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ABSTRACT ARTICLE HISTORY
Cervical cancer is a preventable disease for which vaccines are available to provide long-term protection Received 26 December 2024
against human papillomavirus (HPV) infection. This systematic literature review (SLR) was performed to Revised 9 April 2025
summarize the efficacy, effectiveness, impact, duration of protection, and safety profile of four licensed Accepted 21 April 2025
HPV vaccines against infection, precursor lesions, and cervical cancer. Data was extracted from published KEYWORDS

reports. The search resulted in 1,136 studies, of which 54 were selected for this review. A substantial Human papillomavirus; HPV
decrease in the prevalence of oncogenic HPV types, high-grade cervical lesions, and cervical cancer was vaccine; cervical cancer;
found in countries with high vaccine coverage and routine vaccination programs. Post-licensure studies cervical intraepithelial

of HPV vaccines have reported high efficacy, effectiveness, and health impact across settings and age neoplasia; systematic
groups. Studies emphasize vaccination in younger age groups. These findings may inform future discus- literature review

sions about HPV vaccination strategies.

Impact of human papillomavirus vaccines on cervical cancer

This systematic literature review reports findings from 2006 to 2022 on the reduction of human papillomavirus (HPV)
infections, precursar lesions and cervical cancer attributed to HPV vaccines since the introduction of Gardasil (Merck Sharp
and Dohme), Gardasil 9 (Merck Sharp and Dohme), Cervarix (GSK) and Cecolin (Xiamen Innovax Biotech),
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Research in context
Evidence before this study

The incidence of cervical cancer has been significantly reduced
in countries that recommend cervical cancer screening and
vaccination through national immunization programs
(NIPs). It is necessary to consider the available evidence on
the long-term efficacy, effectiveness, and health impact of HPV
vaccines to advance future HPV vaccination strategies.
Therefore, we performed a systematic literature review (SLR)
in three electronic databases (Medline [via PubMed], Embase,
and Cochrane) using a comprehensive set of search terms. The
methodological quality and risk of bias of the shortlisted stu-
dies were assessed. The search was performed on 02/01/2022.
Eligible studies included randomized controlled trials and
observational studies that analyzed females >9 years of age
and were published between 01/01/2006 (the year of marketing
of the first HPV vaccine) and 1/31/2022.

Added value of this study

This review provides updated evidence on the efficacy, effec-
tiveness, and health impact of HPV vaccines by presenting
substantially longer follow-up periods than previous reviews
and data from countries worldwide. The efficacy and effective-
ness of each vaccine against infection, precursor lesions, and
cervical cancer were reviewed based on data from controlled
clinical trials and real-world settings, respectively. In addition,
long-term studies provided data on the public health impact of
HPYV vaccines against cervical cancer, extending their scope to
include herd immunity. This SLR also summarizes safety data,
including short- and long-term adverse events. The prevalence
of oncogenic HPV types, high-grade cervical lesions, and cer-
vical cancers was found to have decreased in countries with
high vaccine coverage and routine vaccination programs.
Individuals vaccinated at a younger age had a greater reduction
in HPV infection, precursor lesions, and cervical cancer than
those vaccinated at older ages. HPV vaccination has also pro-
vided long-term protection lasting at least 11 years in real-
world settings.

Implications of all the available evidence

Because many HPV infections are vaccine-preventable, public
health authorities should focus on promoting HPV vaccine
uptake in NIPs and targeting children and pre-adolescents
for vaccination. Future research based on the findings of this
review may focus on HPV vaccination in younger age groups
(9-12 years of age).

Introduction

Cervical cancer is the fourth most common cancer among
women globally. In 2022, cervical cancer caused an estimated
350,000 deaths worldwide." Approximately 91% of the 604,000
diagnosed cases in 2020 were reported in low- and middle-
income countries.” The large geographical disparities in cervi-
cal cancer incidence and mortality may be attributed to the
availability of appropriate healthcare resources, preventive

health policies, and risk factors.” This imbalance may be
widening, with declining incidence in most high-income
countries’ and rising incidence in sub-Saharan Africa and
several Eastern European countries.>* In East Asian countries,
incidence rates remained stable.’

Approximately 95% of cervical cancers have been attributed
to human papillomavirus (HPV) infection." Among the differ-
ent HPV genotypes, HPV types 16/18 are considered the high-
est risk and account for at least 70% of invasive cervical
cancers.! In addition to routine screening, HPV vaccination
is also a widely used, cost-effective strategy to decrease the
incidence of cervical cancer.” Moreover, there is high-certainty
evidence that HPV vaccines protect against cervical pre-cancer
in adolescent girls and young women.°

Currently, four HPV vaccines are prequalified by the World
Health Organization (WHO): one 9-valent vaccine (Gardasil 9
[Merck Sharp and Dohme; United States], first approved on
10/12/2014 by the FDA), one quadrivalent vaccine (Gardasil
[Merck Sharp and Dohme; United States], first approved on
08/06/2006 by the FDA) and two bivalent vaccines (Cervarix
[GSK, Belgium], first approved on 10/09/2007 by the EMA and
Cecolin [Xiamen Innovax Biotech; China], first approved on
31/12/2019 by the China’s National Medical Products
Administration).” "' All four vaccines contain noninfectious
virus-like particles (VLPs) that stimulate an immune response
against HPV.'? The quadrivalent vaccine contains VLPs
against HPV types 6/11/16/18 while the 9-valent vaccine con-
tains VLPs against HPV types 6/11/16/18/31/33/45/52/58.">"*
Bivalent vaccines contain VLPs against HPV types 16/18 and
are indicated for the prevention of anogenital lesions and
cancers of the cervix and anus.'” Gardasil vaccines use an
aluminum-based adjuvant, while Cervarix uses a proprietary
adjuvant, AS04."* This adjuvant system contains 3-O-desacyl-
4'-monophosphoryl lipid A (50 pg) adsorbed on an aluminum
salt (500 pg) and is critical for enhancing humoral and cellular
responses. HPV vaccines are typically administered in two or
three doses and are recommended for individuals between 9
and 26 or 45years of age, depending on the vaccine."?
Recently, the WHO also recommended an off-label alternative
single-dose regimen for target populations aged 9-20 years,
based on comparable efficacy and duration of protection as
the two-dose schedule.'” The Government of Quebec provides
a similar recommendation.’® The United Kingdom’s Joint
Committee on Vaccination and Immunization (JCVI) also
recommends a single-dose schedule for girls and boys up to
25 years of age.'® Since 2024, the Spanish vaccination schedule
has recommended a single dose up to the age of 18."” Global
randomized clinical trials (RCTs) have also demonstrated the
safety and efficacy (=93%) of HPV vaccines against persistent
infections and precancerous cervical lesions.'®?° Since the
introduction of HPV vaccines in national immunization pro-
grams (NIPs), substantial reductions in the incidence of vac-
cine-type HPV (73-85%), high-grade lesions (41-57%), and
cervical cancer rates (34-87%) have been observed in countries
with high (>50%) HPV vaccination coverage.>*"**

In May 2018, the WHO issued a call to eliminate cervical
cancer.””> The WHO recognized that cervical cancer mortality



is preventable with appropriate systems in place to vaccinate,
screen, and treat women diagnosed with the disease. Lack of
management of precursor lesions preceding cervical cancer
was responsible for preventable deaths in women. This has
been readily observed in low-income countries despite having
the healthcare expertise to prevent, screen, and treat women
with the disease.”> As a result, global partners created the
Cervical Cancer Elimination Modelling Consortium
(CCEMC) to determine the benefits and risks of multiple
vaccination, screening, and treatment strategies.”* To deter-
mine the most efficient and cost-effective strategy, the CCEMC
developed a model using a 100-year time frame. This model
predicted that a vaccination program targeting only girls vac-
cinated at 9 years of age could reduce cervical cancer by 99%
(range: 89-100%) in low- and middle-income countries
(LMICs), assuming a coverage rate of 90% and a threshold
of <10 cases per 100,000 women-years.”> Furthermore, the
European Centre for Disease Prevention and Control
(ECDC) suggested that increasing vaccination coverage
among girls and boys could be cost-effective in preventing
cervical disease in women.*®

With this goal in mind, an analysis of all available informa-
tion on HPV vaccination and cervical cancer prevention was
required to inform further discussions on HPV vaccination
strategies. Here, we summarize the results of a systematic litera-
ture review (SLR) conducted to estimate the reduction in HPV
infections, pre-cancer lesions, and cervical cancer following the
introduction of HPV vaccines for females. This review reports
the published efficacy, effectiveness, health impact, duration of
protection, and safety profile of available bivalent (Cervarix and
Cecolin), quadrivalent, and 9-valent (Gardasil and Gardasil 9,
respectively) HPV vaccines. To enhance the accessibility of this
manuscript, a concise visual representation of the research can
be found in the graphical abstract.

Methods
Search strategy

A SLR was conducted according to the Preferred Reporting
Items for Systematic Literature Reviews and Meta-Analyses
(PRISMA) guidelines.27 In line with the PRISMA guidelines,
a search strategy was developed based on the modified
Population, Intervention, Comparison, and Outcomes
(PICO) methodology and the use of Boolean operators to
answer the following research question: What is the clinical
effect of HPV vaccines on the reduction of infection, precursor
lesions, and cervical cancer? The investigated outcomes
included efficacy (based on data from controlled clinical
trials), effectiveness (based on data from real-world settings),
public health impact (such as herd immunity and reduction of
cervical cancer), duration of protection, and safety profile
(including short- and long-term adverse events) of HPV vac-
cines. The search was conducted on 02/01/2022 in three elec-
tronic databases (Medline [via PubMed], Embase, and
Cochrane) using a comprehensive set of search terms
(Supplementary Tables S1-S6). This review has not been regis-
tered with any database due to the use of previously published
data in the public domain.
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Study selection and data extraction

The population of interest included females 29 years of
age, and the intervention studied was HPV wvaccines,
which were compared to the unvaccinated cohort, placebo,
or other HPV vaccines. Vaccines studied included
Cervarix, Cecolin, Gardasil, and Gardasil 9. Eligible studies
included RCTs and observational studies, which assessed
the outcomes described in the search strategy. In this
review, the vaccine effect was defined as estimates of the
reduction in HPV infection, precursor lesions, or cervical
cancer at the population level over time in vaccine-eligible
individuals (regardless of vaccination status). Studies were
published between 1/01/2006 (the year of marketing the
first HPV vaccine) and 1/31/2022 (Supplementary Table
S7). In cases where multiple articles by the same author
or authors analyzing the same cohort of patients and out-
come variables were identified, the most recent and com-
prehensive data were included.

The eligibility of the retrieved articles was assessed
through a two-phase screening process and a full-text
review by two reviewers (N.M and M.Y). Any discrepancy
between the reviewers was mutually resolved or decided by
a third reviewer (1.O). Finally, data were extracted from the
final list of eligible publications based on a priori estab-
lished criteria.

Quality assessment

The methodological quality and risk of bias in the shortlisted
studies were determined using the Cochrane checklist for
randomized trials.*® For non-randomized studies, the risk of
bias was assessed based on the ROBINS-I checklist.*”

Role of the funding source

GSK funded this SLR and was involved in all stages of study
conduct, including analysis of the data. GSK also took charge
of all costs associated with the development and publication of
this manuscript.

Results

The studies included in this review describe the efficacy, effec-
tiveness, public health impact, duration of protection, and
safety profile of the four licensed HPV vaccines (Cervarix,
Cecolin, Gardasil, and Gardasil 9) from 2006 to 2022. The
search protocol shortlisted 1,136 publications (641 in
PubMed, 169 in Cochrane, 322 in Embase, and 4 through
hand search). From these, 238 duplicate studies were identified
and excluded. During the screening process, 526 studies were
excluded as the title or abstract was irrelevant to the review.
The full texts of the remaining 372 publications were analyzed,
and 54 studies were selected for this review (Figure 1). Data
from these studies were elaborated in a Microsoft Excel data
matrix. Results were presented according to the study type
classified based on the methodology used: randomized control
trials, observational studies and post-implementation in NIP
or Regional Immunization Programs (RIPs). Key findings
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Figure 1. PRISMA flow diagram.

were summarized, clinical implications were discussed, and
limitations were reported.

In total, 54 studies were identified, sorted by year of publica-
tion, and characterized by country, study type, population, and
comparator (Table 1).30-8 Among these, 20 studies (37%) were
RCTs, 0-3435:38,46-48,55,57,63.6369.70.74-76,78.798183 The remaining
34 studies (63%) were observational studies on vaccine effective-
ness (10 studies),?>339-41:44:57.62.6468 1 o51th impact (14 studies
on  implementin HPV  vaccines in  NIP/RIP
programs),2237/5051:5354659-6166.67718082 1 o ccine safety profile
(10 studies).’¢424342495236.38.72.73.77 11y tota], 19 studies (35%)
included Cervarix,>36384042:4447,:48,52,54,56.63,66,68,70.73,79,.80.83 )
studies (41%) included Gardasil 3%3%73%437:39:46:50,51,53,55,59-
OL63697LTAT5777882 hne study (2%) included Gardasil 9, eight
studies (15%) analyzed both Cervarix, and
Gardasil > A43A4558626472 oy studies (4%) analyzed Cervarix,
Gardasil, and Gardasil 9,%%” one study (2%) analyzed Cecolin,®
and one study (2%) analyzed HPV16 recombinant major capsid
(L1) VLP vaccines (Table 1).”¢

Focusing on the comparators used, 19 studies
(359%),333-36:41,45,51-54,59,60.62.66-68.70.71.80.82 6,1 red the vac-
cinated cohort to the unvaccinated cohort while two studies
(4%) compared vaccination using different numbers of
doses.>®*° The comparator was placebo in 15 studies
(280%),31:34:33:38.39.46,48,55.57.63.69.75.76.7881 a1 an active com-

parator in one study (2%).°" There was no comparator in 16

Identification of studies via databases and registers
Cz) Records identified from databases Records removed before screening
= n=1,136 n=238
(-
g PubMed n=641 b Duplicate records removed n=238
™ Cochrane n=169 Records marked as ineligible by automation tools  n=0
= Embase n=322 Records removed for other reasons n=0
E Manual search n=4
= -
Records screened Records excluded
n=898 » n=526
Reports sought for retrieval Reports not retrieved
= n=372 > n=0
Z <
17]
11]
5 Reports assessed for eligibility P Reports excluded
n n=372 n=318
Population n=28
Type of study n=54
Study objective n=37
Comparator type n=19
Type of results n=180
(=]
=
=) v
6' Studies included in review
Z n=54

studies (30%).37404244A476472747783 11 one study (2%),” two
different scenarios were assessed where the comparator was
placebo in one scenario and the unvaccinated cohort in the
other (Table 1).

Geographically, the 54 studies had a global representation,
including studies conducted in Japan (n = 6),41:45:46,62,64,68
Canada (n =5),%>37°%7282 the United States (n = 3),*°%7¢
China (n = 3),*”%*8! the United Kingdom (n = 2),>*%1 Sweden
(n =2),°%"! Finland (n = 2),>*7° India (n = 2),3*** Colombia (n
=2),>"* Denmark (n=2),**%" Netherlands (n=2),**** and
Brazil (n=2)."*"" Australia,”® Costa Rica,”® France,®
Iceland,* Iran,* Italy,® Mexico,*” Portugal,”® Scotland,®
and Spain® were represented by one study each. Only one
study reported multiple European countries,”” while ten stu-
dies reported multiple countries from various regions.’"*>?%
40,35,57.73,788 participants ranged in age from 9 to 69 years of
age, with 30 studies (56%) analyzing participants between 14
and 26years of age l323438-4144-48.5152,55,57,59,61.63,6468-

71,75,76,76-80,83 In 2 studies (41%),30:3335-
37,42,43,50,53,54.56,58,60.62,65-67.62.72 74778182 (e participants were
outside the 14-26 years of age group. The age group was not
available for two studies (4%).*>”* Baseline characteristics of
the studies included in this SLR are summarized in Table 1.
A total of 20 RCTs were analyzed, which reported the
results on vaccine efficacy from 2006 to 2022.°%7%3>78:46-
48,59,63,65,6970.75,76.78.79.81.83 Among these, ten studies reported



Table 1. Baseline study characteristics.
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Randomized studies

Hu®® China
Basu®° India
Porras’® Costa Rica

Karimi-Zarchi®® Iran

Qiao®' China
Giuliano® Several
countries
Zhu"’ China
Lehtinen”® Finland
Skinner® Several
countries
Luna’ Colombia

Yoshikawa®®  Japan

Roteli- Brazil
Martins*®
Szarewski®® Several
countries

Romanowski®®>  Several

countries
Olsson’® Several
countries
Lazcano- Mexico
Ponce®
Majewski” Several
countries

Sigurdsson®*  Iceland

FUTURE Il Several
Study countries
Group®®

Mao’® us

Observational studies
Hiramatsu®*  Japan

Tozawa-Ono*'  Japan

Verma*? India
Ikeda®* Japan
Mauro”’ Brazil
Ryser®' Several
countries
Yaju® Japan
Bonaldo® us
Kudo®® Japan
Ward*? Denmark

A post-hoc of randomized, controlled trial
A longitudinal, prospective, cohort study.

Costa Rica HPV Vaccine Trial (CVT): randomized, double-

blinded

Long-term follow-up (LTFU) phase: non-randomized,
observational, unblinded
A randomized controlled trial

A multicenter, randomized, double-blind, controlled

clinical trial

A double-blind, 4vHPV vaccine-controlled, dose-ranging
study comparing with historic placebo by direct

comparison

A follow-up of a Phase Il/Ill, multicenter, double- blind,
randomized, controlled study
A cluster-randomized follow-up study (PATRICIA)

A phase 3, multinational, double-blind, randomized
controlled trial (VIVIANE)
A randomized, placebo-controlled, double-blind trial

A randomized double-blind placebo-controlled phase II

trial

A randomized clinical trial, placebo-controlled study

A follow-up of a Phase Ill, double-blind, randomized,
controlled, multicenter study (PATRICIA)

A double-blind, randomized, placebo-controlled study

A Phase II/Phase lll, randomized, multi-center, double
blind, placebo-controlled study
A post-hoc analysis of Phase Ill Trial (FUTURE I/11)

A follow-up of a Phase Ill, double-blind, randomized,
controlled, multicenter study
A Phase Ill, double-blind, randomized, controlled,

multicenter study

Two randomized, placebo-controlled trials

A randomized, double-blind, placebo-controlled trial

A multicenter, prospective cohort study (OCEAN)
A retrospective multi-municipality study

A pilot interventional study

A nationwide case-control study

A retrospective, descriptive study

A post-hoc analysis of Phase Il trials

A Nagoya City's surveillance data study

A vaccine safety surveillance data study

An interim analysis of an ongoing cross-sectional study

A retrospective observational

study

871 women
(18-25 years)

17,729 women
(10-18 years)

CVT: 7,466 women
LTFU: 2,836 women
(18-25 years)

328 women
(21-45 years)

7,372 women
(18-45 years)

14,000 women
(16-26 years)

6,081 women
(18-25 years)

2,465 vaccinated and 15,627
unvaccinated women

(16-19 years)
5,752 women

(26-46 + years)
1,910 women

(24-45 years)
1,030 women

(18-26 years)
436 women

(15-25 years)
TVC

Vaccine: 9,319 women
Control: 9,325 women

(15-25 years)

1,113 women(15-25 years)

2,617 women
(16-26 years)
679 women
(18-23 years)
9,265 women
(16-24 years)
710 women
(18-23 years)
17,622 women
(15-26 years)

2,391 women
(16-23 years)

2,814 women
(12-18 years)
11,903 women
(20-25 years)
302 cases
(9-26 years)
14,779 women
(20-24 years)

3,390,376 hPV vaccine doses

(9-13 years)

PATRICIA study (AS04-HPV)

Total vaccinated cohort (TVC)
17,292 women (15-25 years)
FUTURE I/Il studies (4vHPV)

Intention-to-treat cohort (ITT)
17,160 women (15-26 years)

30,793 women
(15-21 years)

55,356 Case Safety Reports

2,197 women
(20-22 years)

976 women
(12-25 years)

Cervarix
Gardasil

Cervarix

Gardasil
Cecolin

Gardasil 9

Cervarix

Cervarix

Cervarix
Gardasil
Gardasil
Cervarix

Cervarix

Cervarix
Gardasil
Gardasil
Gardasil
Gardasil

Gardasil

HPV16 L1 VLP
vaccine

Cervarix and
Gardasil
Cervarix and
Gardasil

Cervarix

Cervarix and
Gardasil
Gardasil

Cervarix and
Gardasil

Cervarix and
Gardasil

Cervarix,
Gardasil and
Gardasil 9

Cervarix

Cervarix and
Gardasil

Placebo
Different doses
0,1,2,3)
Control for CVT and

unvaccinated for
LTFU

Placebo

Placebo

Unvaccinated

Placebo

Placebo

Placebo

Placebo

Placebo
Placebo
Placebo
Placebo

Placebo

Placebo

Unvaccinated

Unvaccinated

Placebo

Unvaccinated

Unvaccinated

(Continued)
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Table 1. (Continued).

Randomized studies

Sarr®® Canada A prospective cohort study (HERITAGE)

Skufca®® Finland An observational retrospective nationwide register-
based cohort study

Donken®? Netherlands A prospective cohort study

Woestenberg* Netherlands An observational post marketing study (PASSYON)

Lépez- Several A pregnancy exposure registry study
Fauqued” countries
Grimaldi- France A systematic prospective case-referent study
Bensouda®®
Tota®® Several A pooled analysis of two randomized trials (Costa Rica
countries and PATRICIA)
Liu”? Canada A population-based study
Gasparini*® Italy A post-licensure study
Tay* Several Three phase Ill clinical trials
countries

Post NIP implementation

Combita®’ Colombia A comparative cross-sectional study
Falcaro® UK A register-based observational study
Kjaer® Denmark A nationwide cohort study
Donken®3 Canada An ecological study
Lei”! Sweden A population-based cohort study
Saldanha®? Portugal A retrospective, cross-sectional study
Racey®? Canada A school-based HPV immunization program study
Brotherton>® Australia A national cohort study
Purrifios- Spain A post-vaccination study
Hermida®
Kavanagh®® Scotland A cross-sectional study
Herweijer®® Sweden A register-based cohort study
Smith®” Canada A population-based retrospective cohort study
Hariri>® us An observational cohort study
Hibbitts®' UK A pseudo-anonymous prospective cohort study

1,051 pregnant women
(27-32 years)
240,605 women
(11-15 years)
1,635 women
(14-16 years)
1,087 women
(16-24 years)
306 pregnancy exposure reports

Cases:510
Referents: 1,953
(11-25 years)

21,596 women
(CVT: 18-25 years
PATRICIA: 15-25 years)

195,270 women
(9-24 years)

4,643 women
(12-26 years)

814 women
(16-26 years)

3,273 women
(18-25 years)

27,946 women diagnosed of
cervical cancer and 318,058
of CIN3
(20-30 years)

867 689 women
(17-30 years)

Number of Pap smears
16-19 years: 21,880 and
1,456
20-23 years: 39,340 and
9,015
24-28 years: 54,867 and
35,736

796,014 women
(17-22 years)

2,183 women
(14-24 years)

192,659 women
(9-18 years)

250,648 women
(12-15 years)

745 women
(18-26 years)

8,708 cytology samples (12-13
years)

1,333,691 women
(13-29 years)

260,493 women
(12-14 years)

7,346 women
(20-24 years)

13,306 females
(20-22 years)

Gardasil
Cervarix
Cervarix
Cervarix
Cervarix

Cervarix and
Gardasil

Cervarix
Cervarix and
Gardasil

Cervarix

Gardasil

Gardasil

Cervarix

Cervarix,
Gardasil and
Gardasil 9

Gardasil

Gardasil
Gardasil
Gardasil
Gardasil
Cervarix
Cervarix
Gardasil
Gardasil
Gardasil

Gardasil

Unvaccinated
Unvaccinated

Unvaccinated

Placebo

Unvaccinated

Unvaccinated

Unvaccinated

Unvaccinated

Unvaccinated
Unvaccinated
Unvaccinated
Different doses
0,1,2,3)
Unvaccinated

Unvaccinated

Unvaccinated

Unvaccinated

Cervarix

4vHPV: quadrivalent human papillomavirus vaccine; AS04, aluminum salt- and TLR4 agonist-based adjuvant system; CIN3, cervical intraepithelial neoplasia grade 3;

HPV: Human papillomavirus; L1, L1 major capsid protein; UK: United Kingdom; US: United States; VLP, virus-like particle.
*Cervarix is a trademark owned by or licensed to GSK. Gardasil 9 and Gardasil are trademarks of Merck Sharp and Dohme. Cecolin is a trademark of Innovax.

vaccine
infections,
efficacy
infections,

efficacy  against
30,35,38,47,48,63,70,79,81,83

HPV types 16/18
nine studies reported vaccine
against HPV types 6/11/16/18
34,46,55,57,65.69.747578 and one study reported vaccine

efficacy against HPV type 16 infections (Table 2).°
Additionally, ten out of the 20 RCTs reported duration of
protection with a follow-up period ranging from 2 to 11 years.”
47:48,65,6970.747578.79.83 Qverall, based on the results of these
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RCTs, HPV vaccines demonstrated high efficacy over long
follow-up periods against HPV vaccine-type-related persistent
infection, cervical intraepithelial neoplasia (CIN) grade 1, 2,
and 3 level lesions and adenocarcinoma in situ (AIS)
(Table 2).834

A total of 24 studies reported data from observational
studies on vaccine effectiveness and health impact from 2006
to 2022. Among these, nine studies (42%) reported vaccine
effectiveness,’ >3 ~41:44626468 414 14 studies (58%) reported
the impact of HPV vaccination post-implementation in NIPs/
RIPs,3237:50.51:5354,59-6166.67.718052 A gy mary of the results of
each study is presented in Table 3. Among the 24 observational
studies, 13 (54%) assessed vaccine impact on
CIN,?13941,50,33,:54,59-62.64.7182 (il seven (29%) assessed over-
all vaccine effectiveness.®>>74044666880 giv studies (25%) ana-
lyzed vaccine efficacy data from clinical trials (i.e., pooled
analysis, clinical trial analysis, and a post-hoc
analysis).”"*>*%*%°1%7 Of note, the total percentage of ana-
lyzed outcomes is superior to 100% since some studies
reported multiple outcomes.

An analysis of the included studies reporting results after
HPV vaccine implementation in the NIPs of different coun-
tries was performed. A total of 14 studies reported data post-
vaccine implementation in NIPs,3>375051:53:54,59-61,66,67.71,80.82
among which eight studies described vaccine effectiveness or
health impact based on an age-specific comparison between
vaccinated and non-vaccinated females.”">>>*60-66677182 The
remaining six studies described results based on HPV type-
specific vaccine effectiveness or impact measures.”>>”>%>%61-80
Overall, a lower risk of cervical cancer was observed among
vaccinated females compared to non-vaccinated women
(Table 3). Lei et al. and Kjaer et al. reported a substantial
reduction in the incidence of cervical cancer in vaccinated
females, especially in females vaccinated at younger ages.®””"
Two studies also showed higher than natural titers against
HPV 31/33/45, suggesting cross-protection against these
genotypes.’>®® Three studies revealed a significant decline in
CIN rates after the introduction of HPV vaccines over a period
of 4 to 14 years.””**” Among these, Falcaro et al. showed
a 97% (95% confidence interval [CI] 96-98) reduction in
grade 3 CIN (CIN3) lesions and a 87% reduction (95% CI
72-94) in cervical cancer among females vaccinated at 12-13
years of age.”

Among the studies published since 2006, 11 assessed the
safety profile of HPV vaccines,>®*>424>4952:56.58.7273.77 A jyong
these, five studies (45%) analyzed the adjuvanted bivalent
vaccine (Cervarix),”®***>*”3 and one study (9%) examined
the quadrivalent vaccine (Gardasil).”” Both bivalent and quad-
rivalent vaccines were assessed in four studies (36%).*>*>>%72
One study (9%) compared the quadrivalent, 9-valent, and
adjuvanted bivalent vaccines.*

Four studies comparing Cervarix versus Gardasil described
fatigue, dizziness, and headache as the most frequent nonspe-
cific adverse events for both vaccines.*>*>>%72 Among these,
two studies also reported autoimmune diseases and venous
thromboembolism following HPV vaccination.”®”? Yaju et al.**
reported memory impairment, dyscalculia, and involuntary
movements following HPV vaccination. All four studies did

not specify the particular vaccine being attributed to these side
effects. The causality between HPV vaccination and these side
effects could not be proven, with no biologically plausible
mechanism of action identified. One study comparing
Cervarix, Gardasil, and Gardasil 9 reported dizziness and
syncope as the two most frequent adverse events in the vacci-
nated groups.*” All these studies concluded that HPV vaccines
maintain a positive benefit-risk ratio (Supplementary
Table S8).

The methodological quality and risk of bias of the selected
studies were analyzed. Among the 20 RCTs, 8 (40%) had
a low risk of bias,*>*¢4737:6>757983 9 (4590) had an unclear
risk of bias,???*>>6970.7476.7881 4 three studies (15%) had
a high risk of bias (Supplementary Table $9).***®* Among
the 34 observational studies, 28 (82%) had a critical risk of
bias,31733:36:39,41-45:49-54,56,59-62,64,67.68.71.7277:82 3 (994) had
a low risk of bias,*>*®”? and three (9%) had a moderate risk
of bias,””*>* (Supplementary Table S10). Given these vary-
ing degrees of bias, it is important to note that the observed
magnitude of the observed effects is substantial, making it
implausible that all of the observed effects could be attributed
to bias alone.

Discussion

The incidence of cervical cancer has been reduced in many
high-income countries through HPV screening and vaccina-
tion. However, the disease burden remains considerable due to
uneven implementation, especially in LMICs. This disparity
persists due to insufficient screening and treatment, vaccine
availability, low vaccine coverage, and high vaccine costs. The
coronavirus disease 2019 (COVID-19) further reduced HPV
vaccine coverage in many countries. In 2019, the global cover-
age of HPV vaccination was 20%, and further decreased to 16%
in 2021.%

In this SLR, 14 studies on the health impact of HPV vaccine
implementation in NIPs were reviewed (Tables 2 and 3). Of
these, eight reported vaccine effectiveness by comparing vac-
cinated and non-vaccinated females, while six focused on HPV
type-specific measures. Overall, vaccinated women had
a reduced risk of cervical cancer. Notably, Lei et al. and Kjaer
et al. reported significant declines in the incidence of cervical
cancer, particularly among women vaccinated at younger ages.
Two studies on Cervarix demonstrated cross-protection
against HPV genotypes 31/33/45, and three reported signifi-
cant declines in CIN rates over 4 to 14 years. In addition,
Falcaro et al. reported that the HPV immunization program
in England markedly reduced cervical cancer and CIN3 inci-
dence in eligible cohorts (women <30 years), especially for
those vaccinated at age 12-13.>* Multiple other studies con-
sistently showed higher vaccine effectiveness (64-89.1%) for
preventing HPV in females aged 12-17 years vs. >17 years
(25-28.9%).6065771 Another observation was that HPV vac-
cination not only offers cross-protection against multiple HPV
types, but also contributes to herd immunity, reducing trans-
mission and ultimately lowering the prevalence of HPV infec-
tion in the population.®®®® However, despite vaccine
availability, immunization programs can be hampered by
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challenges such as limited healthcare access, stigma related to
sexually transmitted diseases, anti-vaccine campaigns, and
insufficient financing. Therefore, these factors warrant careful
consideration in the planning of NIPs.*®

In this review, three selected RCTs showed the efficacy
of HPV vaccination among women >26 years of age with
a follow-up period ranging from 2 to 4years.”>*>®' These
results suggested high vaccine efficacy against CIN, inci-
dent and persistent infections. Four observational studies
also assessed vaccine effectiveness or health impact among
women vaccinated after 26 years of age.”>***”’* Studies on
vaccine effectiveness reported low incidence rates of HPV
6/11/16/18 when comparing vaccinated and non-vaccinated
individuals over a 2-7 year follow-up period.”>’* Studies
on health impact revealed that HPV vaccination signifi-
cantly reduced the incidence of grade >2/3 CIN (CIN2/3
+) and cervical cancer among women >26 years with an
8-14 year follow-up period.*>®” Regarding vaccine safety,
11 studies published since 2006 assessed the safety profile
of HPV vaccines. Five focused on Cervarix, one on
Gardasil, and four compared both vaccines. One study
examined Cervarix, Gardasil, and Gardasil 9. Fatigue, diz-
ziness, and headaches were commonly reported as nonspe-
cific adverse events. Two studies mentioned autoimmune
diseases and venous thromboembolism, though no causal
link was established. Yaju et al. reported cases of memory
impairment, dyscalculia, and involuntary movements.

Implementing a single-dose vaccination program could
increase vaccine coverage in LMICs without compromising
the long-term effectiveness or duration of protection.'>'®
This is supported by the KEN SHE study in Kenya which
reported single-dose bivalent and 9-valent vaccine efficacy
(98% and 99%, respectively) over three years.”” Other studies
also assessed the immunogenicity, efficacy, and effectiveness of
a single dose of Cervarix, Gardasil, and Gardasil 9 vaccines in
various settings. Cervarix showed 82.1% efficacy against HPV
16/18 for 11years in the Costa Rica study (CVT).* In
Scotland, Cervarix had 89.1% effectiveness against types 16/
18 in girls vaccinated at 12-13years of age.’® In the
Netherlands, one dose of Cervarix was immunogenic up to
seven years after vaccination in girls aged 13-21 years.*
A single dose of Cervarix or Gardasil-9 in Tanzanian girls
aged 9-14 years continues to provide stable immune response
5 years after vaccination, with an IgG seropositivity > 99% for
HPV16 and > 93% for HPV18.” Although antibody levels for
both HPV16 and HPV18 after one dose were lower than after
two doses, they remained stable from 1 to 5 years. In another
study from Kenya, the efficacy of a single dose of Cervarix and
Gardasil-9 was 97.5% against persistent HPV 16/18 infections
in women aged 15-20 years with a follow-up of 18 months.”*
Similarly, an Australian study of women vaccinated with
a single dose of Gardasil at 15 years of age showed 40% effec-
tiveness against CIN2/3 and AIS over 7 years.”® In Denmark,
the incidence rate of cervical cancer reduced by 86% and 68%
among girls and women vaccinated < 16 and 17-19 years of
age, respectively.”” A study in Mongolia reported a decrease of
92% in HPV 16/18 infections for 6 years in girls vaccinated at
11-17 years.”> A 10-year follow-up study in India showed
95.4% efficacy against type 16 and 18 infections.”® A study in

Fiji found that a single dose of Gardasil induced immune
memory, with antibodies persisting for at least 6 years.”
A single-dose schedule may also be beneficial in a mixed
vaccination schedule with one dose of the bivalent vaccine
and one dose of the 9-valent vaccine."***™*® A disadvantage
of using the single-dose schedule is its limited evidence, espe-
cially in immunocompromised groups.'*>°

In pregnant women, HPV infections have also been associated
with non-cancerous adverse outcomes like preeclampsia, preterm
births, and premature membrane rupture.””*® High vaccine effec-
tiveness among pregnant women vaccinated against HPV 16/18
infections is reported.” Furthermore, inadvertent exposure to the
vaccine did not lead to an increased risk of teratogenicity.”>

Although this review offers valuable insights, several limita-
tions must be acknowledged when interpreting the findings
and their broader implications. Observational studies on HPV
vaccines often face confounding bias due to differences
between vaccinated and unvaccinated groups. Vaccinated
individuals may have distinct health histories and preventive
practices or belong to birth cohorts with better healthcare
access. Herd immunity might underestimate vaccine efficacy,
while confounders such as vaccination at younger ages could
overestimate it. Additionally, confounders such as sexual beha-
vior, access to healthcare services, and socioeconomic status
can also influence infection risk and outcomes.

These variations complicate direct comparisons of vaccine
impact. Another limitation of the study is the high risk of bias
reported in 20% of RCTs and 83% of observational studies due
to confounding and participant selection biases. Another lim-
itation of this study is the absence of a comparative analysis
between the herd effect of a gender-neutral versus a girls-only
vaccination strategy, as the selected population only included
women. The variability in cutoff values used in the studies
included in this SLR complicates direct comparisons.

Post-licensure studies of HPV vaccines have reported high
efficacy, effectiveness, and health impact across different settings
and age groups. These studies consistently emphasize that HPV
vaccination during childhood and pre-adolescence can serve as an
additional preventive measure against cervical cancer and its pre-
cursor lesions. In real-world settings, the long-term health impact
of HPV vaccines in the context of NIPs has been shown to provide
protection for at least 11 years.”" Published literature confirms the
findings of this SLR, supporting that high vaccination coverage
(>50%) can increase protection through herd effects among
unvaccinated individuals.”' Studies also report that a single dose
of HPV vaccination can offer protection comparable to the cur-
rent two-dose vaccine schedule, although with a shorter follow-up
period. This review reports that robust vaccination programs and
extensive coverage reduce the incidence of oncogenic HPV types,
high-grade cervical lesions, and cervical cancer. Early-age vaccina-
tion also lowers cervical cancer risk, offers cross-protection, and
strengthens herd effects. The ECDC mentions that an HPV vac-
cination program should focus on increasing coverage among
both girls and boys as it could be a cost-effective approach to
reduce the prevalence of HPV infection.*® In light of this observa-
tion, it is imperative to analyze global estimates of vaccine cover-
age (15% girls and 4% boys worldwide) and screening uptake
(two-thirds of women remain unscreened) to combat HPV-
associated diseases.”



The results of this SLR can guide policymakers in imple-
menting vaccination programs to prevent cervical cancer in
their countries and regions while also promoting vaccine
uptake, especially in populations with limited access to
vaccination or with a higher risk of HPV infections. HPV
vaccines protect unvaccinated individuals through herd
effects, as assessed through vaccine health impact in real-
world studies. It should be noted, however, that the mag-
nitude of herd effects is only of reasonable significance
when a large proportion of the population is
vaccinated.!°®1°! Furthermore, future studies are needed
to assess the long-term efficacy of a single-dose HPV vac-
cination and to address disparities in coverage among
underserved populations. Equitable and effective vaccina-
tion strategies are necessary to maximize the benefits of
HPV vaccination, and further research should guide their
optimization and implementation.
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