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Abstract

Background: Human papillomavirus (HPV) is a leading cause of cervical cancer and other HPV-related cancers globally. Vaccination against HPV has proven
to be a pivotal intervention in reducing the burden of these diseases. However, questions remain regarding long-term efficacy, dosing strategies, and
real-world outcomes of HPV vaccines. Objective: We aim to synthesise evidence from randomised controlled trials and long-term follow-up studies on
the efficacy, immunogenicity, safety, and real-world impact of HPV vaccines. Methodology: A comprehensive search was conducted in PubMed, Cochrane
Library, Embase, Scopus, and Web of Science for studies published in English from 2019 to 2024. Eligible studies included randomised controlled trials and
long-term follow-up analyses focusing on HPV vaccine efficacy, dosing regimens, and population-specific outcomes. Data were extracted and synthesised
narratively, with findings organised into five thematic areas. Results: Seventeen studies met the inclusion criteria. Findings confirm the high efficacy of HPV
vaccines in preventing HPV-related cancers and precancers, with durable immunogenicity observed up to 12 years post-vaccination. Evidence supports the
potential of single-dose regimens, which could improve accessibility in resource-limited settings. Real-world data demonstrated significant reductions in
HPV-related diseases across diverse populations, reinforcing the global impact of HPV vaccination programs. Conclusion: This review highlights the critical
role of HPV vaccines in reducing the burden of HPV-related cancers, with robust efficacy, long-term protection, and favourable safety profiles. The findings

underscore the need for continued research into optimised vaccination strategies and the expansion of global vaccination efforts.
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INTRODUCTION

Human papillomavirus (HPV)is a leading cause of cervical cancer
and other anogenital and oropharyngeal cancers worldwide. In
2022, cervical cancer was the fourth leading cause of cancer
and cancer deaths in women, with approximately 660,000 new
cases and around 350,000 deaths globally. The highest rates of
cervical cancer incidence and mortality are observed in low-
and middle-income countries, reflecting significant inequities
in access to HPV vaccination, cervical screening, and treatment
services (WHO, 2024). HPV vaccines, including bivalent,
guadrivalent, and 9-valent formulations, have demonstrated
high efficacy in preventing infections caused by high-risk HPV
types such as HPV 16 and 18. Large pre-licensure trials have
shown vaccine efficacy exceeding 90% against HPV 16 and 18
persistent infections and associated cervical intraepithelial
neoplasia grade 2 or worse in women without infection at
vaccination®.

Recent studies have indicated that single-dose HPV vaccination
may be highly effective in preventing persistent oncogenic
HPV infection, offering a potential strategy to simplify
vaccination schedules and improve coverage, particularly
in resource-limited settings?. This scoping review aims to
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synthesise evidence from randomised controlled trials and
long-term follow-up studies to evaluate the efficacy, safety,
and immunogenicity of HPV vaccines. By examining diverse
populations, dosing strategies, and real-world outcomes, this
review seeks to inform vaccination policies and contribute to
the global effort to reduce the burden of HPV-related diseases.

METHODOLOGY
Study Design and Eligibility Criteria

This scoping review followed a structured protocol to ensure
methodological rigour and transparency. The review included
studies published in English between 2019 and 2024. Eligible
studies focused on randomised controlled trials and long-
term follow-up analyses assessing HPV vaccine efficacy,
immunogenicity, and safety.

Literature search strategy

A comprehensive search was conducted across five databases:
PubMed, Cochrane Library, Embase, Scopus, and Web of
Science. Search terms included combinations of “HPV vaccine,”
“efficacy,” “long-term immunogenicity,” “clinical trials,” and
“follow-up studies.” Filters were applied to limit results to
English-language studies published within the specified
timeframe. The search strategy was designed to identify all
relevant studies on HPV vaccination.

Screening and selection process

The author conducted the screening and selection of studies
in two stages. First is title and abstract screening, where the
author assesses the relevance of studies based on titles
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and abstracts. Second, Full-text articles were evaluated to
confirm their eligibility. Discrepancies in the selection process
were managed by revisiting the eligibility criteria to ensure
consistency.

Data extraction

The author extracted data using a pretested form designed to
capture key study details, including Author(s), year, country,
Type of HPV vaccine, Study design, population, Intervention,
comparator, and outcomes. The author manually reviewed
each study to ensure the accuracy of the extracted data.

Quality assessment

The quality and validity of the included studies were assessed
through critical appraisal. The Mixed Methods Appraisal Tool
(MMAT) was employed to evaluate the evidence[Appendix 1].

RESULTS

Out of 820 articles initially identified, 500 were excluded
during title and abstract screening for irrelevance or not
meeting inclusion criteria, such as focusing on HPV vaccination
or long-term efficacy. After a full-text review of 320 articles,
303 were excluded for lacking primary clinical data or long-
term follow-up analyses. Ultimately, 17 studies, including
randomised controlled trials and long-term follow-up studies,
were included in this review [Figure 1]. These studies were
categorised into four main themes (Efficacy of HPV vaccines
in preventing HPV-related cancers and precancers, Long-term
immunogenicity and protection, Comparative efficacy of dosing
regimens, Safety and efficacy of novel vaccines). The included
studies provide comprehensive evidence on the effectiveness,
durability, and safety of HPV vaccines, alongside strategies
to optimise vaccination practices globally [Table 1]. See the
PRISMA chart for the selection process [Appendix 2].

Efficacy of HPV Vaccines in Preventing HPV-Related Cancers
and Precancers

Clinical trials demonstrated the high efficacy of HPV vaccines
in preventing precancers and invasive cancers. In a Finnish
population-based trial, the bivalent and quadrivalent vaccines
reduced the incidence of cervical intraepithelial neoplasia grade
3 (CIN3) and adenocarcinoma in situ (AIS) by 87% (95% Cl: 82—
92%) over a 4-year follow-up3. Similarly, the Costa Rica Vaccine
Trial reported a 94% (95% Cl: 90-97%) efficacy of the bivalent
vaccine in preventing HPV 16/18-related precancers over 7
years?. The vaccine significantly reduced invasive HPV-positive
cancers in a randomised Finnish trial, with a population-level
efficacy of 89%*.

Long-Term Immunogenicity and Protection

Long-term follow-up studies underline the durability of vaccine-
induced immunity and protection. An eight-year follow-up in
Chinese women vaccinated with the quadrivalent HPV vaccine
showed 92% efficacy in preventing high-risk HPV infections®. The
CVT highlighted the sustained antibody responses of a single
dose of the bivalent vaccine, maintaining 95% seropositivity for
HPV 16/18 antibodies over six years®. In a multi-country study,
the 9-valent HPV vaccine maintained high antibody levels and
durable protection for up to 10 years. A longitudinal analysis
in Nordic countries also reported stable antibody levels for up
to 12 years, remaining above those associated with natural
infections’.

Comparative Efficacy of Dosing Regimens

Studies examining dosing regimens emphasise the potential
for simplifying HPV vaccination strategies. The Doris trial
in Tanzania found that a single dose of the bivalent vaccine
achieved seroconversion rates of 97% for HPV 16 and 98%
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Table 1 Characteristics of the studies of Efficacy and Long-Term Impact of HPV Vaccination Strategies with PICO

single dose of
the bivalent HPV
vaccine

Study Title Country Study Design Population (P) Intervention () Comparator (C) Outcome (O)
Ayatollahi et al., Efficacy of oral Iran Randomized Women with HPV | Zinc None HPV clearance
(2022)(1) zinc sulfate Controlled Trial infection supplementation
supplementation (RCT)
on clearance of
cervical HPV
Watson-Jones et | Immunogenicity | Tanzania Open-Label Non- | Tanzanian girls One-dose HPV Two or three Immunogenicity,
al.,, (2022)(2) and safety Inferiority Trial vaccine doses safety
of one-dose
HPV vaccine
compared
with two or
three doses in
Tanzanian girls
Lehtinen et al., Effectiveness Finland Community Finnish Various None HPV-related
(2021)(3) of various HPV Randomized Trial | population vaccination cancer reduction
vaccination strategies
strategies: A
community
randomized trial
in Finland
Barnabas et al., Efficacy of Africa (multiple Randomized African women Single-dose HPV | None HPV infection
(2022)(4) single-dose HPV | countries) Controlled Trial vaccine prevention
vaccination (RCT)
among young
African women
Lehtinen et al., Head-to-head Finland Population- Finnish Bivalent and None Efficacy against
(2024)(5) comparison of Based Cluster population quadrivalent CIN3 and AIS
two HPV vaccines Randomized Trial vaccines
for efficacy
against CIN3 and
AlIS
Shing et al., Precancerous Costa Rica Long-Term Vaccinated Bivalent vaccine None Lesions caused by
(2022)(6) cervical lesions Follow-Up women non-vaccine HPV
caused by Analysis types
non-vaccine-
preventable
HPV types after
bivalent HPV
vaccine
Zhao et al., The eight-year China Long-Term Chinese women Quadrivalent None Long-term
(2022)(7) long-term Follow-Up Study vaccine efficacy
follow-up on the
effectiveness of
the quadrivalent
HPV vaccine in
Chinese women
Shu et al., (2022) | Immunogenicity | China Randomized Chinese women HPV 4- and Gardasil Safety,
(8) and safety of HPV Blinded 9-valent vaccines immunogenicity
4- and 9-valent Controlled Trial
vaccines in
Chinese women
Qiao et al., Efficacy, China Interim Analysis Chinese E. coli-produced | None Efficacy, safety
(2019)(9) safety, and of Randomized population bivalent vaccine
immunogenicity Clinical Trial
of an Escherichia
coli-produced
bivalent HPV
vaccine
Kreimer et al., Evaluation of Costa Rica Long-Term Vaccinated Single-dose None Durability of
(2020)(10) durability of a Follow-Up of RCT | women bivalent vaccine immunity
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Porras et al., Efficacy of Costa Rica Long-Term Women Bivalent vaccine None Efficacy against
(2020)(11) the bivalent Follow-Up HPV 16/18
HPV vaccine Analysis precancers
against HPV
16/18-associated
precancer
Lehtinen et al., HPV vaccine Finland Cluster Finnish HPV vaccine None Invasive HPV-
(2021)(12) efficacy against Randomized Trial | population positive cancers
invasive, HPV- prevention
positive cancers
Donken et al., Immunogenicity | Canada Follow-Up of Vaccinated 2 or 3 doses of None Long-term
(2019)(13) of 2and 3 Randomized women quadrivalent immunogenicity
doses of the Controlled Trial vaccine
quadrivalent
HPV vaccine up
to 120 months
postvaccination
Porras et al., Design of a trial Costa Rica Design of Women One or two doses | None Efficacy and cost-
(2022)(14) to evaluate one Randomized of HPV vaccine effectiveness
or two doses of Non-Inferiority
HPV vaccine Trial
Garland, S. M., et | Ten-year Multi-country Long-term 9-valent HPV None Long-term Individuals
al., (2023)(15) follow-up of study Follow-Up Study | vaccine immunogenicity, | vaccinated with
9-valent human effectiveness, 9-valent HPV
papillomavirus and safety vaccine
vaccine
Luxembourg, A., | Long-term Multi-country Extended Follow- | 9-valent HPV Quadrivalent Immunogenicity, | Adolescents and
etal., (2020)(16) | immunogenicity, | study Up of Clinical vaccine HPV vaccine effectiveness, young adults
effectiveness, Trial and safety up to | vaccinated with
and safety of 8 years 9-valent HPV
nine-valent HPV vaccine
vaccine
Artemchuk, H., et | Long-term Nordic countries | Long-term Females aged HPV-16/18 Placebo Antibody levels
al., (2018)(17) antibody Follow-Up Study | 10-14 years at AS04-adjuvanted up to 12 years
response to HPV vaccination vaccine post-vaccination
vaccines: Up
to 12 years of
follow-up in the
Nordic cohort

for HPV 18, comparable to multi-dose regimens®. An African
trial confirmed that single-dose vaccination achieved 96%
efficacy in preventing HPV infections, aligning with multi-
dose outcomes?. Similarly, trial designs in Costa Rica suggest
that one- or two-dose schedules offer cost-effective solutions
without compromising efficacy®.

Safety and Efficacy of Novel Vaccines

Novel vaccines continue to expand HPV prevention strategies.
In China, 4- and 9-valent vaccines demonstrated efficacy rates
exceeding 95% against high-risk HPV types, with safety profiles
comparable to Gardasil®. The Escherichia coli-produced
bivalent vaccine demonstrated an 89% efficacy against
HPV 16/18-associated conditions, providing an affordable
alternative for low-resource settings'®.

Real-world studies reinforce the impact of HPV vaccines in
diverse populations. High vaccine coverage (94%) in Finland
reduced HPV-related cancers by 75% over five years'?. The
CVT further demonstrated the vaccine’s effectiveness in
a community setting, with evidence of cross-protection
against non-vaccine HPV types®. Adjunct strategies like zinc

supplementation improved HPV clearance rates by 21%,

supporting vaccine efficacy®.

DISCUSSION

The current review underscores the substantial efficacy of HPV
vaccines in preventing HPV-related cancers and precancers.
Notably, the 9-valent HPV vaccine (9vHPV) has demonstrated
sustained immunogenicity and durable effectiveness through
approximately 7 to 8 years post-vaccination in both girls and
boys aged 9-15'. Additionally, long-term follow-up data
indicate that antibody responses remain robust up to 10
years after the third dose, reinforcing the vaccine’s long-term
protective benefits'>. Our findings align with previous studies
highlighting the long-term effectiveness of HPV vaccines. Real-
world studies have demonstrated decreases in the prevalence
of vaccine-covered HPV types and reduced rates of high-grade
cervical lesions and invasive cervical cancer in vaccinated
populations®®. Furthermore, evidence suggests that reduced-
dose schedules, including single-dose regimens, may offer
comparable protection against HPV infection, significantly
enhancing vaccine accessibility and compliance?’.
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The demonstrated long-term efficacy and safety of HPV
vaccines support their continued use in preventing HPV-
related diseases. The potential effectiveness of single-dose
regimens could simplify vaccination schedules, reduce costs,
and improve coverage, particularly in resource-limited settings
(CDC, 2024). Policymakers should consider these findings to
optimise vaccination strategies and achieve broader public
health benefits.

Future research should focus on evaluating the long-term
effectiveness of single-dose regimens, assessing the impact of
HPV vaccination in diverse and underrepresented populations,
and exploring the development of next-generation vaccines
that provide broader protection against additional HPV types.
Continuous monitoring of vaccine safety and effectiveness in
real-world settings remains essential to inform evidence-based
policy decisions.

Strengths and limitations

The current review’s strength lies in its comprehensive inclusion
of randomized controlled trials and long-term follow-up
studies, which provide a holistic view of HPV vaccine efficacy,
immunogenicity, and safety. The focus on diverse populations
and various vaccine types enhances the generalizability of
the findings, offering valuable insights into global vaccination
strategies. Certain limitations must be acknowledged. The
reliance on published data may introduce publication bias, and
variations in reporting could affect the comparability of results.
Additionally, the review period (2019-2024) may exclude

earlier pivotal studies that have significantly contributed to
understanding HPV vaccine efficacy and safety.

CONCLUSION

In conclusion, the review reaffirms the significant role of HPV
vaccines in preventing HPV-related diseases, with sustained
efficacy and immunogenicity observed over extended periods.
The potential for reduced-dose vaccination schedules offers a
promising avenue to enhance vaccine uptake and accessibility
and contribute to the global effort to reduce the burden of
HPV-related cancers.
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