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Evaluation of the Effectiveness and Durability of Anti-Hpv
Vaccine in Different Vaccination Schedules:
A Systematic Review

Luiza Caroline Felicianno Sampaio'; Milena Morais Vilela?; Laiza Alencar Santos Barros®
Vera Aparecida Saddi*; Andrea Alves Ribeiro®

Highlights
(1) 1 ou 2 doses schedules maintain immunogenicity and efficacy comparable to 3 doses.
(2) Lasting vaccine protection, without significative diferences between the dose groups.
(3) Younger age and obesity influence then vaccine immunogenity and the imune response.

INTRODUCTION

HPV is the etiological agent of cervical cancer. It is the second leading neoplasm among women, when
less developed and low-income countries are considered. Despite the development of three vaccines that
are effective in preventing HPV-related infections and lesions, complete compliance with the vaccination
schedule is not always observed. It is believed that the number of doses may be a major factor in low
adherence. To this end, the objective of the study was to verify whether the reduced dose schedule has
comparable efficacy and durability to the expanded schedule. This is a matter of systematic literature
review whose bibliographic research strategy included consultation of the PubMed and SciELO research
bases in the first half of 2022. The inclusion criteria were randomized clinical studies published in English,
Portuguese, or Spanish; Publications from the last five years; Publications in which the intervention is
the application of the vaccine to the adolescent or adult population; Publications that evaluate different
vaccination schedules and Publications with an outcome related to the effectiveness and durability of
vaccination schedules. The criteria were assessed by two independent reviewers and the risk of bias in
the publications was analyzed using the CONSORT checklist. 54 articles were gathered, of which 12 were
eligible. The results of this study showed that reduced regimens of one or two doses have satisfactory
immunogenicity, efficacy, and durability of anti-HPV protection, without any disadvantages in relation to
three-dose regimens. Therefore, reduced schedules become an immunization strategy, especially with re-
gard to developing countries, which would have their vaccination programs strengthened and vaccination
coverage expanded.
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INTRODUCTION

The Human Papillomavirus (HPV) is the etiological agent of cervical cancer'. It is a virus
composed of double-stranded DNA, epitheliotropic, capable of infecting skin and oral, genital, and
anal mucous membranes?. HPV, when in contact with the epithelium, infects basal cells that have
high mitogenic capacity and little differentiation, resulting in uncontrolled proliferation through tissue
microlesions. This proliferative stimulation culminates in pre-neoplastic lesions that can eventually
become invasive with the persistence of the viral infection?. In some cases, when HPV infects the
transition zone between the endocervical canal and the cervical canal, it directly reaches the target
cells. Viral transmission occurs through direct contact with infected skin or mucous membrane, the
most common form being through sexual transmission: oral-genital, genital-genital or even manual-
genital. Vertical transmission is also possible®.

Regarding risk factors, it is believed that immunological, genetic, and sexual behavioral factors
may have an impact on the mechanisms that determine the regression or persistence of HPV infection
and the possible development of precursor or malignant lesions. Thus, smoking and early initiation
of sexual life, especially before the age of 16, are key elements®. Multiplicity of sexual partners,
contraceptive pills and immunosuppressive factors are risk factors for cervical cancer. Age is also
considered a risk factor, as younger women are more susceptible to infection with HPV types with high
oncogenic risk®, despite this, it is known that the majority of women under 30 years of age experience
regression of the infection, while persistence is more common in older age’?°.

There are more than 250 types of HPV currently described'. According to their oncogenic
capacity, they can be classified into high, low, and probable high-risk groups. The high-risk HPV types
are: 16, 18 (these being the most related to high-grade lesions, that is, precursor lesions of cervical
cancer), as well as other less common types that were found worldwide such as 31, 33, 35, 39, 45,
51, 52, 56, 58, 59, 73 and 82%°. There is also the probable high-risk classification, which includes type
68, In turn, the low-risk HPV types are : 6, 11, 40, 42, 43, 44, 54, 61, 70, 72 and 81%°, less associated
with the development of malignant neoplasms, but related to benign proliferations, condylomas and
anogenital warts?.

Worldwide, cervical cancer is the fourth leading neoplasm that affects women, responsible
for around 311,000 deaths in 2018. This scenario is more worrying in low-income countries, where
cervical cancer occupies the second position in this population. Around 80% of women who die from
this neoplasm are found in these countries?.

In Brazil, cervical cancer is the third most common type in females, with the exception of
non-melanoma skin tumors. Moreover, it is estimated that there will be 16,710 new cases by 2022,
which represents a considered risk of 15.38 cases per 100 thousand women?'?. In addition to this,
HPV-related neoplasms also significantly affect the male population. Penile cancer, for example,
represents, in Brazil, around 2% of cancers in men?.

In view of the high incidence and global morbidity and mortality of HPV infection, prophylactic
vaccines were developed, which activate the humoral and cellular immune system and induce the
production of antibodies, generating effective protection against HPV infection®. There are, until now,
three types of immunizers: bivalent (Cervarix®, GlaxoSmithKline®), which protects against types 16
and 18; the quadrivalent (Gardasil, Merck Sharp & Dohme) effective against types 6, 11, 16 and 18
and the nonavalent (Gardasil-9®), which includes the types covered by the quadrivalent vaccine, in
addition to types 31, 33, 45, 52 and 58, but in Brazil it is not yet available on the national market,
although already being approved by the National Health Surveillance Agency (Anvisa)®.

The prophylactic anti-HPV vaccine was first implemented in Australia, in 2007, when female
adolescents aged 12 and 13 were immunized with 3 doses of the quadrivalent vaccine. In Brazil, the
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guadrivalent anti-HPV vaccine was added to public health in 2014, in a program for female adolescents
aged 11 to 13 years. In 2015, the vaccination program began to include girls aged 9 to 13 and, from
2017, the female population aged 9 to 14 years old. In 2017, boys aged 11 to 14 years and populations
at increased risk for infection were included, such as immunocompromised and cancer patients, a
rule currently in force. Recently, in 2022, the expansion included boys aged 9 and 10. As a result,
vaccination is now available to anyone aged 9 to 14, regardless of gender®. Initially, a three-dose
schedule was recommended, however, since 2016, in Brazil, a vaccination schedule with just two
doses was instituted, with the second dose administered six months after the first one’.

Data from the National Immunization Program point out that, from 2013 to 2016, coverage
achieved nationally in the first dose was 74.5% for girls aged 9 to 15 years, while for the second dose
coverage was lower, around 45.1 %2, Some of the factors associated with non-compliance with the
complete schedule were ethnicity, difficulty accessing healthcare and countries with few resources.
Therefore, reducing the number of doses in the vaccination schedule could potentially reduce
transport and infrastructure costs and facilitate the implementation of the vaccine in schools, for
example'®, promoting an increase in anti-HPV vaccination coverage in the target population.

In this regard, it is necessary to systematize the data present in the literature, in order to explore
the viability of alternative vaccination schedules, comparing them with the initially recommended
program. The objective of the study was to evaluate the immunogenicity, efficacy, and durability of
anti-HPV protection in reduced vaccination schedules and discuss the health and economic advantages
of its implementation in the target population.

METHODOLOGY

The present study is a systematic review of the literature as a method for synthesizing data
related to reduced vaccination schedules against HPV. Its development happened following the steps:
definition of the research question, choice of databases, definition of inclusion and exclusion criteria,
search for articles, collection of information from selected articles, data tabulation, discussion of
results and writing of the review.

The titles were analyzed based on the PICO20 strategy, whose acronym represents Population
of interest, Intervention or phenomenon of interest, Comparison and Outcomes to define the
outcome. These four components are the essential elements for developing the research question
and question construction to optimize the bibliographic search for evidence. The guiding question was
defined: What is the effectiveness and durability of protection of the HPV vaccine when administered
in reduced dose schedules in the target population?

The review was carried out in the first half of 2022. The bibliographic research strategy included
consulting the PubMed (Medline) and Scielo search bases and, to carry out these searches, the
following keywords combined with Boolean operators were used: HPV vaccine AND single dose; HPV
vaccine AND different schedules; HPV vaccine AND two doses. The filters Clinical Trial and the time
frame of the last five years were applied. The inclusion criteria were: Randomized clinical studies
published in English, Portuguese or Spanish; Publications from the last five years; Publications in which
the intervention is the application of the vaccine to the adolescent or adult population; Publications
that evaluate different vaccination schedules and Publications with an outcome related to the
effectiveness and durability of vaccination schedules; grey literature was included, as government
documents and documents from large health institutions were used. The exclusion criteria: Review
studies; Publications prior to 2018; Publications without the full article available. Publications that
considered other variations of the vaccination schedule (interval between doses) or even those that
contained a population with specific diseases.
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The titles were transferred and archived in the research and bibliographic reference assistant,
the ZOTERO® software. The articles were analyzed according to their fulfillment of the PICO strategy
criteria by a pair of reviewers independently. Initially, exclusion was made through the title and reading
of the abstracts and, if there were still doubts, the next step was to read the full text.

RESULTS

As a result, 54 articles were gathered which, after analysis, resulted in a final sample of 12 articles
that met the inclusion criteria established for the review, as shown in Figure 1, adapted from Main
Items for Reporting Systematic Reviews and Meta-Analyses (Prisma), a recommendation consisting of
27 items and a four-step flowchart that aims to improve systematic review reports and increase the
transparency of the research process?!. They were found in the PubMed database, published from
2018 onwards, the year with the highest number of publications among the articles reviewed (n=6).

All publications were in English, with no publications found in Portuguese or Spanish. Countries
in which studies were carried out include: Costa Rica (n=3), Canada (n=3), India (n=3) Colombia (n=2),
Panama (n=2), Mexico (n=2), Hong Kong (n=1), Singapore (n=1), France (n=1) and Sweden (n=1). The
age range of the study population was not uniform, ranging from girls aged 4 to 6 years old to women
aged 26 years old, as minimum, and maximum limits.

Regarding the data present in the articles, all were obtained from clinical studies carried out
in humans and, in all of them, the intervention was the vaccination of the target population with
different anti-HPV vaccination schedules. All types of vaccines were considered, bivalent, quadrivalent
and nonavalent.
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EVALUATION OF THE EFFECTIVENESS AND DURABILITY OF ANTI-HPV VACCINE IN DIFFERENT
VACCINATION SCHEDULES: A SYSTEMATIC REVIEW

IDENTIFICATION

References indentified (n= 61)
Pubhed: 54
SCiELO: 7

HPY vaccine AND different schedules (n=10+ 2}

HMY vaccine AND two deoses (n=15 + 5)
HPY vaccine AND single dose [n=29 +0}

SELECTION

ELEGIBILITY AND
INCLUSION

- Excluded due to repetition

Articles with full text available
(n=42)

Reading of abstracts (n=26)

Articles selected fior full reading
(n=16)

Articles included in the
Sistematic Review [n=12)

and/or incomplete (n=19)

Excluded by title (n= 16])

Excluded by the summary
(n= 10}

Excluded:

Mot meeting the eligibility
criteria (n=4)

Figure 1 — Graphic representation of the selection process of studies resulting from the search

Source: Adapted from Prisma?!.

The studies were also analyzed for risk of bias using the CONSORT — Outcomes??, presented in

Table 1.
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Table 1 — Analysis of bias and quality of studies
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1a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
1b Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2b Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
3a No No No No No No No No No No No No
3b Yes No No No Yes Yes No Yes No No No No
4a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
4b No Yes Yes Yes Yes Yes Yes Yes No No Yes No
5 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6a No Yes No Yes No Yes Yes Yes Yes Yes Yes Yes
6a.1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6a.2 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6a.3 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6a.4 No No Yes No Yes No No No Yes Nao No No
6a.5 Yes Yes No Yes Yes No Yes Yes Yes Yes Yes No
6a.6 No No No No No Yes No Yes No No Yes No
6a.7 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6a.8 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6a.9 No No No No No Yes No No No No No No
6a.10 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
6b No No No No No No No Yes Yes No No No
7a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
7a.1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
7b NA N/A N/A N/A N/A N/A N/A N/A Yes N/A N/A N/A
8a No Yes Yes No Yes Yes No Yes Yes Yes Yes Yes
8h Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes
9 No No No No No No No No No No No No
10 No No No No No No No No No No No No
11a No Yes Yes No No No No No Yes No Yes No
11b Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes No Yes
12a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
12a.1 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
12a.2 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
12a.3 No No No No Yes No Yes No No No Yes Yes
12a.4 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
12b Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
13a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
13b Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
14a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
14b No No No No No No No No No No No No
15 No Yes No Yes Yes Yes Yes No Yes Yes Yes Yes
16 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
17a Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
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17b Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
18 Yes No Yes Yes No Yes Yes Yes No No Yes Yes
18.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
19 Yes Yes Yes Yes Yes Yes Yes No Yes No Yes Yes
20 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
21 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
22 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
23 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
24 No Yes No Yes No No Yes No No No Yes Yes
25 Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
Total 34 38 37 37 39 40 38 40 40 35 40 36

Source: Elaborated by the authors, adapted from CONSORTZ.

For the analysis and description of the data, immunogenicity was considered as the property of
the immunizer to stimulate seroconversion, that is, antibody titers higher than those obtained in the
baseline analysis, in addition to taking into consideration the average antibody titers in response to
each type and vaccination schedule. In turn, efficacy was determined as the capacity of the immunizer
to prevent prevalent and incident HPV infections and neoplasms associated with them?.

Data regarding the year of publication, authors, objectives and methods, main results and
conclusion of the reviewed studies can be consulted in Table 2.
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DISCUSSION

This studies results demonstrated that reduced regimens of one or two doses have satisfactory
immunogenicity, efficacy, and durability of anti-HPV protection, without any disadvantages in relation
to three-dose regimens. Additionally, single-dose schemes, especially, have demonstrated promise
and attracted attention due to the gain in practicality which this vaccination scheme proposes, without
losing their protective potential against HPV infection. This finding is in line with what was discussed
by the National Specialized Commission (CNE) on Vaccines of the Brazilian Federation of Gynecology
and Obstetrics Associations (Febrasgo), which points out that reduced regimens can contribute to the
prevention of pathologies linked to HPV and result in a true and significant impact, especially regarding
to morbidity and mortality from cervical cancer, which is, after all, a problem facing women’s health
today in Brazil®.

Regarding the implementation of the reduction in the number of doses, sources show that the
adoption of a single dose strategy would be advantageous for public health. Among the preponderant
factors are the establishment of consistent herd immunity, protecting the population from infection by
a major cause of malignant neoplasms, reducing deaths linked to HPV infection, budget relief through
cost reduction and greater ease of administration.637)

As for the vaccine efficacy found in the scheme with just one dose of bivalent vaccine, an efficacy
finding of 82.1% was observed, a value minimally lower than the value observed with the two-dose
scheme of bivalent vaccine. The same is observed years after application of the vaccine when there is
stable immunity against HPV, which strengthens the evidence that just one dose would be sufficient for
adequate protection?. In contrast, there is evidence to suggest that the use of the second dose of the
guadrivalent or nonavalent vaccine would function as a booster dose, which impacts the amplitude of
the immunological response and can be implemented as a guarantee of vaccine efficacy.?!

When comparing the two-dose and three-dose schedule, the response in terms of the
production of anti-HPV antibodies was high in both vaccination schedules, thus there was no
statistically important difference. Regarding the decline in geometric antibody titers over time, the
finding was similar: the protection measured by antibody titers was maintained sufficiently for around
10 years in all vaccination schedules, showing great similarity between the durability of two and three
doses of the quadrivalent vaccine. The same was seen in another panorama that evaluated whether
the immune response of two and three doses can be compared, reaching the expected conclusion
that antibody profiles are actually extremely similar®*2>. Regarding the immunogenicity of the regimen
with two doses of bivalent, it was demonstrated that, in approximately three years, almost all patients
had shown sufficient seroconversion to protect against the virus, with a minimum portion of both the
two-dose group and the of three doses that had not had an adequate immunological response. Other
authors showed that regarding types HPV16 and 18, specifically, the data were reliable since both
patients who received two and three doses of the bivalent vaccine managed to obtain high levels of
seroconversion®29-33-39_ However, a lower titer of antibodies to HPV18 was also evidenced in patients
who received only 2 doses of the vaccine, compared to those who received 3 doses. Further studies
are needed to better understand how this would affect the effectiveness against HPV infection.?*

Contrary to what is observed for populations of healthy young girls, immunocompromised
individuals, including people living with HIV, should receive 2 or, preferably 3 doses, given the small
amount of evidence available regarding this population®.

Considering the number of women who became infected with HPV after vaccination with the
two- and three-dose schemes, there was an important finding, because although both schemes had
low rates of subsequent infection, those vaccinated with two doses had twice as many HPV infections.
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HPV in the study in question, therefore, there was greater protection offered by the three doses of
quadrivalent vaccine®.

The results obtained are in line with the cohort observed by Brotherton et. al*®, in 2019, in
which the efficacy of a single-dose anti-HPV vaccine was demonstrated by comparing disease rates
between those vaccinated with 1 and those who received 2 or 3 doses.

There were also some unexpected findings when constructing the results, these were in
relation to BMI, in which the level of antibodies was significantly lower for HPV 11 and 18 in obese
girls, compared to those with adequate BMI**. The same occurred after 24 months of vaccination.
This can be justified, as a high lipid profile has a considerable impact on the immune system, triggering
metabolic and inflammatory disorders and these changes are related to the progression of chronic
disease, changes in immunity and vaccine efficacy*. Furthermore, a cross-protection offered by the
single dose of the bivalent vaccine was noticed. The protection found was related to HPV31, 33 and 35
types and was numerically similar to patients who received three doses. This evidence corroborates the
promising efficacy of the single dose of the vaccine and adds the finding of important cross-protection?.

Regarding the applicability of the reduced scheme, with emphasis on the single dose of the
bivalent or quadrivalent vaccine, its effectiveness comparable to other schemes is reinforced,
in addition, the sufficiency of a single anti-HPV dose for prevention has been increasingly well
demonstrated. of HPV-related diseases. The vaccine has high immunogenicity and maintains a plateau
of antibody titers capable of guaranteeing protection even with just 1 dose.

The cost-benefit, in the case of the anti-HPV vaccine, is obtained when there is at least 70%
coverage of the target population®. It is known that this is not a reality in all countries, especially
in those with fewer resources. In this sense, a single dose program would increase the number of
women vaccinated. Another advantage of the 1-dose schedule is the expansion of vaccination of
male adolescents, which offered protection for this population, in addition to favoring an increase in
vaccination coverage and, consequently, herd immunity®.

The implementation of this model of vaccination schedule is capable of reducing costs and
facilitating the logistics of distributing doses, consequently strengthening vaccination programs in
countries where it is most fragile. When the public health system is called into question, financial
savings and savings in time and labor resources are important advantages, in addition to the possibility
of redirecting investments to other deficient health areas*. It is not ignored, however, the possible
need for a next dose a few years after the first, in order to maintain the longevity of protection?,
but favoring a greater number of vaccinated people in the short term is an important step towards
preventing HPV-related in women and men.

Despite the interesting cost advantage, it should be noted that just as one dose of vaccine
appears to induce protection against the included HPV types, the administration of the second dose of
any vaccine increases the amplitude of the immune response and can be seen as a guarantee of safety.
to obtain the desired protection®'. In this sense, the durability of vaccine protection is considered: if a
single dose provides less than 20 years of protection, the application of the second dose has a positive
impact on public health. On the other hand, if protection is prolonged, the cost-benefit of applying a
second dose becomes lower. ¥

In fact, even with suggestive results, a clear determination of the ideal minimum number of
doses in a randomized and controlled study must be the way to achieve the due level of evidence
desired by the main recommending bodies, and thus be sufficient to support a change in current
recommendations.?®

This article has some limitations, which are worth mentioning, the review articles were checked

by only two different reviewers, the methodology used in each of the tests to analyze the parameters
studied was not the same, in addition to the number of randomized studies with this theme is still small.
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The results obtained emphasize the need for more studies to be carried out in order to enhance
data regarding the application of fewer anti-HPV doses and cover them for populations such as Brazil.
Moreover, the literature is still scarce regarding the use of a single dose, even though its indicators are
promising, which demonstrates the need for more clinical trials that enable its application.

CONCLUSION

The present article demonstrated similar protection efficacy against HPV between the reduced
two- and single-dose vaccination schedule and the three-dose schedule. The patients’ anti-HPV
antibody titers were satisfactory after years of vaccination, with a small decline in the reduced
regimens; however, this decline for the most relevant types, HPV16 and 18, did not differ significantly
from the extended regimen. The promising potential of reduced schedules was proven, especially
with regard to developing countries, which would have their vaccination programs strengthened
and vaccination coverage expanded. However, studies are still needed to confirm and expand the
population coverage of these findings with a view to their practical application.
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