology radiologist reviewed the images.

All patients underwent both TVUS and VGS. The scans were performed by two
experienced ultrasound examiners with 25 and 15 years of experience in ultrasound for
gynecologic oncology (D.F. and A.M.V.U.), respectively. The examiners were blinded to the
MRI results.

All women were examined in the lithotomy position with an empty bladder using
high-end ultrasound equipment, with the frequency of the vaginal probes varying between
5.0 and 9.0 MHz. Ultrasonographic images were acquired according to a standardized time
gray-scale examination technique.

The VGS procedure consists of four steps: (1) a 5.3 Fr sonohysterography catheter
is inserted into the vagina by an assistant; then, (2) the probe is inserted by the operator;
(3) the assistant closes the vaginal channel by narrowing the major labia; (4) approximately
60 cc of room temperature saline solution is instilled while the ultrasound is performed.

The following parameters were evaluated by VGS and TVUS: tumor presence, max-
imum diameter of the tumor, parametrial and fornix infiltration, vaginal involvement,
stromal invasion, anterior and posterior septum involvement, and blood flow of the lesion.
The blood flow was assessed by a color Doppler score based on the intensity of the color
signal with the following value ranges: (1) no flow, (2) minimal flow, (3) moderate flow,
and (4) high vascular flow.

A dedicated pathologist, highly experienced in gynecologic cancers, assessed the
specimens and described the size and extent of the tumor, histology type, grading, stromal
invasion, minimum free thickness, and maximum deep infiltration.

Approval was obtained from the ethics committee of the European Institute of Oncol-
ogy (UID 2731), and all patients signed an informed consent form.
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3. Statistical Analysis

Patients’ characteristics were summarized either by count and percent or mean and
standard deviation (SD) for categorical and continuous variables, respectively. Methods
agreement was estimated using Cohen’s kappa coefficient and Lin’s correlation. Lesion
size (maximum diameter) differences between VGS and MRI with respect to histology
were summarized by mean, SD, and 95% confidence intervals (95% CI) and compared
using Bland–Altman and Passing–Bablok regression methods. All method comparisons
considered histology as the gold standard. Cross-tabulation of the categorical variables
was tested for significance using Fisher’s exact test; the mean comparison was made using
the unpaired t-test. All tests were two-tailed and considered significant at the 5% level.
All analyses were done using SAS 9.4 (NC, Cary) and STATA (StataCorp., College Station,
Texas, USA, 2021. Stata Statistical Software: Release 17. College Station, TX: StataCorp
LLC).

4. Results

The demographic and clinicopathological characteristics of the 56 patients included
in the study and their previous treatments are reported in Table 1. The median age was
39.1 years (range 24–72), and the population was mainly Italian (92.9%). In total, 23 cancers
(41%) were squamous cell carcinomas, 23 (41%) adenocarcinomas, and 10 other histotypes
(18%), including 4 adenosquamous tumors, 3 clear cell variants, 2 neuroendocrine carcino-
mas, and 1 adenoid basal carcinoma. Invasive cervical cancer tumors were confirmed in
55 patients, while no residual tumor was found in one case. None of our patients reported
any discomfort during the procedure.

Forty-two (75%) lesions were described as highly vascularized (color score 4—CS
4), 12 (21.4%) as moderately vascularized (CS 3), and 2 (3.6%) as minimally vascularized.
We did not find any correlation between vascularization and histotype, but we found a
statistically significant correlation between vascularization and the largest dimension of
the lesion, with a mean of 26.9 mm in CS 4 and 12.4 mm in CS 3 (p < 0.001).

Out of the six patients with prior conization and residual disease, MRI detected the
lesion only in three cases, while VGS detected all six cases. In Figure 1, it is possible to
observe one of these cases.

Squamous tumors were predominantly hypoechoic (14/23; 60.1%), while adenocarci-
nomas were mainly hyperechoic (16/23; 69.5%) (p = 0.005). Figure 2 shows an example of
two echogenicities, with and without VGS.

When the stromal infiltration was analyzed, there was a good concordance between
histology and VGS, with a sensitivity of 89% (95% CI 0.44–0.83), a specificity of 89% (95%
CI 0.52–0.86), and a Cohen’s kappa of 0.78. When the stromal invasion was >2/3, the
histological exam identified five of six (83.3%) cases with positive lymph nodes (6), while
VGS predicted four cases (66.6%).

Although we did not compare the fornix infiltration to the gold standard because of
the early stage of the tumors, we observed eight false-positive cases of fornix infiltration
with MRI and two with VGS, with a specificity of 85.7% and 96.4% and a negative predictive
value (NPV) of 88.9% and 100%, respectively.

VGS significantly overestimated the lesion size by 2.7 mm compared to the gold
standard. On the other hand, MRI underestimated it by 1.9 mm (Table 2). Figure 3 is an
example of the small difference in lesion size by the methods compared with the final
specimen.
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Table 1. Patients’ characteristics and treatments, N = 56.

Characteristic Level Statistics a

Country of origin Italian 49 (87.5)
Other EU 4 (7.1)
Non-EU 3 (5.4)

FIGO Stage IA1 2 (3.6)
IB1 45 (80.4)
IB2 9 (16.1)

Pre-conization 6 (10.7)

Pre- NACHT b 4 (7.1)

Stromal invasion <2/3 29 (51.8)
>2/3 27 (48.2)

Echogenicity Isoechogenic 8 (14.3)
Hypoechogenic 21 (37.5)
Hyperechogenic 25 (44.6)
Mixed 2 (3.6)

Score PD 2 2 (3.6)
3 12 (21.4)
4 42 (75.0)

Intervention Hysterectomy rad 43 (76.8)
Conization 8 (14.3)
NACHT + Hysterectomy rad 3 (5.4)
LA + NACHT + Conization 2 (3.6)

Histology Adenocarcinoma 23 (41.1)
SCC 23 (41.1)
Other c 10 (17.8)

Grading G1 2 (3.6)
G2 21 (37.5)
G3 33 (58.9)

Lymph node status pN0 50 (89.3)
pN1 6 (10.7)

Age d, years 38.8 (8.9)

Maximum diameter of the lesion (mm) by method Histology 23.4 (11.2)
VGS 26.1 (9.8)
MRI e 21.5 (12.5)

Minimum free thickness (mm) f 7.0 (4.3)
Maximum infiltration depth (mm) e 8.2 (5.9)

a Statistics are: N (%) for categorical variables, mean (SD) otherwise; SD = standard deviation; b NACHT = neoadju-
vant chemotherapy; c adenosquamous N = 4, clear cell spinocellular variant N = 3, adenoid basal carcinoma N = 1,
large cell neuroendocrine carcinoma N = 2; d min = 24, max = 72; e N = 49; f N = 54. VGS = vaginosonography;
SCC = squamous cells carcinoma; MRI = magnetic resonance imaging.

Table 2. Maximum diameter (mm) methods comparison with histology (gold standard) and summary
statistics.

Method N Mean (SD) 95% CI p-Value a

Histology 56 23.4 (11.2) (20.4, 26.4) -
VGS 56 26.1 (9.8) (23.5, 28.7) -
MRI 56 21.5 (12.5) (18.2, 24.9) -

Bias VGS—Histology b 56 2.7 (6.3) (1.1, 4.4) 0.002

Bias MRI—Histology c 56 −1.9 (8.5) (−4.2, 0.4) 0.11
a Two-sided paired t-test: lower limit of agreement: b −9.5 mm, c −18.8 mm; cases under limit: b N = 2 (3.6%), c

N = 1 (1.8%); upper limit of agreement: b 15.0 mm, c 15.1 mm; cases over limit: b N = 3 (5.4%), c N = 2 (3.6%).
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Squamous tumors were predominantly hypoechoic (14/23; 60.1%), while adenocarci-
nomas were mainly hyperechoic (16/23; 69.5%) (p = 0.005). Figure 2 shows an example of 
two echogenicities, with and without VGS. 

Figure 1. Small tumor after conization. (A) Not detectable disease by MRI. (B) Detectable disease
by TVUS, measuring 10.3 × 8.3 mm. (C) Lesion vascularization by power Doppler. (D) Disease
detectable by VGS, measuring 13.3 × 6.9 mm.

Diagnostics 2022, 12, x FOR PEER REVIEW 6 of 12 
 

 

 
Figure 2. Echogenicity by TVUS and VGS. (A) Small adenocarcinoma (arrows) at TVUS; (B) the 
same tumor at VGS, with better definitions of the margins and more hyperechoic echogenicity (ar-
rows). (C) Squamous tumors (arrows) at TVUS; (D) the same tumor at VGS, with better definitions 
of the margins and more hypoechoic echogenicity (arrows). 
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Figure 3. Dimensions with both techniques compared with final histology. VGS image of IB2 N+
squamous tumor (A,B), MRI (C), and macroscopic appearance (D).

When comparing the size of the lesions, both MRI and VGS had a good concordance
with the pathology report (Table 3), showing a Cohen’s kappa of 0.73 and 0.81, respectively.
If the tumor was <2 cm, VGS identified 16 cases, while MRI identified 18 cases out of 21.
However, in the latter group, MRI missed eight cases whose dimensions were recorded as
0 mm (Figure 2D), corresponding to a false-negative rate of 38.1% (95% CI: 18.1–61.6%).
This explains the apparently higher sensitivity of MRI with respect to VGS for tumors
smaller than 2 cm (Figure 4).

Table 3. Methods comparison with the gold standard by tumor size (maximum diameter, mm).

Size (mm) by Histology
N (col %)

Cohen’s Kappa
(95% CI) p-Value a

Method Size (mm) <20
N = 21

≥20
N = 35

VGS <20 16 (76.2) 2 (5.7) 0.73
≥20 5 (23.8) 33 (94.3) (0.54, 0.91) 0.26

MRI <20 18 (85.7) 2 (5.7) 0.81
≥20 3 (14.3) 33 (94.3) (0.65, 0.97) 0.65

a McNemar’s test.

Figure 5A shows the Bland–Altman plot of the maximum diameters in VGS and
histopathology, while Figure 5B shows the diameter in MRI and histopathology. Visual
inspection of the scatterplots suggests a good distribution of the data with both methods.
The magnitude of the differences did not change with the mean of the two measurements.
Overall, Figure 5C,D show no differences despite the diameter of the tumors, except for the
cluster of eight tumors missed by the MRI (Figure 5B,D). Lin’s correlation was strong for
VGS (0.8) and moderate for MRI (0.7).
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5. Discussion

The role of ultrasound in the pre-treatment evaluation of cervical cancer is well
established [2,16–18]. However, some factors hinder the ultrasound evaluation of some
tumor characteristics, such as lesion margins (especially the small exophytic ones), fornix
involvement, and vascular patterns [9,11,19].

To the best of our knowledge, this is the first study that investigates the accuracy
of VGS in the assessment of early-stage cervical cancer. VGS is an inexpensive and well-
tolerated ultrasound technique that can increase the image quality of cervical tumors. The
acoustic windows created by saline solution results in a distance of the probe to the lesion,
the distension of vaginal walls, and the exclusion of hindering factors, including vaginal
collapse, bleeding, and/or mucus secretions.

Compared to histology (used as the gold standard), VGS and MRI assess the dimension
of the lesion with similar accuracy. However, we found that VGS tended to overestimate
the dimensions, whereas MRI underestimated them. Previous studies have reported
that ultrasounds overestimate tumor dimensions [7,17]. Despite avoiding confounding
factors, such as adjacent normal tissues, by using liquid distension in order to create an
acoustic window, our data showed that the small difference between VGS and histology
was statistically significant, while the difference between MRI and histology was not. Even
if overestimating the tumor size could be better than underestimating it in oncological
cases, it may compromise the opportunity for fertility-sparing surgery in selected patients.

The value of Lin’s concordance in the assessment of the lesion dimensions was better
between VGS and histology than MRI and histology. This is because MRI did not detect
some small tumors, recorded as 0 mm in our study. Indeed, when the tumor was <2 cm,
MRI was not able to identify 38.1% of the tumors. Therefore, the real detection rate of MRI
was 47% (10 out of 21) versus 76.1% of VGS (16 out of 21). Hence, VGS is more sensitive
than MRI in identifying small lesions. Prior studies did not find that TVUS was better than
MRI in the detection of lesions <2 cm [9,20]. Only one previous study showed that TRUS
was superior to MRI in the identification of very small lesions (<1 cm) [7].

As our study focuses on early-stage cervical cancers, we have limited data on fornix
infiltration. Nevertheless, we found that VGS was more sensitive than MRI in excluding
fornix infiltration, with an NPV of 100% and 88.9%, respectively. Recently, similar results
have been reported by comparing the accuracy of histology to TVUS, MRI, and clinical
examination under anesthesia [21]. TVUS can be a good method to exclude but not to
predict vaginal infiltration, which is often overestimated. Probably, VGS could play a role
in the assessment of more advanced stages of cervical cancer with vaginal involvement.

We confirmed that different histotypes have different echogenicities, as demonstrated
in a previous report [11]. Epstein et al. found that the echogenicity/histotype correlation
was statistically significant, with a hypoechoic pattern in the squamous tumor cells and
an isoechoic pattern in adenocarcinoma tumor cells. In our study, squamous tumor cells
were predominantly hypoechoic, while the adenocarcinoma tumor cells were hyperechoic.
These differences could be explained by the changes in the echogenicity of surrounding
tissues due to the acoustic windows placed between the ultrasound probe and the tumor.

As observed in previous studies [7,9,11,22], almost all tumors analyzed presented
moderate or intense vascularization (96.4%). The power Doppler can be useful in the
assessment of the presence and borders of the tumor, especially when the echogenicity
does not help. Only two adenocarcinomas were poorly vascularized. These two cases did
not present any other special characteristic; both tumors were >15 mm, and the patients
did not receive prior therapy nor conization; one tumor showed > 2/3 stromal invasion
and the other <2/3 stromal invasion.

Stromal infiltration is another interesting issue. Some studies reported that compar-
ing ultrasound and MRI results with the final histology report led to high false-positive
rates [8,17,18], and a prospective multicenter study found that the subjective assessment of
TVUS or TRUS was better than objective measurements at predicting deep stromal invasion
in patients with cervical cancer [23]. In our study, we observed a good concordance between
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VGS and histology (89%), with a low false-positive rate (11%). The comparison between
MRI and VGS for stromal invasion was not possible because MRI data were not available
in all cases.

It is a well-known matter that the incidence of lymph node metastasis in cervical
cancer depends on the stage: 2% in IA2, 14–36% in IB, 38–51% in IIA, and 47% in IIB (14).
Stromal infiltration is one of the independent factors identified for the risk of lymph node
metastases in patients with cervical cancers, along with age, tumor size, lymph vascular
space invasion, histological grade, and type [23,24]. In our series, we found six patients
(11%) with lymph node metastasis; all cases were FIGO stage IB. In these patients, the
stromal invasion was >2/3 in five patients out of six at the histology of cervical specimens.
VGS correctly identified four out of five tumor cases with stromal invasion >2/3. The only
discordant patient had a not-usual histotype of cervical cancer (adenoid basal carcinoma),
with an extension of 17 mm.

6. Conclusions

VGS is a simple, inexpensive, widely available, and fast execution method that can
complement ultrasound in particular cases. To our knowledge, this is the first study that
has evaluated the diagnostic accuracy of VGS and MRI in cancer and compared it with
the final histology. Our results show a good correlation between VGS and MRI in the
assessment of tumor dimensions, highlighting the better performance of VGS in detecting
small tumors (<2 cm) and in predicting the absence of fornix infiltration as it shows higher
sensitivity.

Moreover, the acoustic windows created between the ultrasound probe and the tumor
can improve the study of the echogenicity of squamous tumors and adenocarcinomas
by emphasizing the hyperechogenicity of the latter. There was a very good concordance
between stromal invasion predicted by VGS and histology, which is an independent factor
for the risk of lymph node involvement.

However, VGS has some limitations: despite its widespread availability, it is an
operator-dependent technique, and this can limit its application to centers with highly
qualified examiners.

Future studies are needed to assess the use of VGS in patients with advanced tumor
stages, especially the ability to correctly identify patients with vaginal spread and septal
infiltration.
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Abstract: Background: atypical endometrial hyperplasia (AEH) is a precancerous condition implying
a high risk of concurrent endometrial cancer (EC), which might be occult and only diagnosed at
postoperative histopathological examination after hysterectomy. Our study aimed to investigate
potential differences in preoperative clinical, sonographic, and hysteroscopic characteristics in patients
with AEH and postoperative diagnosis of EC. Methods: a retrospective single-center study was
carried out on a case series of 80 women with AEH undergoing diagnostic workup, including
ultrasonography and hysteroscopy, with subsequent hysterectomy. Women with AEH confirmed at
the histopathological examination were compared with patients with a postoperative diagnosis of
EC. Results: in our population, EC was diagnosed in 53 women, whereas the preoperative diagnosis
of AEH was confirmed in 27 cases. At ultrasonography, women with occult EC showed greater
endometrial thickness (20.3 mm vs. 10.3 mm, p 0.001) and size of the endocavitary lesion (maximum
diameter 25.2 mm vs. 10.6 mm, p 0.001), and a higher prevalence of irregular endometrial-myometrial
junction (40.5% vs. 6.7%, p 0.022) and endouterine vascularization at color Doppler (64.2% vs. 34.6%,
p 0.017). At hysteroscopy, patients with occult EC showed a higher prevalence of necrosis (44.2% vs.
4.2%, p 0.001) and atypical vessels (70.6% vs. 33.3%, p 0.003), whereas true AEH mainly presented
as a protruding intracavitary lesion (77.8% vs. 50.9%, p 0.029). In EC, subjective assessment by the
operator was more frequently indicative of cancer (80.0% vs. 12.5%). No difference was found for
clinical variables. Conclusions: occult EC in AEH may exhibit some differences in ultrasonographic
and hysteroscopic patterns of presentation compared with real AEH, which could prompt a more
significant suspect for the possible presence of concurrent EC at preoperative diagnostic workup.

Keywords: atypical endometrial hyperplasia; endometrial cancer; hysteroscopy; transvaginal ultra-
sound

1. Introduction

Endometrial hyperplasia (EH) is defined as an irregular proliferation of the endome-
trial glands leading to an increase in the gland-to-stroma ratio in contrast to proliferative
endometrium.

The histological classification of EH has undergone numerous changes over the years,
reflecting its diagnostic complexity and making it difficult to compare studies performed
with different classifications. In 2014, the World Health Organization (WHO) suggested a
dichotomous classification of EH [1], which was accepted by the International Society of
Gynecological Pathologists, to reduce the multitude of terms used worldwide. EH has been
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divided into two groups: non-atypical EH/benign hyperplasia and atypical EH (AEH)
or Endometrial Intraepithelial Neoplasia (EIN) according to the presence or absence of
atypical cytological features. AEH is a premalignant lesion, with an approximately 30% risk
of progression to endometrial carcinoma (EC) [2,3]. The prevalence of concurrent occult
EC in patients diagnosed with AEH undergoing hysterectomy approaches 43% [4]. EC
is the most common gynecologic cancer in women; it is a more common disease among
postmenopausal women, but in the last few years, there has been a rise in the number of EC
among premenopausal women [5]. EC is more prevalent in high/intermediate-developed
countries [6].

Preoperative diagnostics play a central role in defining the correct treatment course of
action and surgical approach of AEH and EC. For instance, although lymph node evaluation
remains crucial in the surgical management of endometrial carcinoma, there remain no
clear consensus guidelines regarding nodal evaluation in patients with AEH.

Pre-operative identification of factors that may help to stratify a patient’s risk of
concurrent EC is mandatory to reduce the risk of over- or under-treatment.

Our study aims at evaluating the presence of pre-operative clinical, ultrasonographic,
hysteroscopic, and anatomopathological features in patients with a hysteroscopic diagnosis
of AEH and a postoperative diagnosis of EC.

2. Materials and Methods

The study was retrospectively conducted on patients who underwent hysterectomy
for AEH at the Obstetrics and Gynecology University Department of Mauriziano Umberto
I Hospital in Turin from January 2015 to September 2022.

Data were retrieved through a retrospective review of hospital medical records.
The inclusion criteria were women diagnosed with AEH on hysteroscopic endometrial

biopsy with a subsequent total hysterectomy and bilateral salpingo-oophorectomy and
histopathological examination of the uterus.

The exclusion criteria were the absence of any available report of preoperative ul-
trasound examination and/or endometrial biopsy, and women who were conservatively
managed and/or received medical therapy before surgery.

All patients were referred to our center for diagnostic evaluation, including transvagi-
nal ultrasound (TVUS) and hysteroscopy for abnormal uterine bleeding or after the finding
of sonographic anomalies of the endometrium during a routine scan at outpatient clinics.
Diagnostic protocol at our center routinely included:

- An interview with the patient to collect anamnestic and clinical data.
- A TVUS performed by an expert highly-trained sonographer (L.M.) with an Affiniti

70 ultrasound machine (Philips, Amsterdam, The Netherlands, 2013) equipped either
with a C10-3v Endocavitary Probe with a 3.0–10.0 MHz frequency range; all examina-
tions were performed according to the recommendations of the main international
guidelines [7,8].

- A hysteroscopy was performed in an outpatient setting by two highly trained expert
operators (A.F. and G.P.) with an endometrial biopsy. All the procedures included
vaginoscopy, distension of the uterine cavity with normal saline, diagnostic evalu-
ation of the cervical canal and uterine cavity with visualization of tubal ostia, and
targeted biopsy on any suspicious area of the endometrium using a BETTOCCHI®

Hysteroscope equipped with bipolar electrode systems [9]. Diagnosis of AEH was
made on endometrial specimens according to WHO 2014 criteria [1].

TVUS was always performed at our center before the hysteroscopy assessment.
After the diagnosis, all the patients included in the study underwent a total hysterec-

tomy and bilateral salpingo-oophorectomy according to the management suggested by
the main international guidelines [10,11]. Histopathological examination of the uterus was
obtained, either confirming AEH or revealing EC.

Data were retrospectively collected about:
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- The anamnestic features, including age, body mass index (BMI), parity, menopausal
status, the prevalence of diabetes and hypertension, use of hormone replacement
therapy or tamoxifen, and symptoms;

- The ultrasound characteristics regarding endometrial thickness and echogenicity,
endometrial–myometrial junction, presence of intracavitary fluid, vascularization at
color Doppler (CD) study, size and appearance of the lesion, posterior sliding sign,
uterine volume calculated by the formula ellipsoid volume [12], and presence of
leiomyomas;

- The hysteroscopic reports about the appearance of the lesion (protruding into the
uterine cavity vs. superficial anomaly of the endometrium), presence of necrosis
or atypical vascular pattern, subjective assessment indicative of carcinoma by the
operator, and visualization of tubal ostia;

- The histopathological reports on the endometrial biopsy regarding the presence of
endometrial intraepithelial neoplasia, multiple foci of hyperplasia, and endometrial
polyp with AEH arising on its surface, and the number of specimens retrieved by the
hysteroscopy operator;

- Histopathological reports on the uterus, most notably the presence of endometrial
carcinoma and its features according to WHO 2014 classification [13].

Statistical Analysis

The study population was divided into two groups according to the presence or
absence of EC at the histopathological examination of the uterus after hysterectomy. The
two groups were compared for the variables collected to evaluate potential differences in
preoperative features.

Continuous variables were expressed as mean ± standard error (SE), and categorical
variables were expressed as n (%). Univariate analysis was performed for continuous
variables with a two-tailed t-test for independent samples with unequal variances, and
categorical variables with a Fisher’s test after checking with the Kolmogorov–Smirnov test
that the distribution of our samples did not differ from the normal one. A difference was
considered statistically significant when it was associated with a two-tailed p < 0.05.

Statistical analyses were performed using SPSS 22.0 (Statistical Package for the Social
Sciences) software (IBM Corp. Released 2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY, USA: IBM Corp.).

3. Results

The archiving software (Winsapp vers. 3) of the Pathology Department of Mauriziano
Umberto I Hospital was used for patient selection.

Through a search with the query “endometrial hyperplasia” of patients undergoing
hysteroscopy, 492 patients with a diagnosis of EH at biopsy were identified.

Of these, 317 were excluded given the diagnosis of EH without atypia. Of the re-
maining 178, 54 were excluded because they underwent surgery at another center. An
additional 32 patients were excluded because a qualitatively inferior and different ultra-
sound was used compared with the Philips Affiniti 70 model. Two were excluded because
of synchronous diagnosis of endometrioid adenocarcinoma of the ovary and inability to
establish with certainty the origin of the primary lesion. For seven patients, anamnestic data
(abnormal uterine bleeding [AUB], BMI, and comorbidities) could not be found and it was,
therefore, decided not to include them in the case series. Our study population included
80 women who were diagnosed with AEH from January 2015 to September 2022 at our
center and underwent surgery. Table 1 summarizes the characteristics of this population:
most women were post-menopausal (87.0%) with a mean age of 64.9 years; a high preva-
lence of obesity (45.1%) was seen with a mean BMI 30.7 kg/m2; and in 67.5% of cases, AUB
was reported and prompted diagnostic evaluation. Among the tests performed during the
work-up, TVUS highlighted a high prevalence of endometrial thickening as sonographic
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presentation, with a mean thickness of 16.4 mm which is far above the high-risk cut-off
suggested by the literature [7].

Table 1. Characteristics of the study population.

Category Characteristics

Clinical features

Age at diagnosis (years) * 64.9 ± 1.1
BMI (kg/m2) * 30.7 ± 1.0
Obesity (%) 32 (45.1)
Diabetes (%) 16 (21.6)
Hypertension (%) 40 (54.1)
Number of VD * 1.2 ± 0.1
Post-menopausal status (%) 67 (87.0)
Time between menopause and
diagnosis (years) 14.7 ± 1.1

Use of HRT (%) 0 (0)
Use of tamoxifene (%) 5 (6.9)
Presence of AUB (%) 52 (67.5)

Ultrasonography features

Endometrial thickness (mm) * 16.3 ± 1.7
Non-uniform endometrial echogenicity
(%) 10 (12.5)

Irregular endometrial–myometrial
junction (%) 18 (31.6)

Intracavitary fluid (%) 6 (8.5)
Intracavitary vascularization at CD (%) 43 (54.4)
Focal endometrial lesion (%) 24 (37.5)
Maximum diameter of the lesion (ml) * 22.0 ± 2.5
Volume of the uterus (cm3) * 76.4 ± 6.6
Presence of uterine fibroids (%) 29 (41.4)

Hysteroscopy features

Protruding intracavitary lesion (%) 48 (60)
Necrosis (%) 24 (31.6)
Atypical vascularization (%) 44 (58.7)
Visualization of tubal ostia (%) 80 (100)
Subjective assessment suggesting
cancer (%) 43 (58.1)

EH on endometrial polyps (%) 41 (52.6)
EIN (%) 6 (7.7)
Multiple foci of hyperplasia (%) 30 (42.9)
Number of endometrial biopsies * 1.7 ± 0.07

BMI, body mass index; VD, vaginal delivery; HRT, hormone replacement therapy; CD, color Doppler; AUB,
abnormal uterine bleeding; EH, endometrial hyperplasia; EIN, endometrial intraepithelial neoplasia; patients are
classified as obese when their body mass index (BMI) is over 30 kg/m2. *: data are reported as mean ± standard
error.

At the histopathological examination of the uterus after surgery, EC was revealed
in 53 women, whereas the preoperative diagnosis of EAH was confirmed in 27 patients
(Figure 1).

The cases of malignancy were all represented by EC, with coexistent hyperplasia
confirmed in 29 out of 53 women (54.7%). Twenty-eight EC cases were histological grade 1
(52.8%), twenty-three cases were classified as grade 2 (43.4%), two cases as grade 3 (3.8%),
and lymphovascular invasion was reported in fifteen patients (28.3%). The endometrial
invasion was detected in 44 (83%) of the 53 EC. Most EC patients (34 out of 53 women,
66.0%) were classified as stage Ia according to FIGO classification [14].

The group of patients with a postoperative diagnosis of EC was compared with the
group of women for whom the diagnosis of AEH was confirmed to analyze potential
differences in the variables relating to preoperative presentation.
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Figure 1. Histopathological images of atypical endometrial hyperplasia (a–c).

Table 2 shows the results regarding the anamnestic features of the two groups, which
appeared to be similar without any statistically significant difference, although patients
with EC were on average older (p = 0.09).

Table 2. Anamnestic features of the study groups.

Variables Endometrial Hyperplasia
(N = 27)

Endometrial Carcinoma
(N = 53) p §

Age at diagnosis (years) * 62.3 ± 1.8 66.2 ± 1.4 0.09
BMI (kg/m2) * 29.3 ± 1.5 31.4 ± 1.2 0.29
Obesity (%) 11 (47.8) 21 (43.8) 0.80
Diabetes (%) 5 (20.8) 11 (22.0) 0.91
Hypertension (%) 11 (45.8) 29 (58) 0.46
Number of VD * 1.1 ± 0.2 1.3 ± 0.2 0.42
Post-menopausal status (%) 23 (88.5) 44 (86.3) 0.79
Time between menopause and diagnosis (years) * 12.6 ± 1.9 15.7 ± 1.4 0.19
Use of HRT (%) 0 (0) 0 (0) -
Use of tamoxifene (%) 1 (4.0) 4 (8.5) 0.65
Presence of AUB (%) 15 (57.7) 37 (72.5) 0.21

BMI, body mass index; VD, vaginal delivery; HRT, hormone replacement therapy; AUB, abnormal uterine
bleeding; patients are classified as obese when their body mass index (BMI) is over 30 kg/m2. *: data are reported
as mean ± standard error. §: analysis was carried out with a two-tailed t-test for independent samples with
unequal variances for continuous variables, and with Fisher’s test for categorical variables.
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In Table 3, the main sonographic characteristics of the two groups are shown, high-
lighting significantly greater endometrial thickness and size of the lesion measured at TVUS
for the women with EC. This difference is also relevant in absolute terms, with measures
that are on average double the ones reported in AEH patients (notably, 10.3 vs. 20.3 mm
for endometrial thickness). Among the other variables, cases of EC showed a significantly
higher proportion of irregularity in the appearance of the endometrial–myometrial junction
and the presence of endometrial vascularization, expressed by a color score of 2 or higher
in the Doppler study.

Table 3. Ultrasound features of the endometrial lesions in the two groups.

Variables Endometrial Hyperplasia
(N = 27)

Endometrial Carcinoma
(N = 53) p §

Endometrial thickness (mm) * 10.3 ± 1.3 20.3 ± 2.4 0.001
Non-uniform endometrial echogenicity (%) 2 (7.4) 8 (15.1) 0.48
Irregular endometrial-myometrial junction (%) 1 (6.7) 17 (40.5) 0.022
Intracavitary fluid (%) 2 (8.7) 4 (8.3) 0.96
Intracavitary vascularization at CD (%) 9 (34.6) 34 (64.2) 0.017
Focal endometrial lesion (%) 8 (44.4) 16 (34.8) 0.57
Maximum diameter of the lesion (mm) * 10.6 ± 2.5 25.2 ± 3.0 0.001
Volume of the uterus (cm3) * 78.5 ± 10.4 75.6 ± 8.3 0.83
Presence of uterine fibroids (%) 6 (27.3) 23 (47.9) 0.12

CD, color Doppler. *: data are reported as mean ± standard error. §: analysis was carried out with a two-
tailed t-test for independent samples with unequal variances for continuous variables, and with Fisher’s test for
categorical variables.

In Tables 4 and 5, findings at hysteroscopy and histopathological examination of
endometrial biopsies are shown: among women with EC, a significantly higher prevalence
of necrosis (44.2%) and atypical vascularization (70.6%) was reported. In about half of
the cases, a surface or nodular growth was described for the lesion. On the contrary, in
patients with AEH, the most common presentation was a polypoid lesion protruding
into the uterine cavity (77.8%), with a frequent histopathological report of atypical cells
in the context of an endometrial polyp (73.1%). It is noteworthy that in 80.0% of cases
of endometrial carcinoma, a subjective assessment of malignancy was provided by the
operator performing hysteroscopy, whereas this evaluation was reported just in 12.5% of
cases of hyperplasia.

Table 4. Hysteroscopic findings in the two groups.

Variables Endometrial Hyperplasia
(N = 27)

Endometrial Carcinoma
(N = 53) p §

Protruding intracavitary lesion (%) 21 (77.8) 27 (50.9) 0.029
Necrosis (%) 1 (4.2) 23 (44.2) 0.001
Atypical vascularization (%) 8 (33.3) 36 (70.6) 0.003
Visualization of tubal ostia (%) 27 (100) 53 (100) -
Subjective assessment suggesting cancer (%) 3 (12.5) 40 (80.0) 0.001

§ analysis was carried out with a two-tailed t-test for independent samples with unequal variances for continuous
variables, and with Fisher’s test for categorical variables.

Table 5. Histopathologic pre-operative features of the endometrial lesions in the two groups.

Variables Endometrial Hyperplasia (N = 27) Endometrial Carcinoma (N = 53) p §

EH on endometrial polyp (%) 19 (73.1) 22 (42.3) 0.016
Multiple foci of hyperplasia (%) 11 (44.0) 19 (42.2) 0.86
Number of endometrial biopsies * 1.7 ± 0.1 1.7 ± 0.1 0.94

EH, endometrial hyperplasia; EIN, endometrial intraepithelial neoplasia. *: data are reported as mean ± standard
error. §: analysis carried out with a two-tailed t-test for independent samples with unequal variances for
continuous variables, and with Fisher’s test for categorical variables.
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4. Discussion

The present study analyzed several pre-operative factors, including patient character-
istics and ultrasonographic, hysteroscopic, and anatomopathological features in patients
pre-operatively diagnosed with AEH.

No statistically significant factor suggestive of concomitant EC could be identified
regarding the anamnestic data analyzed. Obesity, diabetes, and hypertension were found
to be similarly prevalent in both groups under analysis. This is in agreement with the
literature, where the above risk factors are common in both diseases, and no medical
comorbidities appear to be associated with concurrent EC in patients pre-operatively
diagnosed with AEH [3,15].

In the present study, women with EC were on average of older age compared with
real AEH, although no statistically significant difference was detected (p = 0.09). In the
literature, older age seems predictive of concurrent EC at the time of hysterectomy for
AEH [3,15]. The non-significance of the result in our study could be related to the low
sample size.

Among ultrasonographic features, it appears that a thickened endometrial stripe, a
greater diameter of the lesion, an interrupted endometrial–myometrial junction, and a high
vascular density at CD was associated with increased odds of EC.

Results on endometrial thickness are consistent with prior data from Vetter et al. [3]
on a retrospective case series of 169 patients, and from Abt et al. [16] on 378 patients. Both
retrospective studies demonstrated that among patients with a preoperative diagnosis
of AEH, those with preoperative endometrial stripe ≥ 20 mm were more likely to have
concurrent EC. According to a prospective study on 2216 patients with AUB by the Interna-
tional Endometrial Tumor Analysis (IETA), endometrial thickness predictive for AEH is
attested at 10.1 mm, while a mean endometrial thickness of 16 mm looks predictive for the
EC [17]. The relevance and reproducibility of different studies of this finding should be
applied in clinical practice by suggesting that endometrial thickness might be used as one
preoperative determinant (Figure 2).
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Figure 2. Transvaginal ultrasound (TVUS), endometrial thickness of two patients with a preoperative
di-agnosis of atypical endometrial hyperplasia (AEH). (a) TVUS: 7.7 mm of endometrial thickness
with a posterior leiomyoma of the uterus, postoperative diagnosis of AEH. (b) TVUS: 22.8 mm of
en-dometrial thickness, postoperative diagnosis of endometrial cancer pT1a G2.

In our study, a greater ultrasonography diameter of the lesion appears to be strongly
correlated with the presence of occult EC. This finding is not well investigated in the
literature. A retrospective study on 250 patients which analyzed the diagnostic value of
endometrial volume under 3D ultrasound acquisition in endometrial lesions demonstrated
that the endometrial volume was bigger in the EC group [18].

Regarding the ultrasound assessment of the vascularization of the lesion, although
this is a remarkably operator-dependent finding, it has been reported in the literature that

71



Diagnostics 2022, 12, 3029

flow characteristics such as resistance (RI), pulsatility (PI), and peak systolic velocity (PSV)
can also help in the differential diagnosis [19].

In the present study, a significant difference was reported for the presence of intracav-
itary vascularization in the Doppler study, since 64.2% of cases of EC were described as
color score 2 or higher at ultrasonography. This result is consistent with the prospective
study by Van Den Bosh [20] where a highly vascularized pattern of presentation with a
color score of 3 or 4 at CD has been attributed to 65% of EC.

In the prospective study by Van Den Bosh on 2216 patients, a regular endometrial–
myometrial junction at ultrasonography is reported in 65% of AEH, very similar compared
with EC in which endometrial–myometrial junction is described as irregular in 42% of
cases [20]. In our study, 93.3% of AEH showed regular endometrial–myometrial junction,
while only one case (6.3%) had an altered endometrial–myometrial junction. The regular
endometrial–myometrial junction at ultrasonography appears in a much lower percentage
of EC (40%), in which altered junction was described as irregular in 60% of cases. This
result can be analyzed considering the postoperative histologic results; in fact, in our case
series, 83% of EC showed endometrial invasion. This data is not available in the previously
mentioned study, so we cannot assess inhomogeneity in the case series. Furthermore, this
variable is an extremely subjective, highly operator-dependent assessment.

Hysteroscopy is considered the gold standard to diagnose endometrial lesions that are
clinically or sonographically suspected. Hysteroscopy is a sensitive and specific method
to identify coexisting endometrial carcinoma in patients with an AEH diagnosis [21].
Standard hysteroscopy has better results than curette for aspirated endometrial sampling,
such as Vabra sampling, which often fails to correctly diagnose endometrial polyps, as the
samples have often insufficient endometrial mucosa [22]. That is, the visual assessment of
the endometrial cavity reduces blind sampling. Even other poor sensitivity endometrial
sampling techniques, such as dilation and curettage, cannot be considered reliable. One of
the main advantages of hysteroscopy is the possibility to have a subjective evaluation of
the endometrial pattern [23]. It is, therefore, necessary to perform a visual hysteroscopy, as
a direct view of the lesion and its relationship to the uterine cavity is necessary for proper
assessment (Figure 3).
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As for the hysteroscopic phase of preoperative diagnostics in our case series, the
presence of necrosis and an atypical vascularization proved to be strongly indicative of EC.
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Necrosis at hysteroscopic evaluation in our study has been much more frequently
detected in occult EC than in AEH at postoperative assessment (44.2% vs. 4.2%). This
is consistent with the literature where necrosis has been included in many hysteroscopic
scores for the diagnosis of suspected EC [23].

Atypical vascularization (Figure 4) in our case series, was more frequently found in
the case of occult EC (70.6%) compared with AEH (33.3%). Atypical vascularization usually
includes the finding of abnormal vessel sprouts, tortuous vessels, vessel loops, branching
with angles over 90◦, narrowing of vessels, a disorganized network, and an overall irregular
distribution with an area with dense vessels, varying with an area without vessels [23]. The
abnormal vascularization has been reported to be suggestive of malignant neoplastic lesions
of the endometrium, but this finding appears to have been derived from large retrospective
cohorts and not from randomized controlled trials [24]. However, a simple increased vascular
density must be combined with other parameters in the diagnosis of cancer [25].
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The finding of a protruding intracavitary lesion, on the other hand, seems to be more
frequent in the case of AEH. This result is consistent with evidence from the literature in
which it appears that the hysteroscopic finding of a polyp only rarely correlates with the
presence of hyperplasia (about 2% of the cases), and subsequently of a cancerous polyp [22].

The sensitivity and specificity of hysteroscopic subjective assessment in determining
the risk of adenocarcinoma have been investigated in numerous studies. The major lim-
itation of this parameter is that it is the result of the subjective evaluation of numerous
parameters that are not strictly determined. As a result, hysteroscopic subjective assessment
emerges with a wide heterogeneity among different studies. Despite this point, subjective
assessment is a valuable tool in the hands of an experienced clinician [15,26,27]. In our case
series, subjective assessment ensured superior performance to that found in the literature,
with 80% of EC correctly identified by the expert clinician’s report as high-risk lesions.

To standardize the subjective assessment reports, a structured hysteroscopic score
based on lesion surface, necrosis, and vessels has been suggested [23]. Considering the
relevance of subjective assessment in the diagnostic procedure of AEH, the definition of
standardized and shared criteria for use by experienced operators appears to be a necessary
development to improve the diagnostic definition of these lesions.

One of the most controversial issues in the field of endometrial carcinoma is the
selection of patients for lymph node staging to avert the risk of understaging. In this
regard, preoperative diagnosis of adenocarcinoma is crucial in establishing the correct
diagnostic and therapeutic course. Several studies have demonstrated that routine sen-
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tinel lymph node biopsy (SLNB) in all patients with AEH has limited benefit and is not
cost-effective [28–30] given the high prevalence of low-grade and early-stage disease in this
category. For AEH and early-stage low-grade EC, a comprehensive surgical staging with
lymph node assessment via lymphadenectomy or SLNB would result in overtreatment [31].
Yet, 12% of patients with a pre-operative misdiagnosis of AEH show post-operative histol-
ogy of EC at a more advanced stage or mid- to high grade. This latter population might
benefit from lymph node assessment to guide adjuvant treatment [3].

In our case series, almost 34% of the EC had FIGO stage greater than or equal to IB
(20.4% of all lesions), and 23% showed lymphovascular invasion.

The histological features of EC in patients with a previous diagnosis of AEH are
remarkably heterogeneous in the literature. Myometrial invasion varies from 30 to 90% de-
pending on the case series, while about 10% of cases show lymphovascular invasion [4,26].

This finding underscores the complexity of the histologic evaluation of hysteroscopic
biopsy specimens and the need for accurate ultrasound examination by an experienced
operator.

A strength of this study is the fact that demographic, anamnestic, hysteroscopic, and
ultrasonographic parameters were evaluated in the same group of patients. Furthermore,
the case series presented in our study is one of the largest in the literature to date analyzing
all of the above parameters together in a single case series.

The major limitations of this study are the pure retrospective design, which makes it
impossible to exclude possible confounding factors, and the fact that some of the variables
are strongly based on subjective assessment. Subjective assessment is by its nature operator-
dependent and directly influenced by the experience and skills of the operator. As a result,
the ultrasound and hysteroscopic evidence of the present study may not widely apply to all
centers and may not be universally generalizable. In addition to this, the small sample size
may not have allowed additional potentially clinically relevant differences to be identified.
Statistical power was not calculated.

Some future insights for improving the preoperative diagnostic definition of AEH can
be identified. In any patient with preoperatively diagnosed AEH, the diagnostic evaluation
should include both ultrasound and visual hysteroscopy performed by experienced clini-
cians. To make hysteroscopic parameters more reproducible and reduce the subjectivity
of the assessment as much as possible, a consensus between expert operators to define
high-risk hysteroscopic characteristics would be necessary. Integration into the diagnostic
pathway of a comprehensive score, including both hysteroscopic and sonographic features,
may be evaluated in the future. Ultimately, to ensure the best clinical management for
high-risk patients with EC-suggestive criteria despite a preoperative diagnosis of AEH,
centralized management to specialized EC centers might be suggested.

5. Conclusions

The importance of a detailed preoperative diagnosis of AEH and the difficulty in
defining AEH on hysteroscopic biopsy dictate careful evaluation of features associated with
the finding of AEH. Occult EC cases diagnosed after hysterectomy for AEH may have some
differences at preoperative diagnostic workup compared with confirmed AEH cases. In our
study, the endometrial thickness and other ultrasonographic features, such as thickened
endometrial stripe, a greater diameter of the lesion, an interrupted endometrial–myometrial
junction, and a high vascular density at CD, along with the subjective hysteroscopic
assessment by experienced clinicians are elements that can suggest the presence of occult
EC in patients with a preoperative histologic diagnosis of AEH.

The results of our study should be prospectively verified on larger and prospective
case series. A multicenter prospective study should be conducted based on the prospective
use of an inclusive score of standardized clinical, hysteroscopic, and ultrasound features in
the preoperative diagnostic pathway. This is also to select a population of patients with
a pre-operative misdiagnosis of AEH who might benefit from lymph node assessment to
guide adjuvant treatment.
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Patients with a pre-operative misdiagnosis of AEH show post-operative histology of
EC at a more advanced stage or mid- to high grade. This latter population might benefit
from lymph node assessment to guide adjuvant treatment.
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Abstract: Colposcopic patterns of Vaginal Intraepithelial Neoplasia (VAIN) are not definitively
related to histological grade. The aim of the present study was to investigate any correlation between
clinical and colposcopic features and the development of high-grade VAIN. Two hundred and
fifty-five women diagnosed with VAIN (52 VAIN1, 55 VAIN2 and 148 VAIN3) at the European
Institute of Oncology, Milan, Italy, from January 2000 to June 2022, were selected for a retrospective
analysis. Multivariate logistic regression was performed to estimate the association of risk factors
and colposcopic patterns with VAIN grade. Smoking was associated with the development of VAIN
(34.1%, p = 0.01). Most women diagnosed with VAIN3 (45.3%, p = 0.02) had a previous history of
hysterectomy for CIN2+. At multivariate analysis, colposcopic grade G2 (OR = 20.4, 95%CI: 6.67–61.4,
p < 0.001), papillary lesion (OR = 4.33, 95%CI: 1.79–10.5, p = 0.001) and vascularity (OR = 14.4,
95%CI: 1.86–112, p = 0.01) were significantly associated with a greater risk of VAIN3. The risk of
high-grade VAIN should not be underestimated in women with a history of smoking and previous
hysterectomy for CIN2+, especially when colposcopic findings reveal vaginal lesions characterized
by grade 2, papillary and vascular patterns. Accurate diagnosis is crucial for an optimal personalized
management, based on risk factors, colposcopic patterns and histologic grade of VAIN.

Keywords: high-grade vaginal intraepithelial neoplasia (VAIN); smoking; previous hysterectomy for
CIN2+; colposcopic grade; papillary lesion; vascular pattern

1. Introduction

Vaginal Intraepithelial Neoplasia (VAIN) is a rare premalignant lesion of the female
lower genital tract, approximately 100-fold less common than cervical squamous intraep-
ithelial lesions [1–3], with an estimated incidence of 0.2–2 per 100,000 women/year [4,5].
The prevalence of VAIN has recently increased due to improvements in screening methods,
such as cytology and Human Papillomavirus (HPV) testing [5].

HPV infection is the fundamental etiological factor for the development of VAIN.
However, other risk factors have been identified and investigated over time, including
young age at first intercourse, a large number of sexual partners, cigarette smoking, im-
munosuppression, past or concurrent diagnosis of cervical or vulvar preinvasive or invasive
lesions, previous hysterectomy for cervical intraepithelial neoplasia (CIN) or cervical cancer,
prior radiotherapy, and a history of in utero exposure to diethylstilbestrol [6–8]. Recently,
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more attention has also been paid to the potential role of the vaginal microbiota, whose
composition is influenced by hormonal status and changes during the development and
progression of VAIN [9]

According to the depth of vaginal epithelium involved by dysplasia, VAIN is usually
classified into grades 1, 2 or 3. The 2014 WHO classification of VAIN replaced the previous
three-tiered system and recognizes only two categories: low-grade VAIN (VAIN1 or vagi-
nal low-grade squamous intraepithelial lesion, LSIL) and high-grade VAIN (VAIN2-3 or
vaginal high-grade squamous intraepithelial lesion, HSIL) [10,11]. VAIN1 is the result of a
transient low-risk (LR) or high-risk (HR) HPV infection, with a high rate of spontaneous
regression within 2 years. High-grade VAIN is due to a persistent and transforming HR-
HPV infection and has a higher potential for recurrence and progression towards invasive
vaginal carcinoma [12]. Since the risk of progression of VAIN2 to invasive cancer is still
under discussion and should be intermediate between VAIN1 and VAIN3, some authors
still consider VAIN2 as a separate category [13,14].

VAIN mostly occurs in women over 60 years of age, who are commonly asymptomatic
but sometimes report vaginal discharge or bleeding [15]. Furthermore, post-menopausal
women may be at increased risk of VAIN due to Lactobacillus depletion, overgrowth
of anaerobic species and increased frequency of bacterial vaginosis, which have been
indicated as agents responsible for delayed HPV clearance and subsequent carcinogenic
progression [9,16].

The diagnosis is usually made by colposcopic-guided biopsy of suspicious vaginal
lesions. After an abnormal cervical screening test with no lesion identified on the cervix,
great attention should be paid to the complete evaluation of the vagina. Vaginal colposcopy
is quite challenging, often due to vaginal dystrophy in post-menopausal women. In
addition, colposcopic patterns of VAIN are highly heterogeneous and not very specific,
thus resulting in a lack of correlation between colposcopy and histology, unlike CIN [17,18].
Nevertheless, few previous studies have investigated the potential link between colposcopic
findings and the histopathologic grade of VAIN, in order to improve the predictive role of
the colposcopic examination for treatment management [19,20].

The aim of the present study was to identify the potential risk factors for the de-
velopment of VAIN to evaluate the diagnostic accuracy of colposcopy in relation to the
histological grade of VAIN and to investigate any correlation between clinical and colpo-
scopic features and high-grade VAIN.

2. Materials and Methods

All women affected by VAIN and who were attending the Preventive Gynecologic
Unit of the European Institute of Oncology, Milan, Italy, from January 2000 to June 2022,
were retrieved from hospital file archives and selected for a retrospective analysis.

The local Institutional Review Board approved the study protocol (IEO protocol UID
3821, date of approval: 27 October 2022) and written formal consent for the use of data for
scientific purposes was signed by each subject.

Patients were included if the following criteria were met: (a) age at diagnosis of
25 years or older; (b) colposcopic-guided vaginal biopsies because of an abnormal pap
smear or a previous history of any HPV-related lower genital tract diseases; (c) histo-
logic confirmation of any grade of VAIN, including VAIN3 with stromal microinvasion;
(c) available data about colposcopic findings. Patients were excluded in the case of
(a) denied informed consent; (b) negative histology; or (c) diagnosis of invasive vagi-
nal carcinoma.

Data regarding sociodemographic, clinical, laboratory and pathological characteristics
of patients were recorded in a dedicated database.

Colposcopies were performed by staining with a 5% acetic solution and a 3% Lugol’s
solution (Schiller test), by expert colposcopists working at the Preventive Gynecologic Unit
of the European Institute of Oncology. Abnormal colposcopic findings were described as
grade 1 if minor (thin acetowhite epithelium, fine punctuation, fine mosaic) or grade 2 if
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major (dense acetowhite epithelium, coarse punctuation, coarse mosaic), according to the
2011 Colposcopic Terminology of the International Federation for Cervical Pathology and
Colposcopy (IFCPC) [21,22]. All records of colposcopies performed before the introduction
of the 2011 IFCPC Colposcopic Terminology were revised accordingly. Location of the lesion
(vaginal vault, upper, middle and/or lower thirds), and uni/multifocality, vascular and
papillary (defined as an acetowhite exophytic lesion not to be misdiagnosed as condyloma)
patterns were reported separately.

Single or multiple colposcopic-guided biopsies were taken from suspicious vaginal
lesions with the worst colposcopic characteristics. Dedicated gynecological pathologists
working at the Pathology Division of our Institute performed all pathologic diagnoses. In
the case of multifocal lesions and different grades of VAIN, the worst pathologic diagnosis
and the related colposcopic pattern was considered for our analysis.

When possible, the Cobas 4800 HPV test (Cobas; Roche Diagnostics), an HR-HPV DNA
assay with concurrent partial genotyping, was performed on liquid-based cervical (LBC)
specimens at the time of colposcopy. The Cobas test is a Real-Time PCR-based assay able to
detect HR-HPV genotypes 16 and 18 in separate channels, as well as a group of 12 other
HR-HPV types (31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66 and 68) in another channel. It is a fully
automated test and includes an internal control (B-globin) as a marker of sample adequacy.

Statistical Analysis

Categorical patients’ characteristics at diagnosis were summarized by counts and
percent, age by mean and standard deviation and cross-tabulated by VAIN grade. Between
VAIN grade groups, comparisons were done by using Fisher’s exact test for categorical
variables and the F-test for age (one-way analysis of variance). Lesion type and vascularity
were significantly associated with colposcopic grade and then entered two separated
multivariate logistic regression analyses in order to estimate their association with VAIN
grade as risk factors. Results are presented as Odds Ratios (OR) with 95% Confidence
Intervals (CI). All tests were two-tailed and considered significant at the 5% level. All
analyses were done using SAS 9.4 (Cary, NC, USA).

3. Results

After applying inclusion and exclusion criteria, 255 women affected by VAIN and
attending the Preventive Gynecologic Unit of the European Institute of Oncology, Milan,
Italy, from January 2000 to June 2022, were selected for our retrospective analysis.

VAIN 1, 2 and 3 were diagnosed in 52, 55 and 148 women, respectively.
The main clinical characteristics of patients are summarized by VAIN grade at diagno-

sis in Table 1.
The mean age of women at first diagnosis was 52.4 ± 12.8 years, with no significant

difference among patients diagnosed with different histological grade of VAIN. About
a third of cases was a current or former smoker (34.1%, p = 0.01) and more than half of
patients reported previous pregnancies (55.4%, p = 0.02). Both variables were significantly
associated with the diagnosis of VAIN, even according to histological grade.

Previous hysterectomy for CIN2+ was reported by 38.0% of women affected by VAIN,
especially VAIN3 (45.3%, p = 0.02). Prior cervical cancer occurred in 49 patients undergoing
hysterectomy (3 squamocellular carcinoma and 46 adenocarcinoma, p = 0.16), diagnosed as
FIGO stage IA, IB and IIA-B in 29.4, 52.9 and 17.7% of cases (p = 0.17), respectively.

There was a significant correlation (p < 0.001) between cytology and histological grade
of VAIN: 59.1% of VAIN1 were preceded by ASCUS-LSIL, whereas 73.1% of VAIN3 by
ASCH-HSIL.

No other clinical variables, including immunosuppression, hormonal therapy, prior
diagnosis of cervical or other cancers, previous or concomitant CIN, HPV-related VIN
(vulvar intraepithelial neoplasia) or AIN (anal intraepithelial neoplasia), were significantly
associated with VAIN and histological grade.
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Table 1. Patients’ characteristics summary statistics a by VAIN grade at diagnosis.

Characteristic Category VAIN Grade

All Patients
n = 255

VAIN 1
n = 52

VAIN 2
n = 55

VAIN 3
n = 148 p-Value

Age (years) at first diagnosis 52.4 (12.8) 51.4 (12.2) 50.1 (13.4) 53.7 (12.7) 0.18

Current/former smoker 86 (34.1) 18 (34.6) 27 (50.9) 41 (27.9) 0.01

Parity 129 (55.4) 21 (42.9) 21 (46.7) 87 (62.6) 0.02

Immunosuppression 29 (11.5) 5 (9.6) 5 (9.1) 19 (13.0) 0.77

Hormonal therapy 40 (15.7) 8 (15.4) 7 (12.7) 25 (16.9) 0.82

Previous hysterectomy CIN2+ 97 (38.0) 13 (25.0) 17 (30.9) 67 (45.3)
Other 14 (5.5) 3 (5.8) 6 (10.9) 5 (3.4)

No hysterectomy 144 (56.5) 36 (69.2) 32 (58.2) 76 (51.4) 0.02

Previous cervical cancer Yes 56 (22.1) 12 (23.5) 6 (10.9) 38 (25.9)
No/Other tumors b 197 (77.9) 39 (76.5) 49 (89.1) 109 (74.2) 0.06

Previous CIN No/CIN1 150 (59.3) 33 (63.5) 31 (56.4) 86 (58.9)
CIN2-3 103 (40.7) 19 (44.7) 24 (43.6) 60 (41.1) 0.75

Concomitant CIN No/CIN1 224 (87.8) 48 (92.3) 47 (85.5) 129 (87.2)
CIN2-3 31 (12.2) 4 (7.7) 8 (14.6) 19 (12.8) 0.52

Previous VIN No 232 (91.7) 47 (92.2) 51 (92.7) 134 (91.2)
VIN3 21 (8.3) 4 (7.8) 4 (7.3) 13 (8.8) 1.00

Concomitant VIN No 233 (91.4) 48 (92.3) 51 (92.7) 134 (90.5)
VIN1 4 (1.6) 2 (3.9) 0 2 (1.4)
VIN2 1 (0.4) 0 1 (1.8) 0
VIN3 17 (6.7) 2 (3.9) 3 (5.5) 12 (8.1) 0.34

Previous AIN No 247 (97.6) 49 (96.1) 53 (96.4) 145 (98.6)
AIN2 1 (0.4) 0 1 (1.8) 0
AIN3 5 (2.0) 2 (3.9) 1 (1.8) 2 (1.4) 0.28

Concomitant AIN No 253 (99.6) 51 (98.1) 54 (100) 148 (100)
AIN1 1 (0.4) 1 (1.9) 0 0 0.20

HR-HPV HR+ with 16 and/or 18 71 (44.4) 11 (30.6) 14 (36.8) 46 (53.5)
HR+ without 16 and 18 63 (39.4) 14 (36.8) 20 (52.6) 26 (30.2)

Negative 26 (16.3) 8 (22.2) 4 (10.5) 14 (16.3) 0.05

Cytology Negative 7 (3.1) 2 (4.1) 2 (4.0) 3 (2.3)
ASCUS-LSIL 67 (29.3) 29 (59.2) 15 (30.0) 23 (17.7)
ASCH-HSIL 145 (63.3) 17 (34.7) 33 (66.0) 95 (73.1)

SCC 10 (4.4) 1 (2.0) 0 9 (6.9) <0.001
a n (column %) for categorical variable, Mean (SD) for Age; SD = Standard deviation; b including 153 women
with no history of any cancer and 44 women with a previous history of other non-HPV-related tumors (i.e., breast
cancer, Hodgkin’s lymphoma, colorectal cancer, endometrial cancer); VAIN = Vaginal Intraepithelial Neoplasia;
CIN = Cervical Intraepithelial Neoplasia; VIN = Vulvar Intraepithelial Neoplasia; AIN = Anal Intraepithelial
Neoplasia; HR-HPV = High-risk Human Papillomavirus; ASCUS = Atypical Squamous Cells of Undetermined
Significance; LSIL = Low Squamous Intraepithelial Lesion; ASCH = Atypical Squamous Cells cannot exclude
HSIL; HSIL = High Squamous Intraepithelial Lesion; SCC = Squamous Cell Carcinoma.

Interestingly, the HPV test was positive for HR-HPV with 16 and/or 18 and other
HR-HPV not 16–18 in 44.4% and 39.4% of patients, respectively. Most women affected
by VAIN3 were positive for HR-HPV with 16 and/or 18 (53.5%), however borderline
significant (p = 0.05), probably due to the large number of missing data regarding the Cobas
result in our population (n = 95).

Colposcopic findings in relation to the histological grade of VAIN are detailed in
Table 2, including 10 VAIN3 with stromal microinvasion in the VAIN3 category.
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Table 2. Patients’ colposcopic features summary statistics a by VAIN grade at diagnosis.

Characteristic Category VAIN Grade

All Patients
n = 255

VAIN 1
n = 52

VAIN 2
n = 55

VAIN 3 b

n = 148
p-Value

Grade G1 134 (53.4) 45 (88.2) 41 (74.6) 48 (33.1)
G2 117 (46.6) 6 (11.8) 14 (25.4) 97 (66.9) <0.001

Lesion type Flat 145 (59.2) 41 (80.4) 38 (70.4) 66 (47.1)
Papillary 100 (40.8) 10 (19.6) 16 (29.6) 74 (52.9) <0.001

Multifocality Unifocal 141 (56.6) 34 (65.4) 29 (53.7) 78 (54.6)
Multifocal 108 (43.4) 18 (34.6) 25 (46.3) 65 (45.4) 0.36

Vascular pattern No 196 (80.3) 51 (98.1) 51 (92.7) 94 (68.6)
Yes 48 (19.7) 1 (1.9) 4 (7.3) 43 (31.4) <0.001

Vaginal localization Vault 98 (38.7) 15 (28.9) 21 (38.2) 62 (42.5)
Upper third 114 (45.1) 24 (46.2) 24 (43.6) 66 (45.2)
Middle third 26 (10.3) 10 (19.2) 8 (14.6) 8 (5.5)
Lower third 15 (5.9) 3 (5.8) 2 (3.6) 10 (6.9) 0.09

a n (column %); b Including n = 10 VAIN3 with stromal microinvasion; VAIN = Vaginal Intraepithelial Neoplasia;
G = Grade.

Most VAIN1 (88.2%) were characterized by colposcopic grade G1, and most VAIN3
(66.9%) were characterized by colposcopic grade G2 (p < 0.001) (Figure 1). A flat lesion was
detected in 80.4% of VAIN1, whereas a papillary lesion was in 52.9% of VAIN3 (p < 0.001)
(Figure 2). A vascular pattern was present in only 19.7% of VAIN, but there was a significant
linear correlation according to histological grade (p < 0.001). Indeed, about one-third of
VAIN3 (31.4%) showed a vascular pattern (Figure 3).
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Figure 1. Colposcopic grade according to the 2011 IFCPC Colposcopic Terminology. (A): Grade 1 or 
minor, as shown by the colposcopic pattern (thin acetowhite epithelium) of a patient diagnosed with 
VAIN1, located at the upper third of the right vaginal wall. (B): Grade 2 or major, as shown by the 
colposcopic pattern (coarse mosaic) of a patient diagnosed with VAIN3, located at the vaginal vault, 
after previous hysterectomy for CIN3. 

 
Figure 2. Papillary pattern. Multiple papillary lesions with both regular and irregular surface, 
located at the whole right vaginal wall in a patient diagnosed with VAIN3 at a colposcopic overview 
(A) and at a magnified colposcopic vision (B). 

Figure 1. Colposcopic grade according to the 2011 IFCPC Colposcopic Terminology. (A): Grade 1 or
minor, as shown by the colposcopic pattern (thin acetowhite epithelium) of a patient diagnosed with
VAIN1, located at the upper third of the right vaginal wall. (B): Grade 2 or major, as shown by the
colposcopic pattern (coarse mosaic) of a patient diagnosed with VAIN3, located at the vaginal vault,
after previous hysterectomy for CIN3.
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at a magnified colposcopic vision (B).
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Figure 3. Vascular pattern. Colposcopic findings showing: dense acetowhite epithelium with coarse
punctuation at the posterolateral right vaginal fornices and upper-third walls in a young woman
(35 years) affected by VAIN3 (A); and dense acetowhite epithelium with fragile vessels at the upper-
middle third of the right vaginal wall in a post-menopausal woman (62 years) affected by VAIN2 (B).

No significant association was found for multifocal lesions (p = 0.36) and vaginal
localization (p = 0.09) by VAIN grade at diagnosis.
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When considered as a separate category, VAIN3 with stromal microinvasion was signif-
icantly associated with colposcopic grade G2 (100%), papillary lesions (90.0%) and vascular
pattern (44.4%) with a p-value <0.001 for all variables, as shown in Table 3 (Figure 4).

Table 3. Patients’ colposcopic features summary statistics a by VAIN grade at diagnosis, considering
microinvasive VAIN3 as a separate category.

Characteristic Category VAIN

All
Patients
n = 255

VAIN 1
n = 52

VAIN 2
n = 55

VAIN 3
n = 138

VAIN 3
Microinvasive

n = 10
p-Value

Grade G1 134 (53.4) 45 (88.2) 41 (74.6) 48 (35.6) 0
G2 117 (46.6) 6 (11.8) 14 (25.4) 87 (64.4) 10 (100) <0.001

Lesion type Flat 145 (59.2) 41 (80.4) 38 (70.4) 66 (50.4) 0
Papillary 100 (40.8) 10 (19.6) 16 (29.6) 65 (49.6) 9 (90.0) <0.001

Multifocality Unifocal 141 (56.6) 34 (65.4) 29 (53.7) 76 (56.7) 2 (22.2)
Multifocal 108 (43.4) 18 (34.6) 25 (46.3) 58 (43.3) 7 (77.8) 0.11

Vascularity No 196 (80.3) 51 (98.1) 51 (92.7) 89 (69.5) 5 (55.6)
Yes 48 (19.7) 1 (1.9) 4 (7.3) 39 (30.5) 4 (44.4) <0.001

Vaginal localization Vault 98 (38.7) 15 (28.9) 21 (38.2) 58 (42.7) 4 (40.0)
Upper third 114 (45.1) 24 (46.2) 24 (43.6) 61 (44.9) 5 (50.0)
Middle third 26 (10.3) 10 (19.2) 8 (14.6) 8 (5.9) 0
Lower third 15 (5.9) 3 (5.8) 2 (3.6) 9 (6.6) 1 (10.0) 0.23

a n (column %); VAIN = Vaginal Intraepithelial Neoplasia; G = Grade.

However, a sensitivity analysis showed that these colposcopic variables were still
statistically significantly correlated with VAIN grade even after excluding all cases with
microinvasive VAIN3 (Table S1).

Old medical reports of women firstly diagnosed with VAIN farther away from current
times had some missing clinical and colposcopic data. The distribution of missing data by
VAIN grade at diagnosis was evaluated as a possible selection bias for different variables
(Table S2). Only the distributions of missing data for parity (n = 22, p = 0.03) and vascular
pattern (n = 11, p = 0.02) were significant. In particular, all missing data regarding vascular
pattern were in VAIN3 category. However, the arbitrary imputation of the missing data to
the presence of the vascular pattern did not change the significance of the association with
the histological grade of VAIN (data not shown).

Since lesion type and vascularity were significantly associated with colposcopic grade
(Table S3), two separated multivariate logistic regression analyses were performed in order
to estimate their association with high-grade VAIN as risk factors.

As shown in Table 4, at multivariate analysis, colposcopic grade G2 was significantly
associated with a greater risk of developing both VAIN 2 (OR = 4.77, 95%CI: 1.40–16.2,
p = 0.01) and VAIN3 (OR = 20.4, 95%CI: 6.67–61.4, p < 0.001).

When excluding the colposcopic grade from the multivariate logistic regression
(Table 5), only papillary lesion represented a predictive factor for VAIN2 (OR = 2.90,
95%CI: 1.07–7.89, p = 0.03), whereas a previous hysterectomy for CIN2+ (OR = 2.37, 95%CI:
1.02–5.36, p = 0.04), papillary lesion (OR = 4.33, 95%CI: 1.79–10.5, p = 0.001) and vascular
pattern (OR = 14.4, 95%CI: 1.86–112, p = 0.01) significantly led to a higher risk of VAIN3.
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Figure 4. Colposcopic patterns associated with microinvasive VAIN3. Abnormal colposcopic findings
of grade 2, vascular patterns and papillary lesions with regular (A) and/or irregular (B) surface in
two women affected by VAIN3 with stromal microinvasion, both located at the vaginal vault, after
previous hysterectomy for cervical cancer.
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Table 4. Multivariate analysis of variance of risk factors for VAIN excluding lesion type and vascularity.

VAIN Grade Factor Level OR (95% CI) p-Value

VAIN2 vs. VAIN1 Smoking No Ref
Yes 1.53 (0.62,3.78) 0.36

Previous hysterectomy No hysterectomy Ref
CIN2+ 1.20 (0.43,3.38) 0.73
Other 1.11 (0.19,6.50) 0.91

Colposcopic Grade G1 Ref
G2 4.77 (1.40,16.2) 0.01

VAIN3 a vs. VAIN1 Smoking No Ref
Yes 0.61 (0.25,1.47) 0.27

Previous hysterectomy No hysterectomy Ref
CIN2+ 2.15 (0.89,5.24) 0.09
Other 1.46 (0.28,7.64) 0.66

Colposcopic Grade G1 Ref
G2 20.4 (6.67,61.4) <0.001

a Including n = 10 VAIN3 with stromal microinvasion; VAIN = Vaginal Intraepithelial Neoplasia; OR = Odds
Ratio; CI = Confidence Interval; CIN = Cervical Intraepithelial Neoplasia; G = Grade.

Table 5. Multivariate analysis of variance of risk factors for VAIN excluding colposcopic grade.

VAIN Grade Factor Level OR (95% CI) p-Value

VAIN2 vs. VAIN1 Smoking No Ref
Yes 1.49 (0.60,3.67) 0.40

Previous hysterectomy No hysterectomy Ref
CIN2+ 1.27 (0.45,3.56) 0.65
Other 0.91 (0.15,5.69) 0.92

Lesion type Flat Ref
Papillary 2.90 (1.07,7.89) 0.03

Vascularity No Ref
Yes 2.81 (0.25,31.5) 0.40

VAIN3 a vs. VAIN1 Smoking No Ref
Yes 0.79 (0.35,1.78) 0.57

Previous hysterectomy No hysterectomy Ref
CIN2+ 2.37 (1.02,5.36) 0.04
Other 1.04 (0.20,5.36) 0.96

Lesion type Flat Ref
Papillary 4.33 (1.79,10.5) 0.001

Vascularity No Ref
Yes 14.4 (1.86,112) 0.01

a Including n = 10 VAIN3 with stromal microinvasion; VAIN = Vaginal Intraepithelial Neoplasia; OR = Odds
Ratio; CI = Confidence Interval; CIN = Cervical Intraepithelial Neoplasia.

4. Discussion

Our findings confirmed that smoking, parity, previous hysterectomy for CIN2+ and
abnormal cytology should be considered as potential risk factors for VAIN, and a significant
association is maintained by histologic grade. In addition, abnormal colposcopic findings,
including grade G2, papillary and vascular patterns, are predictive of the development of
high-grade VAIN, even at multivariate analysis.

According to our results, current or former smoking was significantly associated with
the risk of VAIN, as already well-known in previous literature [23–25]. Sherman et al. also
showed that smoking is significantly associated with the occurrence of high-grade VAIN
in women infected by HR-HPV [6], as a possible consequence of a biological interaction
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between smoke and the viral protein of HR-HPV genotypes. Due to the large number
of missing data regarding HR-HPV status, it was not possible to investigate the same
correlation in our study population.

In our analysis, parity was related with a significantly increased risk of developing
VAIN and, in particular, high-grade VAIN, as opposed to previous findings [26]. However,
it was not possible to exclude a selection bias due to the significant distribution of missing
data for parity by VAIN grade at diagnosis.

It is well-established that women with a previous history of CIN or cervical cancer,
who underwent hysterectomy, remain at a higher life-time risk of VAIN and should be
carefully screened for HPV-related vaginal and vulvar disease throughout their lives [26,27].
Our study confirmed that prior hysterectomy for CIN2+ should be considered as a risk
factor for high-grade VAIN. Indeed, VAIN after hysterectomy usually arises near the
vaginal cuff [7], since HPV infection is often multifocal and may affect other sites of the
female lower genital tract. Moreover, the grade of VAIN may be affected by the severity of
previous cervical disease [26] and women with a history of CIN2+ should be extensively
counselled regarding the future risk of VAIN before hysterectomy. Previous hysterectomy
for HPV-related cervical lesions has also been recognized as a risk factor for progression to
vaginal cancer [28].

Unlike other authors [22], we did not find any correlation between age at diagnosis
and the histological grade of VAIN. However, Zhou et al. also reported a poor rank
correlation [22], whereas Boonlikit et al. did not show any significant distribution of
patients’ age among different VAIN grade groups [17]. The mean age of our patients was
52.4 ± 12.8 years. Therefore, we did not investigate whether the post-menopausal status
correlated with an increased risk of VAIN because of a thinner vaginal epithelium that
results in more susceptibility to changes in the vaginal microbiome and HPV infections [26].

Even immunosuppression was not associated with the development of VAIN in our
cohort, as opposed to previous studies [29], probably due to the small proportion of
immunosuppressed patients (11.5%).

Most diagnoses of VAIN were preceded by an abnormal pap smear result, thus
supporting the assumption that cytology, in combination with a HR-HPV test, is an effective
tool for early diagnosis of VAIN, even after hysterectomy, since its sensitivity is not inferior
to that for CIN2+ detection [5]. We did not investigate whether cytology positivity was
higher in patients with a previous hysterectomy, as recently shown by Zhang et al. in a
large retrospective series of VAIN. However, the combined use of cytology and HPV testing
could curb this issue, since no statistically significant difference in co-testing positivity
was identified in women with or without a history of previous hysterectomy [30]. HR-
HPV status was known only in 160 out of 255 enrolled patients. Most of the missing
data were found in women with a first diagnosis of VAIN in the early 2000s, when HPV
testing was neither applied for primary screening nor routinely performed as a triage
test after abnormal cytology. In our cohort with an available Cobas result, 83.8% of cases
were affected by HR-HPV infection, with or without HPV 16 and 18, as reported by
previous literature [26]. Most of the women affected by VAIN3 were positive for HR-HPV
with 16 and/or 18 (53.5%). As already explained, this association was only borderline
significant, due to the large number of missing Cobas results, but is in agreement with
previous data [31]. HPV 16, 52, 56 and 58 have been identified as the most prevalent
genotypes in high-grade VAIN [30], while many LR and HR genotypes have been linked to
the development of low-grade VAIN. HPV type distribution is even more heterogeneous
in case of coexisting cervical lesions, although a recent study by Zhang et al. showed
that different HPV genotypes are independent causative agents of coexisting CIN and
VAIN [32]. Furthermore, specific HPV genotypes, particularly HPV 16, have been related
to a greater risk of VAIN persistence, progression and recurrence [28]. Therefore, HPV
genotyping could be a useful tool for risk-stratification of patients affected by VAIN.

Regarding the diagnostic accuracy of colposcopy in relation to the histological grade
of VAIN, our study confirmed that colposcopic grade G2 and vascularity were significantly
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associated with VAIN3, including VAIN3 with stromal microinvasion. These associations
have been widely demonstrated by other authors [17,19,20], that already observed specific
abnormal colposcopic findings, such as grade 2 and vascular punctuation, more commonly
in women diagnosed with VAIN3 rather than with VAIN2 or VAIN1. Interestingly, our
study included a larger proportion of women diagnosed with VAIN3, when compared to
previous studies, and also considered microinvasive VAIN3 as a separate category [17,19].
Moreover, in our cohort we found colposcopic grade 2 in 46.6% of women, that is a
prevalence roughly double that previously reported by Sopracordevole et al. (22.7%) [19].

The correlation between vascularity and high-grade VAIN has been already explained
by Boonlikit et al., as a consequence of the lack of vascular structure in very mature
squamous vaginal epithelium. Thus, vascular patterns appear later, as distinct from
the cervical dysplastic process, in which vascular punctuation appears early due to the
immature squamous metaplasia of the transformation zone [17].

Conversely, our results showed a significant association between papillary lesions and
VAIN3, and in particular, microinvasive VAIN3. This is totally different from the evidence
of other authors who detected micropapillary patterns more frequently in women affected
by low-grade VAIN [19,20,22]. The exact meaning of this colposcopic feature is still unclear
and lacking. According to our experience, if the papillary pattern is caused by a persistent
HPV infection, as already suggested [19,20,22], it should be considered as the expression
of dysplastic progression towards high-grade VAIN. Another possible explanation of this
relevant difference could derive from the absence of this specific feature in the 2011 IFCPC
colposcopic terminology [21]. In fact, a recent study found poor concordance between the
diagnosis based on the 2011 IFCPC colposcopic classification and vaginal histology for the
high-grade VAIN category (only 35.71%), with a substantial false negative rate (42.86%),
thus suggesting that the IFCPC nomenclature should be improved and better standardized
for vaginal lesions [22].

Notably, we did not find any significant difference among VAIN grade groups regard-
ing lesions number, as against that sustained by Zhou et al. [20]. Even vaginal localization
was not significantly associated with the histological grade of VAIN. Nevertheless, the
prevalence of VAIN in the vaginal vault (38.7%) and in the upper third of vaginal walls
(45.1%) was much higher than in the lower two thirds (16.2%), in agreement with previously
reported frequencies [3,22,33,34].

To the best of our knowledge, this is the first study to investigate and portray colposcopic
characteristics of not only low- and high-grade VAIN, but also VAIN3 with stromal microin-
vasion, that should always be correctly identified before choosing a therapeutic approach.

The main strengths of the study are related to the higher proportion of high-grade
VAIN in our population and the data homogeneity, because all colposcopies were performed
at a referral oncologic center, only by trained colposcopists, with particular expertise in the
diagnosis and treatment of vaginal lesions. On the contrary, limits of the study include
selection bias related to the single center retrospective design of the study and the amount
of missing data in old medical reports.

A better defined and standardized application of the 2011 ICFPC colposcopic ter-
minology for vaginal lesions could be useful for correct diagnosis and management of
VAIN. Indeed, identifying risk factors and colposcopic patterns predictive for high-grade
VAIN would help the colposcopist to sample the area most likely to contain VAIN3 or
stromal invasion, especially in large and multifocal lesions, which could simultaneously
hold different grades of VAIN.

Appropriate diagnosis of VAIN3, with or without stromal microinvasion, is mandatory
to choose the optimal management, which still remains challenging and controversial
for high-grade VAIN. Several therapeutic regimens, including conservative surveillance,
ablative procedures and surgical excisions, have been proposed over time, due to a high
recurrence rate of VAIN2-3 despite the type of treatment [4,35–38]. Hence, proper and
accurate diagnosis could allow for more personalized risk-based management, based on
risk factors, colposcopic patterns and the histologic grade of VAIN.
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5. Conclusions

The risk of high-grade VAIN should not be underestimated in women with a history of
current or former smoking and previous hysterectomy for CIN2+, which also represents a
risk factor for recurrence and progression to vaginal cancer. Colposcopic findings, including
grade 2, papillary and vascular patterns, are predictive factors for VAIN3 with or without
stromal microinvasion. Accurate colposcopic and histologic diagnosis is crucial for the
optimal management of vaginal pre-cancers and cancers. In addition, HPV genotyping
could be a helpful tool for risk stratification and prompt identification of women with
VAIN3 at higher risk of persistence, progression and recurrence.
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Abstract: Cervico-vaginal (CV) localization of extra-mammary Paget’s disease (EMPD) of the vulva
is extremely rare. In order to investigate the incidence risk and the pathognomonic clinical and
pathological features of this condition, a retrospective analysis was conducted including 94 women
treated for vulvar EMPD at the European Institute of Oncology, Milan, Italy, from October 1997 to
May 2020. Overall nine patients developed CV involvement from EMPD, with a cumulative inci-
dence of 2.5% (95% CI: 0.5–8.0%) at 5 years, 6.5% (95% CI: 1.9–15.1%) at 10 years and 14.0% (95% CI:
4.8–27.8%) at 15 years, respectively. All cases except one were firstly detected by abnormal glandular
cytology. None reported vaginal bleeding or other suspicious symptoms. The colposcopic findings
were heterogeneous and could sometimes be misdiagnosed. Cervical and/or vaginal biopsies were
always performed for histopathological diagnosis by identification of Paget cells in the epithelium or
stroma. Most patients developed invasive EMPD (5/9) of the cervix and/or vagina and underwent
hysterectomy with partial or total colpectomy. CV involvement from EMPD should not be under-
estimated in women with a long-standing history of vulvar Paget’s disease. Liquid-based cytology
with immunocytochemistry represents a valuable tool for early diagnosis and should be routinely
performed during the required lifelong follow-up.

Keywords: vulvar extramammary Paget’s disease (EMPD); cervico-vaginal involvement; atypical
glandular cytology; colposcopic-guided biopsy; Paget cells

1. Introduction

Extramammary Paget’s disease (EMPD) of the vulva is a rare vulvar neoplasia with
an unclear pathophysiology that usually occurs in the apocrine gland-rich skin of post-
menopausal Caucasian women [1]. Vulvar EMPD predominantly manifests as an intraep-
ithelial tumor (primary EMPD) but can also appear with stromal invasion or in association
with an underlying lower genital tract or distant adenocarcinoma (secondary EMPD) [2].

The clinical presentation is various and includes erythematous, scaly or eczematous
plaque on the vulva and perineum with occasional erosions or ulcerations, hypopigmenta-
tion and nodules. Itching and burning pain are the most common symptoms. Due to the
overlap of signs and symptoms with other vulvar diseases, the diagnosis is confirmed by
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histological assessment on punch or excision biopsy. It is also well known that EMPD often
appears as multifocal and/or with the histological extent of the disease far beyond the
visible macroscopic lesion [3]. Moreover, despite surgical excision, local recurrence has been
reported in up to 73% of cases and negative resection margins cannot ensure relapse-free
survival [4]. On the contrary, Matsuo et al. recently showed that positive surgical margins
are significantly associated with an increased risk of local but not distant recurrence [5].
Nevertheless, alternative therapeutic regimes have been advocated over time, including
laser excision and ablation, topical therapy with imiquimod, photodynamic therapy and
radiotherapy, since multiple surgical instances for recurrences lead to the destruction of
vulvar anatomy with psychosocial consequences.

The cervical and vaginal localization of EMPD has only been described in the case
reports as an extremely rare extension of recurrent vulvar EMPD and was firstly described
in 1988 by Costello et al. [6].

While investigations based on age and anatomical site to distinguish between primary
and secondary EMPD are well established, little is known about how to early diagnose
cervico-vaginal (CV) localization of EMPD.

The objective of the present study was to investigate the incidence risk of CV involve-
ment from EMPD of the vulva in women referred to a tertiary cancer center and to identify
the pathognomonic clinical and pathological features of this rare evolution of vulvar EMPD.

2. Materials and Methods

All women affected by EMPD of the vulva and attending the Preventive Gynecologic
Unit of the European Institute of Oncology, Milan, Italy, from October 1997 to May 2020,
were retrieved from hospital file archives and enrolled in a retrospective analysis.

The local Institutional Review Board approved the study protocol (IEO protocol
number UID 2408, date of approval: 22 June 2020) and written informed consent for the
use of data for scientific purposes was obtained from all subjects prior to treatment.

Patients were included if the following criteria were met: (a) age at diagnosis of
18 years or older; (b) histologic confirmation of vulvar EMPD; (c) available data regarding
follow-up. Patients were excluded in the case of different histology of vulvar neoplasia.

The data regarding clinical and pathological characteristics of the patients were
recorded in a dedicated database.

The histological characteristics of first diagnosis, vulvar recurrence and cervical and/or
vaginal localization were retrieved from surgical and pathological reports. All histological
diagnoses were conducted by dedicated gynecological pathologists working at the Pathol-
ogy Division of our Institute. Vulvar EMPD was classified according to the classification
of Wilkinson and Brown as either primary, if Paget cells were of cutaneous origin, or
secondary, in the case of vulvar skin involvement derived from an internal noncutaneous
malignancy. The primary vulvar EMPD was further classified as exclusively intraepithelial
(Type 1a), associated with stromal invasion (Type 1b) and as a manifestation of a primary
vulvar adenocarcinoma (Type 1c). Secondary vulvar EMPD could be associated with anal
or rectal adenocarcinoma (Type 2a), urothelial carcinoma (Type 2b) and distant tumors,
including hepatocellular and breast carcinomas (Type 2c) [7].

Follow-up was routinely scheduled at the dedicated Vulvar Pathology Clinic of
our Institute.

Apart from primary HPV screening, a pap smear was routinely performed once
a year, also in women older than 65 years. In the case of abnormal cytology, women
underwent colposcopy with cervical and/or vaginal guided biopsies. When atypical
glandular cells were detected, endocervical curettage, endometrial biopsy and transvaginal
ultrasound were always performed to rule out the origin of abnormal cells from endocervix,
endometrium, ovary or Fallopian tube. If not available, HPV testing was conducted to
exclude HPV-related disease.

A dedicated database was prospectively filled at each follow-up visit.
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Therapeutic approaches, including surgery and alternative treatments such as topical
therapy with imiquimod, photodynamic therapy and radiotherapy, as well as the type
and timing of any persistence or recurrence, invasive disease and cervico-vaginal (CV)
localization of EMPD were registered.

To improve the accuracy of the survival data, telephone interviews and consultation
of civil registries were allowed in the case of patients lost to follow-up.

Statistical Analysis

Patients’ history, characteristics at diagnosis, therapeutic pathway and follow-up
occurrences were summarized as the count and percentage for the categorical variables,
as a mean and range for the continuous variables, and as the median and range for the
skewed variables. The cumulative incidence function (CIF) of the CV localization was
computed considering death as a competing event. The overall survival was estimated
by the Kaplan–Meier (KM) method, and a survival curve was represented. Statistical
analyses were performed using SAS statistical software version 9.4 (SAS Institute Inc., Cary,
NC, USA).

3. Results

After applying the inclusion and exclusion criteria, 94 women affected by vulvar
EMPD and treated at the European Institute of Oncology, from October 1997 to May 2020,
were selected for our retrospective analysis.

The mean age of patients at the time of first diagnosis was 63.3 years (range: 31–88) and
the median follow-up time was 7 years + 10 months (range: 2 months–30 years + 7 months).

The main clinical and pathological characteristics of the enrolled women at first
diagnosis and during follow-up are shown in Table 1.

Most of the patients (81%) were affected by intraepithelial EMPD (Type 1a) at first
diagnosis. Invasive EMPD occurred in only 36% of cases, including 17 patients diagnosed
at first occurrence and 17 during follow-up. The histology of the invasive EMPD patients is
listed in Table 1.

Persistence or recurrence was very common, taking place in 86% of cases and, thus,
often requiring multiple surgical instances (median: 2; range: 0–11). The histology of
persistence/recurrence of EMPD is detailed in Table 1. Alternative treatments were ap-
plied, especially in the case of relapse, including local therapy with imiquimod (63%),
photodynamic therapy (5%) and radiotherapy (12%).

After excluding one patient with an unknown death date, the 5 year overall survival
was 90.5% (95% CI: 81.8–95.1%), as shown in Figure 1.
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Table 1. Clinical and pathological characteristics of women affected by vulvar EMPD at first diagnosis
and during follow-up (N = 94).

Variable N (%)

Histology at diagnosis
1a 76 (81)
1b 10 (11)
1c 7 (7)
N+ 1
2a 1 (1)

Previous or concurrent cancer
No 67 (71)

Breast 14 (15)
Endometrial 2 (2)

Bladder–Urethral 3 (3)
Colorectal 1 (1)

Vulvar squamous 4 (4)
Other 3 (3)

Surgery
No 2 (2)
Yes 92 (98)

Imiquimod
No 32 (34)
Yes 59 (63)

Missing 3 (3)
Photodynamic therapy

No 87 (93)
Yes 5 (5)

Missing 2 (2)
Radiotherapy

No 81 (86)
Yes 11 (12)

Missing 2 (2)

Persistence or recurrence
No 12 (13)
Yes 81 (86)

Unknown 1 (1)
Histology at persistence or recurrence

1a 47 (58)
1b 9 (11)
1c 3 (4)
N+ 1
2a 3 (4)

Invasive mammary PD 1 (1)
N+ 1

Unknown histology 18 (22)

Invasive EMPD
No 60 (64)
Yes 34 (36)

Time of diagnosis of invasive EMPD
At diagnosis of EMPD 17 (50)
During the follow-up 17 (50)

Histology of invasive EMPD
1b 19 (56)
1c 11 (32)
N+ 1

2a invasive 2 (6)
N+ 2

Invasive mammary PD 1 (3)
N+ 1
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Table 1. Cont.

Variable N (%)

Invasive PD of the urethra 1 (3)
Abnormal pap smear

No 82 (87)
Yes 11 (12)

Unknown 1 (1)
Cervico-vaginal localization

No 84 (89)
Yes 9 (10)

Unknown 1 (1)

Overall, nine women developed CV localization of EMPD, with a cumulative incidence
of 2.5% (95% CI: 0.5–8.0%) at 5 years, 6.5% (95% CI: 1.9–15.1%) at 10 years and 14.0%
(95% CI: 4.8–27.8%) at 15 years, respectively (Figure 2).
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Figure 2. Cumulative incidence function of cervico-vaginal (CV) localization of vulvar EMPD,
considering death as a competing event (N = 93).

The main characteristics of women who developed CV involvement from vulvar
EMPD are reported in Table 2, including histology at diagnosis and at vulvar recurrence
and the timing and type of CV localization. The majority of women (6/9) showed an
intraepithelial vulvar EMPD (Type 1a) at first diagnosis, but three of them developed an
invasive disease (Type 1b) at recurrence. The CV localizations occurred after a median time
of 133 months (range: 16–334) from the first diagnosis of vulvar EMPD. All cases except
one were firstly detected by abnormal pap smear and histologically confirmed by cervical
and vaginal colposcopic-guided biopsies.
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Most patients (5/9) developed invasive EMPD of the cervix and/or vagina. In the case
of invasive or unusual disease, magnetic resonance imaging (MRI) of the lower abdomen
and total body positron emission tomography (PET) were performed to rule out pelvic node
or distant metastases. Interestingly, one woman with vulvar EMPD Type 1a at the onset
developed invasive cervico-vaginal involvement with node metastasis after 251 months
from the initial diagnosis. CV intraepithelial EMPD occurred in only two patients, among
which one later developed invasive EMPD of the urethra. Two CV localizations manifested
with other associated diseases: invasive urothelial carcinoma and invasive mucinous
intestinal-type adenocarcinoma with node metastasis.

Most of the women underwent hysterectomy with partial or total colpectomy based
on the site of extravulvar EMPD localization. The patient with node metastases was treated
with chemotherapy in association with anti-HER2 (human epidermal growth factor 2)-
targeted monoclonal antibodies. Instead, the patient diagnosed with cervical invasive
mucinous intestinal-type adenocarcinoma refused any treatment because of comorbidities
and died nine months after the diagnosis. Radiotherapy was offered to the woman who
developed an unresectable and advanced form of invasive EMPD of the urethra.

3.1. Clinical Features

None of the women reported suspicious symptoms, such as vaginal bleeding or
discharge. Almost all cases were detected by abnormal glandular cytology. An HPV DNA
test resulted negative in all patients. Endometrial biopsy and transvaginal ultrasound ruled
out the origin of abnormal glandular cells from endometrium, ovary and Fallopian tube in
all cases.

3.2. Cytology

Liquid-based cervical cytology revealed the presence of atypical or frankly malignant
glandular cells in eight out of nine cases affected by CV localization of vulvar EMPD. The
Paget cells were round to columnar with an increased nuclear/cytoplasmic (N/C) ratio
and vacuolated cytoplasm. Since HER2 is frequently expressed in genital and anal EMPD
(15–60% of cases) [8], a cell block was set-up with residual cellularity and HER2 expression
explored by immunocytochemistry in four cases in order to support the diagnosis (Figure 3).
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3.3. Colposcopy

Colposcopy with endocervical curettage and guided ectocervical and/or vaginal
biopsies was performed in all patients diagnosed with atypical glandular cells on pap
smear in order to assess the nature of the atypical cells, the extent of the disease and make
the best therapeutic decision.

The colposcopic findings were heterogeneous in our CV localizations of EMPD and
could sometimes be misdiagnosed as high-grade intraepithelial squamous lesions. After
acetic acid wash, major abnormal colposcopic findings were revealed in all patients. How-
ever, some cases showed dense acetowhite epithelium with a sharp border, whereas other
cases appeared as micropapillary lesions with ridge sign or large papillae with irregular
surface and fragile vessels. Coarse punctuation was common in almost all cases of CV
EMPD. The location of lesions could be inside or outside the transformation zone of the
cervix and in the vaginal fornices or walls. Most of the lesions were multifocal and with a
wide extension (Figure 4).
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Figure 4. Heterogeneous colposcopic findings in women diagnosed with CV involvement from
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the transformation zone of the cervix and in the left vaginal fornix (a); in the middle third of the
left vaginal wall (b). (c,d) Micropapillary lesions with ridge sign and coarse punctuation: outside
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papillae with an irregular surface and fragile vessels: in the left vaginal wall (e); in the right and left
vaginal walls with a wide extension (f).
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3.4. Histopathological Diagnosis

As in vulvar EMPD, the diagnostic clue in CV localization is the presence of Paget cells
in the epithelium or stroma. Paget cells are large cells with abundant pale cytoplasm, large
vesicular nuclei and prominent nucleoli, arranged as single cells or cell clusters throughout
the epithelium and/or in the stroma (Figure 5). The diagnosis is not so difficult in cases
with a long history of vulvar EMPD, but it could represent a challenge in some instances.
Among the differential diagnoses, it is mandatory to consider intraepithelial or invasive
squamous cells carcinoma and malignant melanoma in the first instance and to take into
account the involvement by an internal regional cancer (colon or urinary bladder, mainly).
A diagnostic immunohistochemical panel is recommended for excluding EMPD mimics [3],
comprising cytokeratin (CK)7, CK20, p63, SOX10 and carcinoembryonic antigen (CEA).
EMPD is typical CK7-positive, CK20-positive or negative, p63-negative, SOX10-negative
and CEA-positive unlike squamous cell carcinoma which is p63-positive and malignant
melanoma which is SOX10-positive. To rule out the possibility of spread from an internal
tumor, CDX-2 (negative in EMPD and positive in colon cancer) and uroplakin-III (negative
in EMPD and positive in urothelial carcinoma) are helpful.
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Figure 5. Cervical EMPD: (a) intraepithelial and (b) invasive. Note the (arrow) Paget cells, with
clear cytoplasm and prominent nucleoli, arranged as single cells or little clusters in the ectocervical
epithelium (a) and as gland-like structures in the cervical stroma (b).

4. Discussion

CV involvement from EMPD occurred in 9.6% (9/94) of women affected by vul-
var EMPD and attending the Preventive Gynecologic Unit of the European Institute of
Oncology, Milan, Italy, from October 1997 to May 2020.

This rare condition has already been reported by a few case reports in previous
years [9–13]. Only Gu at al. reported a higher prevalence (15.6%) of patients with vulvar
EMPD who developed CV localization during the course of their disease. However,
a potential bias in their results is the limited number (only 19) of women who were
retrospectively analyzed and among whom three were diagnosed with CV EMPD after
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an abnormal pap smear [14]. This could obviously lead to an overestimation of this rare
evolution of vulvar Paget’s disease.

Nevertheless, cervix and/or vagina could be involved more than usually expected,
as a direct contiguous extension from the vulva. Indeed, it is already well known that
vulvar EMPD could histologically extend beyond the visible lesion, even if primary and
intraepithelial [10,11].

In addition, CV EMPD can be incidentally diagnosed on exfoliative cytology smears,
though not differentiating between intraepithelial and invasive disease, as widely reported
previously in the literature [15,16]. Therefore, a Papanicolaou smear should be routinely
performed even in the cases of benign appearance of the cervix and vagina [10].

However, when atypical glandular cells are detected on a pap smear, endocervix,
endometrium, ovary and Fallopian tube should be always investigated as a potential
source, since related malignancies are more common than Paget’s disease [17].

A clinical history of EMPD in women with abnormal glandular cytology could be
helpful for pathological diagnosis and is often crucial for a differential diagnosis. Indeed,
immunocytochemistry is not usually necessary but represents an additional valuable tool
to distinguish Paget cells from high-grade squamous lesions on liquid-based cytology
specimens of suspicious glandular lesions in women with known EMPD of the vulva [18].

Although only described by rare case reports [6,10,14], Papanicolaou smear still plays
a fundamental role for the early detection of Paget cells in the cervix and/or vagina.
This assumption is very noteworthy in our recent time when HPV testing alone has been
advocated as the best cost-effective strategy for cervical cancer screening [19,20]. All of our
cases of CV EMPD had a negative HPV DNA test result and would not be identified by
HPV primary screening. Moreover, in most cases, CV EMPD occurred in women older
than 65 years of age when routine screening was usually discontinued. Hence, according to
our experience, there is a strong clinical rationale to routinely perform pap smear in older
patients with a history of vulvar Paget’s disease.

Colposcopic findings when Paget cells are detected in the pap smear have been
reported as normal or minor abnormal in the past literature [10]. In our retrospective
analysis, colposcopic findings were major abnormal in all patients with CV localizations of
EMPD, but widely heterogeneous and could sometimes be misdiagnosed as high-grade
intraepithelial squamous lesions. Thus, colposcopic-guided biopsies are mandatory for full
assessment in order to confirm histopathological diagnosis of EMPD after an abnormal
glandular cytology, as already suggested by other authors [9,21].

Interestingly, according to our experience, the cumulative incidence of CV localization
of vulvar EMPD increases with an increasing survival time: 2.5% at 5 years, 6.5% at 10 years
and 14.0% at 15 years. The risk of CV EMPD should always be considered in women with
longstanding, extensive and recurrent vulvar disease. Long-term follow-up with routine
liquid-based cervical cytology is highly recommended.

To the best of our knowledge, the present study is the largest case series of women
diagnosed with CV involvement from EMPD of the vulva. Furthermore, this is the first
paper that retrospectively analyzes and describes all pathognomonic clinical and patho-
logical features of this condition in order to identify which steps might be useful for early
diagnosis by clinicians.

Early diagnosis of this disease manifestation is a key step in choosing the correct
therapeutic management. Surgical approach is always the first choice in the case of CV
localization of EMPD in the absence of lymph node metastasis. The role of chemotherapy
and radiotherapy for this disease is not well defined unlike vulvar squamous cell carcinoma
and should be reserved only for unresectable advanced disease and/or with lymph node
metastases [22,23]. However, combined chemotherapy and anti-HER2-targeted therapy
represents a promising strategy in patients with advanced or recurrent EMPD of the
vulva [24].
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The limits of this study include selection bias related to the single-center retrospective
analysis and the small sample of events, which did not allow for a logistic regression
analysis to investigate risk factors for the development and occurrence of CV EMPD.

5. Conclusions

CV involvement from EMPD is a rare condition but should not be underestimated in
women with a long-standing history of vulvar Paget’s disease. It can be promptly detected
by cytology, which is a valuable and reliable tool for early diagnosis and should be routinely
performed during the required lifelong follow-up.
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Abstract: The incidence of anal cancer is rising worldwide. As identified in cervical cancer man-
agement, an improvement in the early detection and management of anal pre-cancer is essential.
In other cancers associated with human papillomavirus (HPV), HPV 16 sub-lineages have been
shown to be associated with disease status and prognosis. However, in anal cancer, they have been
under-explored. A total of 119 HPV 16-positive anal cancer lesions diagnosed between 2009 and
2018 in Scotland and 134 HPV 16-positive residual rectal swabs from asymptomatic men collected
in 2016/7 were whole genome sequenced. The association of HPV 16 sub-lineages with underlying
disease status (cancer vs. asymptomatic) and overall survival in anal cancer samples was assessed
(comparing A1 vs non-A1 sub-lineages). A1 was the dominant sub-lineage present in the anal cancer
(76.5%) and the asymptomatic (76.1%) cohorts. A2 was the second most dominant sub-lineage in both
groups (16.8% and 17.2%, respectively). We did not observe significant associations of sub-lineage
with demographics, clinical variables or survival (A1 vs. non-A1 sub-lineages (HR 0.83, 0.28–2.46
p = 0.743)). HPV 16 sub-lineages do to not appear to cluster with disease vs asymptomatic carriage or
be independently associated with outcomes in anal cancer patients. Further international studies on
anal HPV sub-lineage mapping will help to determine whether this is a consistent observation.

Keywords: human papillomavirus; HPV 16 sub-lineages; anal cancer

1. Introduction

Anal cancer is one of the six cancers shown to have a human papillomavirus (HPV)
aetiology [1]. Most HPV-positive anal cancers are caused by HPV type 16 (HPV 16), and in
a recent population-based assessment in Scotland, in cases diagnosed between 2009–2018,
HPV 16 was detected in 93.3% of the HPV positive cases [2], higher than the amount of
HPV 16 attributable to cervical cancer [3].

Additionally, as with other HPV-driven cancers, anal cancer incidence is increasing
worldwide, including in the USA and Europe [4–7].

HPVs are formally classified as “types” based on the nucleotide sequence of the open
reading frame (ORF) coding for the major capsid protein: L1 [8]. HPV types differ by
more than 10% of their primary sequence compared to their most closely related type [8].
Phenotypic differences in HPV types with respect to disease risk and tissue tropism are well-
established, and this knowledge has informed the development of effective vaccines and
HPV-based cervical screening assays. However, below the level of HPV type exist lineages
(with 2–10% variation) and sub-lineages (0.5% to 2% variation) [9], and the implications of
this level of variation on clinical outcomes of infection is less established.
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For HPV 16, four lineages have been identified (lineages A, B, C and D), as well
as 16 sub-lineages: A, including A1–A3 (previously named European) and A4 (Asian)
sub-lineages; B, including B1 (African-1, Afr1a) and B2 (African-1, Afr1b), B3 and B4 sub-
lineages; C1 (African-2, Afr2a), C2, C3 and C4; and D, including D1 (North American,
NA1), D2 (Asian-American, AA2), D3 (Asian-American, AA1) and D4 sub-lineages [9].

Although some investigators have assessed the global distribution of sub-lineages, the
majority have focused on cervical cancers rather than other HPV-driven cancers. In 2013,
Cornet et al. looked at the HPV lineages in cervical cancers and showed that European
sub-lineages (A1–A3) were the most common in all regions of the world, except in sub-
Saharan Africa and East Asia, whereas the African sub-lineages dominated in the northern
sub-Saharan region of Africa, and the Asian variant in East Asia [10]. Nicolás-Párraga et al.
(2016) found similar results, with A1–3 present in 95.65% of the cases in Europe, 78.26% in
Central/South America (D in 21.73%) and 80% in Asia (12% A4 and 7.69% D) [11].

In terms of HPV 16 sub-lineages present in the anus, data is relatively sparce. Volpini et al.
(2017) investigated the HPV 16 variants in anal samples collated in Brazil, finding that
70.8% were classified as A1–3 sub-lineages and 29.2% as “other” [12]. A recent systematic
review, performed by Ferreira et al. (2021) of genetic variants of HPV-16 in men, found
HPV 16 lineages vary according to anatomical and geographical regions, but they found
that European samples had a high prevalence (86.59%) of HPV 16 lineage A [13].

In the context of cervical disease, evidence suggests that sub-lineages and variants
may be independently associated with poor clinical outcomes. Mirabello et al. (2015) [14]
revealed a higher risk of disease associated with B/C/D lineages as a group compared to
the A lineage. Clifford et al. (2019). also found an increased cervical cancer risk for A3,
A4 and D-(sub-) lineages vs the A1 sub-lineage. A more recent study by Lang Kuhs et al.
(2022) looked into the genetic variation of HPV 16 and its association with clinical outcomes
in HPV 16-positive oropharyngeal cancer patients. They investigated different high-risk
single nucleotide polymorphisms (SNPs) and found that those with one or more high-risk
SNPs had a median survival time of 3.96 years compared to 18.67 years for those with no
high-risk SNPs. Most of these SNPs were common to the D2 sub-lineage, which have also
been associated with higher risk of cancer in the cervix [14]. However equivalent studies
on anal cancer are rare.

We recently identified that the viral load of HPV16 in anal cancer may be informative
for prognosis [2]. Now, due to the information published on the association of HPV
16 sub-lineages and cancer risk yet the comparative absence of data in the anal context,
we aimed to better understand the pattern and dominance of HPV 16 sub-lineages in a
population-based cohort of anal cancer and to determine whether significant associations
with sub-lineage and demographic or clinical variables existed). Data obtained from the
cancer cohort was contextualized and compared to variant profile in anal samples obtained
from an asymptomatic population.

2. Material and Methods
2.1. Sample Collection

A total of 150 HPV 16-positive anal cancers and 182 DNA extracts from residual
rectal swabs obtained from asymptomatic men were selected for HPV 16 sub-lineage
identification through whole genome sequencing (WGS).

2.1.1. Anal Cancer Cohort, Collection and Annotation

For the present work, we used the same anal cancer (n = 150) sample set as described in
detail in Guerendiain et al. (2022) [2]. Briefly, nucleic acid extract associated with archived
formalin-fixed, paraffin-embedded tissue was genotyped using the Seegene Anyplex II
28 (Seoul, Korea), followed by storage at −80 ◦C. Anal cancer biopsy samples were taken
between 2009 and 2018 as part of the management of patients with anal disease from 3 of
the 14 territorial health boards in Scotland (NHS Lothian, NHS Borders and NHS Fife).
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HPV typing was performed at the Scottish HPV Reference Laboratory, Edinburgh,
UK. One 10 µm section per sample was obtained and incubated in Seegene Universal Lysis
Buffer (LB) at 65 ◦C overnight. DNA extraction was performed using the Microlab Nimbus
IVD (Hamilton, Reno, USA) with the StarMAg Universal cartridge Kit (Seegene), following
manufacturers’ instructions. Mastermix was prepared with the Nimbus and PCR on the
CFX Real-Time PCR instrument (Biorad, CA, USA).

As described in Guerendiain et al. (2022), clinico-demographic information was
obtained in January 2020, specifically the patient’s age, sex, stage of cancer (using the
American Joint Committee on Cancer (AJCC) TNM system) [15], response to treatment,
date of diagnosis and vital (dead/alive) status. Age and stage of cancer were considered
at the time of diagnosis. Vital status information and date of death data was censored in
July 2020.

Cases categorized according to the various clinical and demographic variables are
summarized in Table 1. Age was stratified in 4 different groups: <50, 50–59, 60–69 and
≥0. Response to treatment was organized in 3 groups: yes, no or unknown, following the
ESMO guidelines for anal cancer [16]. Cancer stage was aggregated in 5 groups: I, II, III, IV
and unknown, following the AJCC system effective January 2018 [15].

Table 1. Anal cancer cohort: clinical characteristics and demographics with valid NGS analysis.

Variable Level n = 119 %

Sex Female 90 75.6
Male 29 24.4

Age <50 15 12.6
50–59 32 26.9
60–69 39 32.8

70 and over 33 27.7

Stage I 18 15.1
II 48 40.3
III 36 30.2
IV 16 13.4

Unknown 1 0.8

Response to
treatment Yes 95 79.8

No 17 14.3
Unknown 7 5.9

Vital status Alive 87 73.1
Deceased 30 25.2
Unknown 2 1.7

2.1.2. Residual Rectal Swabs from Asymptomatic Men

To contextualize the sequences observed in the anal cancers, a disease-free control
group of anonymized residual rectal swabs obtained from asymptomatic men attending
sexual health clinics were collated for downstream WGS. These samples had previously
been genotyped as a consequence of immunization surveillance in Scotland [17]. DNA was
extracted from the residual rectal swabs by Qiagen MDx (Hilden, Germany) or Seegene
Universal Extraction System, obtaining an eluate volume of 100 µL. HPV genotyping
was performed using the Seegene Anyplex II and the Optiplex HPV Genotyping Kit
(Heildelberg, Germany), detecting 28 and 24 different HPV types, respectively.

A total of 182 anonymized DNA extracts from residual rectal swabs were collated.
Samples had originally been collected in the years 2016–2017 and were included if positive
for HPV 16.
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2.2. Governance

Use of samples for the present project was approved by the Southeast of Scotland
National Research for Scotland Bioresource (NRS) (application reference SR 1283 and
SR1364). A favorable ethical opinion to conduct the research was provided by University
of St Andrews Teaching and Research Ethics Committee, reference MD 14482.

2.3. PCR Target-Enrichment for Deep Sequencing of HPV 16

HPV 16 whole genome material was amplified using 47 overlapping amplicons de-
scribed in Cullen et al. [18] and optimized by Arroyo et al. [19] Briefly, primer sets were di-
vided into five different reactions to decrease self-dimer and cross-primer dimer formation.
PCRs were performed using Qiagen Multiplex PCR Master Mix (Qiagen, Hilden, Germany)
and 0.2µM of each primer, according to manufacturers’ instructions. PCR amplification
products were pooled together according to sample name prior to library preparation.

2.4. Library Preparation

Libraries were prepared using the Illumina DNA prep kit (San Diego, CA, USA) fol-
lowing the manufacturer’s instructions, using 450 ng of DNA in 35 µL as input. Sequencing
was performed using the Illumina MiSeq instrument and the Illumina MiSeq reagent kit v2
500 cycles (2 × 250 bp). Libraries were normalized to 4 nM in combination with 12.5 pM of
PhiX (Illumina).

2.5. Quality Control and Quality Analysis

HPV 16-positive (SiHa) and HPV-negative (water) controls were added at the DNA
extraction step and carried through the PCR, library preparation and data analysis stages.
Individual amplification products were assessed using a Bioanalyzer (Santa Clara, CA,
USA). Quality control for library preparation included both controlling the library size using
an Agilent Tapestation (Santa Clara, CA, USA) and determining the DNA concentration
using the Qubit dsDNA High-Sensitivity Assay Kit (ThermoFisher, Waltham, MA, USA).

As a further quality control for analysis of the sequence data generated, a subset
of 25 fastq files were sent to the International HPV Reference Laboratory in Karolinska,
Sweden for independent bioinformatic analysis and sub-lineage identification.

2.6. Bioinformatic Analysis

Reads obtained from Illumina were de-multiplexed and converted to fastq files. All
fastq files were quality and adaptor trimmed using Trimmomatic (v0.39) [20]. Only high-
quality paired reads (-phred 33 -leading 3 -trailing 3- slidingWindow: 4:15) with 150 bp
were used for further analysis. FASTQC tools were further used to assess whether any
adaptors remained [21]. High-quality reads were then mapped to the HPV 16 reference
genome from the Papillomavirus Episteme (PaVE) [22] using bwa (v0.7.17) [23], to create a
sam file. Due to the circular HPV genome, the reference genome was modified by adding
the 258 nucleotides from the beginning to the end of the genome sequence to not lose
coverage of amplicons 46 and 47. SAMtools (v1.14) [24] was then used to convert files
from sam to bam and to curate files for the variant calling. BCFtools (v1.14), mpileup and
consensus tools were used for the variant calling and for the generation of a consensus
sequence [25], using default parameters. Positions not covered were annotated as Ns.

New consensus files were aligned using MAFFT (v7.490) with default parameters [26].
A manual edit was performed when required. Maximum likelihood trees were inferred
using RaxML (v2.0.8) [27] with the GTR substitution model (ML + transfer bootstrap
expectation + consensus, 1 run, 100 reps). Visualization of the trees generated by RaxML
was performed using Figtree (v1.4.4). Each sample was assigned with a sub-lineage
corresponding to the nearest neighbor.

Sub-lineages references were obtained from the PAVE for each of the HPV 16 sub-
lineages: A1 (K02718.1), A2 (AF536179.1), A3 (HQ644236.1), A4 (AF534061.1), B1 (AF536180.1),
B2 (HQ644298.1), B3 (HQ644298.1), B4 (KU053914.1), C1 (AF472509.1), C2 (HQ644244.1),
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C3 (KU053920.1), C4 (KU053925.1), D1 (HQ644257.1), D2 (AY686579.1), D3 (AF402678.1)
and D4 (AF402678.1) A sub-lineage assignment was performed for all specimens excluding
those with <100× median depth or low genome coverage (<80% genome coverage).

2.7. Assessment of Variants According to Clinic-Demographic Characteristics and
Survival Analysis

To assess the relationship between HPV sub-lineages and different factors (two or more
independent variables), a univariate logistic regression analysis was performed between
HPV 16 sub-lineages (HPV 16 A1-positive vs. HPV 16 non-A1-positive), age at diagnosis,
collection year and health board of diagnosis. Adjustment was performed for age group
(<50, 50–59, 60–69 and 70 or over), sex, response to treatment, stage of cancer and vital
status (dead or alive). Comparison was performed between A1 vs. non-A1 sub-lineages
due to the small number of samples identified from the different sub-lineages. The non-A1
group includes the following sub-lineages: A2, A3, A4, B1, B2, B3, B4, C1, C2, C3, C4, D1,
D2, D3 and D4.

Odds ratios (OR) were calculated to quantify the strength of the association between
HPV 16 sub-lineages and the demographic and clinical data. All the statistics were obtained
using R-studio macOS, (version 1.2.1335) [28]. The distribution of sub-lineages in anal
cancers vs. the asymptomatic population was assessed with sequences from the two groups
displayed in a phylogenetic tree.

Overall survival by HPV 16 sub-lineages (HPV 16 A1-positive vs. HPV 16 non-A1-
positive) was analyzed using the Kaplan-Meier method. The univariate and multivariate
hazard ratios of HPV 16 sub-lineages (HPV 16 A1-positive vs. HPV 16 non-A1-positive)
for all-cause death were derived using the cox proportional hazard model. A univariate
and multivariate model was derived; age (<50, 50–59, 60–69, 70+), sex, stage (I, II, III,
IV) and response to treatment (no, yes) were adjusted for. All the statistical analyses
were performed using R-studio (version 1.2.1335) [29]. Differences in prevalence of the
HPV 16 sub-lineages between the anal cancer cohort and asymptomatic control cohort are
presented descriptively.

3. Results

A total of 182 asymptomatic/control samples and 150 anal cancer samples were
subjected to WGS. In the anal cancer cohort, 119/150 (79.3%) samples passed the quality
parameters, and in the asymptomatic men cohort, 134/182 (73.6%) were valid. This left a
total of 253 samples for inclusion for detailed sequencing/phylogenetic analysis. Twenty-
five of these sequences were also analyzed by the International HPV Reference Center as a
further quality control for analysis. Results showed 100% agreement.

3.1. Distribution of HPV 16 Sub-Lineages in Anal Cancers

Of the 119 cancer cases with sufficient read depth (>100× median depth and >80%
genome), the HPV 16 sub-lineage A1 was identified in 91 anal cancer samples (76.5%),
followed by A2, which was identified in 20/119 (16.8%) of samples. A4 was detected in
5/119 samples (4.2%). Two samples were classified as B1 (1.7%), one as A3 (0.8%) and one
as D1 (0.8%). Further detail of HPV 16 sub-lineages in anal cancers is described in detail in
Table 2 and Figure 1.

Table 2. HPV 16 sub-lineages identified in the anal cancer and asymptomatic cohorts.

Anal Cancer Asymptomatic Group

Sub-Lineage N % (N = 119) N % (N = 134)

HPV 16 A1 91 76.5% 102 76.1%
HPV 16 A2 20 16.8% 23 17.2%
HPV 16 A3 1 0.8% 0 0%
HPV 16 A4 5 4.2% 0 0%

107



Diagnostics 2022, 12, 3222

Table 2. Cont.

Anal Cancer Asymptomatic Group

Sub-Lineage N % (N = 119) N % (N = 134)

HPV 16 B1 2 1.7% 2 1.5%
HPV 16 B2 0 0.0% 1 0.7%
HPV 16 B3 0 0.0% 0 0%
HPV 16 B4 0 0.0% 0 0%
HPV 16 C1 0 0.0% 2 1.5%
HPV 16 C2 0 0.0% 0 0%
HPV 16 C3 0 0.0% 0 0%
HPV 16 C4 0 0.0% 0 0%
HPV 16 D1 1 0.8% 4 3.0%
HPV 16 D2 0 0.0% 0 0%
HPV 16 D3 0 0.0% 0 0%
HPV 16 D4 0 0.0% 0 0%

Total 119 134
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Figure 1. Phylogenetic tree representing the HPV 16 sub-lineages present in the anal sample and
control groups.
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3.2. HPV 16 Sub-Lineages in the Control Cohort

Of the 134 control samples, most samples were classified (76.1%) as A1, followed by
A2, identified in 23/134 (17.2%) of samples. D1 sub-lineage was identified in 4/134 samples
(3.0%), and C1 and B1 were identified in two cases each (1.5%). B2 was present in 1/134
(0.7%). Table 2 describes the number of cases identified for each sub-lineage, and Figure 1
contains the phylogenetic tree obtained from the control cohort.

3.3. Differences in Prevalence of HPV 16 Sub-Lineages between Anal Cancer and Control Cohort

No major differences in the proportion of A1 and A2 sub-lineages were observed
between the case vs. control cohorts, being 76.4% vs. 76.0% and 16.2% vs. 17.0%, respec-
tively. Whereas the case cohort revealed the presence of the A4 sub-lineage in 4.2% of anal
cancers, this sub-lineage was not present in the control cohort. Conversely, the C lineage
was present in 1.5% of control specimens and was not detected in cancer cases. Finally,
there was a slight increase in the D1 sub-lineage observed in the control vs. case cohort
(3.0% vs. 0.8%).

3.4. Association of HPV 16 Sub-Lineages with Demographic and Clinical Variables

From the 119 anal cancers, four samples did not contain vital status information and
were not included in the analysis. Due to the dominance of the A1 sub-lineage, the logistic
analysis and odds ratio analysis were performed based on the presence or absence of the
HPV 16 sub-lineage A1.

No significant differences in A1 positivity with sex, age, response to treatment, stage
or vital status were observed. This observation was consistent for the adjusted analysis
(Table 3).

Table 3. Influence of A1 sub-lineage presence stratified by demographic and clinical variables. The
comparator for the odds ratio (univariate and adjusted) is A1 absence.

Variable Level Unadjusted
OR (95% Cis) p Value Adjusted OR

(95% Cis) p Value

Sex Male 1 1
Female 1.12 (0.39–2.92) 0.827 1.09 (0.37–3.00) 0.87

Age <50 1 1
50–59 1.20 (0.27–4.80) 0.8 1.11 (0.24–4.56) 0.89
60–69 1.50 (0.34–5.93) 0.57 1.82 (0.40–7.67) 0.416

70 and over 1.37 (0.30–5.67) 0.666 1.63 (0.34–7.41) 0.529

Response to
treatment No 1 1

Yes 1.02 (0.26–3.26) 0.968 1.18 (0.34–7.41) 0.528

Stage I 1 1
II 1.36 (0.37–4.62) 0.625 1.28 (0.33–4.51) 0.706
III 1.60 (0.40–6.11) 0.486 1.56 (0.38–6.06) 0.522

IV 1.80
(0.36–10.40) 0.478 3.03

(0.42–29.47) 0.289

Vital Status Alive 1 1
Deceased 1.01 (0.39–2.85) 0.983 0.92 (0.25–3.81) 0.907

3.5. HPV 16 Sub-Lineages and Overall Survival

For the Kaplan-Meier estimator, overall survival was calculated by classifying HPV
16 sub-lineages into A1 presence or absence. No differences in overall survival were found
between both sub-lineage groups (p = 0.57), Figure 2.
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Table 4 shows overall survival stratified by the clinical and demographic variables (age
group, sex, cancer stage and response to treatment), with HPV 16 sub-lineages categorized
into the two groups (A1 vs. non-A1) with A1 as the reference. Non-A1 (vs. A1) was
not associated with improved overall survival in the univariate analysis, with a hazard
ratio (HR) of 0.87 (0.37–2, p = 0.751). Variables associated with worse overall survival in
the univariate model were stage IV vs. stage I with HR of 15.7 (3.38–72.8), p < 0.001 and
response to treatment vs. no response to treatment with HR of 0.11 (0.05–0.25) p < 0.001.
After adjustment for age, gender, stage and response to treatment, non-A1 sub-lineages did
not significantly influence the overall survival compared to A1, with a HR 0.83 (0.28–2.46,
p = 0.743).

Table 4. Hazard ratio of HPV 16 sub-lineages (univariate and multivariate) derived from Cox
regression (N = 115) in anal cancer samples collected between 2009 to 2018 in the southeast of Scotland.

Variable Level Unadjusted HR
(95% Cis) p Value Adjusted HR

(95% Cis) p Value

HPV 16 sub-lineage A1 (n = 88) 1 1
Non-A1 (n = 27) 0.87 (0.37–2) 0.751 0.83 (0.28–2.46) 0.743

Sex Male 1 1
Female 1.2 (0.48–2.9) 0.71 0.88 (0.32–2.39) 0.795

Age <50 1 1
50–59 1.10 (0.33–3.70) 0.877 0.83 (0.21–3.26) 0.788
60–69 0.85 (0.26–2.8) 0.795 2.67 (0.607–11.72) 0.194

70 and over 1.54 (0.48–5.0) 0.466 5.56 (1.082–28.58) 0.04

Stage I 1 1
II 1.7 (0.37–8.1) 0.49 2.34 (0.47–11.74) 0.302
III 2.4 (0.50–11.6) 0.274 2.26 (0.42–12.27) 0.344
IV 15.7 (3.38–72.8) <0.001 15.95 (2.45–10.3.82) 0.004

Response to treatment No 1 1
Yes 0.11 (0.05–0.25) <0.001 0.12 (0.03–0.39) <0.001
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If only A1 and A2 samples were considered, no significant differences in HR were
found when using A1 as the reference (HR 0.74, 0.25–2.1, p = 0.575).

3.6. Integration

Although it was not the main aim of the study, the absence of part of the HPV 16
genome was identified in 13/119 (10.92%) of the anal cancer samples. This absence indicates
the potential integration of the HPV16 in the human genome. The E2 gene was the most
frequently missing region, followed by E4, E5 and L2 E1 and L1 (see Table 5 for details).
Notably, all cases retained E6 and E7 oncogenes. Due to the small number of cases in which
integration was detected, no further analysis was performed. No integration was detected
in the asymptomatic cohort.

Table 5. HPV integration identified in the anal cancer cohort.

HPV Genes Integration in the Anal Cancer
Samples (n = 13) N

L1 only 1
E1 only 1

E1, E2, E4 1
E2, E5, part E2 1

E2, E4, E5, L2, L1 3
E1, E2, E4, E5 and part L2 2

E1, E2, E4, E5, L2 and part L1 3
E1, E2, E4, E5, L2 and L1 complete 1

4. Discussion

Previously, we described that 93.3% of HPV-positive anal cancer cases diagnosed in
Scotland between 2019 and 2018 were caused by HPV 16. In this study, we have identified
that 76% of cases belonged to the A1 sub-lineage, followed by A2 (16%).

In the control group of asymptomatic men, a similar prevalence of A1 and A2 was
observed. Differences identified were the presence of A4 in the anal cancers (4.7%), which
was absent in the control group; presence of the C lineage only detected in the control
group; and the presence of the sub-lineage D1 in the control group (3%), which had a
lower prevalence of 0.81% in the cancers. This higher prevalence of sub-lineages A1
and A2 is consistent with previously published studies in European cohorts. Gonçalves
et al. (2022) found a higher prevalence of the A lineage in the anal canal of asymptomatic
men, mainly A1 [29], and Nicolás-Párraga et al. (2016) found that A1–3 sub-lineages
were identified in 96.1% of the European cases [30]. Beyond Europe, Volpini et al. (2017)
investigated the HPV 16 variants in cervical and anal samples collated in Brazil and
determined that proportionally less of the anal cancer samples (70.8%) were classified as
A1–3 sub-lineages [12].

The data collated in the study add to the limited information on the pattern and impli-
cations of HPV sub-lineages in the anus. Though we did not see significant associations
with demographic and underlying disease status, these observations need to be confirmed
or refuted by future studies with larger sample sizes.

To our knowledge, no other studies have investigated the association of HPV 16 sub-
lineages in anal cancer and overall survival. We did not observe that A1 vs. non -A1 sub-
lineages influenced overall survival in the univariate and adjusted analysis. Interestingly,
a recent study was reported by Lang Kuhs et al. (2022) in which the authors looked
into the genetic variation of HPV 16 and its association with clinical outcomes in HPV
16-positive oropharyngeal cancer patients [31]. They investigated different high-risk single
nucleotide polymorphisms (SNPs) and found that those with one or more high-risk SNPs
had significantly shorter median survival times. Most of these SNPs were common to
the D2 sub-lineage, which has also been associated with a higher risk of cancer in the
cervix [14]. Due to the absence of D2 cases in the present study, we were not able to explore
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this in the present work; however, the identification of these high-risk SNPs may be very
helpful for patient and treatment management.

Although we identified potential integration of the HPV16 genome (calculated through
the loss of the sequence), due to the small number, we did not perform any further analysis,
including in relation to implications for survival. Given the relative lack of information on
the extent and implications of integration in anal cancer, we would assert that this is an
area that would benefit from further study.

We acknowledge this study has limitations; the asymptomatic population were all
men, whereas the cancer population had a majority of female (75.63%) samples compared to
males (24.37%); this was due to pragmatic reasons relating to available material. However,
data did not show differences in the distribution of HPV 16 sub-lineages between women
and men in the anal cancer group. Additionally, as discussed earlier, we believe the
observations made in the present work would benefit from validation in a larger sample
of cases and controls and would hope this study serves as a primer for such. Though the
number of cases of cancers was not trivial (n = 253), particularly given that the Scottish
European age-standardized rate (EASR) (per 100,000 person-years at risk) was 2.6 in 2017,
we appreciate that detecting rarer sub-lineages with precision can take large sample sizes.

In the UK, there is no screening program for anal cancer. However, since 2017, there
has been an opportunistic vaccination program for MSM, and in 2019, the national HPV
vaccination became gender neutral. In term of vaccines, a study from Godi et al. (2019)
reported that HPV 16 lineage variants B, C and D exhibited slightly (<two-fold) reduced
sensitivity to nonavalent vaccine sera compared to lineage A [32].

Therefore, the high prevalence of lineage A in the samples included in this study
could be interpreted as positive for vaccine efficacy, particularly given that gender-neutral
vaccination is now a part of core policy in the UK and several other countries.

This study has demonstrated the technical feasibility of detecting HPV 16 sub-lineages
in anal cancer samples and residual material from rectal swabs. Though some differences in
the presence of non-A sub-lineages were detectable between the cancer and asymptomatic
population, the consistency, magnitude and implications of these would benefit from
further study. The domination of lineage A is consistent with existing European data and
suggests that sub-lineage identification in itself may not be informative for prognostication.
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Abstract: The etiology of bladder cancer is known to be associated with behavioral and environmental
factors. Moreover, several studies suggested a potential role of HPV infection in the pathogenesis
with controversial results. A systematic review was conducted to assess the role of HPV. A total of
46 articles that reported the prevalence of HPV infection in squamous (SCC), urothelial (UC), and
transitional cell carcinomas (TCC) were selected. A pooled prevalence of 19% was found, with a
significant difference in SCC that was mainly driven by HPV-16. Moreover, infection prevalence
in case-control studies showed a higher risk of bladder cancer in HPV-positive cases (OR: 7.84;
p-value < 0.00001). The results may suggest an etiologic role of HPV in bladder cancer. HPV vaccine
administration in both sexes could be key to prevent the infection caused by high-risk genotypes.

Keywords: human papillomavirus; HPV; bladder cancer; HPV detection; urothelial carcinoma;
transitional cell carcinoma

1. Introduction

Bladder cancer (BCa) is the 10th most prevalent cancer globally, with >572,000 and
>212,000 incident cases and deaths [1]. The highest rates of BCa are registered in Southern
and Western Europe and North America, with a higher incidence in men [2]. Several risk
factors were found; most of them are related to personal behavior (i.e., diet and smok-
ing), socioeconomic status (i.e., the accessibility to health services and delay in diagnosis),
and environmental and occupational exposure to chemical substances or infectious dis-
eases [3]. Moreover, epidemiological studies revealed a higher risk in men and a worse
prognosis in black males [4]. BCa histological subtypes can vary: urothelial BCa, previ-
ously classified as transitional cell carcinoma (TCC) and the predominant histological type,
accounts for ~90% and is mainly related to chemical exposure, whereas squamous cell
carcinoma (SCC, 5%) is associated with chronic inflammation and persistent infections
(Schistosoma spp. in Africa) [5]. Adenocarcinoma (2%), sarcoma, and small cell carcinoma
are less incident forms [6].

While the role played by human papillomavirus (HPV) in the development of cervi-
cal, anogenital, and oropharyngeal cancers was proven [7–9], the causative relationship
between HPV and BCa still remains controversial, with a high variable prevalence at-
tributed to the study design, the enrolled population, and the HPV detection methods [10].
Understanding the role of HPV in BCa could have relevant diagnostic, therapeutic, and
preventive implications. The current systematic review is aimed to assess the prevalence of
HPV infection in BCa, focusing on patients’ clinical and epidemiological characteristics.
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2. Materials and Methods
2.1. Search Strategy

A systematic literature review aimed at retrieving papers focused on the prevalence
of HPV infection in BCa was carried out from its inception to 31st December 2021. The
literature search was performed using PubMed and Scopus, selecting the key words
“Human Papillomavirus”, “HPV”, or “Papillomavirus” and “bladder cancer” or “bladder
carcinoma”, combined in different strings. No restrictions related to age of patients, setting,
or time of the study were chosen.

Lists of references of all selected articles were screened to find other eligible studies
not included in the above-mentioned databases.

2.2. Study Selection and Inclusion Criteria

Case-control, cross-sectional, and cohort studies reporting HPV infection prevalence
were selected.

The following inclusion criteria were considered:

(1) Studies dealing with patients with primary BCa;
(2) Studies describing molecular and non-molecular HPV detection methods on fresh or

FFPE (Formalin Fixed Paraffin Embedded) bladder biopsies;
(3) Studies focused on the following medical conditions: SCC, urothelial carcinoma (UC),

and transitional cell carcinoma (TCC);

Articles were excluded for the following reasons:

(1) Review articles, abstracts, letters, commentaries, correspondences, case-reports, and
case-series enrolling <10 subjects;

(2) Use of languages other than English;
(3) Secondary malignancies located in the bladder.

Article selection and data extraction were performed by two Authors and double-
checked (M.N. and D.B.), while discrepancies of opinions or disagreement were resolved
by a third investigator (S.G.).

2.3. Data Extraction

Qualitative and quantitative variables were collected in an ad hoc electronic form.
The following variables were collected: first author’s last name; title of the article; year

and country/countries of the study; period of the study; epidemiological study design;
sample size; sex and age; type of samples; HPV detection methods; histological subtypes;
tumor grading; HPV prevalence.

No ethical approval was needed given the anonymized and aggregated nature of
the data.

2.4. Study Quality Assessment

Inter-rater agreement was ~100% for the phases of study selection and data extraction,
and the few inconsistencies were resolved by consensus and with the support of a third
investigator (G.S.).

Guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) were followed to guide the process of the systematic review [11].

The Newcastle–Ottawa Scale [12] was used to assess the quality of the included case-
control studies by evaluating selection, comparability, and exposure criteria, through four,
two, and three items, respectively. The Joanna Briggs Institute Critical Appraisal tools
(JBI), applied for analytical cross-sectional studies where the control group is missing,
consists of eight items aimed at evaluating the risk of bias: high, moderate, or low risk of
bias was assigned when positive answers were ≤49%, between 50% and 75%, or >75%,
respectively [13] (Table S1a,b).
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2.5. Statistical Analysis

Qualitative and quantitative variables were summarized with absolute and relative
(percentage) frequencies and means/medians [standard deviation (SD), interquartile range
(IQR)] respectively.

Forest plots were used to show pooled risk differences of the selected outcomes and
interval (95% confidence interval, CI) estimates, as well as the weight of the sample size of
the recruited studies. The I2 indicator (low, medium, and high heterogeneity expressed as
<25%, ≥25%–<50%, ≥50%, respectively) showed the association between true variability
and overall variation.

Fixed and random-effects models were chosen depending on the estimated between-
study heterogeneity. A two-tailed p-value less than 0.05 was deemed statistically significant.
The statistical software Stata version 17 (StataCorp, College Station, TX, USA) and StatsDi-
rect version 3.1.12 (StatsDirect Ltd., Willar, UK).

3. Results
3.1. Study Selection

A total of 637 articles were identified through electronic database searches; 162 (26.2%)
were excluded for being duplicates, and then, a total of 475 studies were screened by titles
and abstracts. Fifty-six (11.8%) full texts were evaluated, and ten (17.9%) were excluded
for the following reasons: tissue samples did not include bladder tissues (n = 5), full text
was not available (n = 2), case-report (n = 1), review (n = 1), and dataset described in
another study (n = 1). A total of 46 (46/56; 82.1%) manuscripts were included in the review
(Table 1; Figure 1).
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3.2. Quality Assessment

Twelve (34.3%) cross-sectional studies were deemed at moderate risk of bias, whereas
23 (65.7%) were classified as low-risk (Table 2). Nine (81.8%) cross-sectional studies were
deemed to be medium-quality, whereas two (18.2%) were high-quality (Table 3).

Table 2. JBI risk of bias assessment table. Eight items per study were evaluated and the risk of bias
was calculated on the number of positive answers. y = yes, n = no, u = unclear. Moderate = where
positive answers were between 50% and 75%; low = where positive answers were above 75%.
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[15] Aggarwal S; 2009 y y y y y n y u 75 Low
[16] Alexander RE; 2012 y y y y y n y n 75 Low
[17] Alexander RE; 2013 y y y y y n y n 75 Low
[18] Alexander RE; 2014 y y y y y n y n 75 Low
[21] Ben Selma W; 2010 y y y y y n y n 75 Low
[22] Berrada N; 2013 y y y y y y y n 88 Low
[23] Chan KW; 1997 y y y y n n y y 75 Low
[24] Chapman-Fredricks JR; 2013 y y y y y y y n 88 Low
[25] Collins K; 2020 y y y y y y y y 100 Low
[26] Cooper K; 1997 y n y y y n y n 63 Moderate
[27] De Gaetani C; 1999 y n y y y n y y 75 Low
[28] Fioriti D; 2003 y n y n y n y n 50 Moderate
[29] Gazzaniga P; 1998 y n y y y y y n 75 Low
[30] Golovina DA; 2016 y y y y y y y y 100 Low
[31] Gopalkrishna V; 1995 y n y n y y y n 63 Moderate
[33] Helal Tel A; 2006 y y y n y y y y 88 Low
[34] Javanmard B; 2019 y n y n y n y y 63 Moderate
[35] Kamel D; 1995 y n y y n n y n 50 Moderate
[36] Kim KH; 1995 y n y y n n y n 50 Moderate
[38] LaRue H; 1995 y y y y n n n n 50 Moderate
[39] Llewellyn MA; 2018 y y y y n n y n 63 Moderate
[40] Lopez-Beltran A; 1996a y y y y y y y y 100 Low
[41] López-Beltrán A; 1996b y y y y y y y n 88 Low
[43] Moghadam SO; 2020 y y y y y y y y 100 Low
[44] Musangile FY; 2021 y y y y y n y y 88 Low
[45] Pichler R; 2015 y y y y y y y y 100 Low
[46] Samarska IV; 2019 y y y n y y y n 75 Low
[48] Schmid SC; 2015 y y y y y n y n 75 Low
[51] Shigehara K; 2013 y n y y y y y y 88 Low
[52] Simoneau M; 1999 y n y y n n y n 50 Moderate
[55] Tenti P; 1996 y y y y y n y n 75 Low
[56] Westenend PJ; 2001 y n y y y n y n 63 Moderate
[57] Yan Y; 2021 y n y y y y y y 88 Low
[58] Yavuzer D; 2011 y y y y n n y n 63 Moderate
[59] Youshya S; 2005 y n y y y n y n 63 Moderate
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Table 3. NOS quality assessment table. Each study was awarded one star per item within the selection
and exposure categories. A maximum of two stars could be awarded for comparability. The score is
the sum of the awarded stars and ranges from zero to nine.

Ref. First Author

Selection Comparability Exposure Score
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[14] Abdollahzadeh P; 2017 * * * * * * * 5/9
[19] Badawi H; 2008 * * * * * * * * 7/9
[20] Barghi MR; 2005 * * * * * * * * 6/9
[32] Gould VE; 2010 * * * * * * * * 6/9
[37] Kim SH; 2014 * * * * * * * * 6/9
[42] Mete UK; 2018 * * * * * * * 5/9
[47] Sarier M; 2019 * * * * * * * 5/9
[49] Shaker OG; 2013 * * * * * * * 5/9
[50] Shigehara K; 2011 * * * * * * * 5/9
[53] Steinestel J; 2013 * * * * * * * 5/9
[54] Tekin MI; 1999 * * * * * 5/9

“*”: Each study was awarded one star per item. The score is the sum of the awarded stars, ranged from 0 to 9
(high-quality, >7 stars; medium-quality, 4–6 stars; poor-quality, <4 stars).

3.3. Study Characteristics

Studies were published during the period 1995 [31,35,36,38]–2021 [44,57]. Patients were
enrolled between 1985 [17] and 2019 [57]. The epidemiological study types were observa-
tional retrospective (26, 56.5%) [15–18,23–27,29–31,34–36,38–40,44,46,52,55–59], case-control (11,
23.9%) [14,19,20,32,37,42,47,49,50,53,54], prospective (8, 17.4%) [21,22,33,41,43,45,48,51], and com-
parative (1, 2.2%) [28]. Most of them were single-center (44/46, 95.7%) [14–16,19–59], and
only two (4.3%) were multi-center [17,18]. Single-center studies were performed in Europe
(18, 40.9%) [27–30,35,39–41,45–48,53–56,58,59], Asia (14, 31.8%) [14,15,20,23,31,34,36,37,42–44,50,51,57],
America (6, 13.6%) [16,24,25,32,38,52], and Africa (6, 13.6%) [19,21,22,26,33,49].

3.4. Characteristics of the Study Samples

The sample size ranged from 10 [31] to 689 [39] patients, for a total of 3975 subjects. Infor-
mation on gender was reported by 36 (73.5%) studies [14–17,19–22,24–34,37,40–48,50,51,53,55–58],
including 555 and 1969 females and males, respectively. The mean/median age ranged from
47 [26] to 74.8 [44] years (Table S2).

The majority of the samples were FFPE (2706/3518; 76.9%) [14–18,20–26,30–38,40–46,48–51,
53,55,56,58,59], and only 812 (23.1%) were fresh tissue specimens [19,28,29,42,47,48,50,54,57,59].
Information on the type of specimen was not available for three (3/46; 6.5%) studies [27,39,52].

Histological classification was available for 42/46 (91.3%): TCC were the most prevalent
(1445/2792; 51.8%) type, followed by UC (1098/2792; 39.3%) and SCC (249/2792; 8.9%) (Table S3).

Sixteen (34.8%) studies [14,21,27,30,35,38,40,41,45,48,50–52,54,55], for a total of 1428 sam-
ples, reported the grading, following the recommendations of the American Joint Com-
mittee on Cancer [AJCC Cancer Staging Manual. 7th ed. New York, NY: Springer; 2010.].
A total of 580 (40.6%), 513 (35.9%), and 335 (23.5%) tumors were classified as moderate
(G2), poor (G3), and well (G1) differentiated, respectively. 1049 specimens [15,20,22,33,34,
36,37,42,43,45,47,49,51,57,58] were classified according to the guidelines of the European
Association of Urology [60], with 541 (51.6%) low- and 508 (48.4%) high- grade lesions (Table S3).
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The most frequent HPV detection method was molecular (38/46; 82.6%) [15,19–24,26,
28–48,50–55,57–59], whereas a non-molecular technique (i.e., immunohistochemistry–IHC
and/or in situ hybridization–ISH) was employed in 34 (73.9%) studies [14,16–18,23–25,27,31–
33,35,37,41,43,44,46,49–51,55,56,59] (Table S4)

3.5. Outcomes

Pooled HPV prevalence was 19% (95% CI: 13%-26%; I2: 96.4%) (Figure 2) ranging from
0% [17,21,26,41,47,52,55,57,58] to 83% [48]. 619/3682 (16.8%) BCa samples were positive (Table 4).

No risk differences were found between females and males [pooled risk difference (95%
CI): 0.0046 (−0.0545; 0.0636); p-value: 0.87999; I2: 13.5%] (Figure S1). No statistically significant
risk differences were found when prevalences related to patients in stage ≤T1 and ≥T2 stage
were compared [pooled risk difference (95% CI) = −0.0659 (−0.173; 0.0411); p-value: 0.22746;
I2: 45.2%], as well as in patients with G1 and G2/G3 tumors, [pooled risk difference (95% CI):
−0.0451 (−0.1447; 0.0546); p-value: 0.37542; I2: 75.9%] (Figures S2 and S3).

Pooled prevalence stratified by histological subtypes was 36.5% (95% CI: 15.9–60.1%;
I2: 88.2%), 32.5% (95% CI: 23.8–41.8%; I2: 90.7%), and 18.5% (95% CI: 3.8–40.9%; I2: 97.3%)
for SCC, TCC, and UC, respectively (Figure 3), with a statistically significant difference
between the prevalence in SCC vs. TCC (p-value: 0.0002) and vs. UC (p-value < 0.0001).
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Figure 2. Forest plot of HPV pooled prevalence in bladder cancer. Adapted from [14–59]. Figure 2. Forest plot of HPV pooled prevalence in bladder cancer. Adapted from [14–59].
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Table 4. Overall HPV prevalence among the selected studies. If different prevalence values were
outlined in the studies, the value from the standard detection technique (or the highest in case of
comparison between standard methods) was reported in the table below.

Ref. First Author Overall HPV
Prevalence Ref. First Author Overall HPV

Prevalence

[14] Abdollahzadeh P; 2017 16/67 (23.9) [37] Kim SH; 2014 16/35 (45.7)
[15] Aggarwal S; 2009 14/33 (42.4) [38] LaRue H; 1995 22/70 (31.4)
[16] Alexander RE; 2012 22/69 (31.9) [39] Llewellyn MA; 2018 1/689 (0.1)
[17] Alexander RE; 2013 0/27 (0) [40] Lopez-Beltran A; 1996 7/76 (9.2)
[18] Alexander RE; 2014 24/36 (67) [41] Lopez-Beltran A; 1996 25/76 (32.9)
[19] Badawi H; 2008 21/60 (35) [42] Mete UK; 2018 0/50 (0)
[20] Barghi MR; 2005 21/59 (35.6) [43] Moghadam SO; 2020 24/106 (22.6)
[21] Ben Selma W; 2010 0/125 (0) [44] Musangile FY; 2021 10/162 (6.2)
[22] Berrada N; 2013 25/48 (52.1) [45] Pichler R; 2015 4/186 (2.2)
[23] Chan KW; 1997 13/30 (43.3) [46] Samarska IV; 2019 19/38 (50)
[24] Chapman-Fredricks JR; 2013 3/14 (21.43) [47] Sarier M; 2019 20/69 (29)
[25] Collins K; 2020 7/33 (21.2) [48] Schmid SC; 2015 0/109 (0)
[26] Cooper K; 1997 0/25 (0) [49] Shaker OG; 2013 58/70 (82.9)
[27] De Gaetani C; 1999 17/43 (32.56) [50] Shigehara K; 2011 18/117 (15.38)
[28] Fioriti D; 2003 1/32 (3.1) [51] Shigehara K; 2013 5/84 (5.95)
[29] Gazzaniga P; 1998 11/35 (36.7) [52] Simoneau M; 1999 16/187 (8.5)
[30] Golovina DA; 2016 38/101 (37.6) [53] Steinestel J; 2013 0/19 (0)
[31] Gopalkrishna V; 1995 2/10 (20) [54] Tekin MI; 1999 2/42 (4.8)
[32] Gould VE; 2010 6/23 (26.1) [55] Tenti P; 1996 26/79 (32.9)
[33] Helal Tel A; 2006 1/114 (0.9) [56] Westenend PJ; 2001 0/16 (0)
[34] Javanmard B; 2019 52/110 (47.3) [57] Yan Y; 2021 42/146 (28.8)
[35] Kamel D; 1995 27/47 (57) [58] Yavuzer D; 2011 0/70 (0)
[36] Kim KH; 1995 8/23 (34.7) [59] Youshya S; 2005 0/98 (0)Diagnostics 2022, 12, x FOR PEER REVIEW 14 of 19 

 

 

 
Figure 3. Forest plot of overall odds ratio in case-control studies. Adapted from 
[14,19,20,32,37,42,47,49,50,53,54]. 

4. Discussion 
This systematic review was performed to evaluate the prevalence of HPV infection 

in BCa, keeping into consideration confounding demographic, histological, and 
diagnostic variables. 

An overall HPV prevalence of 19% was found in 46 studies, in line with previous 
meta-analyses which reported a prevalence of 16.88% [10] and 14.3% [61]. Despite the 
growing number of reported studies, the role of HPV in cancers other than genital, anal, 
head, and neck cancers is still debated, due to the heterogeneity in the study design, 
population enrolled, and HPV detection methods [6]. In fact, several systematic reviews, 
which evaluated the prevalence of infection of DNA-based vs. non-DNA-based methods 
confirmed the higher specificity and sensitivity of molecular-based methods [62,63]. 
Moreover, the use of genotype primers designed for shorter DNA sequences reduced the 
risk of “false negative” results in comparison with broad-spectrum primers (i.e., 
GP5+/6+), especially for FFPE specimens often undergoing DNA damage [10]. Therefore, 
the implementation of a standardized procedure for HPV detection could better clarify 
the impact of HPV in BCa pathogenesis. 

A statistically significant difference in the prevalence of infection was found in 
different histological subtypes, with higher estimates in SCC than those in TCC and UC. 
The high affinity of HPV to differentiating squamous epithelium, previously 
demonstrated in cervical, head and neck, and anogenital carcinomas [64], as well as the 
ability of the virus to evade and inactivate the immune response, could explain the 
mechanism of carcinogenesis in the bladder epithelium. Since SCC has poor prognosis 

Figure 3. Forest plot of overall odds ratio in case-control studies. Adapted from [14,19,20,32,37,42,47,49,50,53,54].
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Also, 69/479 (6.9%) were multiple infections [15,19,20,27,32,35,36,44,50,52,55,57].
The most prevalent genotype was HPV-16 (216/479; 45.1%), followed by HPV-18

(153/479; 31.9%), HPV-6 (25/479; 5.2%), and HPV-11 (17/479; 3.5%). Moreover, 68 (14.2%)
infections were caused by other HR-HPV genotypes (Table S5).

3.6. Case-Control Studies

The studies with a case-control design numbered 11/46 (23.9%) in the selection, with a
total of 611 cases vs. 227 controls [14,19,20,32,37,42,47,49,50,53,54]. The overall prevalence
was 27.3% (167/611) and 4.4% (10/227) in cases and controls, respectively. The pooled
odds ratio (OR) was 7.8406 (95% CI, 4.3425–14.1567; p-value < 0.00001; I2: 34.7%) for the
association between HPV infection and occurrence of BCa (Table 5; Figure 3).

Table 5. HPV prevalence stratified by the presence (case) or absence (control) of any type of bladder
tumor (case-control studies).

Ref. First Author
HPV Positivity (n/N, %)

Cases Controls

[14] Abdollahzadeh P; 2017 15/67 (22.4) 1/30 (3.3)
[19] Badawi H; 2008 21/60 (35) 0/20 (0)
[20] Barghi MR; 2005 21/59 (35.6) 1/20 (5)
[32] Gould VE; 2010 6/23 (26.1) 0/10 (0)
[37] Kim SH; 2014 6/35 (17.1) 1/12 (8.3)
[42] Mete UK; 2018 0/50 (0) 0/10 (0)
[47] Sarier M; 2019 20/69 (28.9) 6/69 (8.7)
[49] Shaker OG; 2013 58/70 (82.9) 1/25 (4)
[50] Shigehara K; 2011 18/117 (15.4) 0/10 (0)
[53] Steinestel J; 2013 0/19 (0) 0/21 (0)
[54] Tekin MI; 1999 2/42 (4.8) 0/10 (0)

4. Discussion

This systematic review was performed to evaluate the prevalence of HPV infec-
tion in BCa, keeping into consideration confounding demographic, histological, and
diagnostic variables.

An overall HPV prevalence of 19% was found in 46 studies, in line with previous
meta-analyses which reported a prevalence of 16.88% [10] and 14.3% [61]. Despite the grow-
ing number of reported studies, the role of HPV in cancers other than genital, anal, head,
and neck cancers is still debated, due to the heterogeneity in the study design, population
enrolled, and HPV detection methods [6]. In fact, several systematic reviews, which evalu-
ated the prevalence of infection of DNA-based vs. non-DNA-based methods confirmed
the higher specificity and sensitivity of molecular-based methods [62,63]. Moreover, the
use of genotype primers designed for shorter DNA sequences reduced the risk of “false
negative” results in comparison with broad-spectrum primers (i.e., GP5+/6+), especially
for FFPE specimens often undergoing DNA damage [10]. Therefore, the implementation
of a standardized procedure for HPV detection could better clarify the impact of HPV in
BCa pathogenesis.

A statistically significant difference in the prevalence of infection was found in different
histological subtypes, with higher estimates in SCC than those in TCC and UC. The
high affinity of HPV to differentiating squamous epithelium, previously demonstrated in
cervical, head and neck, and anogenital carcinomas [64], as well as the ability of the virus to
evade and inactivate the immune response, could explain the mechanism of carcinogenesis
in the bladder epithelium. Since SCC has poor prognosis and is associated with worse
outcomes in different sites [65], the confirmation of the role of HPV in SCC could improve
the epidemiological burden and the prognosis of potential cases.

The assessment of the role of HPV as causative agent in different histological subtypes
could have been affected by the adoption of the new WHO BCa classification [66]. This re-
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cent recommendation changed the traditional nomenclature of “transitional cell carcinoma”
in “urothelial carcinoma”, causing potential misinterpretations of the results. On this basis,
the identification of standard accurate procedures for the detection and diagnosis of HPV
infection could be helpful to estimate the burden of cancers associated with HPV. However,
the available molecular techniques show a high diagnostic accuracy.

Although several studies suggested a relationship between advanced stage (i.e., ≥T2)
and HPV prevalence [27,43,44], the poor information collected in the selected studies did
not prove this association.

Similarly to other HPV-related cancers, HPV-16 was the most prevalent genotype in
BCa, supporting previous findings on the increased risk of BCa in cases of infection caused
by high-risk HPV genotypes, mainly by HPV-16 [10]. The high detection rate of HPV-16,
together with HPV-18 and the low-risk HPV-6, strongly supports the administration of
HPV vaccines to prevent HPV-related cancers in both sexes [67].

Finally, our study showed a significant association between HPV and BCa (OR: 7.84),
confirming the findings of recent meta-analyses on the risk of BCa [10,62,65]. However,
these results are in contrast with a previous study published by Khatami et al. [61], who
described a non-significant association between infection and cancer and highlighted the
scientific need of larger case-control studies. Although the majority of case-control studies
were classified as “medium-quality”, controls showed a prevalence of infection <10%,
regardless of HPV detection methods, suggesting the etiological role of HPV in BCa.

Previous systematic reviews investigated the role of HPV infection in BCa and de-
scribed a moderate association. Our study selection and analysis showed an important
role of HPV infection in SCC BCa. However, some limitations should be acknowledged.
More stratified analyses related to demographic (i.e., geographical area, behavioral factors,
occupational exposures) and clinical (i.e., stage, HPV detection methods, prognosis of
patients) confounders should be performed. The cross-sectional assessment does not help
prove the temporal relationship between an exposure and the development of cancer.

5. Conclusions

The present systematic review highlights a potential role of HPV in the development
of bladder cancer, indirectly supporting the adoption of primary preventive strategies in
both sexes, as recommended by international authorities. Further epidemiological studies
are needed to confirm those findings and assess the role of diagnostic and preventive
strategies for HPV-related bladder cancer.
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Abstract: Quality Control (QC) and Quality Assurance (QA) principles are essential for effective
cervical cancer prevention. Being a crucial diagnostic step, colposcopy’s sensitivity and specificity
improvements are strongly advocated worldwide since inter- and intra-observer differences are the
main limiting factors. The objective of the present study was the evaluation of colposcopy accuracy
through the results of a QC/QA assessment from a survey in Italian tertiary-level academic and
teaching hospitals. A web-based, user-friendly platform based on 100 colposcopic digital images was
forwarded to colposcopists with different levels of experience. Seventy-three participants were asked
to identify colposcopic patterns, provide personal impressions, and indicate the correct clinical prac-
tice. The data were correlated with a panel of experts’ evaluation and with the clinical/pathological
data of the cases. Overall sensitivity and specificity with the threshold of CIN2+ accounted for 73.7%
and 87.7%, respectively, with minor differences between senior and junior candidates. Identification
and interpretation of colposcopic patterns showed full agreement with the experts’ panel, ranging
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from 50% to 82%, in some instances with better results from junior colposcopists. Colposcopic
impressions correlated with a 20% underestimation of CIN2+ lesions, with no differences linked to
level of experience. Our results demonstrate the good diagnostic performance of colposcopy and
the need for improving accuracy through QC assessments and adhesion to standard requirements
and recommendations.

Keywords: colposcopy; QC; QA; colposcopy sensitivity; diagnostic accuracy; cervical cancer prevention;
CIN; SIL; colposcopy standards

1. Introduction

Colposcopy represents the recommended second-level procedure for the assessment
of the uterine cervix as part of a cervical cancer screening program; it is indicated following
the detection of primary test positivity according to specific guidelines, and its main
objective is the early detection of high-grade cervical intraepithelial neoplasia (CIN2+) [1,2].
Colposcopic observation thus relies on the visual interpretation of macroscopic changes in
color and morphology of the genital mucosae and on the correlation of specific patterns
with different degrees of cervical disease. According to this intrinsic aspect of the procedure,
colposcopy carries the cost of significant observer-dependent performance and thus the
risk of lacking sensitivity and accuracy.

The performance of the exam is fundamental and mainly depends upon three steps:
the identification of the squamocolumnar junction (SCJ), the correct assessment of the Trans-
formation Zone (TZ) and the decision to take a biopsy/biopsies in the most appropriate
cervical area.

Although colposcopy plays a fundamental role in the prevention of cervical cancer as it
allows the identification, treatment, and/or follow-up of pre-cancer lesions, the accuracy of
the procedure is largely influenced by a high degree of subjectivity and low reproducibility.
This may lead to high rates of severe lesions under diagnosis or even cancer under detection.
In this view, Artificial Intelligence (AI) may represent a promising option to overcome
this limitation.

Colposcopy performance has been largely investigated and reported in different
settings and different geographic areas [3–5]; almost all published data are consistent in
reporting a large variability in terms of both sensitivity and specificity, with values ranging
from 30% to 90% and from 40% to 95%, respectively. In this view, the colposcopic impression
(CI), based on the detailed identification and interpretation of the different aspects of the
TZ, represents the major issue, being closely correlated with the operator’s decision to
perform a targeted biopsy [6,7] and the success of the cervical cancer prevention strategy.

In the last few years, the application of Quality Control (QC) and Quality Assurance
(QA) principles to assess the accuracy and performance of colposcopy has been advocated
as of pivotal importance and is a strong recommendation worldwide [8–13].

The present study aims, through the multicentric involvement of major Italian teaching
and academic gynecological institutions, to investigate the accuracy and quality assessment
of colposcopy and, consequently, to determine the performance of operators with different
levels of expertise in the field. In particular, the study was designed to assess the probability
for a patient with a histologically confirmed cervical lesion of being incorrectly managed
through the colposcopic workup (e.g., under detection of significant TZ alterations, not
having a biopsy performed, or having a biopsy in an incorrect site). The secondary objec-
tive of the study was the development of a user-friendly online platform where Quality
Control of colposcopy could be easily achieved and that could potentially be proposed and
promoted for a nationwide QC and QA program.
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2. Materials and Methods

One hundred (n. 100) colposcopic digital images were selected by a panel of ex-
perts among a large database of clinical cases with a comprehensive dataset of patients’
demographic information, clinical history, cytological, virological (HPV-DNA detection),
and pathological data. In particular, 35 were histologically negative (or without any type
of lesion), 34 were low-grade lesions (HPV or CIN1), 24 were high-grade lesions (CIN2,
CIN3, or in situ carcinoma), and 7 were pathologically proven invasive squamous or
adenocarcinoma.

Images were deliberately identified when an objectively “difficult” colposcopic pattern
was present. Nevertheless, the quality and resolution of all images, complete visibility of
the entire cervix, absence of mucus/blood, and good representation of normal/abnormal
colposcopic patterns were always identifiable; randomly selected images are illustrated as
examples in Figures 1–3.
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The experts’ panel, for each single case, identified and recorded the following items:
(1) assessment of colposcopic patterns according to the 2011 International Federation of
Cervical Pathology and Colposcopy (IFCPC) nomenclature [14] and the 2017 American
Society of Colposcopy and Cervical Pathology (ASCCP) terminology proposal [15]; (2) col-
poscopic impression, categorized as (2.1) negative, (2.2) favour low-grade lesion (Human
Papillomavirus infection—Cervical Intraepithelial Neoplasia grade 1 CIN1), (2.3) favor
high-grade lesion (Cervical Intraepithelial Neoplasia grade 2–3 CIN2+ or in situ squa-
mous/adenocarcinoma), (2.4) favor malignant lesion (invasive squamous carcinoma or
adenocarcinoma); (3) indication for taking a single biopsy or up to a maximum of 3 biopsies;
and (4) the most appropriate area to be biopsied.

By the use of Qualtrix XM® software (2022 version) (www.qualtrics.com), an online
platform was developed, either loggable via personal computers, tablets, or smartphones;
following log-in, the application delivered the colposcopic digital high-resolution images
integrated by a caption with details about the patient’s age and primary screening results
(cervical cytology and/or HPV-DNA detection), and a set of questions focused on: (1) squamo-
columnar junction (SCJ) interpretation; (2) Transformation Zone (TZ) assessment; (3) biopsy
indication; (4) areas suitable for performing biopsy; and (5) colposcopic impression.

The web link to the platform was forwarded to 10 academic and teaching Ob/Gyn
Italian institutions, all having tertiary-level preventive oncological gynecology units, invit-
ing colposcopy operators to anonymously attend the survey, detailing their respective
level of expertise (<5 years vs. >5 years of colposcopy practice). Almost all juniors were
residents/fellows of the participating institutions. The workload to complete the exam
was anticipated to be at least 90 min according to the survey’s characteristics, and it had
to be finished in a single slot; at the end, each participant was provided with a final score
but was not informed of the rate of correct/incorrect answers or the specification of the
correct/incorrect ones. After completion of the test, the same could not be performed again
because the platform credentials were no longer valid to log in to the application.

Data were collected, centralized, and recorded by the promoting investigators and
analyzed using the R statistical software (www.r-project.org); participants responses to
the test were compared with those of the committee and analyzed with those of vari-
ables treated as categorical. Pearson’s chi-squared test (with Yates’ continuity correction)
and Cohen’s kappa coefficient of agreement (95% CI intervals) were used to estimate the
strength of associations; a p value < 0.05 was considered statistically significant, with kappa
0.60–0.80 indicating substantial agreement among observers [16,17]. The study design,
methodology, and results were approved by the Scientific Committee of the Italian Society
of Colposcopy and Cervico-Vaginal Pathology (SICPCV).
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3. Results

The survey was conducted between January and April 2022 with the participation
of 10 Italian centers: seventy-three (n. 73) colposcopists logged in to the web platform,
56 (76.7%) of them completing the whole test, and 17 (23.3%) only partially. The mean
completion rate of the test for this latter subgroup of participants was 49%. The overall
number of colposcopic observations/interpretations accounted for a total of 6155, upon
which the survey has been performed. According to the level of colposcopic experience
and practice, 27 (37%) participants reported a < 5 year practice in colposcopy (juniors) and
46 (63%) a personal experience > 5 years (seniors). No data were available regarding the
number/year of colposcopies performed by participants.

The first part of the results analysis was primarily targeted at the identification of
some intrinsic features of colposcopy, with the aim of evaluating the diagnostic accuracy
and QC of the second-level colposcopy-based cervical cancer prevention workup. The
overall analysis of the survey data in terms of colposcopy accuracy provided sensitivity and
specificity rates of 61.6% and 77.1%, respectively; according to colposcopists’ experience,
sensitivity was 60.6% for seniors and 62.0% for juniors, while specificity was 76.7% and
77.4%, respectively. Considering the histology threshold of CIN2+, specificity increased to
87.7% (seniors 86.2% vs. juniors 88.6%).

In details, sensitivity increased from 60.9% in low-grade cases (HPV or CIN1) to
73.7% in high-grade cases (CIN2+); no statistically significant differences were obtained
comparing seniors vs. juniors’ rates of sensitivity (Table 1).

Table 1. Diagnostic accuracy of colposcopy.

Histology All
Experience in Colposcopy

Seniors Juniors

sensitivity

HPV or CIN 1 60.9% 56.8% 63.4%
CIN2-CIN 3 63.9% 64.9% 62.3%

Cancer 47.9% 47.3% 48.3%
CIN 2+ 73.7% 73.5% 73.9%
overall 61.6% 60.6% 62.0%

specificity Negative 77.1% 76.7% 77.4%
HPV or CIN 1 87.7% 86.2% 88.6%

Despite lacking statistical significance, senior colposcopists sensitivity was always
inferior compared to juniors, with the only exception of CIN2-CIN3 cases (64.9% vs. 62.3%);
when cancer cases were added to CIN2-CIN3 in a single analysis, the sensitivity rates of
the two subgroups of colposcopists were closely comparable (73.5% vs. 73.9%). As for
specificity, juniors’ performance was again superior.

Table 2 shows the results according to the squamocolumnar junction (SCJ) evaluation,
with the adoption of the 2011 IFCPC terminology [14]. Full agreement with the experts’
panel was recorded in 81.2% when a fully visible SCJ was present, in 51.4% in not fully visible
SCJ cases, and in 64.9% in not visible SCJ cases. Comparing seniors with juniors, a significant
statistical difference was observed in not visible SCJ cases only (67.5% vs. 60.7%; p = 0.011).
The Cohen’s kappa correlation coefficient accounted for 0.49 (95% CI: 0.47–0.51) when the
entire group of colposcopists was considered, for 0.49 (95% CI: 0.47–0.52) in the seniors
group, and for 0.48 (95% CI: 0.45–0.51) in junior colposcopists. The highest rate of incorrect
SCJ interpretation was recorded within the not fully visible SCJ group, where it accounted
for 48.6%, with no statistical difference between seniors and juniors (48.1% vs. 49.5%).
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Table 2. SCJ assessment (2011 IFCPC terminology [14]).

Experts Panel Colposcopists All
Experience in Colposcopy

Seniors Juniors

fully visibile
fully visibile # 81.2% 80.3% 82.6%

p = NSnot fully visibile * 12.9% 13.4% 12.1%
not visibile 5.9% 6.3% 5.3%

not fully
visibile

fully visibile 29.3% 28.2% 31.2%
p = NSnot fully visibile 51.4% 51.9% 50.5%

not visibile 19.3% 19.9% 18.3%

not visibile
fully visibile 15.2% 12.5% 19.6%

p = 0.011not fully visibile 19.9% 20% 19.7%
not visibile 64.9% 67.5% 60.7%

All colposcopists: p < 2.2−16; Cohen’s kappa correlation coefficient = 0.49 CI 95% [0.47–0.51]. Seniors: p < 2.2−16;
Cohen’s kappa correlation coefficient = 0.49 CI 95% [0.47–0.52]. Juniors: p < 2.2−16; Cohen’s kappa correlation
coefficient = 0.48 CI 95% [0.45–0.51]. # block letters = colposcopists vs. panel full agreement; * italics = incorrect
SCJ judgment by colposcopists; SCJ = squamocolumnar junction; NS = not significant.

The same analysis was performed adopting the SCJ nomenclature proposal suggested
by the American Society of Cervical Pathology and Colposcopy in 2017 [15], which di-
vided the SCJ into two colposcopic categories only: fully visible and not fully visible. Full
agreement with the experts increased to 75% in the not fully visible SCJ subgroup, with a sta-
tistically significant difference between seniors and juniors (77.1% vs. 72.8%, respectively;
p = 0.011). The Cohen’s kappa concordance coefficient also increased from 0.49 to 0.57 (95%
CI: 0.54–0.59) for the whole set of participants, from 0.49 to 0.57 (95% CI: 0.55–0.60) for the
seniors, and from 0.48 to 0.56 (95% CI: 0.52–0.59) for the juniors group. Table 3 summarizes
these results.

Table 3. SCJ assessment (ASCCP 2017 Nomenclature [15]).

Experts Panel Colposcopists All
Experience in Colposcopy

Seniors Juniors

fully visible fully visible # 81.2% 80.3% 82.6% p = NS
not fully visibile * 18.8% 19.7% 17.4%

not fully visible fully visible 24.6% 22.9% 27.2% p = 0.011
not fully visibile 75.4% 77.1% 72.8%

All colposcopists: p < 2.2−16; Cohen’s kappa correlation coefficient = 0.57 CI 95% [0.54–0.59]. Seniors: p < 2.2−16;
Cohen’s kappa correlation coefficient = 0.57 CI 95% [0.55–0.60]. Juniors: p < 2.2−16; Cohen’s kappa correlation
coefficient = 0.56 CI 95% [0.52–0.59]. # block letters = colposcopists vs. panel full agreement; * italics = incorrect
SCJ judgment by colposcopists; SCJ = squamocolumnar junction; NS = not significant.

Table 4 shows the results regarding colposcopists’ interpretation of the Transformation
Zone (TZ) compared with the experts’ panel.

Full agreement was observed in 73.2% of Type 1, 53.8% of Type 2, and 66.7% of Type 3
TZ cases; within each group of TZ, a statistically significant difference was demonstrated
comparing seniors to juniors: in particular, Type 1 and Type 2 TZ were better identified by
junior colposcopists (79% vs. 69.5% and 55.9% vs. 52.3%, respectively; p < 0.05), while Type
3 TZ was significantly better identified by seniors (71.7% vs. 58.3%; p < 0.05).

In this analysis, the highest rate of incorrect interpretation was identified in senior
colposcopists evaluating Type 2 TZ cases (47.7%), while the lowest rate was recorded in
juniors’ evaluation of Type 1 TZ (21%).
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Table 4. TZ assessment.

Experts Panel Colposcopists All
Experience in Colposcopy

Seniors Juniors

Type 1
Type 1 # 73.2% 69.5% 79%

p = 1.029−8Type 2 * 20.1% 22.3% 16.7%
Type 3 6.7% 8.2% 4.3%

Type 2
Type 1 26.2% 23.7% 30%

p = 7.006−8Type 2 53.8% 52.3% 55.9%
Type 3 20% 24% 14.1%

Type 3
Type 1 11.1% 9.1% 14.5%

p = 7.58−7Type 2 22.2 % 19.2% 27.2%
Type 3 66.7% 71.7% 58.3%

All colposcopists: p < 2.2−16; Cohen’s kappa correlation coefficient = 0.46 CI 95% [0.45–0.48]. Seniors: p < 2.2−16;
Cohen’s kappa correlation coefficient = 0.46 CI 95% [0.44–0.48]. Juniors: p < 2.2−16; Cohen’s kappa correlation
coefficient = 0.47 CI 95% [0.44–0.50]. # block letters = colposcopists vs. panel full agreement; * italics = incorrect
SCJ judgment by colposcopists; TZ = Transformation Zone.

The second part of the survey results analysis was conversely targeted to investi-
gate the accuracy of the colposcopic procedure through the assessment of colposcopic
interpretation of cervical patterns and its influence on the operators’ clinical decisions.

As far as it concerned the assessment of grade (G) of the colposcopic pattern compared
to proven histology, the following results were obtained: full agreement with histology was
achieved in 60.59% of cases with G1/low-grade lesions, in 59.11% of G2/high-grade lesions,
and in 64.64% of colposcopic patterns suspicious for cancer and histologically confirmed
cervical malignancy; these concordance rates can also be seen as PPV of colposcopy.

Interestingly, 5.05% and 19.26% of cases with a histologically proven CIN2+ were
categorized as colposcopically negative or G1 by participants, respectively.

On the other hand, overestimation of the colposcopic pattern reached the highest rate
in histologically proven low-grade lesions (HPV-CIN1), which were classified as G2 in
24.70% of cases (Table 5).

Table 5. Predictive value of colposcopic grade (G).

Colposcopic Grade
Histology

Negative HPV or CIN 1 CIN2-CIN 3 Cancer

Negative 76.25% * 18.70% 4.21% 0.84%
G1 20.15% 60.59% 17.97% 1.29%
G2 4.70% 24.70% 59.11% 11.49%

Cancer 1.52% 3.05% 30.79% 64.64%
Pearson’s chi-squared test: p < 2.2−16; Cohen’s kappa correlation coefficient = 0.49 CI 95% [0.47–0.51]. * NPV; block
letters = colposcopists vs. panel full agreement and PPV. G1 = minor colposcopic.

A similar analysis was performed considering the colposcopic impression formulated
by colposcopists compared to histology.

A negative colposcopic impression correlated with a negative histology in 77.9% of
cases, allowing this figure to be seen as NPV. Taking into consideration histologically
confirmed high-grade lesions (CIN2-CIN3), which represent the main objective of the
cervical cancer prevention strategy, the colposcopic impression of a high-grade lesion was
correctly formulated by colposcopists in 59.4% of cases.

When cancer cases were added to CIN2/CIN3, the PPV of a high-grade lesion colpo-
scopic impression increased to 70.5%.

The PPV of a colposcopic impression suspicious for cancer was 64.4% (p < 0.05; Cohen’s
kappa correlation coefficient = 0.51; 95% CI: [0.50–0.53]) (Table 6).
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Table 6. Predictive value of colposcopic impression (CI).

Colposcopic Impression
Histology

Negative HPV or CIN1 CIN2-CIN3 Cancer

Negative 77.9% * 18.5% 3% 0.6%
LG 18.8% 60% 19.7% 1.5%
HG 4.5% 25% 59.4% # 11.1%

Cancer 1.2% 6.5% 27.9% 64.4% ≈

Pearson’s chi-squared test: p < 2.2−16; Cohen’s kappa correlation coefficient = 0.51—CI 95% [0.50–0.53].
* NPV = Negative Predictive Value; # PPV = Positive Predictive for CIN2-CIN3; ≈ PPV = Positive Predictive Value
for cancer; LG = low-grade lesion; HG = high-grade lesion.

Directly correlated with the colposcopic impression and the G assessments, colpo-
scopists were asked to indicate the need for taking biopsy/biopsies and the cervical site
they thought was the most appropriate for histological confirmation; biopsies were per-
formed in 3404 cases out of 6155 in the case of the experts panel (55%), and in 3482 cases
out of 6155 (56%) in the case of candidates. Figures 4–6 illustrate how the biopsy/biopsies
sites were indicated by colposcopists.
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According to colposcopists experience, junior colposcopists performed biopsies in
52.7% of the whole set of cases, while more experienced operators performed them in 59%.
Biopsies were omitted in 96.8% of cases evaluated by colposcopists as negative, in 30.4%
of cases evaluated as LG lesion, in 2.1% of cases evaluated as HG lesion, and in 0.3% of
cases evaluated as neoplasia. Furthermore, it was observed that as the degree of the lesion
increased, the number of biopsies consistently increased; more than one single biopsy was
reported in 12.6% of cases with a colposcopic impression of LG, in 52.5% of cases of HG,
and in 82.5% of cases with a colposcopic impression of cancer.

The correct site for performing biopsies was recognized in 58.9%, 77.3%, and 91.7% of
histologically proven LG lesions (HPV-CIN1), HG lesions (CIN2-CIN3), and cervical cancer,
respectively, while an incorrect site was indicated in 16.8%, 13.6%, and 5.3%.

Noteworthy, non-biopsy rates accounted for 24.3% of HPV-CIN1 cases and for 12.1%
of CIN2+ cases (p < 0.05) (Table 7).

Table 7. Biopsy decision.

Histology

Negative HPV or CIN 1 CIN2-CIN 3 Cancer

biopsy
not performed 58.6% 24.3% 9.1% 3.0%
yes, wrong site 1.7% 16.8% 13.6% 5.3%
yes, correct site 39.7% 58.9% 77.3% 91.7%

Pearson’s chi-squared test: p < 2.2−16.

Moreover, when the analysis focused on the subgroup of cases having a CIN2+ proven
histology and a colposcopic impression of LG lesion expressed by colposcopists, the correct-
ness of biopsy performance was significantly influenced by experience: junior colposcopists
had a higher non-biopsy rate (20% vs. 10.1%), while seniors had a higher rate of correctly
performed biopsies (73.9% vs. 66.9%) (p < 0.05) (Table 8).
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Table 8. Underestimation of colposcopic impression vs. biopsy decision.

Biopsy
Experience in Colposcopy

All Seniors Juniors

LG Colposcopic
Impression with
CIN2+ histology

not performed 13.6% 10.1% 20%
yes, wrong site 15% 16% 13.1%
yes, correct site 71.4% 73.9% 66.9%

p = 0.013
LG = low-grade lesion.

4. Discussion

As colposcopy is a fundamental step as part of screening programs for the detection
of pre-cancer cervical lesions, the success of the preventive strategy entirely depends on
the diagnostic accuracy of the procedure. The assessment of colposcopy accuracy, in other
words, the QC and QA processes, requires figures of the highest reliability in order to
correctly evaluate the performance and effectiveness of colposcopic practice or to promote
changes in standard requirements for operators.

This practical need deals with the objective issue of the very wide range of colposcopy
accuracy figures available in the literature; meta-analysis studies have been published with
the aim of providing statistically credible data to be used as comparison or reference values,
thus allowing effective QC and QA processes in clinical practice. As an example, the most
recently published meta-analysis, based on 15 studies and 22,764 cases, reports a combined
sensitivity and specificity of 92% and 51% for a LG-SIL+ threshold and of 68% and 93%,
respectively, for a HG-SIL+ threshold [18].

Unfortunately, data obtained in this fashion suffers from the significant bias of in-
cluding papers with different study designs that influence the outcome reported; widely
different figures are in fact reported depending on how the outcome of colposcopy is
evaluated. Some studies investigate colposcopy outcome based upon the Colposcopic
Impression (CI) that a CIN2+ is present; others evaluate the outcome on taking a biopsy
because there is thought to be a Disease Present (DP), with the threshold of DP usually
being a CIN1+. For this reason, the outcome measures have a significant effect on accuracy
evaluation [19], indicating wide differences in both sensitivity and specificity.

That said, the present study, due to its main object of investigating and analyzing the
performance of colposcopy mostly in terms of the QC of colposcopists and of the procedure,
has to be seen as CI-based. Thereafter, the reported results are mainly discussed and
compared with similar literature data. Nevertheless, some DP-based outcome assessments
have been possible and are similarly discussed and compared.

The combined CI sensitivity and specificity (CIN2+ threshold) values obtained from
the survey were 73.7% and 87.7%, respectively (see Table 1), with no statistically significant
differences between senior and junior colposcopists; in general, this can be seen as a
favorable result of the teaching programs of the involved institutions. These figures,
compared with previous reviews [7,20], may be placed above weighted mean values for
sensitivity and fully comparable with weighted mean values for specificity. Being the
QC of Italian colposcopy/colposcopists the major objective of the study, these figures,
together with the absence of significant differences between juniors and seniors, in our
opinion, allow a more than satisfactory general evaluation of the colposcopy/colposcopists
performance. The strength of this impression may further be supported considering the
difficulty of the survey and the workload required of attendants.

This is particularly interesting in consideration of the experience level of the partici-
pants: since junior colposcopists performance accounted for better accuracy in each subset
of thresholds, though without statistical significance, this may either reflect the good quality
of the teaching programs in the institutions surveyed or the need for senior colposcopists
to consider some kind of self-improvement.

In terms of potential methodological biases, the use of static digital images of the cervix
versus live colposcopy to assess the diagnostic accuracy and to perform QC evaluations,
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does not represent a limitation concerning the reliability of the sensitivity/specificity figures;
as reported by Liu [21], recognitions of colposcopic patterns and colposcopic impression
formulated on live colposcopy are reproducible on static digital images with high levels of
agreement. Moreover, the use of a web-based program of digital colpophotographs, though
with the different aim of assessing the accuracy of colposcopically directed biopsies, has
already been proposed in Italy and demonstrated effective for QA purposes [9,22–24].

Regarding the results specifically directed to QC of colposcopists, we observed full
agreement with the experts panel for the SCJ evaluation, following the 2011 IFCCP termi-
nology [14], in 82.2% of fully visible SCJs, in 51.4% of not fully visible SCJs, and in 64.9% of
not visible SCJs; in this analysis, a statistically significant difference was observed between
seniors (67.5%) versus juniors (60.7%) for the not visible SCJ subgroup (p = 0.01).

When SCJ was categorized following the 2017 ASCCP proposal [15], grouping the
not fully visible and the not visible SCJ into one single category named not fully visible,
full agreement with the experts increased to 75.4%, still having a statistically significant
difference between seniors (77.1%) and juniors (72.8%) (p = 0.01).

Comparable comments can be made as far as it concerns the Transformation Zone
(TZ): full agreement with the expert panel was achieved in 73.2%, 53.8%, and 66.7% of Type
1, Type 2, and Type 3 (2011 IFCPC terminology) [14], respectively; statistically significant
differences were present between seniors and juniors for all three categories (see Table 4).
The lowest rate of agreement for both SCJ visibility and the type of the TZ was recorded in
the intermediate category.

Several authors have addressed the issue and the practical implications of adopting
uniform and standardized colposcopy terminology, underlining the importance and ac-
curacy improvement of the procedure when precise definitions of cervical patterns are
widely utilized in clinical practice. In this view, the 2011 IFCPC terminology has repre-
sented a significant step forward in terms of colposcopy accuracy, having demonstrated
better correlation with histology compared to traditional methods [25]. Despite that, the
SCJ/TZ parameters have been repeatedly identified as the weak side of the process, as the
intermediate categories, namely the not fully visible SCJ and the Type 2 TZ, were always
associated with the lowest grade of accuracy and reproducibility [26,27].

Our results consistently confirm this analysis and support the 2017 ASCPC proposal,
detailing a significant increase in accuracy when a two-tailed classification of the SCJ is
adopted, as recently published articles report [15,28].

The analysis of the grade of the TZ (G) and of the colposcopic impression compared
with histology allows some comments that, in our opinion, are particularly interesting in
terms of providing accuracy figures having both QC and QA meanings.

In terms of minor/major acetic acid alterations, full agreement was achieved in 76.25%
(negative), 60.59% (G1), 59.11% (G2), and 64.64% (cancer suspicious). It is noteworthy that a
negative interpretation and a G1 interpretation underestimated 5.05% and 19.26% of CIN2+
histologically proven lesions, respectively (Table 5).

As far as it concerned the colposcopic impression, a negative impression and a LG
lesion impression underestimated 3.06% and 21.2% of CIN2+ histologically proven lesions,
respectively (Table 6).

The analysis of these figures, performed consistently with the DP (CIN1+ thresh-
old) principles of QA assessment, provided the following results: Overall, overrating the
colposcopic impression was 1.5 times more common than underrating. However, when
histologically proven HG lesions (CIN2-CIN3) were considered, overestimation and un-
derestimation were fully comparable. It is in some way reassuring that only 3.06% of
CIN2+ were considered colposcopically negative. Less reassuring is the detected 21% un-
derestimation rate of CIN2+ lesions that were colposcopically interpreted as LG lesions. In
terms of colposcopy principles, this should not represent a serious issue since an LG lesion
colposcopic impression represents an indication for targeted biopsy, though the option of
non-biopsy is acceptable [29]. Unfortunately, the balancing effect of the targeted biopsy
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in reducing the negative effect of colposcopic underestimation is largely influenced by
real-life practice.

As shown in Table 7, our survey identified a 36.4% non-biopsy rate in histologically not-
negative cases (24.3% of HPV-CIN1, 9.1% of CIN2-CIN3, and 3% of cancers, respectively).
As reported, non-biopsy rates significantly decreased with increasing severity of histology
(p < 0.05). These findings are interestingly consistent with several population-based studies
on colposcopy QA [30,31]. Further, addressing the analysis specifically to cases with a LG
lesion colposcopic impression and a CIN2+ histology, the non-biopsy rate accounted for
13.6%, with a statistically significant difference between seniors and juniors (10.1% vs. 20%)
(p = 0.01) (Table 8). It clearly appears that experience in colposcopy plays an important role,
significantly decreasing by 50% the risk of lower CI accuracy.

In parallel, together with the non-biopsy rates, our figures regarding the correctness of
biopsy-taking deserve some comments; correctly performed biopsies accounted for 58.9%
of HPV-CIN1, 77.3% of CIN2-CIN3, and 91.7% of cancers. In our data, the overall amount of
incorrect-site biopsies performed accounted for 16.8% in HPV-CIN1, 13.6% in CIN2-CIN3,
and 5.3% in cancers (p < 0.05%); in the subgroup with an LG lesion colposcopic impression
and CIN2+ histology, a biopsy was correctly performed in 71.4% of cases (seniors 73.9% vs.
juniors 66.9%) (p < 0.05).

As reported by Sideri [9], potential biases can be addressed when the accuracy of
colposcopically targeted biopsy is investigated for QA purposes. Some may favor accuracy
(e.g., the artificial conditions that may facilitate recognition of colposcopic features), while
others may have the opposite effect (e.g., the impossibility of increasing the magnification
and the single-shot chance given to participants). Nonetheless, the overall sensitivity does
not appear to be significantly influenced by these factors.

Despite an overall good performance of the decision-making process for taking a
colposcopically targeted biopsy, our results provide another confirmation that the sensitivity
of biopsy for HG lesions is a justified concern; a large amount of data are available on the
subject, consistently pointing to the need for improving options [5,32–35]. Colposcopists’
experience, though with marginal differences, has consistently been identified as positively
influencing colposcopy accuracy [36,37].

Being cervical pre-cancer lesions detection the primary objective of colposcopy within
cervical cancer screening programs, results from the present QC and QA assessments of
colposcopy in Italy suggest some final considerations: (a) the overall sensitivity/specificity
figures are in agreement with, and in some aspects better than, the mean figures reported by
meta-analysis; (b) underestimation of colposcopy is particularly relevant when a LG lesion
colposcopic impression is formulated; (c) the recommendation of taking a colposcopically
targeted biopsy in cases of LG lesion colposcopic impression is justified by the rate of missed
CIN2+ cases; (d) the low rate of statistically significant differences between experienced
and junior colposcopists allows a favorable judgment of teaching programs; and (e) the
need for continuous update, improvement, and QC of colposcopists is recommendable.
In conclusion, the authors of the present article strongly believe that the adoption of
colposcopy standards and quality recommendations by scientific societies is a fundamental
step for effective cervical cancer prevention [10–13,29].
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