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Role of human papillomavirus (HPV) vaccination on HPV 
infection and recurrence of HPV related disease after local 
surgical treatment: systematic review and meta-analysis
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Abstract
Objective
To explore the efficacy of human papillomavirus (HPV) 
vaccination on the risk of HPV infection and recurrent 
diseases related to HPV infection in individuals 
undergoing local surgical treatment.
Design
Systematic review and meta-analysis
Data sources
PubMed (Medline), Scopus, Cochrane, Web of Science, 
and ClinicalTrials.gov were screened from inception to 
31 March 2021.
Review methods
Studies reporting on the risk of HPV infection and 
recurrence of disease related to HPV infection after 
local surgical treatment of preinvasive genital disease 
in individuals who were vaccinated were included. 
The primary outcome measure was risk of recurrence 
of cervical intraepithelial neoplasia grade 2 or higher 
(CIN2+) after local surgical treatment, with follow-
up as reported by individual studies. Secondary 
outcome measures were risk of HPV infection or other 
lesions related to HPV infection. Independent and 
in duplicate data extraction and quality assessment 
were performed with ROBINS-I and RoB-2 tools for 
observational studies and randomised controlled 

trials, respectively. Grading of Recommendations 
Assessment, Development, and Evaluation (GRADE) 
was implemented for the primary outcome. 
Observational studies and randomised controlled 
trials were analysed separately from post hoc 
analyses of randomised controlled trials. Pooled risk 
ratios and 95% confidence intervals were calculated 
with a random effects meta-analysis model. The 
restricted maximum likelihood was used as an 
estimator for heterogeneity, and the Hartung-Knapp-
Sidik-Jonkman method was used to derive confidence 
intervals.
Results
22 articles met the inclusion criteria of the review; 
18 of these studies also reported data from a 
non-vaccinated group and were included in the 
meta-analyses (12 observational studies, two 
randomised controlled trials, and four post hoc 
analyses of randomised controlled trials). The risk 
of recurrence of CIN2+ was reduced in individuals 
who were vaccinated compared with those who were 
not vaccinated (11 studies, 19 909 participants; risk 
ratio 0.43, 95% confidence interval 0.30 to 0.60; 
I2=58%, τ2=0.14, median follow-up 36 months, 
interquartile range 24-43.5). The effect estimate was 
even stronger when the risk of recurrence of CIN2+ 
was assessed for disease related to HPV subtypes 
HPV16 or HPV18 (six studies, 1879 participants; 
risk ratio 0.26, 95% confidence interval 0.16 to 
0.43; I2=0%, τ2=0). Confidence in the meta-analysis 
for CIN2+ overall and CIN2+ related to HPV16 or 
HPV18, assessed by GRADE, ranged from very low 
to moderate, probably because of publication 
bias and inconsistency in the studies included in 
the meta-analysis. The risk of recurrence of CIN3 
was also reduced in patients who were vaccinated 
but uncertainty was large (three studies, 17 757 
participants; 0.28, 0.01 to 6.37; I2=71%, τ2=1.23). 
Evidence of benefit was lacking for recurrence of 
vulvar, vaginal, and anal intraepithelial neoplasia, 
genital warts, and persistent and incident HPV 
infections, although the number of studies and 
participants in each outcome was low.
Conclusion
HPV vaccination might reduce the risk of recurrence of 
CIN, in particular when related to HPV16 or HPV18, in 
women treated with local excision. GRADE assessment 
for the quality of evidence indicated that the data were 
inconclusive. Large scale, high quality randomised 
controlled trials are required to establish the level of 
effectiveness and cost of HPV vaccination in women 
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What is already known on this topic
Women with cervical intraepithelial neoplasia (CIN) undergoing local surgical 
treatment have a high risk of recurrent preinvasive and invasive cervical disease 
and other diseases related to human papillomavirus (HPV) infection
Women who develop high grade CIN might be particularly sensitive to HPV 
infection and rapidly re-acquire infections
The use of prophylactic HPV vaccination at the time of local surgical treatment for 
CIN might reduce the risk of future recurrence

What this study adds
Prophylactic HPV vaccination at the time of local treatment for CIN might reduce 
the risk of recurrence of high grade preinvasive cervical, but the evidence is 
inconclusive and the GRADE assessment for the quality of evidence ranged from 
very low to moderate
The effect of HPV vaccination on the risk of HPV infection and other non-cervical 
diseases related to HPV infection treated surgically is unclear because of the 
scarcity of data and the moderate to high overall risk of bias of the available 
studies
Large, appropriately powered randomised controlled trials are required to 
establish the effectiveness of HPV vaccination at the time of surgical treatment of 
cervical preinvasive disease based on failure rates and costs in different settings
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undergoing treatment for diseases related to HPV 
infection.
Systematic review registration
PROSPERO CRD42021237350.

Introduction
The introduction of human papillomavirus (HPV) 
vaccines has revolutionised the prevention of cervical 
cancer.1 HPV vaccines are highly effective in preventing 
HPV infection and diseases related to HPV infection 
when given to prepubertal girls and boys, but do not 
clear or reduce persistence of the virus in women with 
ongoing infections.2

The cost effectiveness of HPV vaccination declines 
substantially after the age of 26.3 Women undergoing 
local surgical treatment for cervical intraepithelial 
neoplasia (CIN), however, have been identified as a 
target high risk population that would benefit from 
adjuvant vaccination to reduce the risk of cervical 
cancer. Women who develop high grade CIN are 
particularly sensitive to infection with HPV and can 
rapidly re-acquire infections after local surgical 
treatment.4 These women have an increased risk 
of recurrent CIN and other malignancies related to 
HPV infection,5 6 and repeat conisations have been 
associated with adverse reproductive outcomes.7-12

A previous study has shown that HPV vaccines 
are much more immunogenic than the infection.13 
Natural immunity from induced antibodies seems to 
wane over time, and vaccines have been reported to 
provide protection from reinfection or reactivation in 
individuals who are seropositive with a previous cleared 
infection.14 15 The vaccine might have beneficial effects 
against new infections and reinfections from the same 
HPV subtype soon after treatment, although it is less 
likely that this effect promotes clearance of an existing 
infection in isolation. Whether the vaccine can boost 
the effect of local surgical treatment and promote viral 
clearance is unclear.

Evidence of the efficacy of HPV vaccination during 
conisation procedures is contradictory. Post hoc 
analyses of randomised controlled trials provided 
indirect evidence of a reduction in the recurrence of 
high grade CIN for individuals who had been vaccinated 
and subsequently required conisation compared with 
those who had been vaccinated with a placebo.16 17 
Although some observational studies found a reduction 
in the recurrence of high grade CIN of up to 80% in 
women who were vaccinated at the time of treatment,18 
other studies refuted these findings and suggested no 
benefit.19 20 Also, two randomised controlled trials 
suggested a reduction in the recurrence of CIN but both 
studies were grossly underpowered with less than 250 
patients recruited in each study.21 22 In this systematic 
review and meta-analysis, our aim was to review the 
existing literature and examine the effect of HPV 
vaccination on the risk of HPV infection and recurrence 
of preinvasive disease related to HPV infection after 
local surgical treatment for cervical disease or other 
diseases related to HPV infection.

Methods
Our systematic review followed the Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.23

Literature search
We searched PubMed (Medline), Scopus, Cochrane, 
Web of Science, and ClinicalTrials.gov from inception 
to 31 March 2021. Two of the authors (KSK and AA) 
developed the search strategy and screened the articles 
independently (supplementary material).

Eligibility criteria
The systematic review included all studies reporting 
on HPV infection rates and recurrence of diseases 
related to HPV infection after local surgical treatment 
for genital diseases related to HPV in individuals 
who were vaccinated. In the meta-analysis, we only 
included studies that also reported results from a 
cohort who were not vaccinated. Studies were included 
irrespective of study design, type of vaccine, timing of 
vaccination, and surgical technique (supplementary 
material).

Data extraction and risk of bias
Data were independently extracted by KSK and AA in 
prespecified forms. Discrepancies were discussed and 
resolved by other authors (IK and MK). Risk of bias was 
assessed by two authors independently (KSK and SJB) 
with the ROBINS-I tool (Risk Of Bias In Non-randomised 
Studies–of Interventions) for observational studies 
and the RoB-2 tool (Risk of Bias for randomised trials) 
for randomised controlled trials24 25 (supplementary 
material).

The GRADE (Grading of Recommendations, 
Assessment, Development, and Evaluations) tool was 
used to assess the quality of evidence for the primary 
outcome. The assessment was based on five parameters: 
risk of bias, inconsistency (or heterogeneity) between 
studies, indirectness, imprecision (risk of random 
errors), and publication bias. The evidence for each 
item was rated as high, moderate, low, or very low 
(supplementary material).26

Definitions of outcome
Our primary outcome was recurrence of cervical 
intraepithelial neoplasia grade 2 or higher (CIN2+) 
after local surgical treatment related to all HPV types. 
Secondary outcomes included recurrence of CIN grade 
1 or higher (CIN1+), CIN grade 3 (CIN3), CIN2, CIN1, 
CIN2+ related to HPV16 or HPV18 subtypes, and 
CIN1+ related to HPV16 or HPV18. We also examined 
the risk of recurrence of vulvar, vaginal, and anal 
intraepithelial neoplasia, genital warts, the risk of 
abnormal cytology (defined as atypical squamous 
cells of undetermined significance or worse, based on 
the Bethesda System, or borderline changes or worse, 
based on the British Association of Cytopathology), 
and HPV infections (persistent or incident) after 
treatment.



RESEARCH

the bmj | BMJ 2022;378:e070135 | doi: 10.1136/bmj-2022-070135� 3

Statistical analysis
We conducted two separate meta-analyses based 
on the design of the studies. For our main analysis, 
we pooled data from observational studies and 
randomised controlled trials reporting on the efficacy 
of vaccination when given shortly before, at the time of, 
or up to 12 months after the local surgical treatment. 
Our secondary analysis included post hoc analyses 
of randomised controlled trials reporting on the risk 
of recurrence in individuals who had undergone 
local surgical treatment and who were vaccinated at 
study entry and randomisation, and then developed 
preinvasive disease. We also performed an analysis 
that included all studies, irrespective of study design 
(supplementary material). We used adjusted data in 
preference to unadjusted data, when available, for 
the primary outcome (risk of recurrence of CIN2+ after 
local surgical treatment), and sensitivity and subgroup 
analyses. The median of the median length of follow-
up across studies, along with its interquartile range, 
were calculated for the primary outcome.

We combined study effect sizes using risk ratios 
and corresponding 95% confidence intervals with the 
random effects model (inverse variance method).27 
In the random effects model, we estimated each 
summary effect size and 95% confidence interval with 
the Hartung-Knapp-Sidik-Jonkman method28-30 to deal 
with meta-analyses that included a small number 
of studies. We also calculated prediction intervals as 
a way of expressing heterogeneity compared with 
confidence intervals.

Visual inspection of the contour enhanced funnel 
plot and Egger’s test were used to assess the effects of 
small studies and publication bias when more than 
10 studies were available for each outcome.31 When 
funnel plot asymmetry was detected, we performed the 
Copas selection model to look for publication bias.32 
Statistical heterogeneity was assessed with the χ2 test 
(P<0.10 indicating significant heterogeneity), and I2 
and τ2 (to quantify the degree of heterogeneity); the 
restricted maximum likelihood estimator was used to 
estimate variance (τ2) between studies.33-37

To determine possible sources of heterogeneity, 
we performed predefined sensitivity analyses for the 
primary outcome (risk of recurrence of CIN2+ after 
local surgical treatment) restricted to: peer reviewed 
articles, studies with a moderate or low risk of bias, 
studies with low attrition bias (<10% loss during follow-
up), studies with histopathological confirmation 
of the outcome, and studies with unadjusted data. 
Because our meta-analysis examined rare events 
and publication bias was possible, we performed a 
fixed effects meta-analysis with the Mantel-Haenszel 
method; this method provides more robust estimates 
of the summary effect but ignores heterogeneity.38

We also conducted a series of subgroup analyses to 
determine sources of heterogeneity and differences 
in summary estimates for the primary outcome (risk 
of recurrence of CIN2+ after local surgical treatment) 
according to: continent, timing of vaccination (up to 

three months before v at the time of or up to 12 months 
after treatment), type of vaccine (Gardasil v Gardasil 
or Cervarix v unknown type), age (mean age >35 v 
mean age ≤35), median follow-up (<24 months v ≥24 
months), and study design (randomised controlled 
trials excluding post hoc analyses of randomised 
controlled trials v observational studies). Analyses 
were performed with the R software (meta package),39 
and the selection model to assess publication bias was 
performed in R with the rjags package.32 40

Patient and public involvement
Patients and the wider public were involved from 
the outset through informal interviews in the clinic 
and through patient advocate representative bodies. 
We formed a group of patient representatives that 
met regularly every six months and will support 
dissemination of the results. The research questions 
and outcomes were developed based on the patients’ 
concerns and priorities. Patients were not involved in 
the interpretation of results or writing of the article.

Results
We identified 10 662 articles; 22 were eligible for 
the systematic review (fig 1 and table S1).16-22 41-55 
Eighteen studies reported on a non-vaccinated group 
(no vaccine or placebo) and were included in the meta-
analyses. We retrieved two randomised controlled 
trials, 12 observational studies (six retrospective 
and six prospective), and four post hoc analyses of 
randomised controlled trials (supplementary material). 
The median of the median length of follow-up for the 
primary outcome (risk of recurrence of CIN2+ after local 
surgical treatment) was 36 months (interquartile range 
24-43.5) for observational studies and randomised 
controlled trials, and 27 months (21-39) for post hoc 
analyses of randomised controlled trials (table S2).

Risk of bias
The two randomised controlled trials were classified as 
low risk of bias with adequate design (RoB-2 tool). In 
the observational studies and post hoc analyses, risk of 
bias was moderate for seven studies, serious for seven, 
and critical for two, based on the ROBINS-I tool (table 
S3). Asymmetry was not present in the funnel plot when 
adjusted data were used (fig S1a), but asymmetry was 
found with unadjusted data, indicating the possibility 
of publication bias (fig S1b).

CIN recurrence and risk of HPV infection after local 
surgical treatment for CIN
Our main analysis of observational studies and 
randomised controlled trials showed that women 
who were vaccinated at the time of treatment had a 
reduction in the risk of recurrence of CIN2+ compared 
with those who were not vaccinated (11 studies, 
19 909 participants; risk ratio 0.43, 95% confidence 
interval 0.30 to 0.60; I2=58%, τ2=0.14; median follow-
up 36 months, interquartile range 24-43.5) (fig 2 and 
table 1). Confidence in this meta-analysis ranged from 
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very low to moderate according to GRADE because of 
the presence of small study effects indicating potential 
publication bias (table S4). The risk of recurrence of 
CIN2+ related to the HPV subtypes HPV16 or HPV18 
was also reduced with vaccination compared with no 
vaccination (six studies, 1879 participants; 0.26, 0.16 
to 0.43; I2=0%, τ2=0); a similar result was found for the 
risk of recurrence of CIN1+ related to HPV16 or HPV18 
(one study, 178 participants; 0.25, 0.05 to 1.14) (fig 
2 and table 1). Confidence in the meta-analysis of 
CIN2+ related to the HPV subtypes HPV16 or HPV18 
ranged from very low to moderate according to GRADE 
because of the high risk of bias in the included studies 
and inconsistency (only one randomised controlled 
trial provided data) (table S4). The risk of recurrence 
of CIN3 was reduced among patients who were 
vaccinated but uncertainty was large (three studies, 

17 757 participants; 0.28, 0.01 to 6.37; I2=71%, 
τ2=1.23) (table 1).

The effect estimates for the primary outcome (risk 
of recurrence of CIN2+ after local surgical treatment) 
were similar in all sensitivity analyses (table S5). 
Heterogeneity was reduced compared with the main 
analysis after excluding studies with a high and 
serious overall risk of bias (fig S3a). In contrast, 
heterogeneity remained similar to the main analysis 
after the exclusion of grey literature, of studies 
with high attrition bias, and of studies that did not 
use histopathological confirmation of diagnosis. A 
sensitivity analysis with only unadjusted data showed 
a similar effect estimate as the main analysis with 
slightly reduced heterogeneity (11 studies, 19 909 
participants; risk ratio 0.41, 95% confidence interval 
0.30 to 0.56; I2=51%, τ2=0.12) (fig S3g).

The results for the primary outcome (risk of 
recurrence of CIN2+ after local surgical treatment) were 
largely consistent with a series of subgroup analyses 
and were not substantially affected by continent, study 
design, type of vaccine, or timing of vaccination (table 
S6). The risk of recurrence of CIN2+ was similar in 
studies that used the vaccine Gardasil (four studies, 
1501 participants; risk ratio 0.38, 95% confidence 
interval 0.23 to 0.60; I2=0%, τ2=0) and those that used 
the Gardasil or Cervarix vaccine (five studies, 1205 
participants; 0.36, 0.23 to 0.57; I2=0%, τ2=0) (fig S4a). 
Cervarix alone was not reported in any study, and two 
studies did not state the type of vaccine (unknown). 
The point estimates were similar when the vaccine 
was given at the time of or after treatment (10 studies, 
15 546 participants; 0.41, 0.28 to 0.60; I2=62%, 
τ2=0.17), and when the vaccine was given before 
treatment (two studies, 4183 participants; 0.37, 0.02 
to 6.43; I2=0%, τ2=0) (figure S4b). The effect estimate 
was comparable in studies with a median follow-up of 
>24 months (seven studies, 19 214 participants; 0.44, 
0.26 to 0.73; I2=61%, τ2=0.19) versus ≤24 months (two 
studies, 507 participants; 0.33, 0 to 28.56; I2=47%, 
τ2=0.13) (fig S4f). 

The second meta-analysis of post hoc analyses of 
randomised controlled trials showed similar point 
estimates (table 2). Although HPV vaccination reduced 
the risk of recurrence of CIN2+ compared with no 
vaccination, uncertainty was large (four studies, 2268 
participants; risk ratio 0.45, 95% confidence interval 
0.13 to 1.57; I2=14%, τ2=0.05; median follow-up 27 
months, interquartile range 21-39) (fig S5a). HPV 
vaccination was also associated with a reduced risk of 
recurrence of CIN1+ (three studies, 1958 participants; 
0.64, 0.45 to 0.90; I2=0%, τ2=0) (fig S5b).

In the analysis of all studies irrespective of design 
(observational studies, randomised controlled trials, 
and post hoc analyses of randomised controlled trials), 
we found that the effect estimates and heterogeneity 
were similar to the main analysis for recurrence of 
CIN2+ (15 studies, 22 177 participants; risk ratio 
0.43, 95% confidence interval 0.32 to 0.59; I2=51%, 
τ2=0.12; median follow-up 36 months, interquartile 
range 24-45) (fig S7a). To investigate the effect of 

Full text articles excluded
Review articles
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Articles in populations with
  immunodeficiency
Articles on prediction models
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Fig 1 | Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
flowchart



RESEARCH

the bmj | BMJ 2022;378:e070135 | doi: 10.1136/bmj-2022-070135� 5

timing of vaccination, we performed a subgroup 
analysis irrespective of study design that showed 
similar point estimates when the vaccine was given 
before (six studies, 6451 participants; 0.39, 0.24 
to 0.64; I2=0%, τ2=0) versus at the time of or after 
treatment (10 studies, 15 726 participants; 0.41, 0.28 
to 0.60; I2=62%, τ2=0.17) (fig S7b).

Recurrence of non-cervical diseases related to HPV 
infection after local surgical treatment of non-
cervical disease
The risk of recurrence of vulvar or vaginal 
intraepithelial neoplasia grade 2 or higher was 
reduced in women who were vaccinated and treated 
locally for cervical, vulvar or vaginal intraepithelial 

CIN2+ recurrence rates irrespective of HPV type
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  Design = randomised controlled trial

    Pieralli 2018

    Karimi-Zachri 2020

  Random effects model

  Prediction intervall: not applicable
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Fig 2 | Forest plots assessing risk of recurrence of cervical intraepithelial neoplasia grade 2 or higher (CIN2+) between human papillomavirus (HPV) 
vaccinated (V) and non-vaccinated control (C) groups after local conservative treatment for cervical intraepithelial neoplasia, irrespective of HPV type 
(top) and related to HPV subtypes HPV16 and HPV18 (bottom) (randomised controlled trials and observational studies)
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neoplasia grade 2 or higher compared with women 
not vaccinated, but uncertainty was large (two 
studies, 296 participants; risk ratio 0.56, 95% 
confidence interval 0.01 to 35.16; I2=0%, τ2=0) 
(table 1 and fig S2e). Only one study assessed 
risk of vulvar intraepithelial neoplasia or vaginal 
intraepithelial neoplasia grade 1 or higher in women 
who were vaccinated and treated locally for CIN2+, 
and no differences were found. Also, one study 
assessed the risk of recurrence of high grade anal 
intraepithelial neoplasia in men treated locally 
for anal intraepithelial neoplasia and found no 
difference (table 1 and supplementary material).

The second meta-analysis of post-hoc analyses of 
randomised controlled trials showed no benefit of HPV 
vaccination on recurrence of lesions of vulvar or vaginal 

intraepithelial neoplasia grade 1 or higher, or vulvar or 
vaginal intraepithelial neoplasia grade 2 or higher, in 
women treated for genital HPV related disease (table 2, 
figs S5i and S5j, and supplementary material).

Discussion
The findings of our meta-analysis suggest that adjuvant 
HPV vaccination at the time of local excision for CIN 
might lead to a reduction in the risk of recurrence of 
high grade preinvasive disease (CIN2+). The effect 
estimate was even more pronounced for CIN2+ related 
to HPV16 or HPV18. Publication bias might be present, 
however, affecting the overall quality of evidence, 
indicating that the evidence is inconclusive. Evidence 
was lacking on the benefit of HPV vaccination for 
recurrence of vulvar, vaginal, or anal intraepithelial 

Table 2 | Effect of human papillomavirus (HPV) vaccination on risk of recurrence risk of lesions related to HPV infection and HPV clearance after local 
surgical treatment for genital disease (post hoc analyses of randomised controlled trials)

Outcome
No of studies* 
(references)

Total No of 
participants

Vaccine group 
(events per 
total 
n/N (%))

Placebo group 
(events per total 
n/N (%))

Risk ratio (95% CI) 
Random effect 
model (inverse 
variance method) I2 τ2 PI

CIN2+ 4 (16, 17, 20, 51) 2268 12/999 (1.2%) 38/1269 (2.9%) 0.45 (0.13 to 1.57) 14% 0.05 0.06 to 3.2
CIN1+ 3 (17, 20, 51) 1958 43/857 (5%) 89/1101 (8%) 0.64 (0.45 to 0.90) 0% 0 0.23 to 1.78
CIN3 2 (17, 20) 1503 3/667 (0.4%) 14/836 (1.6%) 0.30 (0.28 to 0.32) 0% 0 N/A
CIN2 2 (17, 20) 1503 5/667 (0.7%) 14/836 (1.6%) 0.48 (0.08 to 3) 0% 0 N/A
CIN1 3 (17, 20, 51) 1957 34/857 (3.9%) 53/1100 (4.8%) 0.85 (0.44 to 1.62) 0% 0 0.12 to 5.8
CIN2+ related to HPV16 or HPV18 4 (16, 17, 20, 51) 2268 4/999 (0.4%) 9/1269 (0.7%) 0.63 (0.07 to 5.89) 14% 0.44 0.01 to 40.46
CIN1+ related to HPV16 or HPV18 2 (17, 51) 1804 2/777 (0.2%) 16/1027 (1.5%) 0.22 (0.00 to 91.80) 0% 0 N/A
Abnormal cytology 2 (16, 51) 765 70/332 (21%) 60/433 (13.8%) 1.48 (1.26 to 1.73) 0% 0 N/A
VIN1+ or VaIN1+ 3 (17, 20, 51) 1670 20/744 (2.6%) 23/926 (2.4%) 1.30 (0.23 to 7.43) 29% 0.29 N/A
VIN2+ or VaIN2+ 3 (17, 20, 51) 1666 5/738 (0.6%) 6/928 (0.6%) 1.01 (0.24 to 4.15) 0% 0 0.02 to 65.78
Genital warts 1 (17) 1063 7/474 (1.4%) 22/589 (3.7%) 0.40 (0.17 to 0.92) N/A N/A N/A
Persistent HPV infection† 1 (16) 311 14/142 (9.8%) 8/169 (4.7%) 1.85 (0.83 to 4.15) N/A N/A N/A
Incident HPV infection‡ 1 (16) 311 8/142 (5.6%) 21/169 (12.4%) 0.45 (0.21 to 1) N/A N/A N/A
AIN=anal intraepithelial neoplasia; CIN=cervical intraepithelial neoplasia, grade 1 (CIN1), grade 1 or higher (CIN1+), grade 2 (CIN2), grade 2 or higher (CIN2+), grade 3 (CIN3); N/A=not 
applicable; PI=prediction interval; VIN1+ or VaIN1+=vulvar or vaginal intraepithelial neoplasia grade 1 or higher, grade 2 or higher (VIN2+ or VaIN2+).
*All studies included an intervention (vaccine) and a control (placebo) group.
†HPV type detected at baseline and six months after local surgical treatment.
‡New HPV type detected at six months or later after local surgical treatment.

Table 1 | Effect of human papillomavirus (HPV) vaccination on risk of recurrence of lesions related to HPV infection and HPV clearance after local 
surgical treatment for genital disease (randomised controlled trials and observational studies)

Outcome
No of studies* 
(references)

Total No of 
participants

Vaccine group 
(events per 
total 
n/N (%))

Non-vaccine group 
(events per total 
n/N (%))

Risk ratio (95% CI) 
random effects 
model (inverse 
variance method) I2 τ2 PI

CIN2+† 11 (18, 19, 21, 22, 42, 
44-49)

19 909 141/3472 (4%) 926/16437 (5.6%) 0.43 (0.30 to 0.60) 58% 0.14 0.16 to 1.12

CIN1+ 5 (21, 22, 44, 47, 48) 1045 89/587 (15.1%) 116/458 (25.3%) 0.55 (0.31 to 0.96) 63% 0.15 0.13 to 2.26
CIN3 3 (18, 19, 47) 17 757 45/2428 (1.4%) 420/15329 (2.7%) 0.28 (0.01 to 6.37) 71% 1.23 N/A
CIN2 3 (18, 19, 47) 17 757 15/2428 (0.6%) 365/15329 (2.3%) 0.23 (0.11 to 0.48) 0% 0 0.03 to 1.99
CIN1 4 (21, 22, 47, 48) 970 55/562 (9.7%) 44/408 (10.7%) 0.86 (0.31 to 2.33) 62% 0.27 0.06 to 11.88
CIN2+ related to HPV16 or HPV18 6 (18, 21, 42, 45, 46, 48) 1879 12/953 (1.2%) 53/926 (5.7%) 0.26 (0.16 to 0.43) 0% 0 0.16 to 0.45
CIN1+ related to HPV16 or HPV18 1 (21) 178 2/89 (2.2%) 8/89 (8.9%) 0.25 (0.05 to 1.14) N/A N/A N/A
Abnormal cytology 1 (21) 178 7/89 (7.8%) 23/89 (25.8%) 0.30 (0.14 to 0.67) N/A N/A N/A
VIN1+ or VaIN1+ 1 (21) 178 0/89 (0%) 3/89 (3.3%) 0.14 (0.01 to 2.73) N/A N/A N/A
VIN2+ or VaIN2+ 2 (21, 50) 296 8/131 (6.1%) 27/165 (16.3%) 0.56 (0.01 to 35.16) 0% 0 N/A
Genital warts 1 (41) 171 45/91 (49.4%) 35/80 (43.7%) 0.14 (0.01 to 2.73) N/A N/A N/A
High grade AIN 1 (43) 152 12/38 (31.5%) 35/114 (40.7%) 1.03 (0.60 to 1.77) N/A N/A N/A
Persistent HPV infection‡ 1 (18) 344 26/166 (15.6%) 32/178 (17.9%) 0.87 (0.54 to 1.40) N/A N/A N/A
AIN=anal intraepithelial neoplasia; CIN=cervical intraepithelial neoplasia, grade 1 (CIN1), grade 1 or higher (CIN1+), grade 2 (CIN2), grade 2 or higher (CIN2+), grade 3 (CIN3); N/A=not 
applicable; PI=prediction interval; VIN1+ or VaIN1+=vulvar or vaginal intraepithelial neoplasia grade 1 or higher, grade 2 or higher (VIN2+ or VaIN2+).
*All studies included an intervention (vaccine) and a control (non-vaccine) group.
†Adjusted data were used when available
‡HPV type detected at baseline and six months after local surgical treatment.
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lesions, genital warts, or for incident or persistent 
HPV infections, although the data were scarce with 
small numbers of studies and participants. Analysis of 
the post hoc studies from randomised controlled trial 
data with historic vaccination at randomisation before 
the development of the disease reported inconsistent 
results. The effect size on secondary outcomes in the 
main analysis of our study showed possible beneficial 
effects, although the evidence was inconclusive 
because the number of included studies was small.

Four meta-analyses have attempted to combine 
the evidence so far.56-59 Although our findings on the 
summary estimate were in agreement with recent 
meta-analyses examining similar questions,56-59 our 
analysis raised concerns about the quality of the data 
and we concluded that the evidence is inconclusive. 
Some of the previous meta-analyses published 
in 2020 and 2021 only included a fraction of the 
published literature, failed to include grey literature 
and unpublished data, had exclusion criteria that 
affected the final number of studies with potentially 
relevant data, and the presence of publication bias 
was not assessed and was not associated with the 
overall quality of the data. These studies did not 
include extensive sensitivity and subgroup analyses 
to determine the effect of risk of bias, type of vaccine, 
heterogeneity between studies, and attrition rate on 
the primary outcome, and the tools used to assess the 
quality of studies and risk of bias were not optimal. 

Lichter et al56 included six studies in their systematic 
review and meta-analysis (three post hoc analyses of 
randomised controlled trials, two observational studies, 
and one randomised controlled trial) and reported 
on a series of CIN and non-cervical outcomes with 
consistent estimates. However, the post hoc analyses 
of randomised controlled trials were misreported as 
randomised controlled trials in the analysis, ignoring the 
fact that randomisation in these studies was not made 
for treatment as intervention. The risk of bias and timing 
of the vaccine were also not examined, and most of the 
data were extracted from one to three studies, with very 
low to moderate quality of evidence based on GRADE. 

Another systematic review and meta-analysis57 
published in 2020 included 10 studies and reported 
similar estimates to our study for the risk of recurrence 
of CIN2+. A subgroup analysis based on study design 
was not included, however, and risk of bias for 
observational studies was assessed with the RoB-
2 tool, commonly used for randomised controlled 
trials. Di Donato et al’s meta-analysis58 included 11 
studies and subgroup analysis was performed based 
only on study design. Risk of bias was assessed with 
the ROBINS-I tool for all studies, although RoB-2 is 
more suitable for randomised controlled trials; GRADE 
assessment was not carried out. Bartels et al59 retrieved 
data from only five studies for their meta-analysis on 
the risk of recurrence of CIN2+ and did not include 
sensitivity or subgroup analyses. GRADE assessment 
was not performed, and the RoB tools used (MINORS 
and JADAD) are not recommended by the Cochrane 
Library.

Strengths and limitations
Our systematic review and meta-analysis reported on 
the role of HPV vaccination at the time of local surgical 
treatment for cervical and other non-cervical diseases 
related to HPV infection, with rigorous methodological 
assessment of risk of bias, heterogeneity, and 
appropriate data pooling from different study designs. 
Post hoc analyses of randomised controlled trials with 
historic vaccination were analysed separately from 
observational or randomised studies that administered 
the vaccine at or around the time of local treatment, 
removing potential inaccurate assessment of effect 
estimates and reducing heterogeneity. We used 
established risk of bias tools for observational studies 
and randomised controlled trials (ROBINS-I and RoB-
2) to examine the quality of the studies included in the 
meta-analysis. We also investigated the possibility of 
publication bias in our meta-analysis with a selection 
model and performed analyses irrespective of HPV 
type and subgroup analyses for HPV16 and HPV18 
disease. We performed a thorough assessment of the 
grey literature and we also assessed our findings with 
fixed and random effects meta-analyses, as well as 
with a series of subgroup and sensitivity analyses that 
controlled for risk of bias, timing of vaccination, type 
of vaccine, and attrition bias.

Our findings should be interpreted with caution, 
however. Most of the published literature were 
observational studies that are at risk of bias, and the 
two randomised controlled trials included only 17821 
and 242 patients,22 respectively. The observational 
studies were of low to moderate quality based on 
the ROBINS-I bias assessment tool, and only five 
studies provided adjusted data. The low to moderate 
quality could be attributed, at least partially, to the 
presence of confounders, differences in baseline 
characteristics between intervention and control 
groups, and suboptimal selection of participants in 
the included studies. Specifically, the mean age of 
participants was not provided in most studies and age 
differences between women who were vaccinated and 
those who were not vaccinated might affect the risk 
of recurrence of disease. Women who are vaccinated 
might be younger than those who are not vaccinated, 
and increased recurrence of disease could partly be a 
result of older age. Also, confounders such as smoking, 
associated with a higher risk of recurrence, were not 
controlled for in many studies.

Variability in diagnostic methods, length of follow-
up, and HPV vaccine types and timing among the 
studies could also influence the accuracy of the effect 
estimate. The median of median length of follow-up 
was 36 months and therefore we could not assess 
whether the effect estimate would be sustained in the 
long term. Although subgroup analyses according to 
median length of follow-up (<24 v ≥24 months) showed 
similar effect estimates, pooling risk ratios at different 
time points was not possible. The short follow-up is an 
intrinsic limitation of our meta-analysis and similar 
meta-analyses, and this factor needs to be looked at 
in randomised studies with a long follow-up interval. 
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Most recurrences present in the first 24 months,60 
however, and no clear biological reason exists to 
explain why a longer length of follow-up would reverse 
this trend.

Heterogeneity in several meta-analyses was high, as 
indicated by the τ2 estimates and the wide prediction 
intervals, highlighting the uncertainty around the 
observed effect estimates. Also, the difference in effect 
estimates between the random and fixed effect models 
indicates the presence of small study effects. The use of 
adjusted study specific effects, where available, might 
have also contributed to this heterogeneity. Assessment 
of publication bias was restricted by the limited number 
of studies for some comparisons, further highlighting 
the need for a randomised trial. Although the subgroup 
and sensitivity analyses according to type of vaccine, 
timing of vaccination, attrition bias, and overall risk 
of bias showed consistent results and reduced this 
heterogeneity to some extent, the number of included 
studies in these subgroups was low. Furthermore, 
distinguishing between incident and persistent 
infections was not possible because persistence was 
assessed in only one study. Studies that used the 
nonavalent vaccine Gardasil 9 that might offer wider 
protection were not available. An analysis with data 
from an intention to treat analysis of randomised 
controlled trials was also not possible because of lack of 
data. For many of the secondary outcomes, the number 
of studies and participants was also low, precluding 
clear conclusions to be drawn on the effectiveness of 
the vaccine. The quality of evidence ranged from very 
low to moderate, as assessed by GRADE, owing to the 
possible presence of publication bias, high risk of bias 
of the included studies, and inconsistency.

Conclusions
Women who have been treated for high grade CIN have 
a lifelong residual high risk of cervical cancer and other 
malignancies related to HPV infection. New strategies 
to reduce the risk in these women might shorten and 
simplify screening programmes and eliminate cervical 
cancer more rapidly.56 Large, appropriately powered 
randomised controlled trials are required to establish 
the effectiveness of adjuvant HPV vaccination at the 
time of local surgical treatment of CIN. Given that the 
incidence of recurrence of high grade disease is low in 
quality assured national screening programmes, such 
as in the UK, absolute risks and a cost effectiveness 
analysis would be important in determining the 
implementation strategy of HPV vaccination after 
treatment. The NOVEL (Nonavalent Prophylactic 
HPV Vaccine (Gardasil 9) After Local Conservative, 
NCT03979014) trial, an ongoing, large, appropriately 
powered randomised controlled trial, is expected to 
report results and give further insight on the effect 
of Gardasil 9 on persistent incident, recurrent, and 
prevalent HPV infections and cost effectiveness.61 If the 
study reports benefit, the results could be applicable to 
women with multifocal disease, other diseases related 
to HPV infection, and individuals with a diagnosis of 
malignancies related to HPV infection.
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