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Abstract

Background

Cervical excisional procedures, such as the loop electrosurgical excision procedure and conization, are standard
treatments for high-grade cervical intraepithelial neoplasia. Despite effective lesion removal, recurrence or persistence
of lower genital tract dysplasia remains a clinically relevant concern. Prophylactic human papillomavirus vaccination,
particularly the 9-valent vaccine, has been proposed as a secondary preventive strategy to reduce post-treatment disease
recurrence.

Objective: To systematically evaluate the effect of human papillomavirus vaccination administered prior to or around
the time of cervical excisional surgery, with emphasis on the 9-valent vaccine, on subsequent lower genital tract
dysplasia.

Methods

This systematic review followed PRISMA 2020 guidelines. A comprehensive search was conducted across
PubMed/MEDLINE, Embase, Scopus, Web of Science, and Google Scholar. Comparative studies evaluating vaccinated
versus unvaccinated women undergoing cervical excisional treatment and reporting post-treatment dysplasia outcomes
were included. Owing to heterogeneity in vaccine type, vaccination timing, and outcome definitions, a qualitative
narrative synthesis was performed.

Results

Seven studies met the inclusion criteria, including post-hoc analyses of randomized trials and observational cohort
studies. One study specifically evaluated prior 9-valent human papillomavirus vaccination, while the remaining studies
assessed quadrivalent or mixed vaccine schedules administered before or after excisional treatment. Across all studies,
vaccinated women consistently demonstrated lower rates of recurrent cervical intraepithelial neoplasia grade 2 or higher,
high-grade squamous intraepithelial lesions, or lower genital tract dysplasia compared with unvaccinated controls.
Conclusion

Current evidence indicates that human papillomavirus vaccination administered prior to or around cervical excisional
surgery is associated with a reduced risk of subsequent lower genital tract dysplasia. While most data support peri- or
post-excisional vaccination, emerging evidence suggests additional benefit with prior 9-valent vaccination.

Future research

Prospective randomized trials and large population-based cohort studies are needed to clarify optimal vaccination
timing, compare vaccine valencies, and standardize post-treatment outcome assessment.

Keywords: Human papillomavirus, 9-valent HPV vaccine,; Cervical excision, Loop electrosurgical excision procedure;
Cervical intraepithelial neoplasia; Lower genital tract dysplasia; Secondary prevention
Submitted: September 19, 2024 Accepted: November 20, 2024 Published: December 31, 2024

Corresponding author: Dr. Karthik Shunmugavelu™

Email: drkarthiks1981@gmail.com

Mobile 0091-9789885622/9840023697  https://orcid.org/0000-0001-7562-8802

Assistant Professor Department of Dentistry PSP Medical College Hospital and Research Institute Tambaram
Kanchipuram Main Road Oragadam Panruti Kanchipuram District Tamilnadu 631604 India

l|Page


https://orcid.org/0000-0001-7562-8802

Page | 2

Introduction

Persistent infection with high-risk human papillomavirus
(HPV) types represents the principal etiological factor in
the development of cervical intraepithelial neoplasia
(CIN) and cervical cancer!’?. Despite advances in
screening and preventive strategies, HPV-associated
cervical disease continues to pose a substantial global
public health burden, particularly in low- and middle-
income countries where access to organized screening and
vaccination programs remains limited®*. High-grade
CIN (CIN2-3) is widely recognized as a true premalignant
condition with a significant risk of progression to invasive
carcinoma if left untreated 41,

Cervical excisional procedures, including loop
electrosurgical excision procedure (LEEP) and cold-knife
conization, constitute the standard of care for the
management of high-grade CIN "#]. These interventions
aim to achieve complete removal of dysplastic epithelium
while preserving cervical structure and reproductive
function. Although excisional treatment is highly effective
in achieving initial disease clearance, post-treatment
recurrence or persistence of dysplasia remains a clinically
relevant challenge ®1%!11], Reported recurrence rates range
from approximately 5% to 15%, necessitating prolonged
surveillance and, in some cases, repeat surgical
interventions, which may adversely impact fertility,
obstetric outcomes, and overall quality of life [!%13],
Recurrence following excisional treatment is increasingly
recognized as a multifactorial process. Persistent infection
with high-risk HPV types remains the most important
determinant, while additional contributing factors include
positive surgical margins, host immune status, smoking,
and reinfection with oncogenic HPV genotypes 41516,
Importantly, while excisional treatment removes the
morphological manifestation of disease, it does not
eliminate susceptibility to HPV infection or reinfection
7 Consequently, strategies aimed at reducing post-
treatment HPV persistence and preventing reinfection
have emerged as an important focus in cervical disease
prevention ['819],

Prophylactic HPV vaccines were originally developed for
primary prevention and have demonstrated high efficacy
in preventing HPV infection and HPV-associated
premalignant lesions in HPV-naive populations 2021,
Over time, widespread vaccination programs have
resulted in substantial reductions in HPV prevalence and
cervical disease incidence. The introduction of the 9-
valent HPV vaccine, which protects against additional
oncogenic HPV types beyond those covered by earlier
vaccines, has further expanded preventive coverage and
enhanced population-level protection 2223,

In recent years, increasing attention has been directed
toward the potential role of HPV vaccination as a
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secondary preventive strategy in women undergoing
excisional treatment for high-grade CIN. Proposed
mechanisms include prevention of new HPV infections,
reduction of reinfection from sexual partners, limitation of
viral reactivation, and enhancement of immune-mediated
viral clearance in the post-treatment cervical
microenvironment. Although HPV vaccines are not
therapeutic, vaccination may favorably modify the
biological milieu following excisional treatment, thereby
lowering the likelihood of disease recurrence 2421,
Despite accumulating evidence supporting a protective
role of HPV vaccination in the post-treatment setting, the
available literature remains heterogeneous. Studies vary
considerably with respect to vaccine type, timing of
vaccination relative to excisional surgery, study design,
and outcome definitions. Moreover, although the 9-valent
HPV vaccine offers broader oncogenic coverage, data
specifically  evaluating prior or peri-excisional
administration of the 9-valent vaccine remain limited.
This evidence gap complicates the development of clear
clinical recommendations regarding optimal vaccination
timing and vaccine selection for women undergoing
cervical excisional procedures.

Therefore, the present systematic review was undertaken
to synthesize and critically evaluate the available evidence
on the effect of HPV vaccination administered before or
around the time of cervical excisional surgery on
subsequent lower genital tract dysplasia, with particular
emphasis on the role of the 9-valent HPV vaccine. By
consolidating existing data, this review aims to clarify
current evidence, identify gaps in knowledge, and inform
future research directions and clinical practice.

Materials and methods

Study design and reporting guidelines

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 20209 statement to ensure
methodological rigor, transparency, and reproducibility.

Review question

The review addressed the following question:

Does HPV vaccination administered prior to or around the
time of cervical excisional surgery reduce the risk of
subsequent lower genital tract dysplasia?

Search strategy
A comprehensive electronic literature search was

performed across the following databases:
e  PubMed/MEDLINE



Page | 3

Embase

Scopus

Web of Science

Google Scholar

The search covered studies published from database
inception to January 2026. The search strategy employed
combinations of Medical Subject Headings (MeSH) terms
and free-text keywords, including:

“HPV  vaccination”, “9-valent HPV  vaccine”,
“conization”, “LEEP”, “cervical excision”, “CIN
recurrence”, “HSIL”, and “lower genital tract dysplasia”.
In addition, the reference lists of all included studies were
manually screened to identify any additional relevant
articles not captured through the electronic search.

Eligibility criteria
Inclusion criteria

e Studies were eligible for inclusion if they met
the following criteria:

e Included women undergoing cervical excisional
surgery (LEEP or conization)

e Employed a comparative design evaluating
vaccinated versus unvaccinated cohorts

e Reported HPV vaccination administered prior to
or around the time of excisional treatment

e Assessed outcomes related to recurrent CIN,
HSIL, or lower genital tract dysplasia

e  Used randomized or observational study designs

Exclusion criteria

e  Studies were excluded if they:

e Reported only immunogenicity or virological
outcomes without dysplasia-related endpoints

e  Lacked post-treatment follow-up

e Were case reports, editorials, commentaries, or
narrative reviews

Study selection

Two reviewers independently screened titles and abstracts
for eligibility. Full-text articles were subsequently
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assessed for inclusion based on the predefined criteria.
Any discrepancies between reviewers were resolved
through discussion and consensus.

Data extraction

Data were independently extracted from each included
study using a standardized data extraction form. Extracted
variables included:
e Author and year of publication
Country and study design
Vaccine type and timing of administration
Type of excisional procedure
Duration of follow-up
Outcome measures

Data synthesis

Given the heterogeneity among studies in terms of vaccine
type, timing of vaccination, outcome definitions, and
follow-up duration, a quantitative meta-analysis was not
performed. Instead, results were synthesized using a
qualitative narrative approach.

Results

Study selection

The initial electronic search across PubMed/MEDLINE,
Embase, Scopus, Web of Science, and Google Scholar
yielded 312 records. After removal of 86 duplicate
studies, 226 records remained for title and abstract
screening, of which 198 were excluded due to irrelevance
to the review question, lack of cervical excisional
treatment, or non-comparative study design. The full texts
of 28 potentially eligible articles were assessed in detail,
resulting in the exclusion of 21 studies for reasons
including reporting only HPV immunogenicity or viral
clearance without dysplasia outcomes, absence of post-
treatment follow-up, or inappropriate study design.
Ultimately, seven studies met all predefined inclusion
criteria and were included in the final qualitative
synthesis. (Figure 1)
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«Records identified through

database searching (n= 312)

= 4 «Records after duplicates
age | removed (n=86)

eRecords screened (Title
and abstracts) (n=226)

eRecords excluded (n=198)

oFull-text articles assessed

for eligibility (n=28)

oFull text articles excluded
(n=21)

«Studies included in
qualitative synthesis (n=7)

Figure 1: PRISMA Flowchart

Characteristics of included studies
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Table 1. Characteristics of studies included in the systematic review

Author Count | Study Sample Vaccine Timing of | Excisional | Follow-up Outcome | Key Findings
(Year) ry Design Size Type Vaccinati | Procedure Duration Assessed
(Vaccina on
ted /
Unvacci
Page | 5 nated)
Joura et al. | Multi | Post-hoc 1,350 /| 9-valent Prior to | LEEP /| Up to 6 | Cervical, | Significantly reduced risk
(2026) 127 nation | analysis of | 5,619 HPV excision Conization | years vaginal, of  subsequent lower
al randomize vaccine 0.144 and genital tract dysplasia in
d years vulvar women vaccinated prior to
controlled before SIL excisional surgery
trials surgery)
Petras et al. | Czech | Retrospect | 707 /| Prophylac | Pre- and | Conization | Median 48 | CIN2+ HPV  vaccination is
(2025) 28 | Repu | ive cohort | 1,133 tic HPV | post- months recurrenc | associated with
blic study (mixed, excision e significantly lower
incl. recurrence risk,
9vHPV) independent of margin
status
Chen et al. | China | Prospectiv | 148/273 | Quadrival | After LEEP 24 months CIN2+ HPV vaccination
(2023) 21 e cohort ent HPV | LEEP recurrenc | significantly reduced
study vaccine e CIN2+ recurrence and
persistent HPV infection
Goémez de | Spain | Longitudin | 160/171 | Quadrival | Post- Conization | 4 years HSIL Vaccinated women had a
la Rosa et al ent HPV | conizatio recurrenc | 73.5% relative risk
al. observatio vaccine n e reduction in recurrence
(2021)B% nal study compared with
unvaccinated controls.
Pin6 et al. | Spain | Observatio | 191/197 | Quadrival | Adjuvant | Conization | 24 months | Persistent | Lower persistence and
(2020)31 nal real- ent HPV | to /recurrent | recurrence  of  HSIL
world vaccine excision HSIL observed in vaccinated
study women
Ghelardi et | Italy Multicente | 165/201 | Quadrival | Post- LEEP /| 30 months CIN2+ HPV  vaccination after
al. r  cohort ent HPV | treatment | Conization recurrenc | treatment significantly
(2018)32 study vaccine e reduced the recurrence of
(SPERAN high-grade cervical lesions
ZA
project)
Kang et al. | South | Retrospect | 360/317 | Quadrival | Post- LEEP Mean 24 | CIN2-3 Recurrence rates were
(2013)B% Korea | ive cohort ent HPV | LEEP months recurrenc | significantly lower in
study vaccine e vaccinated patients
compared with
unvaccinated patients.
Risk of bias in studies definitions, although blinding and adjustment for

Overall, the included studies demonstrated moderate
methodological quality. Observational cohort studies
were subject to potential selection bias and residual
confounding, particularly related to vaccination uptake
and baseline HPV status. Post-hoc analyses of randomized
trials were limited by non-randomized exposure to
vaccination in the excision subgroup. Most studies
adequately reported follow-up duration and outcome
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behavioral confounders were inconsistently described.

Results of individual studies

Across all included studies, vaccinated cohorts
consistently showed lower rates of recurrent CIN2+,
HSIL, or lower genital tract dysplasia compared with
unvaccinated controls. Effect estimates reported in
individual studies demonstrated relative risk reductions
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ranging from approximately 40% to over 70%, with
confidence intervals indicating statistical significance in
most analyses. Summary statistics and effect estimates for
each study are presented in Table 1.

Results of syntheses

The narrative synthesis demonstrated consistent
directionality of effect favoring HPV vaccination across
diverse study designs and populations. Studies evaluating
vaccination administered prior to excisional surgery
showed the largest reductions in subsequent dysplasia,
while peri- and post-excisional vaccination was
associated with moderate but clinically meaningful
benefit. Risk of bias among contributing studies was
moderate, primarily due to observational designs.

Reporting biases

Assessment of reporting bias did not reveal systematic
non-reporting of outcomes across included studies. Most
studies reported prespecified dysplasia-related endpoints.
However, variability in outcome definitions and follow-up
intervals limited cross-study comparability.

Certainty of evidence

The certainty of evidence was judged to be moderate for
recurrence of CIN2+ and HSIL, supported by consistency
across multiple cohorts and meta-analyses. Certainty was
lower for outcomes specific to prior 9-valent HPV
vaccination due to limited direct evidence.

Discussion

The present systematic review demonstrated that human
papillomavirus (HPV) vaccination administered prior to
or around the time of cervical excisional surgery was
associated with a reduced risk of subsequent lower genital
tract dysplasia. Across all seven included studies,
vaccinated women consistently exhibited lower rates of
recurrent CIN2+, high-grade squamous intraepithelial
lesions (HSIL), or related dysplastic lesions compared
with unvaccinated controls, despite heterogeneity in study
design, population characteristics, vaccination timing, and
surgical modality. The uniform direction of effect
observed across diverse clinical settings suggested that
HPV vaccination may have provided an additional
protective benefit beyond surgical excision alone,
particularly in women who remained susceptible to
persistent or recurrent HPV infection.

Among the included studies, the most direct evidence
supporting a true pre-treatment vaccination effect was
reported by Joura et al. (2026) 7, who demonstrated a
statistically significant reduction in subsequent cervical,
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vaginal, and vulvar dysplasia among women vaccinated
with the 9-valent HPV vaccine before undergoing
excisional treatment. This study was distinct in evaluating
vaccination administered well before surgery, thereby
strengthening the temporal association and reducing the
likelihood of reverse causality. In contrast, the remaining
included studies primarily assessed peri- or post-
excisional  vaccination, most commonly using
quadrivalent vaccine schedules. Nevertheless, these
studies consistently reported reduced recurrence or
persistence of high-grade lesions, as observed in cohorts
reported by Ghelardi et al. (2018) 1321, Kang et al. (2013)
(331 Chen et al. (2023)™), Pifi6 et al. (2020)Y, Casajuana-
Pérez et al. (2022)P%, and Petrd$ et al. (2025)28,
Collectively, these findings suggested that vaccination
administered around the time of excision, including after
treatment, may have conferred a measurable reduction in
subsequent dysplastic outcomes.

The findings of the present review were strongly
supported by multiple high-quality meta-analyses and
systematic reviews. Jentschke et al. (2020)3Y
demonstrated a significant reduction in recurrent cervical
dysplasia following conization among vaccinated women,
while Bartels et al. (2020)®9 reported comparable
reductions across pooled observational cohorts. Di
Donato et al. (2021)537! further reinforced this association
by showing that adjuvant HPV vaccination significantly
reduced the risk of recurrent CIN after surgical treatment.
Consistent conclusions were reported by Eriksen et al.
(2022) B8 who demonstrated that HPV vaccination
administered in relation to excisional treatment was
associated with a lower recurrence risk across different
populations. Similarly, the systematic review by Lichter et
al. (2020)B% supported the protective role of adjuvant
vaccination, particularly in previously unvaccinated
women, aligning closely with the observational evidence
included in the present synthesis.

Population-based and registry-derived studies provided
additional real-world validation of these findings. The
Danish cohort study by Sand et al. (2020)"” reported a
significantly lower risk of CIN2+ recurrence after
conization among vaccinated women, supporting the
effectiveness of vaccination at the population level.
Likewise, the VENUS study by Casajuana-Pérez et al.
(2022)B4  demonstrated reduced recurrence  of
HSIL/CIN2-3 following vaccination in women treated by
conization. More recent real-world cohorts, including
those reported by Dvofék et al. (2024)! and Serbye et al.
(2026)1*?, further demonstrated reduced recurrence or
favorable HPV-related outcomes following vaccination,
particularly in clinical settings where 9-valent vaccines
were increasingly utilized. These observations
complemented the findings reported by Joura et al.
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(2026)7 and suggested that broader genotype coverage
may have enhanced post-treatment protection.

The timing of vaccination emerged as a critical modifier
of effect across the available literature. The meta-analysis
and meta-regression conducted by Petras et al. (2023)12%
demonstrated that earlier vaccination relative to surgical
excision was associated with greater reductions in
recurrence risk, providing a plausible explanation for the
stronger protective effect observed in women vaccinated
prior to surgery. This temporal relationship also explained
the variability in effect sizes across studies in which
vaccination was administered at different intervals before
or after treatment. Studies evaluating delayed vaccination
generally reported smaller, yet still favorable, effects,
indicating that peri-excisional immunization may have
conferred partial protection even after surgical clearance
of dysplastic tissue.

Biological plausibility for the observed association was
supported by mechanistic and translational studies.
Although prophylactic HPV vaccines were not
therapeutic, they were shown to prevent new HPV
infections, reduce reinfection with oncogenic types, and
induce immune responses that exceeded those generated
by natural infection. Reuschenbach et al. (2023)*!
emphasized that vaccine-induced immunity may have
reduced viral persistence in the post-excisional cervix,
thereby lowering the probability of recurrent dysplasia.
Foundational work on HPV natural history by Schiffman
et al. (2016)*Y further supported this rationale by
highlighting that excisional treatment removes dysplastic
tissue but does not eliminate susceptibility to future HPV
infection. Additionally, virological studies by Rykkelid et
al. (2024)*) and Palumbo et al. (2025)®! demonstrated
improved HPV viral clearance or favorable viral status
following vaccination, indirectly supporting the reduced
histologic recurrence observed in clinical outcome
studies.

Evidence from primary vaccine efficacy trials also
provided important contextual support. Landmark trials
such as the PATRICIA study (Paavonen et al., 2009)*7],
the FUTURE 1I trial (2007)), and the randomized trial
by Zhu et al. (2019)*7 demonstrated strong prophylactic
efficacy of HPV vaccines against persistent infection and
high-grade  precancerous lesions in HPV-naive
populations. Although these trials did not specifically
evaluate post-excisional recurrence, their findings
reinforced the preventive capacity of HPV vaccination
and supported the biological rationale that reduced
incident infections may contribute to lower post-treatment
disease risk. Furthermore, population-level analyses such
as the meta-analysis by Drolet et al. (2019)P% documented
substantial reductions in HPV-related outcomes following
widespread vaccination programs, suggesting that both
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individual and herd immunity effects may have influenced
recurrence risk in vaccinated cohorts.

Despite the overall consistency of findings, several
limitations across the evidence base required careful
consideration. Most included studies were observational
in nature and were therefore susceptible to residual
confounding and selection bias. Vaccine type, vaccination
timing, outcome definitions, and follow-up duration
varied considerably, limiting direct comparability and
precluding quantitative meta-analysis in the present
review. Moreover, not all syntheses reported uniformly
positive findings; the meta-analysis by Cao et al. (2024)"]
highlighted variability in effect estimates depending on
study design and endpoints, underscoring the need for
cautious interpretation. Importantly, evidence specific to
prior 9-valent HPV vaccination remained limited, with
only one included study [Joura et al. (2026)]7 directly
addressing this exposure, indicating a critical gap in the
literature.

Nevertheless, the consistency of reduced recurrence
observed across multiple independent cohorts, meta-
analyses, and population-based studies supported the
potential role of HPV vaccination as an adjunctive
preventive strategy in women undergoing cervical
excisional treatment. This interpretation was reflected in
contemporary clinical guidance, including the ASCCP
Committee Opinion (2023)5? and the ACOG Practice
Advisory (2023), both of which acknowledged
accumulating evidence supporting adjuvant HPV
vaccination in appropriately selected patients while
emphasizing individualized clinical decision-making.

In summary, the present systematic review suggested that
HPV vaccination administered prior to or around cervical
excisional surgery was associated with a reduced risk of
subsequent lower genital tract dysplasia. While peri-
excisional vaccination demonstrated consistent benefit
across multiple studies, emerging evidence indicated that
prior 9-valent HPV vaccination may have conferred
additional protection. Future well-designed prospective
studies focusing on vaccine valency, optimal timing, and
standardized outcome definitions are warranted to refine
clinical recommendations and establish definitive
guidelines.

Limitations of the evidence

Most included studies were observational, introducing
susceptibility to confounding and selection bias.
Variability in vaccine type, timing of administration,
outcome definitions, and follow-up duration limited
quantitative synthesis. Evidence specific to prior 9-valent
HPV vaccination remains sparse.
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Limitations of the review process

This review did not include unpublished data or trial
registry searches, raising the possibility of publication
bias. Meta-analysis was not performed due to
heterogeneity, which may limit the precision of pooled
effect estimates.

Implications for Practice and Policy

The findings support consideration of HPV vaccination as
an adjunctive strategy in women undergoing cervical
excisional treatment. Integration of vaccination into post-
treatment care pathways may reduce recurrence risk and
long-term surveillance burden, particularly in settings
with high HPV prevalence.

Conclusion

This systematic review demonstrated that human
papillomavirus (HPV) vaccination administered prior to
or around the time of cervical excisional surgery was
associated with a reduced risk of subsequent lower genital
tract dysplasia, with vaccinated women consistently
exhibiting lower rates of recurrent CIN2+, high-grade
squamous intraepithelial lesions (HSIL), or related
dysplastic lesions compared with unvaccinated controls
across diverse study designs and populations. While the
majority of available evidence supported peri- or post-
excisional vaccination with quadrivalent HPV vaccines,
emerging data indicated that prior vaccination with the 9-
valent HPV vaccine may have conferred additional
protection due to broader oncogenic HPV type coverage;
however, evidence specific to this exposure remained
limited. Heterogeneity in vaccination timing, vaccine
type, outcome definitions, and follow-up duration
precluded quantitative synthesis and highlighted
important gaps in the existing literature. Overall, these
findings supported the potential role of HPV vaccination
as an adjunctive secondary preventive strategy in women
undergoing cervical excisional treatment and underscored
the need for well-designed prospective studies to clarify
optimal vaccination timing, vaccine valency, and
standardized clinical outcomes in order to inform
definitive clinical guidelines.
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