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Abstract
Background: Prophylactic human papillomavirus (HPV) vaccines are highly effective in reducing premalignant lesions of the
cervix. Recurrence is reported up to 17%. Little is known about the effect of HPV vaccines on women with CIN who already
are HPV infected and CIN. Objective: Review of the literature addressing the question whether adjuvant vaccination with
an HPV-vaccine in addition to LEEP treatment is effective in preventing recurrence of CIN-lesions. Search strategy: Medline
search using Mesh terms. Selection criteria: Studies on HPV vaccination in addition to a LEEP procedure. One of the study
parameters had to describe the effect of vaccination in addition to a surgical treatment. Data collection and Analysis: All
results were assessed by two reviewers and meta-analysis performed. Main result: Six studies met the inclusion and exclusion
criteria: one case report, three post-hoc analyses, one case-control study and one retrospective study. In the post-hoc analysis
of three community-based clinical trials; the combined recurrence rate of CIN2+ was 1.49% (12/806) in the HPV- vaccinated
group versus 3.51% (37/1052) in the non-HPV vaccinated group, with a combined RR of 0.41 (95% CI 0.21-0.78; P<0.01). The
retrospective and the case-control study combined, reported an incidence of 2.07% (11/532) versus 6.92% (38/549) in favor for
HPV vaccination, resulting in a significant positive vaccination effect in addition to LEEP treatment (RR 0.30 95%CI 0.16-0.58;
P<0.01). Funding: None Keywords: HPV, CIN, VACCINACTION, LEEP

Tweetable abstract:
HPV vaccine after treatment shows reduced recurrence of CIN2+ 1.49% versus 3.51% and 2.07% versus
6.92% in favor for vaccination.
Introduction:
Cervical cancer and its precursor lesions are caused by a persistent infection with oncogenic types of human
papillomavirus (hr-HPV)(1, 2). Worldwide, cervical cancer is diagnosed annually in more than 500,000
women(3, 4). Many studies have proven the efficacy and safety of a prophylactic HPV vaccine against the
development of cervical intraepithelial neoplasia (CIN)(5). Therefore, cervical cancer (and other HPV-related
diseases) are readily preventable with vaccinations.
About 80% of the HPV infections are cleared spontaneously by the body(6). It is not clear why this has
not happened in women with a persistent HPV infection. These women are at risk for the development
of CIN. Other premalignant conditions caused by a persistent HPV infection are vaginal, vulvar and anal
dysplasia(7) and can also lead to cancer.
Different methods are available for the treatment of CIN. The most commonly used method is the Loop Electrosurgical Excision Procedure (LEEP). This procedure enables treatment and provides a reliable histologic
interpretation(8). Nevertheless, treatment has been associated with side effects such as hemorrhage, infec-
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tion, as well as with adverse pregnancy outcomes, such as premature rupture of membranes and premature
birth. The risk of adverse pregnancy outcomes occur especially after multiple treatments(9-11).
Data on recurrent disease after treatment vary in the literature. Up to 17% of the women treated for cervical
dysplasia can have residual or recurrent dysplasia(12) with repeated treatment as result. Especially adverse
pregnancy outcomes are reasons for concern. Most women diagnosed with CIN are at reproductive age
(25-40 years). Moreover, women treated for CIN have an increased risk of cervical vagina and vulvar cancer
compared to women with normal primary smear test results(13, 14). Furthermore the cost efficiency of
HPV vaccines is highly underestimated because adverse obstetrical outcomes, especially prematurity with
neonatal morbidity and mortality, are not taken into account(15).
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To avoid recurrent disease, the HPV infection should be prevented first. Different prophylactic HPV vaccines
have been massively tested in big clinical trials. The vaccines are highly effectives against mainly HPV types
16 and 18. These clinical trials reported no clear therapeutic effect on patients with prior HPV exposure.
Nonetheless, there is increasing evidence of an additional vaccine effect after treatment of clinical HPV
related anogenital, dermal and oropharyngeal diseases(16-19). We performed a review of the literature with
the aim of determining whether vaccination with an HPV vaccine in addition to LEEP treatment is effective
in decreasing the recurrence of CIN.
Methods
With the aim to identify all publications in which a HPV vaccination was given in addition to the standard treatment for cervical dysplasia, we conducted an extensive search with a medical librarian of the
literature from inception till 1th of august 2019 using the following databases: Pubmed, Medline and the
Cochrane library. The search strategies contained various combinations of keywords and MeSH headings:
Papillomavirus vaccines, HPV vaccine, human papilloma virus vaccination, Papillomaviridae, HPV, LEEP,
conization, CIN, surgical therapy and biopsy. The search strategy is presented in appendix S1.
Eligible studies were human studies published in English or Dutch, without any restriction on study design.
All articles that described the effect of vaccination in addition to a surgical treatment such as LEEP, conization, cone biopsy or other surgical therapy for cervical intra-epithelial neoplasia (CIN I-II-III) or high grade
squamous intraepithelial lesion (HSIL) could be included. No limitation were made on age, number of sexual
partners, HPV-type or prior treatment for HPV related diseases. Studies on HIV were excluded.
The titles and abstracts of all the citations retrieved by the searches were screened for relevance independently
and separately by two of the authors (RL and WH). The full texts of the resulting articles were assessed on
their relevance to this review. In case of disagreement, the third author (HB) assessed the relevance as well.
The references of selected publications were checked on relevant other publications. The following details
were sourced: Author, year of publication, age, study type, sample size, recurrence rate of cervical dysplasia
after treatment and vaccination with a HPV vaccine. A random effect model is used to calculate the pooled
effect size, anticipating heterogeneity between studies. Categorical data were summarized using the MantelHaenszel Risk Ratio (RR) with 95% confidence intervals (CI). Heterogeneity was calculated using the I²
statistic. Meta-analysis was performed using the software “Review Manager” version 5.3 from the Cochrane
Collaboration.
Risk of bias was assessed using the modified Downs and Black (D&B) scale. The Downs and Black scale is
also suitable for non-randomised trials (20). We used the checklist to score the reporting, the internal validity
and external validity of the eligible studies. A High score indicates a better methodological quality. A score
of 19 or higher indicates a high quality of the study as used in other studies (21). Whereas a score of <19
considered to be of low quality (See online supplementary table S2). The quality assessments of the included
studies were used to categorize the level of evidence. We scored all studies below 19 and were subsequently
methodologic of low quality.
Results
The search in the different databases, retrieved 1214 citations relating to our subject. After removing the
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duplicates 930 were screened on titles or abstracts. We considered 39 studies possibly eligible and were
retrieved for full text reading. Six studies were useful for our aim and these were included in this review (19,
22-26) (figure 1). Table 1 presents an overview of the selected studies. The characteristics of the studies are
presented in Table S1 and the quality assessments are presented in supplementary S2.
Due to the heterogeneity we didn’t perform a statistical pooling of the data of these five studies together.
We conducted two different meta-analyses: one including the studies of Joura et al. Giannella et al. and
Hildesheim et al, which are comparable in design and method, and one including the studies of Kang et al.
and Ghelardi et al which are relatively comparable as well.
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Giannella et al. described two different cases of a woman with a CIN lesion treated with LEEP. The first
case involved a 33-year-old woman with a CIN 3, HPV 16 positive. At her own request she was given the
quadrivalent HPV vaccine (HPV 6-11-16-18) after excision. At 6 months’ follow-up, the PAP smear was
normal, but the HPV 16 infection had persisted. At 18 months, CIN 3 was diagnosed with colposcopy,
HPV 16 and 39 positive. The subsequent LEEP showed already an invasive carcinoma. The second case
described a 35-year-old woman. At the first evaluation 6 months after LEEP, atypical squamous cells of
undetermined significance were found while the HPV test was negative. The quadrivalent HPV vaccine was
then administered. Twenty-four months after the conization, a CIN 3 was found with HPV type 33 positive.
The studies by Joura et al, Garland et al, and Hildesheim et al, all concern a sub analysis of a large
community-based clinical trial for the evaluation of the effectivity and efficacy of HPV-vaccination in young
women, irrespective of HPV state. The methods of these studies are similar. Joura et al. retrospectively
analyzed data from a phase III study on the quadrivalent HPV vaccine (HPV type 6,11,16,18). Garland et
al. and Hildesheim et al. analyzed data from phase III studies testing the efficacy of the bivalent vaccine
(HPV type 16,18). In all three studies, routine follow-up and treatment were provided after vaccination (with
HPV vaccine or hepatitis A/placebo vaccine as control, randomly assigned 1:1), if necessary, in accordance
with local medical practice (table 2). The total recurrence of CIN2+ was 1.49% (12/806) in the HPVvaccinated group versus 3.51% (37/1052) in the non-HPV vaccinated group. The combined RR was favorable
for vaccination; i.e. 0.41 (95% CI 0.21-0.78; P<0,01) Figure 2.
Kang et al. retrospectively reviewed data from 737 women who had a LEEP for CIN lesions. Three hundred
and sixty women had been vaccinated with the quadrivalent HPV vaccine; the other women had not been
vaccinated at the time of treatment. Patient characteristics were similar between these two groups. The CIN
lesion had recurred in 9 women in the vaccinated group (2.5%) versus 27 women (7.2%) in the non-vaccinated
group, regardless of causal HPV-type. Regarding the vaccine- related HPV types (16 and 18) the CIN lesion
had recurred in 5 women in the vaccinated group (2.5%) versus 18 women (8.5%) in the non-vaccinated group.
Vaccination was an independent risk factor for recurrence (HR = 2.840; 95% CI, 1.335-6.042; P<0,01).
The latest, and only prospective, study published to date is the SPRERANZA project from Ghelardi et al.
This prospective, non-randomized case-control study evaluated the post-treatment vaccination effect. Women
aged 18-45 who were scheduled for cervical surgery for CIN2+ to [?] cervical cancer IA1, were counseled on
HPV diseases and HPV vaccination in a 90-minutes session. After counseling, they were invited to participate
in the trial, with the option to be vaccinated or not. The vaccination costs could not be reimbursed, but
a discount was offered. Eventually, 536 women signed informed consent for participation, of which 248
women received the quadrivalent HPV vaccination. Baseline characteristics were similar between the group
of vaccinated women and the group of non-vaccinated women. The median follow-up period was 36 months.
Data of only 344 women were analyzed: almost 200 women had been lost to follow-up or had a follow-up
period shorter than 6 months.
At 6 months, there was no statistically significant difference in HPV clearance between the groups (81.4% in
the vaccinated group versus 84.9% in the non-vaccinated group). Clinical recurrence was found in 6.4% of
the non-vaccinated group versus 1.2% of the vaccinated group (p=0.0112). The risk of CIN2+ after cervical
surgical was significant reduced by 81.2% (95%CI, 34.3-95.7). In the vaccinated group, none of the CIN2+
lesions was related to HPV vaccine types (6-11-16-18).
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The studies by Kang et al. and Ghelardi et al. are the only two known studies in which vaccination was
given adjuvant to cervical surgery as a treatment for CIN2+. The recurrence rate of CIN2+ in these studies
combined was favorable for HPV vaccination in addition to a LEEP: 2.07% (11/532) in vaccinated women
versus 6.92% (38/549) in non-vaccinated women. Resulting in a significant positive vaccination effect in
addition to a LEEP (RR 0.30 95%CI 0.16-0.58 P<0,01). (figure 3)
Discussion:
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Why is adjuvant vaccination to cervical surgery an important issue? First, despite the availability of highly
effective preventive vaccination, cervical dysplasia remains a massive problem worldwide, the HPV vaccination uptake in most countries is relatively low, estimated around 40% globally [28]. Secondly, most women
are at reproductive age when diagnosed with cervical dysplasia. A relationship between cervical surgery
and premature birth has been shown in many studies. The risk of premature birth is even higher after
multiple treatments. Furthermore, the great emotional impact on the parents, the lifelong consequences in
the prematurely born child with additional costs are considerably underestimated (15, 27).
The beneficial effect of prophylactic HPV vaccines for the primary prevention of HPV-related diseases has
been confirmed by several studies (5). Still, the possible positive effect of adjuvant vaccination combined
with surgical treatment has not been proven yet. Vaccination only in HPV-positive women with high grade
cervical dysplasia did not reduce the incidence of cervical lesions (28). Nonetheless, there is increasing
evidence that prophylactic HPV vaccinations in addition to usual treatment are of added value in the
clinical manifestations of this virus. This holds not only for cervical premalignant lesions but also for other
HPV-related clinical diseases.
The studies by Kang et al, and Ghelardi et al. both have their limitations regarding the methodology
and outcome. In both studies, the women could decide for themselves whether to wanted be vaccinated,
which may have resulted in selection bias. The study form Kang et al. concerned retrospective data and
was primarily not designed to answer the question if adjuvant vaccination is beneficial. But despite the
limitations, these studies show that vaccination is an independent risk factor for the recurrence of CIN2+
lesions. There is sufficient reason, there to further explore whether adjuvant vaccination is beneficial to
prevent recurrence.
Joura et al. pooled data of 2 studies (FUTURE I and II); analysis revealed a significant decrease in the
incidence of HPV-related diseases (cervical, vulvar and vaginal intraepithelial neoplasia and genital warts)
when quadrivalent vaccination was given after LEEP treatment. This is a promising effect, which was
only seen, irrespective of HPV type. The diseases related to the vaccine HPV-types, only the decrease
in the occurrence of genital warts was significant. Although this study has some limitations, the authors
concluded that vaccination has a positive effect to prevent recurrence possibly as a result of cross-protection.
The subsequent abnormalities were predominantly low-grade abnormalities and occurred significantly less
frequently with vaccination, especially after surgery. Like Joura et al. Garland et al., describe a promising
‘secondary’ benefit of vaccination for recurrent CIN2+ lesions, regardless of HPV-type. In contrast to Joura
et al., however, they reported no reduction in the frequency of low-grade lesions but suggested a high chance
for these lesions to regress spontaneously. The vaccine ought to protect against de novo HPV infection. The
authors also suggest that the effect of cross-protection between different types of HPV may play a role. In
addition, the effect relies on a possible boost of the immune response after vaccination.
Hildesheim et al., performed the same evaluation but found no evidence of viral clearance for the different
HPV types and no difference in post-LEEP infections between the HPV types. Although they concluded
that benefit of vaccination was not shown, both in results section and in the discussion section they refer
to a significant vaccination effect to protect women for new HPV types. Furthermore they suggest possible
selection bias. Characteristics of the two study groups were not similar at baseline and only 38% of the
patients were HPV 16 or HPV 18 positive at baseline.
All three studies above mentioned studies were not designed nor intended to address the effect on the
vaccination after LEEP and, in addition, were not powered for this aim. They included the same, young
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population with a follow-up until 48 months for the primary study. The recurrence after LEEP (or other
treatment) was evaluated after 60 days. The HPV is more easily cleared in younger patients than older
patients. The follow-up period was very short with difficulty whether it is recurrence or residual disease.
Furthermore, the vaccination was not administered during LEEP treatment period. In all three studies, the
LEEP performed, if needed, in the follow-up period. Both Garland et al. and Joura et al. concluded that
women who undergo surgical therapy after prior HPV vaccination have a lower risk of developing subsequent
residual/recurrent CIN2+ compared to non-vaccinated women.
The two cases reported by Giannella et al. nicely illustrate the skepticism towards administration of the
HPV vaccine after LEEP treatment. As case reports may cause bias, this report was not included in our
meta-analysis.
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For our meta-analysis we chose to have two separate analyses. The three post-hoc analyses are comparable
in design and method, as well as the studies from Kang et al. and Ghelardi et al.
The discussion about a possible positive effect of adjuvant vaccination additional to regular treatment is
still ongoing. Investigators in search of a vaccine against HPV noted an increased immune response with
higher CD4+ and CD8+ T-cell activity after vaccination for severe dysplasia of the cervix (29, 30). This
would imply that women in whom the HPV was not spontaneously cleared now have the antibodies from
the vaccine. Another logical explanation for the positive adjuvant vaccination effect is the prevention of de
novo HPV infections and re-infections.
Conclusion
This meta-analysis reveals to date only two studies have been published in which women received a HPV
vaccination in addition to LEEP treatment for CIN2+ and evaluated the efficacy of HPV vaccination to
prevent recurrence. Both studies had relatively small sizes and have their limitations. Nonetheless, in both
studies a significant reduction in the recurrence of CIN2+ was seen with vaccination as an independent risk
factor. The combined result of the sub-analysis of pooled data from large community-based trials was in
favor of vaccination.
In conclusion the current literature does not provide a definite answer to the question whether adjuvant
prophylactic HPV vaccination in addition to regular treatment has an additional effect. An RCT is lacking
on this subject that may provide a definite answer to this issue. The ongoing VACCIN-trial (Dutch trial
register: NL 7938) is expected to provide this answer.
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Figure legends:
Table 1: Overview of articles
Table 2: v/c = vaccine versus control, *treatment of any HPV related disease, ** CIN 2 of higher
Figure 1: PRISMA Flow Diagram
Figure 2: Figure 2. Forest plot of the 3 sub analysis of recurrence of CIN2+ in women previously vaccinated
that developed CIN 2-3 and subsequently received a LEEP.
Figure 3: Forest plot of the of recurrence of CIN2+ in women vaccinated adjuvant to cervical surgery as a
treatment for CIN2+ lesions.
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