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Abstract: Background: Primary prevention through vaccination is a prophylactic approach aiming to
reduce the risk of developing human papillomavirus (HPV)-related lesions. No mature and long-term
data supported the adoption of vaccination in women undergoing conization. Methods: This is a
retrospective multi-institutional study. Charts of consecutive patients undergoing conization between
2010 and 2014 were collected. All patients included had at least 5 years of follow-up. We compared
outcomes of patients undergoing conization plus vaccination and conization alone. A propensity-score
matching algorithm was applied in order to reduce allocation biases. The risk of developing recurrence
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was estimated using Kaplan-Meir and Cox hazard models. Results: Overall, charts of 1914 women
were analyzed. The study group included 116 (6.1%) and 1798 (93.9%) women undergoing conization
plus vaccination and conization alone, respectively. Five-year recurrence rate was 1.7% (n = 2)
and 5.7% (n = 102) after conization plus vaccination and conization alone, respectively (p = 0.068).
After the application of a propensity-score matching, we selected 100 patients undergoing conization
plus vaccination and 200 patients undergoing conization alone. The crude number of recurrences
was 2 (2%) and 11 (5.5%) for patients undergoing conization plus vaccination and conization alone,
respectively (p = 0.231). Vaccination had no impact on persistent lesions (no negative examination
between conization and new cervical dysplasia; p = 0.603), but reduced the risk of recurrent disease
(patients who had at least one negative examination between conization and the diagnosis of recurrent
cervical dysplasia; p = 0.031). Conclusions: Patients having vaccination experience a slightly lower risk of
recurrence than women who had not, although not statistically significantly different. Further evidence
is needed to assess the cost effectiveness of adopting vaccination in this setting.

Keywords: HPV; vaccination; conization; LEEP

1. Introduction

Human papillomavirus (HPV) is one of the most common sexually transmitted diseases [1].
HPV is considered the main risk factor for developing cervical cancer and other neoplastic lesions of
the lower genital tract and the oropharynx [1]. Currently, several types of HPV have been identified,
but only a relatively small number of these—those considered high-risk (HR)—have been recognized
as a risk factor for developing pre-neoplastic and neoplastic lesions [2].

Although the prevalence of HPV is high, the proportion of patients with HPV-related lesions and
cancer is relatively small. HPV persistence is the main factor influencing the risk of progression into
high-grade cervical dysplasia and cancer [2].

In developed countries, the widespread diffusion of secondary prevention reduced the prevalence
of invasive cancer. Through the implementation of screening methods (including pap-smear and
HPV DNA testing), most pre-neoplastic lesions were detected and treated before the onset of invasive
cancer, thus reducing the burden of cervical cancer [3]. Interestingly, the recent adoption of primary
prevention (i.e., vaccination) aims to eradicate HPV and HPV-related lesions [4]. Modeling studies
showed that the widespread adoption of vaccination would reduce the incidence of HPV related
lesions, dramatically [4,5]. With more than 10 years of real-world experience and more than 250 million
doses delivered since 2006, HPV vaccines are considered safe and effective. As other prophylactic
vaccines, vaccines against HPV would ideally be adopted before having contact with the pathogen
of interest. However, there is growing evidence that vaccination against HPV would be useful in
women treated for cervical dysplasia. Accumulating data suggested that having vaccination after
conization reduced the risk of recurrent cervical dysplasia, basically due to the reduction of new
infections. However, data evaluating the role of vaccination after conization are scant and are limited
to small comparative series, with short term follow-up [6–10]. Here, we aimed to evaluate the potential
role of vaccination in a series of women undergoing conization and 5-year follow-up. As a secondary
endpoint, we sought to identify possible factors predicting the risk of cervical dysplasia recurrence
among women having the vaccination.

2. Materials and Methods

This is a retrospective multi-institutional study conducted in Italy. The Institutional Review Board
(IRB) of the Fondazione IRCCS Istituto Nazionale dei Tumori, approved the study (IRB#57/2020).
A chart of consecutive patients with newly diagnosed high-grade cervical dysplasia (HSIL) treated in
Italy from 1 January 2010 to 31 December 2014 was collected. The present paper is a secondary analysis
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of research that aimed to identify prognostic factors for developing HSIL recurrence after primary
conization and to assess the risk of recurrence based on surgical techniques (laser conization vs. loop
electrosurgical excision procedure (LEEP)) [11]. Details of this study are reported elsewhere [11].

The primary endpoint measure of this study was to assess the risk of recurrence comparing
women who had conization plus follow-up vs. conization plus vaccination and follow-up. A secondary
endpoint measure was to evaluate a possible risk factor for HSIL recurrence in women having HPV
vaccination after conization. To avoid possible confounding factors, we just focused on patients
undergoing conization with LEEP [11].

The inclusion criteria were: (i) consecutive patients with newly diagnosed HSIL; (ii) the execution
of surgical excisional procedure (i.e., conization); (iii) cervical conization performed with LEEP;
(iv) conization performed between 2010 and 2014; (v) 5-year follow-up (for non-recurrent patients;
while patients developing recurrence within the first 5 years were included even if they did not complete
the five years follow-up course). Exclusion criteria were: (i) age < 18 years; (ii) consent withdrawal;
(iii) laser conization; (iv) cold knife conization; (v) execution of ablative procedure; (vi) diagnosis of
invasive cancer at the time of conization; (vii) glandular lesion; (viii) ongoing pregnancy; and (ix)
history of hysterectomy. Importantly, we did not accept the case series of non-consecutive patients.
Patients were treated on an outpatient basis using local anesthesia. Procedures were performed
under colposcopic guidance, using the LEEP technique [11]. The surgical technique is standardized.
Details about surgical treatment are reported elsewhere [11–13].

Data were reviewed retrospectively. HPV types were considered high-risk according to the
International Agency for Research on Cancer (IARC) [14]. Details of the type of procedures executed,
clinical examination, and follow-up were reported elsewhere [11]. Persistent/recurrent cervical dysplasia
was defined as the diagnosis of a new HSIL requiring secondary conization or more radical treatments
(e.g., hysterectomy). Low-grade cervical lesions (LSIL) were not considered a recurrent disease.
Secondary conization for (persistent) LSIL were not considered recurrence when final histological
evaluation did not show high-grade lesions. Persistent disease was defined by the diagnosis of HSIL at
the first clinical evaluation after primary treatment. Patients having at least one negative examination
between primary and secondary treatments were classified as patients with recurrence [11].

Statistical Methods

Data are summarized using basic descriptive statistics. Since this is a retrospective comparison
between two groups (vaccination yes vs. no), we adopted a propensity-matched comparison to avoid
the role of possible confounding factors. We developed a multivariable logistic regression model.
Age, execution of HPV testing before conization (yes vs. no), the type of HPV involved (HR-HPV
yes vs. no or unknown) as well as type of lesion excised (cervical intraepithelial neoplasia (CIN)2
vs. CIN3) were included in the model. A detailed description of the propensity-matched comparison is
described elsewhere [15]. Patients who had conization plus vaccination were matched 1:1 to a group
of patients who had conization alone. Propensity-score matched analysis attempts to estimate the
effect of a treatment by accounting for possible factors, thus minimizing possible allocation biases.
Detailed description of statistical methods is reported elsewhere [11]; p values < 0.05 were considered
statistically significant. GraphPad Prism version 6.0 (GraphPad Software, San Diego, CA, USA) and
IBM-Microsoft SPSS version 25.0 (SPSS Statistics. International Business Machines Corporation IBM
2013 Armonk, NY, USA) for Mac were used for the statistical analysis.

3. Results

Overall, charts of 2966 patients were retrieved: 567 (19.1%) and 2399 (80.9%) patients undergoing
laser conization and LEEP, respectively. Twenty (3.5%) and 155 (6.4%) patients had another conization
after laser conization and LEEP, respectively. We restricted our analysis to 2399 patients undergoing
LEEP. The median age of the study population was 41 (range 18–89) years. Considering patients with
available data (n = 1448), HR-HPV was detected in 1371 (94.7%) women.
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We focused the analysis on 1914 women with available information regarding the execution of
vaccination after conization. Figure 1 shows the flow of patients through the study design. The study
group included 116 (6.1%) and 1798 (93.9%) women undergoing conization plus vaccination and
conization alone, respectively. Baseline characteristics of the study population are reported in Table 1.
The five-year recurrence rate was 1.7% (n = 2) and 5.7% (n = 102) after conization plus vaccination and
conization alone, respectively (p = 0.068). Figure 2A shows the 5-year recurrence rate according to
vaccination status.
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Table 1. Baseline characteristics of the population.

Characteristics Whole Study Population
(n = 1914)

Conization Plus
Vaccination (n = 116)

Conization Alone
(n = 1798)

p Value
(Vaccinated vs.

Not Vaccinated)

Age, years 39 (17–89) 35 (24–45) 39 (17–89) <0.001

Body mass index 22.85 (14.4–44) 21 (17–33) 23 (14.4–44) <0.001

Menopause

No 1545 (80.7%) 116 (100%) 1429 (79.5%) <0.001

Yes 369 (19.3%) // 369 (20.5%)

Reason for conization 0.066

CIN2 827 (43.2%) 60 (51.7%) 767 (42.7%)

CIN3 1087 (56.8%) 56 (48.3%) 1031 (57.3%)

High-risk HPV involved * <0.001

No 1026 (53.6%) 41 (35.3%) 985 (54.8%)

Yes 888 (46.4%) 75 (64.7%) 813 (45.2%)

Positive margins 189 (9.9%) 25 (21.5%) 164 (9.1%) <0.001

Endocervical 135 (7%) 19 (16.4%) 116 (6.4%) <0.001

Esocervical 55 (2.9%) 6 (5.2%) 49 (2.7%) 0.142

HPV persistence **
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Table 1. Cont.

Characteristics Whole Study Population
(n = 1914)

Conization Plus
Vaccination (n = 116)

Conization Alone
(n = 1798)

p Value
(Vaccinated vs.

Not Vaccinated)

No 1053 (55%) 60 (51.7%) 993 (55.2%) 0.501

Yes 335 (17.5%) 51 (44%) 284 (15.8%) <0.001

Unknown 526 (27.5%) 5 (4.3%) 521(29%) <0.001

Recurrence 104 (5.4%) 2 (1.7%) 102 (5.7%) 0.068

Data are reported as number (%) and median (range); Abbreviations: CIN, cervical intraepithelial neoplasia;
HPV, human papillomavirus; *, data on HPV involved in HSIL/CIN2+ were calculated on the basis of 1597 patients
undergoing HPV testing before conization; **, data on HPV persistence were calculated on 1516 patients undergoing
HPV testing after conization.
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(A) and five-year recurrence in the propensity-matched comparison cohorts (B).

Since patients’ characteristics between the two groups were not fully comparable, basically due to
the retrospective observational nature of the study, we applied a propensity-score matching comparison.
Table 2 reports the baseline characteristics of the two study groups. Overall, 86 out of 100 women
undergoing conization plus vaccination had details regarding vaccination (doses administered and
timing). All those women (n = 86, 100%) had at least two doses of vaccines; three doses were completed
in 68 (79%) women. Looking at the timing of vaccination, 70 (81.4%) and 12 (14%) women had the
first dose within the first month and the first three months after conization, respectively. Four (4.6%)
women had vaccination between 3 and 6 months after conization.

Table 2. Baseline characteristics of the population included in the propensity score matching.

Characteristics Conization Plus Vaccination (n = 100) Conization Alone
(n = 200) p Value

Age, years 33.5 (24–43) 33.3 (24–44) 0.895

BMI, kg/mq 21 (17–33) 21.1 (17–32.8) 0.867

Menopause 1.00

No 100 (100%) 200 (100%)

Yes 0 0

HR-HPV detected 0.895

No/Unknown 31 (31%) 64 (32%)

Yes 69 (69%) 136 (68%)

Not tested

Type of cervical dysplasia 0.902

CIN2 54 (54%) 106 (53%)
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Table 2. Cont.

Characteristics Conization Plus Vaccination (n = 100) Conization Alone
(n = 200) p Value

CIN3 46 (46%) 94 (47%)

Positive margins 1.00

No 76 (76%) 151 (75.5%)

Yes 24 (24%) 49 (24.5%) **

Type of involved margins

Endocervical 18 (18%) 37 (18.5%) 1.00

Esocervical 6 (6%) 13 (6.5%) 1.00

HPV persistence * 0.707

No/Unknown 62 (62%) 118 (59%)

Yes 38 (38%) 82 (41%)

Recurrence/Persistence

No 98 (98%) 189 (94.5%) 0.231
(yes vs. no)

Yes, persistence 2 (2%) 2 (1%) 0.603
(persistence vs no)

Yes, recurrence 0 9 (4.5%) 0.031
(recurrence vs. no)

Data are reported as median (range) and number (%); Abbreviation: BMI, body mass index; CIN, cervical intraepithelial
neoplasia; HR, high-risk; HPV, human Papillomavirus; *, data on HPV persistence were calculated only for patients
undergoing HPV testing after conization; **, one patient had both esocervical and endocervical positive margins.

Overall, 7% and 93% of patients had bivalent and quadrivalent vaccination, respectively. The crude
number of persistence/recurrences was 2 (2%) and 11 (5.5%) for patients undergoing conization plus
vaccination and conization alone, respectively (p = 0.231). Recurrence-free survival is reported in
Figure 2B. After the adjustment for margin status, we observed vaccination was more likely to be
useful in women with negative margins in comparison to women with positive margins (p = 0.06,
log-rank test; Figure 3A). After the adjustment for HPV persistence, we observed vaccination was
more likely to be useful in women with HPV persistence in comparison to women without viral
persistence (p = 0.06, log-rank test; Figure 3B). Supplemental Table S1 reports univariate and multivariate
analysis evaluating factors predicting persistence/recurrence. At univariate analysis, positive margins
(especially endocervical ones) and HPV persistence were associated with an increased risk of recurrence.
However, via multivariate analysis, no factor was associated with recurrence. No case of invasive
cancer was observed at the time of recurrence and all women were diagnosed with HSIL. The two
patients developing persistence/recurrence after primary conization and vaccination (both performed
within the first month) and two patients developing recurrence after conization alone were classified
as persistence of the lesions (p = 0.603). All of them had positive surgical margins and persistence
of HPV infection. Recurrent disease (including patients who had at least one negative examination
between conization and the diagnosis of recurrent HSIL) was observed in 0 and 9 (4.5%) patients in the
conization plus vaccination and conization alone groups, respectively (p = 0.031, Fisher exact test).
In our series, timing of vaccination (first dose < 1 month (2/70) vs. 1–3 months (0/12) vs. >3 months
(0/4)) did not correlate with the risk of recurrence (p = 1.00).
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calculated on 1516 patients undergoing HPV testing after conization. 
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Figure 3. Recurrence rate according to various risk factors: positive margins (A), HPV persistence (B),
negative margins (C), and HPV clearance (D).

4. Discussion

The present study investigated the role of vaccination against HPV after conization in reducing
recurrent HSIL. This is a retrospective multi-institutional study including only patients with at least five
years of follow-up. This study reports several noteworthy findings. First, we observed that vaccination
is associated with a slightly non-significant reduction in the recurrence rate in the whole population.
Second, after the correction of various confounding factors, vaccination resulted in the only modifiable
factor that might slightly reduce the recurrence rate. Third, we observed that the benefit of vaccination
is more evident in patients with negative margins (at low risk of persistence of the lesions).

Accumulating data supported the adoption of vaccination after conization, since it is the only
modifiable factor that might reduce the recurrence rate [6–10,16]. In 2013, Kang et al. evaluated the risk
of recurrence after LEEP in women having or not having vaccination [6]. The study included 360 and
377 women who had conization plus vaccination and conization alone, respectively. The recurrence
rate was 2.5% and 7.2% following conization plus vaccination and conization alone, respectively [6].
The omission of vaccination after conization was an independent risk factor for cervical dysplasia
recurrence (p < 0.001) [6]. The SperAnZA study (Sperimentazione anti-HPV zona Apuana) is a
prospective (non-randomized) study comparing outcomes of women undergoing conization plus
vaccination vs. conization alone [7]. The study showed the clinical effectiveness of 80% in reducing
the recurrence rate. The study included 398 patients undergoing conization with at least six months
follow-up. The median follow-up of the study population was 27 months. The recurrence rate was
1% and 6% following conization plus vaccination and conization alone, respectively [7]. Petrillo et al.
reported outcomes of a study including 182 and 103 women undergoing conization plus vaccination
vs. conization alone, respectively. Recurrence rate was 2.3-fold higher for women undergoing
conization alone in comparison to women undergoing conization plus vaccination [8]. Our findings
corroborate the results of these studies. However, the present study is the only investigation assessing
5-year outcomes.

One of the most interesting features regarding vaccination is the timing of vaccination.
Growing evidence supports that the early administration of vaccination improves the efficacy of the
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protection against HPV [8]. Sand et al. reported data of 17,128 women (including 2074 women who
had vaccination). There was a statistically non-significant lower risk of cervical dysplasia recurrence
among vaccination (HR: 0.86, 95% CI: 0.67–1.09). Women vaccinated 0–3 months before conization
experience a slightly lower risk of recurrence (HR adjusted: 0.77, 95% CI: 0.45–1.32) than women
vaccinated 0–12 months after conization (HR adjusted: 0.88, 95% CI: 0.67–1.14), although not statistically
significantly different [9]. Interestingly, in two post hoc analyses of the FUTURE II and the PATRICIA
trials, women undergoing treatment for cervical intraepithelial neoplasia after vaccination had a
reduced risk of subsequently developing recurrent cervical dysplasia [17,18]. However, other studies
did not support the adoption of vaccination in women with cervical dysplasia [10].

The inherent biases related to the retrospective study design represent the main weaknesses of
the present study. Moreover, the present study had several limitations: (i) the lack of data of several
important patients’ constitutional variables (including smoking history); (ii) the selective reporting bias;
(iii) the small sample size of the vaccinated cohort (however, a post-hoc analysis suggested that about
800 patients per arm are necessary to demonstrate a statistically significant benefit of the incorporation
of vaccination in women undergoing conization); (iv) our population included only women younger
than 45 years of age, thus our results are not projectable in all clusters of age (however, this population
represents the ideal target for receiving vaccination); (v) we have no data on the possible execution of
prophylactic vaccination before conization; (vi) owing to the small size, we cannot test the impact of
number of doses administered and timing of first dose administered on the efficacy of the vaccine.
These features might impact the interpretation of our results. The main strength of the study is the
analysis of a large database including consecutive patients undergoing conization with long-term
follow-up. Additionally, this investigation reflects the Italian situation during the years 2010–2014.
In particular, it is interesting to note that only 6% of women receiving conization had a vaccination,
thus highlighting the low proportion of women receiving vaccination after cervical conization during
the years of the study. However, in Italy, guidelines only started to recommend vaccination in women
undergoing conization in 2020 [19]. One of the main interesting points deserving attention is the
timing of vaccination. Accumulating evidence underlines that having the vaccination before conization
might improve the outcomes of the patients [9]. Additionally, a late vaccination might fail to prevent
re-infection in women at risk. Further evidence is necessary to identify the cohort of women who can
have much more benefit from vaccination, thus reducing the burden for the healthcare.

5. Conclusions

The present paper evaluated the impact of vaccination among women undergoing conization due
to high-risk cervical dysplasia. Our study highlighted that the adoption of vaccination slightly reduces
the recurrence rate. Vaccination is one modifiable factor that might improve the outcomes of women
affected by high-grade cervical dysplasia. Further evidence is warranted to assess the cost-effectiveness
of the adoption of vaccination in this cluster of patients. Additionally, those findings would be useful
to counsel patients about their risk of recurrence, and to tailor surveillance based on various risk and
protective factors.
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