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Objectives: This review aims to describe the biology of human papillo-
mavirus (HPV), the development of the related vaccine, real-life ex-
periences from the perspective of the WHO's call on the elimination
of cervical cancer, the vaccine's use as an adjuvant to treatments for
HPV-related disease, and the international scientific societies' guide-
lines on HPV vaccination. A systematic review was conducted, also
for the specific purpose of assessing the efficacy, immunogenicity
and safety of the 9-valent HPV vaccine (the latest to become avail-
able). Data sources and study selection methods: PubMed was the pri-
mary source of data for this review, while additional information,
such as scientific society guidelines, was found by directly search-
ing the web. Publications were eligible if they had at least one re-
sult relating to the immunogenicity, safety and efficacy or effective-
ness of HPV vaccines. Tabulation, integration and results: The search in
the database for this systematic review yielded 266 records, none of
which was a duplicate. A first screening procedure excluded 228 pub-
lications. Of the remaining 38 potentially eligible publications, 26
were ultimately included in the systematic review. Conclusion: While
progress in vaccine development has added more tools to HPV vac-
cination programs, real-word studies have started to show the bene-
fits of mass vaccination campaigns using bivalent and quadrivalent
vaccines. National vaccination programs have also been a testing
ground for gender-neutral vaccination—a strategy on which unani-
mous consensus may not still be lacking, but which undeniably re-
sponds to clinical and ethical needs. Much the same can be said of
post-treatment vaccination—a relatively new, but promising prac-
tice that will certainly have a role in achieving the elimination of cer-
vical cancer.
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1. Epidemiology of HPV
Papillomaviruses are small, double-stranded DNA viruses

with a selective tropism for squamous epithelia [1]. More
than 200 types of papillomavirus have been completely iden-
tified to date, and approximately 150 of them can infect
humans, i.e., they are human papillomaviruses (HPVs) [2].
Most types of HPV are predominantly trophic for either the

dry outer skin or the moist mucosal epithelial lining of open-
ings in the body, but some of them can infect and repro-
duce in both milieu [3]. HPVs are the most common cause
of viral infection of the reproductive tract [4], but these in-
fections frequently carry no symptoms and disappear sponta-
neously. When the virus does produce signs and symptoms,
they range from benign lesions and warts to precancerous
conditions and cancers. These may occur at various anatom-
ical sites, such as the skin, cervix, vagina, vulva, penis, anus,
rectum, and oropharynx [5]. HPV is also responsible for a
rare but highly morbid condition, recurrent respiratory pa-
pillomatosis [6].

The incidence of new HPV-related benign lesions and
warts worldwide is unknown. In the last decade, however,
various authors have agreed that the number of new HPV-
related cancers can be estimated at between 630,000 and
720,000 a year [7–9]. Most HPV-related cancers occur in
women. Cervical cancer alone accounts for 530,000–570,000
new cases a year, followed by cancers of the vulva (12,000–
27,000), vagina (12,000–13,000), anus (18,000–22,500), and
head and neck (7200–18,000) [7–9]. Worldwide, the inci-
dence of newHPV-relatedmalignancies inmales is estimated
to be between 50,000 and 100,000 a year, including 30,000–
74,000 oropharyngeal cancers, 13,000–22,000 penile cancers,
and 4,500–17,000 anal cancers [7–9]. Considering the nar-
rower setting of Europe, Hartwig et al. [10] estimated that
the total number of new HPV-related cancers in 31 countries
in 2015 amounted to about 62,500 cases, with cervical cancer
clearly themost frequent (approximately 35,000 cases, or 56%
of the total). The Authors also estimated that the number of
new cases of genital warts in the same year ranged between
379,330 and 510,492 in women, and between 376,608 and
427,720 in men, while the new cases of precancerous lesions
could have numbered as many as 450,000 [10]. In Italy, it
was estimated that approximately 2400 new cases of cervical
cancer occurred in 2020 [11], down from the approximately
2700 cases estimated in 2019 [12]. The estimated burden of
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Table 1. Classification of HPV types according to the International Agency for Research on Cancer.
Classification HPV types

(1) Carcinogenic to humans 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59

(2B) Possibly carcinogenic to humans
30, 34, 69, 85, 97, 26, 53, 66, 67, 70, 73 and 82

5 and 8, only in people with epidermodysplasia verruciformis
(3) Not classifiable as to its carcinogenicity to humans 6 and 11

HPV-related cancers in 2019 also included about 300 cases of
anal cancer, 1900 of oropharyngeal cancer, 500 of penile can-
cer, 200 of vaginal cancer, and 1200 of vulvar cancer [12].

Not all types of HPV have the same carcinogenic poten-
tial and there are fortunately just a few responsible for most
cases of disease. The World Health Organization’s Interna-
tional Agency for Research on Cancer (IARC) lists (Table 1 ):
HPV types 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59 in
group 1, “Carcinogenic to humans”; types 30, 34, 69, 85, 97,
26, 53, 66, 67, 70, 73 and 82 in group 2B, “Possibly carcino-
genic to humans”; and types 6 and 11 in group 3, “Not clas-
sifiable as to its carcinogenicity to humans” [13]. Although
HPV types 5 and 8 are listed in group 2B, their carcinogenic
effect is related to a rare autosomal recessive hereditary skin
disorder, epidermodysplasia verruciformis [14]. Among the
types in group 1, HPV types 16 and 18 are by far the most
common, accounting for 70% of cervical cancers and precan-
cerous lesions [4]. Almost all the remaining cancers (30%)
are caused by HPV types 31, 33, 45, 52 and 58 [15]. Types
16 and 18 are also the most often responsible for all the other
forms of cancer too, in both men and women [16]. The non-
carcinogenic HPV types 6 and 11 cause about 80–95% of cases
of genital warts [17, 18], although some studies found infec-
tion with low-risk types of HPV l (including types 6 and 11)
associatedwith certain low-grade cervical, vaginal and vulvar
intraepithelial neoplasms [19, 20].

HPV-related cancers are still associated with high mortal-
ity rates, despite important advances in screening and treat-
ment. Cervical cancer alone, for instance, caused approxi-
mately 311,000 deaths worldwide in 2018, 90% of which oc-
curred in lower- to middle-income countries [4]. In high-
income countries, the introduction of organized screening
programs has reduced the mortality rates for cervical can-
cer [21], but there are no such programs for less frequent but
more aggressive HPV-related cancers, such as those involv-
ing the penis, anus and oropharyngeal region, which are still
associated with high mortality rates [12]. Since 2006, how-
ever, HPV-related cancer prevention has also been able to
count on vaccines against HPV [22].

2. HPV vaccine development
The first vaccine against HPV-related disease was a

quadrivalent vaccine (4-valent) approved in 2006 by the Food
and Drug Administration (FDA) [23], and by the European
Medicines Agency [24]. It contained genotypes 6, 11, 16 and
18. In 2007 and 2009, the EMA and FDA respectively also
approved a bivalent vaccine (2-valent) containing types 16

and 18 [25, 26]. The two formulations relied on the same
approach—both vaccines contained noninfectious human pa-
pillomavirus L1 self-assembling virus-like particles produced
using a recombinant DNA technology—but they differed in
the cell culture used to produce the particles, the adjuvants,
and the therapeutic indications [27, 28]. The bivalent vac-
cine was indicated for the prevention of premalignant cervi-
cal, vulvar, vaginal and anal lesions, and cervical and anal can-
cers from vaccine HPV types. The quadrivalent was also in-
dicated for preventing genital warts from vaccine HPV types
[23, 24]. A nine-valent (9-valent) HPV vaccine was then ap-
proved, in 2014 in the US [29] and in 2015 in the European
Union [30]. It was developed on the same platform as the
quadrivalent vaccine, but with addition of five HPV types—
31, 33, 45, 52, and 58—making the vaccine indicated for the
prevention of premalignant lesions and cancers affecting the
cervix, vulva, vagina, and anus, as well as for genital warts
caused by vaccine HPV types [31]. Characteristics of HPV
vaccines are detailed in Table 2.

3. Immunogenicity, safety, and efficacy of the
9-valent HPV vaccine: a systematic review

We conducted a systematic review to assess the immuno-
genicity, safety and efficacy of the 9-valent HPV vaccine, and
pool the currently-available evidence. The review was pre-
pared in accordance with the Preferred Reporting Items for
Systematic Reviews andMeta-Analyses (PRISMA), PRISMA
2020 Update [32].

We searched the PubMed/MEDLINE and EMBASE
databases without applying any restrictions as concerns time,
language, study design or participants’ characteristics. The
search was performed onMarch 17th 2021. The search strat-
egy for one of the databases (PubMed/MEDLINE) is shown
in Table 3. Manual searches in the reference lists of the stud-
ies selected, and in related reviewswere also performed. Two
authors (GMP and SC) independently screened the titles and
abstracts to identify potentially eligible studies. Disagree-
ments between the two authors were solved by a third au-
thor (VB). Full texts of all potentially eligible studies were
independently screened by the two authors and earmarked
for further consideration. As before, discrepancies between
the two authors (GMP and SC) were solved by a third author
(VB). Two authors (GMP and SC) independently collected
data from each study included in the review using a struc-
tured and standardized table. The data extracted concerned:
the study design; the geographical location; the sample size;
the participants’ characteristics; the 9-valent vaccine admin-

Volume 42, Number 5, 2021 1069



Table 2. Characteristics of HPV vaccines.
Vaccine Types of HPV

included
Authorization
year

Posology Indications

2-valent 16 and 18 EMA - 2007 9 to 14 years of age
includedI

2 doses, at 0 and at 5–13
months

Prevention of premalignant cervical, vulvar,
vaginal and anal lesions, and cervical and anal
cancers causally related to certain oncogenic
HPV types

FDA - 2009 15 years of age or moreII 3 doses, at 0, 1 and 6months
4-valent 6, 11, 16 and 18 FDA - 2006 9 to 13 years of age

includedIII
2 doses, at 0 and at 6months Prevention of premalignant cervical, vulvar,

vaginal, and anal lesions, cervical and anal can-
cers causally related to certain oncogenic HPV
types, and genital warts causally related to spe-
cific HPV types

EMA - 2006 14 years of age or moreIV 3 doses, at 0, 2 and 6months
9-valent 6, 11, 16, 18, 31,

33, 45, 52 and 58
FDA - 2014 9 to 14 years of age

includedV
2 doses, at 6 and 12 months Active immunization against premalignant le-

sions and cancers affecting the cervix, vulva,
vagina and anus caused by vaccine HPV types,
and genital warts caused by specific HPV types

EMA - 2015 15 years of age or moreVI 3 doses at 0, 2 and 6months

(I) If the second vaccine dose is administered before the 5th month after the first dose, a third dose should always be administered.
(II) If flexibility in the vaccination schedule is necessary, the second dose can be administered between 1 and 2.5 months after the first, and the third
dose between 5 and 12 months after the first.
(III) If the second vaccine dose is administered earlier than 6 months after the first, a third dose should always be administered. Alternatively, a
quadrivalent vaccine can be administered according to a 3-dose schedule (0.5 mL at 0, 2, 6 months). The second dose should be administered at least
one month after the first, and the third dose should be administered at least 3 months after the second. All three doses should be given within a 1-year
period.
(IV) The second dose should be administered at least one month after the first, and the third dose should be administered at least 3 months after the
second. All three doses should be given within a 1-year period.
(V) The second dose should be administered between 5 and 13 months after the first. If the second dose is administered earlier than 5 months after
the first, a third dose should always be administered. Nine-valent vaccine can be administered according to a 3-dose schedule (0, 2, 6 months). The
second dose should be administered at least one month after the first, and the third dose should be administered at least 3 months after the second. All
three doses should be given within a 1-year period.
(VI) The second dose should be administered at least one month after the first, and the third dose should be administered at least 3 months after the
second. All three doses should be given within a 1-year period.

istration schedule; comparator details; and outcomes. Any
discrepancies between the data collected by the two authors
were discussed and a consensuswas reached between the two.

Eligible studies compared the 9-valent vaccine with either
placebo or any other previously-existing vaccine, whatever
the number of doses administered, the vaccination schedule
used, and the site of vaccine administration. To be eligible,
studies had to report at least one of our three outcomes of
interest, i.e., immunogenicity (measured as the percentage
of participants who seroconverted or in terms of mean an-
tibody levels); safety (in terms of frequency and severity of
adverse reactions/events observed after HPV vaccine admin-
istration); efficacy (in terms of a reduction in either incident
and persistent infections with both vaccine and non-vaccine
HPV types or in the rates of cervical intraepithelial neoplasia
and invasive cervical cancer).

The search yielded 266 records, and no duplicates were
found, so 266 titles and abstracts were screened, and 228
records were excluded. The full texts of 38 potentially eli-
gible publications were considered, and 26 were ultimately

included in the review. Fig. 1 shows the study search and
selection process. Supplementary Table 1 (Ref. [33–52])
lists the articles in chronological order and summarizes their
characteristics and findings.

Seventeen clinical trials and three database studies were
ultimately obtained from the PubMed search. These publica-
tions explored the immunogenicity, safety/tolerability, and
efficacy/effectiveness profiles of the 9-valent in various com-
binations of the different variables (age at vaccination, sex,
dosage schedules, previous vaccinationwith 4-valent vaccine,
coadministrations, and national/ international groups). The
main results of these clinical trials and database studies are
reported below.

Immunogenicity: the clinical trials showed that the 9-
valent vaccine consistently elicited immunological responses
to all the vaccine types in immunocompetent subjects. No-
tably, percentages nearing 100% seroconversion were seen in
all immunocompetent subjects in the age groups vaccinated,
of both sexes and whatever their nationality [33–44, 46–
48, 50, 52]. The studies focused on three age/sex segments:
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Table 3. PubMed search strategy.
Search Query

#1 Search (HPV OR papillomavirus*) AND vaccine* AND (9-valent OR nonavalent OR ninevalent OR 9vHPV OR Gardasil 9 OR Gardasil-9)
#2 Search (“Immunogenicity, Vaccine” [Mesh] OR efficacy OR effectiveness OR safety OR tolerability)
#3 Search (#1 AND #2)

Fig. 1. PRISMA flow diagram showing the study search and selection process.

females and males aged 9 to 15 years [35, 37, 39–41, 50];
females and males aged 16 to 26 years [33, 37, 39–41, 50];
and females aged 27 to 45 years [52]. Four clinical trials
also specifically examined whether or not the new 9-valent
vaccine was inferior in terms of immunogenicity to the 4-
valent vaccine, in both the short term (1 month after the 3rd
dose) [33, 35, 40] and the long term (42 months after the 3rd
dose) [44], concluding for a non-inferiority of the new vac-

cine for the 4 sharedHPV types. Immunogenicitywas also as-
sessed in case of co-administration with other vaccines. An
open-label, randomized study examined the administration
of 9-valent HPV vaccine concomitantly with combined vac-
cine against diphtheria, tetanus and acellular pertussis, and
inactivated poliomyelitis in healthy 11- to 15-year-olds [34].
Another trial tested the concomitant administration of 9-
valentHPVvaccinewith themeningococcal 4-valent vaccine,
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and the combined diphtheria, tetanus and acellular pertus-
sis vaccines, and inactivated poliomyelitis vaccine [38]. In
both cases, the immune response elicited in the case of co-
administration was not inferior for any of the vaccine com-
ponents, and no immunological interference issues emerged
[34, 38]. Using immune-bridging outcomes, clinical trials
also played a pivotal part in testing for any sex-related dif-
ferences in immunological response. None came to light,
and this paved the way to gender-neutral HPV vaccination
programs for preadolescents, adolescents and adults [36, 37].
The immunogenicity of 9-valent HPV vaccine was initially
investigated using a 3-dose schedule in all age groups. Then
the 2-dose schedule was examined in two clinical trials on
younger people (9 to 14 years of age), and seroconversion oc-
curred in >98% of the vaccinated subjects, a percentage sta-
tistically not inferior to the one elicited by the 3-dose sched-
ule [41]. This led to the authorization of a 2-dose schedule for
boys and girls aged 9 to 14 years [31]. A follow-up study then
confirmed that, as seen for the 3-dose schedule [44], so too
for the 2-dose schedule, the immune response persisted for at
least 36 months after the last dose of vaccine [50]. One clin-
ical trial investigated immune response to the 9-valent HPV
vaccine in HIV-positive subjects aged 18 to 45 years, and in
solid organ transplant recipients aged 18 to 55 years: the sero-
conversion rates were 100% in the former group and ranged
between 46% and 72% in the latter [49].

Safety and tolerability: the safety and tolerability of the
9-valent HPV vaccine were been investigated not only in all
the clinical trials, but also in the database studies. All the trials
were consistent in indicating that, irrespective of the recip-
ients’ age, sex or nationality, the vaccine schedule, the con-
comitant administration of other vaccines, and concomitant
clinical conditions, the 9-valent HPV vaccine was well tol-
erated and safe, and there were no reported vaccine-related
deaths [33–44, 46–50, 52]. Themost common adverse events
related to the injection site, reported in percentages vary-
ing from 57.6% [49] to 90.7% [33]. Systemic adverse events
occurred in percentages varying from 20.6% [49] to 55.8%
[33]. Four studies compared the safety and tolerability pro-
file of the 9-valent vaccine with that of the 4-valent vac-
cine, and it generally emerged that the rates of adverse events
were much the same or slightly higher for the 9-valent vac-
cine [33, 35, 40, 44]. The two retrospective database studies
[45, 51], and single prospective one [46] were all conducted
in the United States, and collected data from three different
systems. Analyzing data from the Vaccine Adverse Event Re-
porting System (VAERS), Landazabal and colleagues found
that no unexpected adverse events had been observed in a
population of pregnant women for whom the vaccine was
contraindicated, but inwhom it had accidentally been admin-
istered [45]. The other two studies—one with data from six
Vaccine SafetyDatalink sites [46], and onewith data from the
MarketScan database [51]—found no evidence of any specific
clusters or patterns of unexpected serious adverse events.

4. Real-world data
Real-world data concerning the impact of the 9-valent

HPV vaccine are still limited as its approval and use in vac-
cination programs are too recent. On the other hand, there
are plenty of publications on the abundant usage of its pre-
decessors in several countries in Europe, North America and
Oceania.

4.1 Australia

Australia was the first country in the world to introduce a
nationally funded HPV vaccination campaign in April 2007.
Bymeans of school-basedHPVvaccination programs first for
12- and 13-year-old girls, and later for boys of the same age,
along with targeted catch-up programs, the country has been
able to protect a vast proportion of its population [53]. The
combination of screening and vaccination programs gener-
ated remarkable results, justifying by 2019 the unprecedented
and bold claim that cervical cancer could be eliminated as a
public health problem in less than 20 years [54]. While await-
ing this historic goal, there has been an abundance of real-
word evidence to support the country’s great disease preven-
tion success story. An ecological study analyzed the incidence
of cervical abnormalities in young women during the years
2001–2009 to compare the measure of the first 3 years of the
national vaccination program in the state of Victoria. A com-
parisonwith data regarding the 4 years before the vaccination
program was implemented showed a significant decrease in
high-grade cervical abnormalities (0.38%; 95% CI 0.16–0.61;
p = 0.003) among young women afterwards [55]. A second
study measured the effectiveness against cervical abnormal-
ities of the 4-valent HPV vaccine four years after a state-
funded vaccination program had been started in Queensland.
The vaccine’s effectiveness was found to be 46% for cases of
high-grade cervical disease, and 34% for cases of cytological
or histological abnormalities. The Authors also made the
point that the drop in the population prevalence of cervi-
cal abnormalities thanks to vaccination would have affected
the predictive power of cytological testing, which therefore
needed adjusting in screening programs [56]. A third finding
came from the analysis of national data on histological diag-
noses of cervical dysplasia and excisional treatments in the
years 2004–2013. Robertson and colleagues found a signifi-
cant drop in the incidence of low-grade squamous dysplasia
in the female population. After stratifying the results by age
group, it emerged that this decline only involved women 20
to 24 years old, while the incidence was slightly higher for
older age groups. Similarly, the number of excisional treat-
ments declined, but only in women under 35, not in those
aged 35 years or older [57]. Finally, Cornall and colleagues
[58] examined the prevalence rates of CIN3/AIS due toHPV-
types 16 and 18 over a period of 4 years by genotyping consec-
utive biopsies with histologically-confirmed CIN3/AIS from
vaccine-eligible women. Comparing 213 cases from the pre-
vaccine era with 529 from the post-vaccine era, they found
that in women aged 18 to 25 the positivity rates for HPV
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types 16 and 18 went from 69% in 2001–2005 to 62% in
2011–2012, to 47% in 2013–2014. In women 26 to 32 years
old, there were no such changes in the rates of types 16 and
18 positivity. Nearly all study participants had been vacci-
nated beyond the average age of sexual debut—a finding that
would seem to support the value of catch-up programs for
young women, and might suggest that vaccination against
HPV is much more effective when scheduled before sexual
debut [58].

The impact of HPV vaccination on genital warts has also
been investigated. Ali and colleagues found that, using data
collated from 2004 to 2011, the proportions of genital warts
declined from 11.5% to 0.85% in girls<17 years old, and from
11.3% to 3.1% and in women aged 21 to 30 [59]. There was a
corresponding decline from 12.1% to 2.2% in boys<20 years
old, and from 18.2% to 8.9% inmen aged 21 to 30. Consistent
results emerged from two other analyses [60, 61], suggesting
that vaccination programs have rapid and substantial effects
on the prevalence of genital warts in the age group primarily
targeted for vaccination. Among these effects, vaccinating
females seems to indirectly benefit males [61].

4.2 Costa Rica
The Costa Rica Vaccine Trial included data on more than

3700 women given the bivalent HPV vaccine and followed
up for over 11 years [62, 63]. Vaccine efficacy against in-
cident HPV 16 or 18-associated CIN2+ was 100%, and the
cumulative vaccine efficacy against HPV 16 or 18-associated
CIN2+ was 97.4%. Similarly high levels of protection were
seen against HPV 16 or 18-associated CIN3 [63].

4.3 Denmark
One cohort study in Denmark was conducted to assess the

effect of the quadrivalent vaccine in terms of the association
between individual HPV vaccination status and subsequent
risk of cervical lesions [64]. A second population-based co-
hort study using the national health register data expanded
the analysis to vaccinated and unvaccinated women [65]. A
third then assessed the real-life impact of HPV vaccination in
the first birth cohort of vaccinated Danish women [66]. The
three analyses produced consistent results that all pointed to
a reduced risk of cervical abnormalities in vaccinated women
[65, 66].

4.4 Italy
In Italy, HPV vaccination programs started for girls in the

13th year of age in 2007, and in 2015 they were extended
in some regions to boys of the same age [67]. In 2017, the
National Immunization Plan introduced a gender-neutral ap-
proach to HPV vaccination, also advocating for the vaccina-
tion of women 25 years of age at the time of their first HPV
screening exam, and of men who have sex with men [68].
Finally, starting in 2018, the 21 Italian regions also gradu-
ally introduced vaccination programs for women with a his-
tory of cervical disease. A study on hospitalizations for HPV-
related disease, conducted in the Veneto region in the years
2008–2011, showed an average hospitalization rate of 49.4

per 100,000 population per year. This analysis also showed
a declining trend: from 57.2 hospitalizations per 100,000 in
2008 to 39.7 per 100,000 in 2011. The same downward trend
was seen for the rate of genital cancer hospitalizations too:
from 11.86 per 100,000 in 2008 to 7.92 per 100,000 in 2011
[69]. A second study conducted in Veneto showed that HPV
vaccination coverage rates of around 70% in girls were as-
sociated with a significant decrease in hospitalization rates
for anogenital warts (AAPC: –6.1%; 95% CI: –8.4; –3.7) in
women 17 to 46 years old in the years from 2007 to 2018. In-
terestingly, hospitalization rates for anogenital warts in men
increased during the same period (AAPC: 3.8%; 95% CI: 1.2;
6.4), a change driven only by rising numbers of cases of anal
warts [70].

4.5 Sweden
A national cohort study on data in the Swedish Cancer

Registry examined the effectiveness of HPV vaccination in
preventing invasive cervical cancer. The study included de-
tails of more than 1.7 million women 15 to 30 years old, and
found that the risk of cervical cancer for those who had re-
ceived a first dose of vaccine before the age of 17 was 88%
lower than for those who had never been vaccinated [71].

4.6 United Kingdom
In the United Kingdom, a national HPV prevention pro-

gram introduced in 2008 envisaged routine vaccination for
girls aged 12–13, and catch-up vaccination for girls up to 18
years old. The program started with the 2-valent vaccine,
which was replaced in 2012 with the 4-valent vaccine [72,
73]. The success of vaccination in preventing HPV type 16
and 18 infections in sexually-active young women has been
confirmed by several studies. Mesher and colleagues [72–
74] conducted three consecutive analyses on genital speci-
mens fromwomen aged 16–24 years, obtaining consistent re-
sults that all pointed to a decrease in the prevalence of HPV
types 16 and 18 in the period after vaccination was intro-
duced. Notably, the rate of this decrease was strongly associ-
atedwith the estimated increase in vaccination coverage [75].
Similar results emerged from studies performed in Scotland,
where coverage rates have consistently been above 90% in
the routinely-vaccinated cohort. This country’s introduction
of vaccination with the bivalent HPV vaccine achieved a re-
duction in the prevalence of HPV infection, and of low- and
high-grade cervical abnormalities [74, 76].

4.7 United States of America
In the United States, vaccination with the quadrivalent

HPV vaccine was first recommended in 2006 for girls aged
11–12 years. In 2011 it was also recommended for boys
of the same age. In 2016 the 9-valent vaccine replaced the
4-valent version as the recommended vaccine [77]. The
HPV-IMPACT Project stemmed from a collaboration be-
tween theCenters forDisease Control and Prevention (CDC)
and catchment areas in five states. The aim was to establish a
population-based approach tomonitoring the impact of HPV
vaccination on cervical cancer precursors and the associated
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HPV genotypes. From 2008 to 2012, the CDC performed
HPVDNA typing on 4678 diagnostic specimens from females
aged 18 years or older who had been diagnosed with CIN2+.
By stratifying the data by vaccination status, the authors con-
cluded that there was compelling evidence of the real-world
impact and effectiveness of HPV vaccination in reducing cer-
vical disease associated with targeted HPV types [78, 79]. In
a case-control study, its impact on precancerous cervical le-
sions and cervical cancers was established in relation to age
at first dose and number of doses. Silverberg and colleagues
found higher levels of protection associatedwith full vaccina-
tion schedules and a younger age of vaccination, while no sig-
nificant protection was achieved in women aged 21 years or
older at the time of their first dose [80]. This result is consis-
tent with the findings of a study by Mix and colleagues, who
reported that the decrease in the rates of cervical squamous
cell carcinoma and adenocarcinoma was greater for women
aged 15 to 20 than for those aged 21 to 29 [81].

5. Towards the elimination of cervical cancer
In 2009, the World Health Organization recognized the

prevention of cervical cancer and other HPV-related diseases
as a public health priority. Its first position paper on HPV
included a recommendation that HPV vaccination be rou-
tinely included in national immunization programs. The pri-
mary target population for immunization programs should
be girls in early adolescence, while vaccination for older ado-
lescent girls and young women was recommended providing
it was feasible, affordable and cost-effective, and did not di-
vert resources, and only if a significant proportion of the sec-
ondary target population was likely to be naive to vaccine-
related HPV types. HPV vaccination for males was not rec-
ommended [82]. The same recommendations were reiter-
ated (with slight modifications) in 2014 [83], and again in
2017. In its 2017 document, the WHO moved forward and
recommended not only vaccinating multiple cohorts of 9- to
14-year-old girls (primary goal), but also targeting multiple
cohorts of girls aged 9 to 18 years at the time of an HPV vac-
cination program’s introduction, as this would have a faster
and greater impact at population level than the vaccination
of single age cohorts. TheWHO document of 2017 also rec-
ognized, for the first time, the value of vaccinating males as a
secondary target population [84]. A further step was made in
2018, when the WHO Director-General called on all coun-
tries to take action against cervical cancer by ensuring that
all girls everywhere are vaccinated against HPV, and that ev-
ery woman over 30 years old is screened and treated for pre-
cancerous lesions [85]. Finally, in 2020, the WHO declared
its first global commitment to eradicating a form of cancer—
cervical cancer. The WHO identified three key steps: vacci-
nation (90% of girls fully vaccinated with the HPV vaccine by
15 years of age); screening (70% of women screened using a
high-performance test by age 35 and again by 45); and treat-
ment (90% of women identified with cervical disease given
treatment). If implemented globally by 2030, this will lead

to a more than 40% reduction in new cases of cervical can-
cer [86]. In its 2019 Resolution on the elimination of HPV-
related cancer, the European Cancer Organization identified
even more ambitious goals for all countries to reach by 2030:
the adoption of gender-neutral vaccination programs (tar-
get vaccination rate ≥90%); enhanced screening (≥70% of
women for cervical cancer with high-precision HPV tests ev-
ery 5 years); improved treatment rates (90% of women with
grade 3 CIN treated within 3 months, and 90% of all invasive
cancer cases detected and managed) [87].

The number of countries implementing HPV vaccination
has increased year after year, and there are now 106 countries
around the world with immunization programs underway,
33 of which also include males in their vaccination programs
[88].

6. Vaccination inwomen treated for
precancerous cervical lesions

In the gynecology literature, several authors have reported
that a significant percentage of patients treated for precan-
cerous cervical lesions subsequently experienced recurrences
of the same disease or, worse still, cervical cancer [89, 90].
In parallel, women vaccinated before being treated surgically
for HPV-related diseases reportedly had a significant reduc-
tion in the incidence of recurrences [91]. These findings
paved the way to a new field of research on the usage of vac-
cination as an adjuvant treatment for HPV-related disease.
In 2013, the first evidence to support a role for vaccination
in reducing the frequency of recurrent of CIN2–3 was pub-
lished by Kang and colleagues: they offered HPV vaccina-
tion to a group of more than 700 women after treating them
for high-grade cervical intraepithelial neoplasia. In the sub-
group of women who were vaccinated, the recurrence rate
was 2.5%, while in the unvaccinated group it was 8.5% (p <
0.05) [92]. Five years later, similar results came from the
SPERANZA study. Ghelardi and colleagues [93] performed
a case-control study involving 350 women aged 18–45 years
treated for CIN2+ disease. Participants were offered a first
dose of vaccine 30 days after their treatment, and were then
followed up for 4 years. There were 11 cases of recurrence
in the unvaccinated group (n.172), and only 2 in the vacci-
nated group (n.172), a result consistent with an 81.2% reduc-
tion in the clinical disease relapse rate. Notably, none of the
vaccine HPV types were detected in the women in the vacci-
nated groupwhose disease recurred, whereas types 16, 11 and
18—alone or, more frequently, in association with others—
were detected in 9 women in the unvaccinated group [93].
Further data on the significance and relevance of HPV vacci-
nation as an adjuvant therapy for gynecological diseases came
recently from a retrospective study conducted by Sand and
colleagues in Denmark [94], from the works of Petrillo and
colleagues [95], and Bogani and colleagues [96] in Italy, from
the research done by Del Pino and colleagues in Spain [97],
and from two systematic reviews and meta-analyses [98, 99].
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7. Scientific society guidelines
The importance and value of HPV vaccination have been

acknowledged by scientific societies around the world, with a
general consensus on recommending the vaccine in females
and males before sexual debut. Guidelines differ slightly in
two aspects, however, concerning the age at which the vac-
cine should be administered in adolescents, and whether or
not it should be offered to adults. The American Academy of
Pediatrics, the American College of Obstetricians and Gyne-
cologists, and the American Cancer Society all recommend
starting a series of HPV vaccinations at between 9 and 12
years of age [100–102]. The International Federation of Gy-
necology and Obstetrics recommends starting between 10
and 14 years old, and focusing on girls [103]. The Ameri-
can Society of Clinical Oncology suggests vaccination at an
age between 9 and 14 years [104]. The European Board and
College ofObstetrics andGynaecology (a representative body
of 37 national scientific societies) recommends vaccinating
females and males before the age of 15 years [105]. On the
vaccination of adults, the American College of Obstetricians
and Gynecologists suggest that, for unvaccinated women be-
tween 27 and 45 years old, a shared clinical decision should
be made on the basis of a given woman’s risk of acquiring a
new HPV infection and the potential benefit deriving from
vaccinating her against HPV [104]. On the other hand, the
American Cancer Society does not recommend vaccinating
this category of subjects [101]. Finally, it isworthmentioning
the position of the Gruppo Italiano Screening del Carcinoma
(ItalianGroup onCarcinoma Screening), which recommends
vaccinating women who have been treated for grade two or
worse cervical intraepithelial lesions [106].

8. Conclusions
Once only a remote hope, now the elimination of cervi-

cal cancer seems to be a public health outcome within reach.
Three actions are needed to achieve this goal: screening;
treatment; and vaccination. This review focused on the last
aspect, considering two important aspects: the development
of vaccines with ever-higher valences; and the real-world as-
sessment of their usage. Although reports on the use of the
nine-valent vaccine, and data from low- and middle-income
countries are still limited, there is already compelling evi-
dence of vaccination with the bivalent and quadrivalent HPV
vaccines having a substantial impact on cervical cancer in
high-income countries. The clinical impact of vaccination
programs reaching high vaccination coverage rates and tar-
geting multiple cohorts is undeniable. Strategies for target-
ing multiple cohorts are essential, in terms of both offer-
ing vaccination to females of different ages and including
males in HPV vaccination programs. Although such an ap-
proach is bound to be associated with higher costs for health-
care systems, it has nevertheless been adopted by increasing
numbers of countries around the world. The rationale be-
hind gender-neutral programs has solid scientific and ethi-
cal grounds: vaccinating females and males enables positive

herd-immunity effects on the circulation of the virus to be
achieved more quickly. It also has the clinical advantage of
preventing HPV-related diseases in males (for which the lack
of any specific screening programs often translates into a late
diagnosis). From an ethical standpoint, gender-neutral vac-
cination is a duty because the protective effect on heterosex-
ual males of sufficiently high vaccination rates (≥80%) in fe-
males does not extend to males who have sex with males. Fi-
nally, vaccination policies will need to consider recent devel-
opments in cancer treatments, a field in which the adjuvant
use of vaccination to help prevent recurrences is gaining con-
sensus.
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