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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 scientificsocieties' 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
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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 new HPV -related malignancies in males 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 the most 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
(2B) Possibly carcinogenic to humans

(3) Not classifiable as to its carcinogenicity to humans

16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58 and 59
30, 34, 69, 85, 97, 26, 53, 66, 67, 70, 73 and 82

5 and 8, only in people with epidermodysplasia verruciformis

6and 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 1 (including types 6 and 11)
associated with 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
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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 and Meta-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 on March 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 reviews were 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-
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Table 2. Characteristics of HPV vaccines.

Vaccine Types of HPV Authorization Posology Indications
included year
2-valent 16 and 18 EMA - 2007 9 to 14 vyears of age 2 doses, at O and at 5-13 Prevention of premalignant cervical, vulvar,
included months vaginal and anal lesions, and cervical and anal

cancers causally related to certain oncogenic

HPYV types
FDA - 2009 15 years of age or more!! 3 doses, at0, 1 and 6 months
4-valent 6, 11,16 and 18 FDA - 2006 9 to 13 vyears of age 2doses,atOandat6months Prevention of premalignant cervical, vulvar,
included™ 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 more!V 3 doses, at0, 2 and 6 months
9-valent 6, 11, 16, 18, 31, FDA - 2014 9 to 14 vyears of age 2doses,at6and 12 months Active immunization against premalignant le-

33,45,52and 58 included¥ sions and cancers affecting the cervix, vulva,

vagina and anus caused by vaccine HPV types,

and genital warts caused by specific HPV types

VI

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

(I) If the second vaccine dose is administered before the 5th month after the first dose, a third dose should always be administered.

(ID) 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.

(II1) 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 consensus was 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
HPYV 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
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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 vaccination with 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)
l Identification of studies in databases and registers
)
c
2
®
© Records identified by searching ) Duplicate records removed (n = 0)
G
s databases (n = 262)
()
22
| J
\ 4
——
Records screened > Records excluded
(n = 266) (n=227)
o
i=
o
2 \ 4
7}
0 Studies assessed for eligibilit i .
o gibility ) Studies _e_xcluded.
(n=39) Repetitive results (n = 12)
Inadequate methodology (n = 2)
Expert commentary (n = 2)
Meta-analysis (n = 3)
—
v
(=
2 . . .
E Studies included in review
i (n =20)
[
n

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-
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cine for the 4 shared HPV types. Immunogenicity was 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-
valent HPV vaccine with the meningococcal 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]. Thisled 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]. The most 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 in whom it had accidentally been admin-
istered [45]. The other two studies—one with data from six
Vaccine Safety Datalink sites [46], and one with data from the
MarketScan database [51]—found no evidence of any specific
clusters or patterns of unexpected serious adverse events.
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4. Real-world data

Real-world data concerning the impact of the 9-valent
HPV wvaccine 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.
By means of school-based HPV vaccination 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-
parison with 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 to HPV -
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% in men 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
areduced 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

Volume 42, Number s, 2021

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 natijonal 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 from women aged 1624 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-
ated with 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 the Centers for Disease Control and Prevention (CDC)
and catchment areas in five states. The aim was to establish a
population-based approach to monitoring 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
HPV DNA 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 associated with 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. The WHO 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
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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 in women 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 group whose 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 of Obstetrics and Gynaecology (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 is worth mentioning
the position of the Gruppo Italiano Screening del Carcinoma
(Italian Group on Carcinoma 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
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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.

Author contributions

GMP, SC and VB performed the literature research and
analysis. GMP, SC and VB wrote the manuscript. MF, PF
and MN provided help and advice. All authors contributed
to editorial changes in the manuscript. All authors read and
approved the final manuscript.

Ethics approval and consent to participate

Not applicable.

Acknowledgment

Thanks to all the peer reviewers for their opinions and
suggestions.

Funding

This research received no external funding.

Conflict of interest

The authors declare no conflict of interest.

Supplementary material

Supplementary material associated with this article can be
found, in the online version, at https://ejgo.imrpress.com/
EN/10.31083/j.¢jg04205156.

References

[1] Harden ME, Munger K. Human papillomavirus molecular biol-
ogy. Mutation Research/Reviews in Mutation Research. 2017;
772: 3-12.

[2] Doorbar J, Quint W, Banks L, Bravo IG, Stoler M, Broker TR, et
al. The biology and life-cycle of human papillomaviruses. Vaccine.
2012; 30: F55-F70.

[3] Chow LT, Broker TR, Steinberg BM. The natural history of
human papillomavirus infections of the mucosal epithelia. Acta
Pathologica et Microbiologica Scandinavica. 2010; 118: 422-449.

[4] WHO. Human papillomavirus (HPV) and cervical cancer. 2020.
Available at: https://www.who.int/news-room/fact-sheets/deta
il/human- papillomavirus- (hpv)-and-cervical-cancer (Accessed:
2 March 2021).

[5] CDC.How Many Cancers Are Linked with HPV Each Year? 2020.
Available at: https://www.cdc.gov/cancer/hpv/statistics/cases.ht
m (Accessed: 2 March 2021).

[6] Majewski S, Jablonska S. Human papillomavirus-associated tu-
mors of the skin and mucosa. Journal of the American Academy
of Dermatology. 1997; 36: 659-658.

1075


https://ejgo.imrpress.com/EN/10.31083/j.ejgo4205156
https://ejgo.imrpress.com/EN/10.31083/j.ejgo4205156
https://www.who.int/news-room/fact-sheets/detail/human-papillomavirus-(hpv)-and-cervical-cancer
https://www.who.int/news-room/fact-sheets/detail/human-papillomavirus-(hpv)-and-cervical-cancer
https://www.cdc.gov/cancer/hpv/statistics/cases.htm
https://www.cdc.gov/cancer/hpv/statistics/cases.htm

(7]

(8]

[9]

(10]

[11]

(17]

(18]

[24]

[26]

1076

Serrano B, Brotons M, Bosch FX, Bruni L. Epidemiology and bur-
den of HPV-related disease. Best Practice & Research. Clinical Ob-
stetrics & Gynaecology. 2018; 47: 14-26.

Plummer M, de Martel C, Vignat ], Ferlay J, Bray F, Franceschi
S. Global burden of cancers attributable to infections in 2012: a
synthetic analysis. The Lancet Global Health. 2016; 4: €609-e616.
HPV Information Center. Human Papillomavirus and Related
Diseases Report. 2021. Available at: www.hpvcentre.net (Ac-
cessed: 2 March 2021)

Hartwig S, St Guily JL, Dominiak-Felden G, Alemany L, de San-
josé S. Estimation of the overall burden of cancers, precancerous
lesions, and genital warts attributable to 9-valent HPV vaccine
types in women and men in Europe. Infectious Agents and Cancer.
2017;12: 12-19.

AIOM. I numeri del cancro in Italia 2020 AIOM AIRTUM.
2020. Available at: https://www.aiom.it/wp-content/uploads
/2020/10/2020_Numeri_Cancro-operatori-web.pdf (Accessed:
24 February 2021). (In Italian)

AIOM. I numeri del cancro in Italia 2019 AIOM AIRTUM.
2019.Available at: https://www.aiom.it/i-numeri-del-cancro-i
n-italia/ (Accessed: 24 February 2021). (In Italian)

WHO. IARC Monographs on the identification of carcinogenic
hazards to humans. 2020. Available at: https://monographs.iarc.
fr/list-of-classifications (Accessed: 24 February 2021).

Ramoz N, Rueda L, Bouadjar B, Montoya L, Orth G, Favre M.
Mutations in two adjacent novel genes are associated with epider-
modysplasia verruciformis. Nature Genetics. 2002; 32: 579-581.
de Sanjose S, Quint WG, Alemany L, Geraets DT, Klaustermeier
JE, Lloveras B, et al. Human papillomavirus genotype attribution
in invasive cervical cancer: a retrospective cross-sectional world-
wide study. The Lancet Oncology. 2010; 11: 1048-1056.

de Martel C, Plummer M, Vignat J, Franceschi S. Worldwide bur-
den of cancer attributable to HPV by site, country and HPV type.
International Journal of Cancer. 2017; 141: 664-670.

Wiley DJ, Douglas J, Beutner K, Cox T, Fife K, Moscicki A, et
al. External genital warts: diagnosis, treatment, and prevention.
Clinical Infectious Diseases. 2002; 35: S210-S224.

Gilson R, Nugent D, Werner RN, Ballesteros J, Ross J. 2019
IUSTI-Europe guideline for the management of anogenital warts.
Journal of the European Academy of Dermatology and Venereol-
ogy. 2020; 34: 1644-1653.

Chapman R, Soldan K, Jit M. Modelling borderline and mild dys-
plasia associated with HPV 6 and 11 infection. Vaccine. 2011; 29:
2881-2886.

Srodon M, Stoler MH, Baber GB, Kurman RJ. The distribution of
low and high-risk HPV types in vulvar and vaginal intraepithe-
lial neoplasia (VIN and VaIN). The American Journal of Surgical
Pathology. 2006; 30: 1513-1518.

Vaccarella S, Lortet-Tieulent J, Plummer M, Franceschi S, Bray F.
Worldwide trends in cervical cancer incidence: impact of screen-
ing against changes in disease risk factors. European Journal of
Cancer. 2013; 49: 3262-3273.

McNeil C. Who invented the VLP cervical cancer vaccines? Jour-
nal of the National Cancer Institute. 2006; 98: 433.

FDA. Approval Letter—Human Papillomavirus Quadrivalent
(Types 6, 11, 16, 18) Vaccine, Recombinant. 2006. Avail-
able at: https://www.fda.gov/vaccines-blood-biologics/vaccine
s/gardasil (Accessed: 2 March 2021).

EMEA. Scientific  Discussion. Document for  Reg-
istration of Gardasil to EMEA. 2006. Available at:
http://www.ema.europa.eu/docs/en_GB/document_library/EP
AR__Scientific_Discussion/human/000703/W C500021140.pdf
(Accessed: 2 March 2021).

EMEA. Scientific  discussion, = document for  regis-
tration of Cervarix to EMEA. 2007. Available at:
http://www.ema.europa.eu/docs/en_GB/document_library/EP
AR__Scientific_Discussion/human/000721/W C500024636.pdf
(Accessed: 2 March 2021).

Food and Drug Administration. Clinical Review of Biologics Li-

[33]

(42]

cense Application for Human Papillomavirus 16, 18 L1 Virus
Like Particle Vaccine, ASO4 Adjuvant-Adsorbed (Cervarix). 2009.
Available at: http://www.fda.gov/downloads/BiologicsBloodVa
ccines/Vaccines/ ApprovedProducts/UCM237976.pdf (Accessed:
2 March 2021).

European Medicines Agency. Cervarix. 2009. Available at:
https://www.ema.europa.eu/en/medicines/human/EPAR/cerv
arix#product-information-section (Accessed: 10 March 2021).
European Medicines Agency. Gardasil. 2008. Available at: https://
www.ema.europa.eu/en/medicines/human/EPAR/gardasil (Ac-
cessed: 10 March 2021).

Petrosky E, Bocchini JA, Hariri S, Chesson H, Curtis CR, Saraiya
M, et al. Use of 9-valent human papillomavirus (HPV) vaccine: up-
dated HPV vaccination recommendations of the advisory commit-
tee on immunization practices. MM WR. Morbidity and Mortality
‘Weekly Report. 2015; 64: 300-304.

European Medicines Agency. Gardasil 9. Authorisation Details.
2015. Available at: http://www.ema.europa.eu/ema/index.jsp?
curl=pages/medicines/human/medicines/003852/human_med_
001863.jsp&mid=WC0b01ac058001d124 (Accessed: 10 March
2021).

European Medicines Agency. Gardasil 9. 2015. Available at: https:
//www.ema.europa.eu/en/medicines/human/EPAR/gardasil-9
(Accessed: 10 March 2021).

Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,
Mulrow CD, et al. The PRISMA 2020 statement: an updated
guideline for reporting systematic reviews. The British Medical
Journal. 2021; 372: n71.

JouraEA, Giuliano AR, Iversen O, Bouchard C, Mao C, Mehlsen ],
et al. A 9-valent HPV vaccine against infection and intraepithelial
neoplasia in women. The New England Journal of Medicine. 2015;
372: 711-723.

Kosalaraksa P, Mehlsen ], Vesikari T, Forstén A, Helm K, Van
Damme P, et al. An open-label, randomized study of a 9-valent hu-
man papillomavirus vaccine given concomitantly with diphtheria,
tetanus, pertussis and poliomyelitis vaccines to healthy adolescents
11-15 years of age. The Pediatric Infectious Disease Journal. 2015;
34: 627-634.

Vesikari T, Brodszki N, van Damme P, Diez-Domingo J, Icardi G,
Petersen LK, et al. A Randomized, Double-Blind, Phase III Study
of the Immunogenicity and Safety of a 9-Valent Human Papillo-
mavirus L1 Virus-Like Particle Vaccine (V503) Versus Gardasil®
in 9-15-Year-Old Girls. The Pediatric Infectious Disease Journal.
2015; 34: 992-998.

Van Damme P, Olsson SE, Block S, Castellsague X, Gray GE, Her-
rera T, et al. Immunogenicity and Safety of a 9-Valent HPV Vac-
cine. Pediatrics. 2015; 136: e28-e39.

Castellsagué X, Giuliano AR, Goldstone S, Guevara A, Mogensen
O, Palefsky JM, et al. Inmunogenicity and safety of the 9-valent
HPYV vaccine in men. Vaccine. 2015; 33: 6892-6901.

Schilling A, Parra MM, Gutierrez M, Restrepo J, Ucros S, Herrera
T, et al. Coadministration of a 9-Valent Human Papillomavirus
Vaccine with Meningococcal and Tdap Vaccines. Pediatrics. 2015;
136: e563-e572.

Garland SM, Cheung T, McNeill S, Petersen LK, Romaguera J,
Vazquez-Narvaez J, et al. Safety and immunogenicity of a 9-valent
HPV vaccine in females 12-26 years of age who previously re-
ceived the quadrivalent HPV vaccine. Vaccine. 2015; 33: 6855-
6864.

Van Damme P, Meijer CJLM, Kieninger D, Schuyleman A,
Thomas S, Luxembourg A, et al. A phase III clinical study to com-
pare the immunogenicity and safety of the 9-valent and quadriva-
lent HPV vaccines in men. Vaccine. 2016; 34: 4205-4212.
Iversen O, Miranda M]J, Ulied A, Soerdal T, Lazarus E,
Chokephaibulkit K, et al. Immunogenicity of the 9-Valent HPV
Vaccine Using 2-Dose Regimens in Girls and Boys vs a 3-Dose
Regimen in Women. Journal of the American Medical Associa-
tion. 2016; 316: 2411-2421.

Iwata S, Murata S, Rong Han S, Wakana A, Sawata M, Tanaka

Volume 42, Numbers, 2021


www.hpvcentre.net
https://www.aiom.it/wp-content/uploads/2020/10/2020_Numeri_Cancro-operatori-web.pdf
https://www.aiom.it/wp-content/uploads/2020/10/2020_Numeri_Cancro-operatori-web.pdf
https://www.aiom.it/i-numeri-del-cancro-in-italia/
https://www.aiom.it/i-numeri-del-cancro-in-italia/
https://monographs.iarc.fr/list-of-classifications
https://monographs.iarc.fr/list-of-classifications
https://www.fda.gov/vaccines-blood-biologics/vaccines/gardasil
https://www.fda.gov/vaccines-blood-biologics/vaccines/gardasil
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Scientific_Discussion/human/000703/WC500021140.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Scientific_Discussion/human/000703/WC500021140.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Scientific_Discussion/human/000721/WC500024636.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR__Scientific_Discussion/human/000721/WC500024636.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM237976.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/Vaccines/ApprovedProducts/UCM237976.pdf
https://www.ema.europa.eu/en/medicines/human/EPAR/cervarix#product-information-section
https://www.ema.europa.eu/en/medicines/human/EPAR/cervarix#product-information-section
https://www.ema.europa.eu/en/medicines/human/EPAR/gardasil
https://www.ema.europa.eu/en/medicines/human/EPAR/gardasil
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/003852/human_med_001863.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/003852/human_med_001863.jsp&mid=WC0b01ac058001d124
http://www.ema.europa.eu/ema/index.jsp?curl=pages/medicines/human/medicines/003852/human_med_001863.jsp&mid=WC0b01ac058001d124
https://www.ema.europa.eu/en/medicines/human/EPAR/gardasil-9
https://www.ema.europa.eu/en/medicines/human/EPAR/gardasil-9

[43]

[44]

(47]

Y. Safety and Immunogenicity of a 9-Valent Human Papillo-
mavirus Vaccine Administered to 9- to 15-Year-Old Japanese
Girls. Japanese Journal of Infectious Diseases. 2017; 70: 368-373.
Guevara A, Cabello R, Woelber L, Moreira ED, Joura E, Reich
O, et al. Antibody persistence and evidence of immune memory
at 5years following administration of the 9-valent HPV vaccine.
Vaccine. 2016; 35: 5050-5057.

Huh WK, Joura EA, Giuliano AR, Iversen O, de Andrade RP, Ault
KA, et al. Final efficacy, immunogenicity, and safety analyses of a
nine-valent human papillomavirus vaccine in women aged 16-26
years: a randomised, double-blind trial. The Lancet. 2017; 390:
2143-2159.

Landazabal CS, Moro PL, Lewis P, Omer SB. Safety of 9-valent
human papillomavirus vaccine administration among pregnant
women: Adverse event reports in the Vaccine Adverse Event Re-
porting System (VAERS), 2014-2017. Vaccine. 2019; 37: 1229-
1234.

Donahue JG, Kieke BA, Lewis EM, Weintraub ES, Hanson KE,
McClure DL, et al. Near Real-Time Surveillance to Assess the
Safety of the 9-Valent Human Papillomavirus Vaccine. Pediatrics.
2019; 144: €20191808.

Olsson S, Restrepo JA, Reina JC, Pitisuttithum P, Ulied A, Varman
M, et al. Long-term immunogenicity, effectiveness, and safety of
nine-valent human papillomavirus vaccine in girls and boys 9 to
15 years of age: Interim analysis after 8 years of follow-up. Papil-
lomavirus Research. 2020; 10: 100203.

Kjaer SK, Nygard M, Sundstrém K, Munk C, Berger S, Dzabic
M, et al. Long-term effectiveness of the nine-valent human pa-
pillomavirus vaccine in Scandinavian women: interim analysis af-
ter 8 years of follow-up. Human Vaccines & Immunotherapeutics.
20205 17: 943-949.

Boey L, Curinckx A, Roelants M, Derdelinckx I, Van Wijngaerden
E, De Munter P, et al. Inmunogenicity And Safety Of The Nine-
Valent Human Papillomavirus Vaccine In Solid Organ Transplant
Recipients And Hiv-Infected Adults. Clinical Infectious Diseases.
2021;73: e661-e671.

Bornstein J, Roux S, Kjeld Petersen L, Huang L, Dobson SR,
Pitisuttithum P, et al. Three-Year Follow-up of 2-Dose Versus 3-
Dose HPV Vaccine. Pediatrics. 2021; 147: €20194035.

Yih WK, Kulldorff M, Dashevsky I, Maro JC. A Broad Safety As-
sessment of the 9-Valent Human Papillomavirus Vaccine. Ameri-
can Journal of Epidemiology. 2021; 190: 1253-1259.

Joura EA, Ulied A, Vandermeulen C, Rua Figueroa M, Seppi I,
Hernandez Aguado JJ, et al. Immunogenicity and safety of a nine-
valent human papillomavirus vaccine in women 27-45 years of
age compared to women 16-26 years of age: an open-label phase
3 study. Vaccine. 2021; 39: 2800-2809.

NCIRS. HPV vaccination. 2020. Available at: https://www.ncirs.
org.au/public/hpv-vaccination (Accessed: 3 March 2021).

Hall MT, Simms KT, Lew J, Smith MA, Brotherton JM, Saville M,
et al. The projected timeframe until cervical cancer elimination in
Australia: a modelling study. The Lancet Public Health. 2019; 4:
el9—-e27.

Brotherton JM, Fridman M, May CL, Chappell G, Saville AM,
Gertig DM. Early effect of the HPV vaccination programme on
cervical abnormalities in Victoria, Australia: an ecological study.
The Lancet. 2011; 377: 2085-2092.

Crowe E, Pandeya N, Brotherton JML, Dobson AJ, Kisely S, Lam-
bert SB, et al. Effectiveness of quadrivalent human papillomavirus
vaccine for the prevention of cervical abnormalities: case-control
study nested within a population based screening programme in
Australia. British Medical Journal. 2014; 348: g1458-g1458.
Robertson G, Robson SJ. Excisional Treatment of Cervical Dys-
plasia in Australia 2004-2013: a Population-Based Study. Journal
of Oncology. 2016; 2016: 1-5.

Cornall AM, Saville M, Pyman J, Callegari ET, Tan FH, Broth-
erton JML, et al. HPV16/18 prevalence in high-grade cervical le-
sions in an Australian population offered catch-up HPV vaccina-
tion. Vaccine. 2020; 38: 6304-6311.

Volume 42, Number s, 2021

[59]

l61]

(62]

(70]

(71]

(72]

Ali H, Donovan B, Wand H, Read TRH, Regan DG, Grulich AE,
et al. Genital warts in young Australians five years into national
human papillomavirus vaccination programme: national surveil-
lance data. British Medical Journal. 2013; 346: £2032.

Chow EPF, Read TRH, Wigan R, Donovan B, Chen MY, Brad-
shaw CS, et al. Ongoing decline in genital warts among young
heterosexuals 7 years after the Australian human papillomavirus
(HPV) vaccination programme. Sexually Transmitted Infections.
2015; 91: 214-219.

Smith MA, Liu B, McIntyre P, Menzies R, Dey A, Canfell K. Fall in
genital warts diagnoses in the general and indigenous Australian
population following implementation of a national human papil-
lomavirus vaccination program: analysis of routinely collected na-
tional hospital data. The Journal of Infectious Diseases. 2015; 211:
91-99.

Herrero R, Wacholder S, Rodriguez AC, Solomon D, Gonzilez P,
Kreimer AR, et al. Prevention of persistent human papillomavirus
infection by an HPV16/18 vaccine: a community-based random-
ized clinical trial in Guanacaste, Costa Rica. Cancer Discovery.
2011; 1: 408-419.

Porras C, Tsang SH, Herrero R, Guillén D, Darragh TM, Stoler
MH, et al. Efficacy of the bivalent HPV vaccine against HPV 16/18-
associated precancer: long-term follow-up results from the Costa
Rica Vaccine Trial. The Lancet Oncology. 2020; 21: 1643-1652.
Baldur-Felskov B, Dehlendorff C, Munk C, Kjaer SK. Early im-
pact of human papillomavirus vaccination on cervical neoplasia—
nationwide follow-up of young Danish women. Journal of the Na-
tional Cancer Institute. 2014; 106: djt460.

Thamsborg LH, Napolitano G, Larsen LG, Lynge E. Impact of
HPV vaccination on outcome of cervical cytology screening in
Denmark—a register-based cohort study. International Journal of
Cancer. 2018; 143: 1662-1670.

Thamsborg LH, Napolitano G, Larsen LG, Lynge E. High-grade
cervical lesions after vaccination against human papillomavirus: a
Danish cohort study. Acta Obstetricia Et Gynecologica Scandinav-
ica. 2020; 99: 1290-1296.

Mascaro V, Pileggi C, Curra A, Bianco A, Pavia M. HPV vaccina-
tion coverage and willingness to be vaccinated among 18-30 year-
old students in Italy. Vaccine. 2019; 37: 3310-3316.

Repvbblica Italiana. Piano nazionale prevenzione vaccinale 2017-
2019. 2017. Available at: http://www.salute.gov.it/imgs/C_17_
pubblicazioni_2571_allegato.pdf (Accessed: 3 March 2021).
Mennini FS, Fabiano G, Marcellusi A, Sciattella P, Saia M, Coc-
chio S, et al. Burden of Disease of Human Papillomavirus (HPV):
Hospitalizations in the Marche and Veneto Regions. an observa-
tional study. Clinical Drug Investigation. 2018; 38: 173-180.
Cocchio S, Prandi GM, Furlan P, Bertoncello C, Fonzo M, Saia M,
etal. Time-trend of hospitalizations for anogenital warts in Veneto
region in the HPV vaccination era: a cross sectional study (2007—
2018). BMC Infectious Diseases. 2020; 20: 857.

Lei J, Ploner A, Elfstréom KM, Wang J, Roth A, Fang F, et al. HPV
Vaccination and the Risk of Invasive Cervical Cancer. New Eng-
land Journal of Medicine. 2020; 383: 1340-1348.

Mesher D, Soldan K, Howell-Jones R, Panwar K, Manyenga P,
Jit M, et al. Reduction in HPV 16/18 prevalence in sexually active
young women following the introduction of HPV immunisation
in England. Vaccine. 2013; 32: 26-32.

Mesher D, Panwar K, Thomas SL, Beddows S, Soldan K. Continu-
ing reductions in HPV 16/18 in a population with high coverage of
bivalent HPV vaccination in England: an ongoing cross-sectional
study. BMJ Open. 2016; 6: e009915.

Mesher D, Panwar K, Thomas SL, Edmundson C, Choi YH, Bed-
dows S, et al. The Impact of the National HPV Vaccination Pro-
gram in England Using the Bivalent HPV Vaccine: Surveillance of
Type-Specific HPV in Young Females, 2010-2016. The Journal of
Infectious Diseases. 2018; 218: 911-921.

Kavanagh K, Pollock KG]J, Potts A, Love J, Cuschieri K, Cubie H,
et al. Introduction and sustained high coverage of the HPV biva-
lent vaccine leads to a reduction in prevalence of HPV 16/18 and

1077


https://www.ncirs.org.au/public/hpv-vaccination
https://www.ncirs.org.au/public/hpv-vaccination
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_2571_allegato.pdf

[91]

1078

closely related HPV types. British Journal of Cancer. 2014; 110:
2804-2811.

Pollock KGJ, Kavanagh K, Potts A, Love J, Cuschieri K, Cubie H,
et al. Reduction of low- and high-grade cervical abnormalities as-
sociated with high uptake of the HPV bivalent vaccine in Scotland.
British Journal of Cancer. 2014; 111: 1824-1830.

CDC. Human Papillomavirus (HPV) ACIP Vaccine Recommen-
dations. 2014. Available at: https://www.cdc.gov/vaccines/hcp/a
cip-recs/vacc-specific/hpv.html (Accessed: 10 March 2021).
Hariri S, Bennett NM, Niccolai LM, Schafer S, Park IU, Bloch KC,
et al. Reduction in HPV 16/18-associated high grade cervical le-
sions following HPV vaccine introduction in the United States -
2008-2012. Vaccine. 2015; 33: 1608-1613.

Hariri S, Unger ER, Powell SE, Bauer HM, Bennett NM, Bloch
KC, et al. The HPV vaccine impact monitoring project (HPV-
IMPACT): assessing early evidence of vaccination impact on
HPV-associated cervical cancer precursor lesions. Cancer Causes
& Control. 2012; 23: 281-288.

Silverberg MJ, Leyden WA, Lam JO, Gregorich SE, Huchko M]J,
Kulasingam S, et al. Effectiveness of catch-up human papillo-
mavirus vaccination on incident cervical neoplasia in a us health-
care setting: a population-based case-control study. The Lancet
Child & Adolescent Health. 2018; 2: 707-714.

Mix JM, Van Dyne EA, Saraiya M, Hallowell BD, Thomas CC. As-
sessing Impact of HPV Vaccination on Cervical Cancer Incidence
among Women Aged 15-29 Years in the United States, 1999-
2017: an Ecologic Study. Cancer Epidemiology Biomarkers & Pre-
vention. 2021; 30: 30-37.

WHO. Weekly epidemiological record. 2009. Available at: ht
tps://www.who.int/wer/2009/wer8415.pdf?ua=1 (Accessed: 17
February 2021).

WHO. Weekly epidemiological record. 2014. Available at: ht
tps://www.who.int/wer/2014/wer8943.pdf?ua=1 (Accessed: 17
February 2021).

WHO. Weekly epidemiological record. 2017. Available at:
https://apps.who.int/iris/bitstream/handle/10665/255353/WE
R9219.pdfjjsessionid=F2CC5ABBCA74F69704DDC4E3F152B
F64?sequence=1 (Accessed: 17 February 2021).

WHO. WHO Director-General calls for all countries to take ac-
tion to help end the suffering caused by cervical cancer. 2018.
Available at: https://www.who.int/reproductivehealth/call-to-a
ction-elimination-cervical-cancer/en/ (Accessed: 17 February
2021).

WHO. A cervical cancer-free future: First-ever global com-
mitment to eliminate a cancer. 2020. Available at: https:
//www.who.int/news/item/17-11-2020-a-cervical-cancer-fre
e-future- first- ever-global-commitment- to- eliminate-a- cancer
(Accessed: 17 February 2021).

European Cancer Organisation. Resolution on HPV-
Related ~ Cancer  Elimination. = 2019.  Available  at:
https://www.europeancancer.org/resources/112:resolution
-hpv-related-cancer-elimination.html (Accessed: 10 March
2021).

WHO. Immunization coverage. 2021. Available at: https://www.
who.int/news-room/fact-sheets/detail/immunization- coverage
(Accessed: 17 February 2021).

Mitchell MF, Tortolero-Luna G, Cook E, Whittaker L, Rhodes-
Morris H, Silva E. A randomized clinical trial of cryotherapy, laser
vaporization, and loop electrosurgical excision for treatment of
squamous intraepithelial lesions of the cervix. Obstetrics and Gy-
necology. 1998; 92: 737-744.

Kocken M, Helmerhorst TJM, Berkhof J, Louwers JA, Nobben-
huis MAE, Bais AG, et al. Risk of recurrent high-grade cervical
intraepithelial neoplasia after successful treatment: a long-term
multi-cohort study. The Lancet Oncology. 2011; 12: 441-450.
JouraEA, Garland SM, Paavonen J, Ferris DG, Perez G, Ault KA, et

al. Effect of the human papillomavirus (HPV) quadrivalent vaccine
in a subgroup of women with cervical and vulvar disease: retro-

spective pooled analysis of trial data. British Medical Journal. 2012;
344: e1401.

Kang WD, Choi HS, Kim SM. Is vaccination with quadrivalent

HPV vaccine after loop electrosurgical excision procedure effec-

tive in preventing recurrence in patients with high-grade cervical

intraepithelial neoplasia (CIN2-3)? Gynecologic Oncology. 2013;

130: 264-268.

Ghelardi A, Parazzini F, Martella F, Pieralli A, Bay P, Tonetti A,

et al. SPERANZA project: HPV vaccination after treatment for

CIN2+. Gynecologic Oncology. 2018; 151: 229-234.

Sand FL, Kjaer SK, Frederiksen K, Dehlendorff C. Risk of cervical

intraepithelial neoplasia grade 2 or worse after conization in re-

lation to HPV vaccination status. International Journal of Cancer.

2020; 147: 641-647.

Petrillo M, Dessole M, Tinacci E, Saderi L, Muresu N, Capobianco

G, et al. Efficacy of HPV Vaccination in Women Receiving LEEP

for Cervical Dysplasia: A Single Institution’s Experience. Vac-

cines. 2020; 8: 45.

Bogani G, Raspagliesi F, Sopracordevole F, Ciavattini A, Ghe-

lardi A, Simoncini T, et al. Assessing the Long-Term Role of Vac-

cination against HPV after Loop Electrosurgical Excision Proce-
dure (LEEP): A Propensity-Score Matched Comparison. Vaccines.

2020; 8: 717.

Del Pino M, Marti C, Torras I, Henere C, Munmany M, Marimon

L, et al. HPV Vaccination as Adjuvant to Conization in Women

with Cervical Intraepithelial Neoplasia: A Study under Real-Life

Conditions. Vaccines. 2020; 8: 245.

Lichter K, Krause D, XuJ, Tsai SHL, Hage C, Weston E, et al. Adju-

vant Human Papillomavirus Vaccine to Reduce Recurrent Cervi-

cal Dysplasia in Unvaccinated Women: A Systematic Review and

Meta-analysis. Obstetrics & Gynecology. 2020; 135: 1070-1083.

[99] Jentschke M, Kampers J, Becker ], Sibbertsen P, Hillemanns P.
Prophylactic HPV vaccination after conization: a systematic re-
view and meta-analysis. Vaccine. 2020; 38: 6402-6409.

[100] Jenco M. Study: Physicians make stronger HPV vaccination
recommendations for older children. AAP News. 2019. Avail-
able at: https://www.aappublications.org/news/2019/09/16/hp
vrecommendation091619 (Accessed: 2 August 2021).

[101] American Cancer Society. Recommendations for Human
Papillomavirus (HPV) Vaccine Use. 2020. Available at:
https://www.cancer.org/cancer/cancer-causes/infectious-a
gents/hpv/acs-recommendations-for-hpv-vaccine-use.html
(Accessed: 2 August 2021).

[102] American Cancer Society. Prevent 6 Cancers with the HPV Vac-
cine. 2021. Available at: https://www.cancer.org/healthy/hpv-v
accine.html (Accessed: 2 August 2021).

[103] Bhatla N, Berek JS, Cuello Fredes M, Denny LA, Grenman S,
Karunaratne K, et al. Revised FIGO staging for carcinoma of the
cervix uteri. International Journal of Gynecology & Obstetrics.
2019; 145: 129-135.

[104] ArrossiS, Temin S, Garland S, Eckert LO, Bhatla N, Castellsagué
X, et al. Primary Prevention of Cervical Cancer: American Soci-
ety of Clinical Oncology Resource-Stratified Guideline. Journal of
Global Oncology. 2017; 3: 611-634.

[105] Verheijen RHM, Mahmood T, Donders G, Redman CWE,

Wood P. EBCOG position statement: Gender neutral HPV vac-

cination for young adults. European Journal of Obstetrics & Gy-

necology and Reproductive Biology. 2020; 246: 187-189.

i)
(8]

[106] SNLG-ISS. Linee guida condivise per la preven-
zione del carcinoma della cervice uterine. Follow-up
post trattamento CIN2 e CIN3. 2020. Available at:

https://snlg.iss.it/wp-content/uploads/2020/07/LLGG-197-GIS
Ci_et_al-vaccino-HPV-20luglio_Raccl.pdf (Accessed: 2 August
2021).

Volume 42, Numbers, 2021


https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hpv.html
https://www.cdc.gov/vaccines/hcp/acip-recs/vacc-specific/hpv.html
https://www.who.int/wer/2009/wer8415.pdf?ua=1
https://www.who.int/wer/2009/wer8415.pdf?ua=1
https://www.who.int/wer/2014/wer8943.pdf?ua=1
https://www.who.int/wer/2014/wer8943.pdf?ua=1
https://apps.who.int/iris/bitstream/handle/10665/255353/WER9219.pdf;jsessionid=F2CC5ABBCA74F69704DDC4E3F152BF64?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/255353/WER9219.pdf;jsessionid=F2CC5ABBCA74F69704DDC4E3F152BF64?sequence=1
https://apps.who.int/iris/bitstream/handle/10665/255353/WER9219.pdf;jsessionid=F2CC5ABBCA74F69704DDC4E3F152BF64?sequence=1
https://www.who.int/reproductivehealth/call-to-action-elimination-cervical-cancer/en/
https://www.who.int/reproductivehealth/call-to-action-elimination-cervical-cancer/en/
https://www.who.int/news/item/17-11-2020-a-cervical-cancer-free-future-first-ever-global-commitment-to-eliminate-a-cancer
https://www.who.int/news/item/17-11-2020-a-cervical-cancer-free-future-first-ever-global-commitment-to-eliminate-a-cancer
https://www.who.int/news/item/17-11-2020-a-cervical-cancer-free-future-first-ever-global-commitment-to-eliminate-a-cancer
https://www.europeancancer.org/resources/112:resolution-hpv-related-cancer-elimination.html
https://www.europeancancer.org/resources/112:resolution-hpv-related-cancer-elimination.html
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.who.int/news-room/fact-sheets/detail/immunization-coverage
https://www.aappublications.org/news/2019/09/16/hpvrecommendation091619
https://www.aappublications.org/news/2019/09/16/hpvrecommendation091619
https://www.cancer.org/cancer/cancer-causes/infectious-agents/hpv/acs-recommendations-for-hpv-vaccine-use.html
https://www.cancer.org/cancer/cancer-causes/infectious-agents/hpv/acs-recommendations-for-hpv-vaccine-use.html
https://www.cancer.org/healthy/hpv-vaccine.html
https://www.cancer.org/healthy/hpv-vaccine.html
https://snlg.iss.it/wp-content/uploads/2020/07/LLGG-197-GISCi_et_al-vaccino-HPV-20luglio_Racc1.pdf
https://snlg.iss.it/wp-content/uploads/2020/07/LLGG-197-GISCi_et_al-vaccino-HPV-20luglio_Racc1.pdf

	1. Epidemiology of HPV
	2. HPV vaccine development 
	3. Immunogenicity, safety, and efficacy of the 9-valent HPV vaccine: a systematic review
	4. Real-world data
	4.1 Australia
	4.2 Costa Rica
	4.3 Denmark
	4.4 Italy
	4.5 Sweden
	4.6 United Kingdom
	4.7 United States of America

	5. Towards the elimination of cervical cancer
	6. Vaccination in women treated for precancerous cervical lesions
	7. Scientific society guidelines
	8. Conclusions 
	Author contributions
	Ethics approval and consent to participate
	Acknowledgment
	Funding
	Conflict of interest
	Supplementary material
	References

