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Abstract: The objective of this work is to assess the 5-year outcomes of patients undergoing conization
for high-grade cervical lesions that simultaneously present as risk factors in the persistence of HPV
infection and the positivity of surgical resection margins. This is a retrospective study evaluating
patients undergoing conization for high-grade cervical lesions. All patients included had both positive
surgical margins and experienced HPV persistence at 6 months. Associations were evaluated with Cox
proportional hazard regression and summarized using hazard ratio (HR). The charts of 2966 patients
undergoing conization were reviewed. Among the whole population, 163 (5.5%) patients met the
inclusion criteria, being at high risk due to the presence of positive surgical margins and experiencing
HPV persistence. Of 163 patients included, 17 (10.4%) patients developed a CIN2+ recurrence during
the 5-year follow-up. Via univariate analyses, diagnosis of CIN3 instead of CIN2 (HR: 4.88 (95%CI:
1.10, 12.41); p = 0.035) and positive endocervical instead of ectocervical margins (HR: 6.44 (95%CI:
2.80, 9.65); p < 0.001) were associated with increased risk of persistence/recurrence. Via multivariate
analyses, only positive endocervical instead of ectocervical margins (HR: 4.56 (95%CI: 1.23, 7.95);
p = 0.021) were associated with worse outcomes. In this high-risk group, positive endocervical
margins is the main risk factor predicting 5-year recurrence.

Keywords: HPV; conization; positive margins; HPV persistence
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1. Introduction
Human papillomavirus (HPV) is one of the most common sexually transmitted dis-

eases worldwide [1]. HPV is not a single entity but a group of several types of viruses.
More than 200 HPV types are known, and over 50 different types are known to cause
genital infections in both men and women.

The different HPV types are classified into “oncogenic” and “non-oncogenic”, accord-
ing to the capacity to integrate their own genetic material into the DNA of the host cells [2].
The International Agency of Cancer Research (IARC) identified 13 high-risk (HR) HPV
types, classified as oncogenic. HR-HPV types include the alpha-5 type 51; alpha-6 types 56
and 66; alpha-7 types 18, 39, 45 and 59; and alpha-9 types 16, 31, 33, 35, 52 and 58 [3,4].

Risk factors related to the transmission of the virus are mostly related to sexual habits:
unprotected sexual practices, multiple partners and the onset of sexual activity at an early
age. However, failure to vaccinate before the onset of sexual activity, immunosuppression
and exposure to other sexually transmitted diseases also increase the possibility of con-
tracting the infection and developing cervical lesions. In the male, the development of
precancerous lesions is an ascending problem, particularly among populations exposed to
a higher risk of contracting the infection (i.e., young age, homosexuals).

Most HPV infections regress spontaneously without sequalae [5], but in a small
percentage of patients, persistent HR-HPV infections could lead to the development of
precancerous (intraepithelial neoplasia) and/or invasive cancerous lesions not only in the
cervix but also in other body districts (including the whole lower genital tract, the anus and
the head-neck district) [6–9]. The uterine cervix remains the most anatomically frequent site
involved in HPV-related pre-invasive or invasive lesions [10,11]. There is strong evidence
supporting that high-grade cervical lesions (CIN2-3) might evolve to cancer. Surgical
treatment (i.e., excision) is the mainstay of treatment for CIN2-3 [12,13].

The risk of recurrence after surgical treatment for CIN 2-3 is not negligible, ranging
between 5 and 10% at 5 years [6,14]. Several investigations attempted to assess the risk
factors for cervical dysplasia persistence/recurrence, highlighting that positive surgical
cervical margins and HR-HPV persistence are the main factors predicting the risk of
recurrence [12,15–20]. The available data evaluated those two risk factors separately.
Although patients with both positive surgical margins and HPV persistence are considered
at high risk, no study investigated the outcomes of patients with both risk factors. In the
present study, we aim to bridge this gap, thus assessing the outcomes of patients who have
positive surgical margins and are experiencing HPV persistence.

2. Materials and Methods
We performed a multicenter retrospective study. Data of consecutive patients with

newly diagnosed high-grade cervical dysplasia (HSIL/CIN2/CIN3), treated in Italy be-
tween 1 January 2010 and 31 December 2014, were collected into a dedicated database. The
Institutional Review Board was obtained.

Inclusion criteria were: (i) histologically confirmed diagnosis of high-grade cervical
dysplasia (CIN 2-3); (ii) the execution of cervical conization; (iii) description of margins
status, both endocervical and ectocervical, at histology; (iv) persistence of the HPV infection
detected during a pap smear performed 6 months after the surgical treatment; and (v) 5-
year follow-up (for patients without recurrence, instead, patients with recurrence were
included even if they did not complete the 5-year follow-up).

Patients excluded from the study were: (i) patients under the age of 18 years, (ii) those
who had not provided informed consent for participation, (iii) those undergoing therapeutic
procedures other than those analyzed in the present study, (iv) those suffering from invasive
carcinoma at the time of conization, (v) those suffering from glandular lesions, (vi) those
with an ongoing pregnancy and (vii) those who had had a previous total hysterectomy.

The primary endpoint of the study was to assess the outcomes of patients considered
at high risk of recurrence (those with positive margins and persistent HPV infection). As
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secondary outcomes, we tried to identify predictive factors that might influence the risk of
developing persistence and recurrence in this high-risk patients’ group.

Data collected included patients’ demographics, baseline characteristics, viral geno-
type, surgical treatment mode and status of surgical resection margins, persistence of HPV
infection after conization (at 6 and 12 months), vaccination status as well as follow-up after
surgery. Although patients were treated in different centers and by different surgeons, there
were no differences in terms of patient care and services’ facilities over the study period.

Data were collected into dedicated databases updated on a regular basis by residents
and trained nurses. All patients included underwent conization with direct colposcopic
guidance. All patients underwent an outpatient follow-up at 6 and 12 months after surgery.
Follow-up included: medical examination, outpatient colposcopic evaluation and p ap
smear. Methods used for the detection of HR-HPV before and after treatment differed
between centers (they included hybrid capture (HC2®), Cobas®, Clart® [21]). No significant
difference in the positivity rate was observed between centers. For the purpose of this
study, we aim to evaluate the risk of developing persistent and recurrent high-grade
cervical dysplasia. Persistence was defined as the detection of high-grade cervical lesions
at the time of first follow-up visit. Recurrence was defined by the presence of at least one
negative clinical evaluation between surgical treatment and the diagnosis of new CIN2+.
For the purpose of the present study, low grade lesions (e.g., LSIL, ASCUS, CIN 1) were
not considered as recurrent diseases. Duration of follow-up was counted from the date of
the first conization and the date of last follow-up or secondary conization or hysterectomy.
Written informed consent regarding tissue and data use for scientific purposes was obtained
from all participating patients. Data transfer and use for statistical analyses were done in
an anonymized fashion.

Basic descriptive statistics were used to describe the study population. The risk of
developing recurrence was evaluated using Kaplan-Meir and Cox proportional hazard
regression models. Hazard ratio (HR) and 95% confidence intervals (CI) were calculated for
each comparison. Univariate and multivariate analyses were performed when appropriate.
Statistical analyses were performed using GraphPad Prism version 6.0 (GraphPad Software,
San Diego, CA, USA), IBM-Microsoft SPSS (SPSS Statistics. International Business Machines
Corporation IBM 2013 Armonk, NY, USA) version 20.0

3. Results
Overall, 2966 patients underwent conization for CIN2-3 during the study period. All

patients were screened to identify HPV genotype(s) before conization. Figure 1 shows
the flow of patients thorough the study design. Among the whole population, 163 (5.5%)
patients met the inclusion criteria, being at high risk due to the presence of positive surgical
margins and experiencing HPV persistence. The median age of the study population was
42.8 years (range, 20–74) and the median of body mass index was 24.8 kg/m2 (range,
18.4–42.0). Among the 163 patients, 102 (63%) and 73 (44.7%) had a diagnosis of CIN 3
and were HPV 16/18 positive, respectively. Twenty-five patients (15.3%) underwent HPV
vaccination after primary treatment. Among the 2833 patients not included in the analysis,
only 67 (2.36%) underwent adjuvant vaccination for HPV. Indeed, no impact on recurrence
has been detected in this group as well.

Risk Factors for Recurrence
We evaluated risk factors for developing recurrence after conization over the 5-year

follow-up period. Figure 2 shows the risk of developing persistent/recurrent CIN2+ across
various populations.
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Figure 1. Flow of patients thorough the study design.

Positive ectocervical and endocervical margins were observed in 119 (73%) and 44
(27%) women, respectively. No patient had both margins positive. Table 1 displays the
main characteristics of the study population. Overall, 17 (10.4%) patients developed a
CIN2+ recurrence during the 5-year follow-up.

Table S1 shows the main characteristics of patients with CIN2 (n = 61) and CIN3
(n = 102). The prevalence of endocervical margins was higher in the CIN3 instead of the
CIN2 group. Table S2 shows the main characteristics of patients with positive ectocervical
and endocervical margins. Patients with endocervical margins were more likely to become
infected by HR-HPV types in comparison to patients with ectocervical margins. The main
characteristics of the study population related to HPV infection type(s) are reported in
Table S3.

Table 1. Characteristics of the study population.

Patients 163

Age (mean) 42.82 (20–74)

BMI (mean) 24.82 (18.4–42)

CIN 2 61 (37.4%)

CIN 3 102 (62.6%)

HPV 16/18 73 (44.7%)

HR-HPV 101 (61.9%)

Laser 2 (1.2%)

LEEP 161 (98.8%)

Ectocervical margin positive 119 (73%)

Endocervical margin positive 44 (27%)

HPV persistence after 6 months 163 (100%)

HPV persistence after 12 months 55 (33.7%)

HPV vaccination after persistence 25 (15.3%)

HPV recurrence 17 (10.4%)
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1 
 

 
Figure 2. (A) Characteristics of patients with CIN2 and CIN3. (B) Characteristics of patients with
positive ectocervical and endocervical margins. (C) Characteristics of the study population related to
HPV infection type(s).

We evaluated the risk of recurrence via univariate and multivariate models. Via
univariate analysis, diagnosis of CIN3 instead of CIN2 (HR: 4.88 (95%CI: 1.10, 12.41);
p = 0.035) and positive endocervical instead of ectocervical margins (HR: 6.44 (95%CI: 2.80,
9.65); p < 0.001) are associated with an increased risk of persistence/recurrence (Table 2).

Table 2. Univariate recurrence of cervical dysplasia (CIN2+).

HR CI (95%) p Value

Severity of the lesion

CIN 2 Reference - -

CIN 3 4.88 1.10–12.41 0.035

HPV involved

No HR-HPV Reference - -

HPV 16/18 1.58 0.76–4.33 0.928

HR-HPV 1.44 0.89–4.52 0.845

Surgical approach

LEEP Reference - -

LASER 1.32 0.98–2.08 0.156

Positive margins

Ectocervical margins Reference - -

Endocervical positive margins 6.44 2.80–9.65 <0.0001

HPV vaccination

No References - -

Yes 0.85 0.65–1.05 0.108
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Via multivariate analysis, only positive endocervical instead of ectocervical margins
(HR: 4.56 (95%CI: 1.23, 7.95); p = 0.021) were associated with worse outcomes (Table 3).

Table 3. Multivariate recurrence of cervical dysplasia (CIN2+).

HR CI (95%) p Value

Severity of the lesion

CIN2 Reference - -

CIN 3 2.897 0.595–14.09 0.188

Positive surgical margins

Ectocervical margins Reference - -

Endocervical margins 4.561 1.235–7.954 0.021

4. Discussion
The present paper evaluated the outcomes of patients at high risk of recurrence

following primary treatment of cervical intraepithelial neoplasia. High-risk patients are
considered patients with positive cervical margins and HR-HPV infection persistence. This
study is the first to our knowledge to assess the contextual presence of positive margins
after surgical treatment and HPV persistence. It reports interesting findings. First, among
women treated with primary conization, the high-risk population (those with both positive
cervical margins and HR-HPV persistence) accounts for about 5%. Second, positive margins
after treatment, both ecto- and endocervical, were more frequent in patients with CIN 3
than in patients with CIN 2 at final histology. Third, also among women with persistent
HR-HPV infection, patients with positive endocervical lesions have a higher recurrence
rate than patients with ectocervical lesions. Fourth, the use of HPV vaccination did not
improve the outcomes of the high-risk group.

Recurrent cervical dysplasia might cause severe issues to women’s health, and it is
associated with a significant risk of cervical cancer, and in women willing to preserve
their childbearing potential, the execution of multiple conizations might affect fertility
and reproductive outcomes. For this reason, surveillance of these patients is delicate,
and HPV testing and co-testing, showing little difference in detecting recurrent CIN2+,
could be used. Persistence of HR-HPV infection, especially HPV 16/18, are considered
independent predisposing factors for recurrence/progression of CIN2+ and cervical cancer.
Accumulating evidence suggests that positive cervical margins and HPV persistence are the
main risk factors impacting the risk of recurrence [6,16,17,22,23]. Recently, our study group
evaluated the correlation between those factors and the risk of recurrence/persistence of
cervical dysplasia in the largest Italian study investigating the impact of different surgical
techniques for conization in ~3000 women with cervical dysplasia with a 5-year follow-
up, finding that HPV persistence is considered to be the only factor associated with an
increased risk of recurrence, regardless type of surgical approach [6]. A recent retrospective
study with the largest sample of patients (4369 patients who had conization for CIN 2/3+)
confirmed the same result: 22% of treated patients with positive margins had a disease
recurrence. Furthermore, women with positive margins had more severe pathology at
baseline diagnosis, suggesting the possibility of a wide excision to avoid residual lesions
in women affected by CIN3 with respect to CIN2 [19]. Previous studies identified as
independent risk factors for positive margins an age >35 years, menopause, HSIL in
preoperative assessment and colposcopy lesions involving four quadrants [22]. Recurrent
CIN2+ was detected in nearly 10.4% of women in our sample, which was higher than the
overall average of approximately 6–7% in recent studies [19]; this is probably due to the
high percentage of CIN3 patients in our sample (62.6%), to the long median follow-up time
and to two combined risks of recurrence, positive margins and HPV persistence.

A growing body of the literature reported data reflecting positive margins. Complete
excision of cervical lesions is the main goal to be achieved in surgical treatment, but
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full excision rates are about 85–90% [24,25]. Yung-Taek Ouh et al. analyzed data from
398 patients [15]. A total of 154 patients experienced persistence of HPV infection after
LEEP or conization in a mean follow-up period of 17.3 months (range 4–48). The risk of
persistence was higher for HPV 16 infection with respect to other genotypes; moreover,
HPV 16 is the most important genotype also relating to the risk of recurrence [26–30].
A meta-analysis by Arbyn et al. showed that HR-HPV results were more accurate than
margin status in predicting recurrence, with higher sensitivity (91% vs 56%) and equivalent
specificity (84%) [31]. For this reason, HPV-based follow up is recommended, and if the
test is positive, a colposcopy is recommended.

A recent retrospective cohort study of 2400 women diagnosed with CIN2+ identified
individual risk factors that increase HSIL recurrence rates: endocervical canal length,
compromised margins and HIV+; an excised canal length of 1.25 cm or more seems to
reduce the recurrence rate [32]. Few studies have analyzed the effect of comorbidities on
the disease progression of women with CN2/CIN3, but people with weakened immune
function (HIV, immunosuppression) are more susceptible to the infection evolving into
high grade lesions and/or cervical cancer [33]. Our study highlighted that BMI could
influence the different severity of the lesion (CIN2 vs. CIN3) and the different expression
of positive margins (ecto- vs endocervical positive margins).

Some points of the present study that should be considered: (i) Our analysis showed
that there is no difference in risk of persistence/recurrence for infection with HPV16/18
and other HR-HPV. Although accumulating data support that those with HPV16/18 are at
a high risk of persistence in comparison with other HPV types [28], no studies evaluated
this association in women with positive surgical margins. (ii) In our series, the executing
of vaccination did not improve patients’ outcomes in the group of women with persistent
HR-HPV infection. This latter finding is in line with the previous data reported by our
study group [34–36]. In a previous investigation looking at “adjuvant” HPV vaccination,
we observed that vaccination reduces the risk of recurrence. However, we observed
that adjuvant vaccination does not impact the risk of having persistent disease (this is
particularly evident in patients with positive margins) [36]. On the other side, results
from two clinical trials found that quadrivalent HPV vaccination in women who had
previously undergone surgery for HPV-related disease significantly reduced the incidence
of subsequent HPV-related disease, including high-grade disease [37]. The accumulation of
additional cases or large-scale studies are needed to validate our findings.

Another key concept for reducing the number of precancerous and cancerous le-
sions associated with HPV infection is the spread of the vaccine among male individuals,
especially during adolescence.

Unfortunately, as demonstrated in a recent systematic review and meta-analysis con-
ducted by Amantea et al., in which the data from eight studies on more than 140 thousand
men aged between 18 and 30 years have been analyzed, the adherence to vaccination is
about 11%, with a percentage of adhesion inversely proportional to the increase in age [38].

In Italy, a group of researchers commented on the recommended vaccine for the
prevention of infection with HPV in men, designating the vaccine as the preferred treat-
ment [39]. However, although vaccination with new-generation vaccines (nonavalent or
quadrivalent) is understandable; in fact, it offers more wider-spectrum protection than the
use of the bivalent vaccine.

However, cross-protective efficacy is controversial, as a 2012 meta-analysis showed
that the use of a bivalent vaccine protected against some non-vaccine HPV types [40].

The main weaknesses of the present paper included its retrospective nature and
the consequent biases related to its design. Data about specific virus types and possible
multiple types of infection were not available. The strengths of our work include the large
sample analyzed, the multicenter design and the homogeneity of the patients included. It
would be interesting to analyze the comorbidities of these patients in relation to disease
progression and long-term obstetrical outcomes. In conclusion, this manuscript analyzes
the data of a large sample of patients undergoing conization for cervical dysplasia. In
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this population, positive endocervical margins after surgical treatment are related to a
statistically significant increase in the persistence/recurrence rate. During follow up, the
correlation between cervical lesions and HR-HPV genotypes has a fundamental role: high-
risk HPV has the highest accuracy in predicting recurrence. Given the higher risk of
recurrence with positive margins, wider excisions could be indicated to avoid residual
lesions. Timely identification of these high-risk patients enables risk stratification and
enables individualized management and follow-up strategies. Further prospective studies
are necessary to assess the most appropriate follow-up strategy in women with cervical
dysplasia and to better understand the role of vaccination in these risk categories.

Supplementary Materials: The following supporting information can be downloaded at
https://www.mdpi.com/article/10.3390/vaccines11030698/s1, Table S1: Severity of the lesion: CIN2
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other high-risk HPV positivity.
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