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A B S T R A C T

Background: A 9-valent human papillomavirus (HPV6/11/16/18/31/33/45/52/58; 9vHPV) vaccine was de-
veloped to expand coverage of the previously developed quadrivalent (HPV6/11/16/18; qHPV) vaccine.
Methods: Efficacy, immunogenicity, and safety outcomes were assessed in Latin American participants enrolled
in 2 international studies of the 9vHPV vaccine, including a randomized, double-blinded, controlled with qHPV
vaccine, efficacy, immunogenicity, and safety study in young women aged 16–26 years, and an immunogenicity
and safety study in girls and boys aged 9–15 years. Participants (N=5312) received vaccination at Day 1, Month
2, and Month 6. Gynecological swabs were collected regularly in young women for cytological and HPV DNA
testing. Serum was analyzed for HPV antibodies in all participants. Adverse events (AEs) were also monitored in
all participants.
Results: The 9vHPV vaccine prevented HPV 31-, 33-, 45-, 52-, and 58-related high-grade cervical, vulvar, and
vaginal dysplasia with 92.3% efficacy (95% confidence interval 54.4, 99.6). Anti-HPV6, 11, 16, and 18 geo-
metric mean titers at Month 7 were similar in the 9vHPV and qHPV vaccination groups. Anti-HPV antibody
responses following vaccination were higher among girls and boys than in young women. Most (> 99%) 9vHPV
vaccine recipients seroconverted for all 9 HPV types at Month 7. Antibody responses to the 9 HPV types persisted
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over 5 years. The most common AEs were injection-site related, mostly of mild to moderate intensity.
Conclusions: The 9vHPV vaccine is efficacious, immunogenic, and well tolerated in Latin American young
women, girls, and boys. These data support 9vHPV vaccination programs in Latin America, a region with
substantial cervical cancer burden.

1. Introduction

In Latin America (including Mexico, Central America, South
America, and the Caribbean), nearly 69,000 new cases of cervical
cancer and approximately 29,000 deaths related to the disease are re-
ported annually, according to 2012 estimates [1]. This scenario makes
cervical cancer the second most frequent cancer and second most fre-
quent cause of cancer-related mortality among women in this region
[1]. Nearly all cases of cervical cancer are caused by human papillo-
mavirus (HPV). Approximately 78,000 HPV-related cancers are re-
ported annually in Latin America, primarily comprised of cervical
cancers as well as smaller numbers of vulvar, vaginal, anal, penile, and
oropharyngeal cancers [2].

Despite the documented decline in cervical cancer age-standardized
incidence and mortality rates in several countries in the past decades, in
Latin America—with an estimated population of> 320 million wo-
men—cervical cancer continues to represent an important burden; yet,
large variations between and within countries are observed [3]. Age-
standardized incidence rates range between 29.7 per 100,000 women in
French Guyana (comparable with those of some sub-Saharan countries;
period: 2003–2008) and 10.6 per 100,000 women in Cuba (period:
2004–2007), while age-standardized mortality rates range between
17.4 per 100,000 women in Belize and 6 per 100,000 women in Costa
Rica (period for both countries: 2003–2007). These variations are likely
related to differences in socioeconomic factors, including limitations in
healthcare access and specific risk factors [3,4]. In high-income coun-
tries, well-developed, organized screening programs with robust infra-
structure, high coverage, centralized screening, high participation
rates, and optimal follow-up have been highly successful in reducing
cervical cancer incidence and mortality rates [5]. This has been parti-
cularly evident in some northern European countries, where robust
screening programs have been in place since the 1960s and age-stan-
dardized cervical cancer incidence rates correspondingly decreased in
recent years [4]. In the past decades, many Latin American countries
have implemented opportunistic cytology-based screening programs,
while some have also introduced HPV screening tests or visual in-
spection with acetic acid; however, the impact of these screening in-
itiatives on the burden of disease has been low. This is related to the
fact that they are, for the most part, opportunistic, as opposed to or-
ganized and sustainable programs (associated with a higher cost).
Furthermore, large limitations exist in the systematic evaluation of the
performance of these programs. Also contributing to the low impact of
HPV screening initiatives are barriers that inhibit women from acces-
sing diagnosis and treatment services. These barriers can include: lim-
ited knowledge about cervical cancer, the relevance of its early detec-
tion, and/or the role of screening programs; a lack of healthcare
infrastructure and trained healthcare providers; and socio-religious/
cultural factors; among others. Cytology-based screening program
coverage in Latin America has not translated into reduction in cervical
cancer mortality rates as cervical cancer mortality remained almost
stable in most countries in the region in spite of the fact that all
countries have implemented screening programs with different extents
of coverage and levels of organization [3]. Projections based on current
trends estimate that the number of cervical cancer-related deaths will
increase by 60% from 2012 to 2030, highlighting the need for im-
plementation or improvement of effective prevention programs [6].

The identification of HPV as a primary cause of anogenital cancers
created an opportunity for disease prevention through vaccination. In
clinical studies, the quadrivalent HPV (qHPV; types 6/11/16/18) vac-
cine and the bivalent HPV (types 16/18) vaccine prevented HPV16/18-
related high-grade cervical dysplasia; the qHPV vaccine was also shown
to prevent HPV16/18-related high-grade vulvar, vaginal, and anal
dysplasia, plus HPV6/11-related genital warts [7]. Based on these
results, HPV vaccination has been implemented as part of national
vaccination programs in at least 80 countries globally [8]. In the
10 years following the introduction of the qHPV vaccine, studies as-
sessing vaccine impact in real-world settings have demonstrated dra-
matic reductions (up to 90%) in the prevalence of HPV6/11/16/18-
related infections among young women falling into age groups targeted
by national vaccination programs, particularly in countries with high
vaccine uptake [9,10]. Corresponding decreases of up to approximately
90% in prevalence of genital warts and of up to 45% and 85% of
low- and high-grade cervical lesions, respectively, have been observed
in the years following vaccine availability [9]. Similarly, the
introduction of the bivalent HPV vaccine was followed by marked
reductions in HPV16/18-related infection and cervical disease [11].

The introduction of prophylactic HPV vaccination over the past 10
years has been recognized as a unique opportunity to reduce the burden
of HPV-associated disease in Latin America. According to a report is-
sued by the Technical Advisory Group on Vaccine-Preventable Diseases
of the Pan American Health Organization, as of June 2015, HPV vac-
cination has been incorporated into publicly funded immunization
programs in 23 countries and territories in the Americas, making HPV
immunization available for an estimated 85% of a typical birth cohort
of adolescent girls (N = 6.5 million) [12].

Among countries that offer the HPV vaccine through national im-
munization programs, on average, middle-/low-income countries have
achieved higher vaccination coverage levels than high-income coun-
tries [5]. In Latin America, the reported estimated coverage among the
targeted population (all ages) as of October 2014 was 71% (95% con-
fidence interval [CI] 43.6, 100.0) [5]. As of June 2017, most national
immunization programs in this region target girls between 9 and 12
years of age, and—for the most part—comprise a 0- to 6-month, 2-dose
schedule (exceptions include Chile [0- to 12-month schedule], Uruguay
and Paraguay [0–2–6-month schedule]) (see Supplementary Table 1).
National immunization programs in Antigua, Argentina, Bermuda,
Brazil, and Panama cover both girls and boys (gender-neutral vacci-
nation).

The qHPV and bivalent HPV vaccines are designed to cover onco-
genic HPV types 16 and 18, which cause ~70% of cervical cancer cases
worldwide [13]; the qHPV vaccine also covers HPV types 6 and 11,
which are responsible for 90% of genital warts cases [14]. Although
partial and inconsistent cross-protection against other phylogenetically
related oncogenic HPV types has been observed for both vaccines in
some clinical studies, its extent, duration, and public health significance
remain uncertain [7,11,15–18]. Population-level assessment in real-
world public health programs where high coverage has occurred
showed varied levels of cross-protection [16–18]. A 9-valent HPV
(9vHPV; types 6/11/16/18/31/33/45/52/58) vaccine (Gardasil 9,
Merck & Co., Inc., Kenilworth, NJ, USA) was developed to provide
protection against the oncogenic HPV types already covered by the
existing HPV vaccines (16 and 18) and extend coverage to the 5 next
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most common HPV types associated with cervical cancer worldwide,
including Latin America (31/33/45/52/58) [13,19]. Globally, the
9vHPV vaccine has the potential to prevent approximately 90% of
cervical, vulvar, and vaginal cancers in women, 90% of anal cancers
and genital warts in women and men, and 70–85% of cervical pre-
cancers [14,20–22]. A recent epidemiological study that assessed the
proportion of cervical intraepithelial neoplasia (CIN) cases attributed to
14 HPV types at a regional level reported that approximately 88% of
HPV-positive cervical cancer cases and 83% of CIN2/3 lesions in
women aged 15–26 years (78% in women aged 24–45 years) were at-
tributed to the 7 high-risk HPV types covered by the 9vHPV vaccine in
Latin America [23].

In an international study involving young women aged 16–26 years,
the 9vHPV vaccine elicited non-inferior anti-HPV6/11/16/18 antibody
responses compared with the qHPV vaccine and prevented HPV31/33/
45/52/58-related persistent infection and disease [24,25]. In another
international study, the 9vHPV vaccine induced anti-HPV antibody
responses in girls and boys 9–15 years of age that were non-inferior to
responses in young women 16–26 years of age for all 9 vaccine HPV
types [26]. Results from this trial supported bridging the 9vHPV vac-
cine efficacy results in young women 16–26 years of age to girls and
boys 9–15 years of age [26]. The present subgroup analysis demon-
strates the efficacy, immunogenicity, and safety of the 9vHPV vaccine
in these 2 studies focused on participants from Latin America. It in-
cludes participants from Brazil, Chile, Colombia, Costa Rica, Mexico,
and Peru.

2. Methods

2.1. Study design and population

Study 001 (Protocol V503-001; NCT00543543) was a phase II/III
double-blind, randomized, controlled (with qHPV vaccine), dose-ran-
ging, efficacy, immunogenicity, and safety study of the 9vHPV vaccine
in women 16–26 years of age. The study design and primary results
have been reported [24,25,27–29]. Vaccine efficacy was assessed in
14,215 participants from 18 countries, including 4744 participants
(33.4%) from Latin America enrolled from 5 countries and 20 sites
(Brazil: 3 sites, 765 participants; Chile: 1 site, 140 participants; Co-
lombia: 12 sites, 2399 participants; Mexico: 2 sites, 696 participants;
Peru: 2 sites, 744 participants). The participants who received either
the low- or high-dose formulations of 9vHPV vaccine during the dose-
selection phase of the study [29] (Colombia: n = 100; Mexico: n = 85;
Peru: n = 41) were excluded from this analysis.

Study 002 (Protocol V503-002; NCT00943722) was a phase III
study that evaluated the safety and immunogenicity of the 9vHPV
vaccine in girls and boys 9–15 years of age with a comparison with
young women 16–26 years of age. The design and primary results of
this trial have been reported [26,30]. The study enrolled 3074 parti-
cipants from 17 countries, including 628 participants (20.4%) from 5
countries in Latin America (Brazil: 3 sites, 50 girls; Chile: 1 site, 40 girls;
Colombia: 2 sites, 143 girls, 100 boys, 60 women; Costa Rica: 3 sites, 75
girls; Peru: 2 sites, 100 girls, 60 boys). Since a limited number of Latin
American young women (n = 60) were enrolled from only 1 site in 1
country, this was not deemed an optimal comparator for the larger and
more diverse group of Latin American girls and boys (n = 568; 5
countries, 11 sites). For this reason, the vaccine immunogenicity and
safety in Latin American girls and boys were compared with the larger
and more diverse group of Latin American young women (n = 4744; 5
countries, 20 sites) participating in Study 001. Moreover, while girls
and boys were assessed for antibody persistence for 3 years, young
women in Study 002 were assessed for immunogenicity only at Month 7

(1 month following completion of vaccination) and terminated
the study at Month 12 [26]; thus, they cannot be a comparator for
later time points. In contrast, young women from Study 001 are a
suitable group for comparison of HPV antibody responses at later
time points.

2.2. Vaccination and follow-up

Participants in Study 001 received a 3-dose regimen of 9vHPV
vaccine or qHPV vaccine at Day 1, Month 2, and Month 6. Participants
in Study 002 received a 3-dose regimen of 9vHPV vaccine at Day 1,
Month 2, and Month 6.

For the efficacy evaluation in Study 001, cervical cytological
samples for Pap testing, and cervical and external genital swabs
for HPV polymerase chain reaction (PCR) testing were collected at
Day 1, Month 7, Month 12, and every 6 months thereafter up to
Month 54. Subjects with cytological abnormalities underwent
colposcopy based on a protocol-specified algorithm. Tissue samples
were adjudicated for a pathology diagnosis by a blinded pathology
panel and tested by PCR for presence of HPV DNA as previously
described [25,28].

In Study 001, serum samples were collected at Day 1, Months 3, 7,
12, 24, 36, and 42 for assessment of HPV antibody responses. A subset
of participants (including 95 participants randomly selected at 3 sites in
Latin America) who received 3 doses of the 9vHPV vaccine were as-
sessed for HPV antibody responses at Month 60 in a study extension
[31]; participants in the extension then received a fourth dose of 9vHPV
vaccine and were assessed for HPV antibodies at 1 week and 1 month
following the fourth dose to determine whether re-exposure to the
antigen via a challenge dose of the vaccine led to the development of an
anamnestic response, a hallmark of immune memory. This evaluation is
consistent with the guidelines set forth by the World Health Organi-
zation (WHO) requiring the assessment of induction of immune
memory as part of the development of prophylactic HPV vaccines [32].
In Study 002, serum samples were collected at Day 1 and Months 7, 12,
24, and 36 [26]. Antibody responses to the 9 vaccine HPV types were
assessed using a 9-valent competitive Luminex immunoassay (HPV-9
cLIA) [33].

All participants who received at least 1 study vaccination in Studies
001 and 002 and had follow-up data were included in the safety eva-
luation [24,26,34]. Briefly, beginning after each study vaccination and
15 days following, participants recorded injection-site and systemic
adverse events (AEs) on a vaccination report card. Investigators were
asked to assign causality to AEs based on exposure, time course, likely
cause, and consistency with the vaccine's known safety profile. A ser-
ious AE was predefined as any AE that resulted in death; was deemed
life-threatening; resulted in a persistent or significant disability or in-
capacity; resulted in or prolonged an existing inpatient hospitalization;
or was a congenital anomaly, cancer, or “other important medical
event”.

2.3. Statistical analysis

Vaccine efficacy was evaluated in Study 001 using the per-protocol
efficacy (PPE) population. The PPE population consisted of participants
who: (1) were seronegative at Day 1 and PCR-negative from Day 1
through Month 7 for the HPV type being analyzed, (2) received all 3
doses of the correct clinical material within 1 year, and (3) had no
protocol violation that could interfere with the evaluation of vaccine
efficacy as judged by the study director. The combined incidence of
HPV31-, 33-, 45-, 52-, and 58-related persistent infections (≥6
months± 1 month visit window) and by HPV type, as well as the
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combined incidence of HPV31-, 33-, 45-, 52-, and 58-related cervical,
vulvar, and vaginal disease are presented using incidence rates (cases
per 10,000 person-years), vaccine efficacy, and the corresponding 95%
CI. Vaccine efficacy was calculated as 100 × ([1−(9vHPV incidence
rate / qHPV incidence rate]). The 95% CI of vaccine efficacy was cal-
culated with the use of a binomial distribution-based exact method
[35].

Immunogenicity was evaluated in the per-protocol immunogenicity
(PPI) population in both studies. The PPI population included partici-
pants who: (1) were seronegative on Day 1 and [for young women aged
16–26 years] PCR-negative from Day 1 through Month 7 for the HPV
type being analyzed, (2) received all 3 vaccinations within pre-specified
visit intervals and had available Month 7 serology results obtained
within a pre-specified interval, and (3) had no protocol violations that
could interfere with the evaluation of the immune response to vaccine
as judged by the study director. For each HPV type, the geometric mean
titers (GMTs) and the corresponding 95% CIs were estimated using an
analysis of variance model with log anti-HPV as the response and
vaccination group as the fixed effect. Seroconversion rates and exact
95% CIs for a binomial proportion were also calculated. All of these
immunogenicity evaluations were exploratory in nature; therefore, no
statistical tests of hypotheses were performed. Non-overlapping 95%
CIs were used as indicators of differences of immune response. Non-
inferiority of HPV6/11/16/18 antibody response in the 9vHPV versus
qHPV vaccine group in Study 001 and HPV6/11/16/18/31/33/45/52/
58 antibody response in girls and boys versus young women in Study
002 was demonstrated in the overall study population [24,26]; these
analyses were pre-specified in the protocol only for the overall study
population. Thus, non-inferiority analyses of immunogenicity were not
conducted for the subgroups reported herein.

This regional analysis of safety data, focused on Latin American
participants, provides a cross-study summary of AEs described as fre-
quencies and percentages across study group and type of event.

3. Results

3.1. Participants

Baseline characteristics of participants from Latin America are
summarized in Table 1. The majority of participants in Study 001 were
sexually active; 98.7% of subjects in the 9vHPV vaccine group and
98.9% in the qHPV vaccine group had at least 1 lifetime sexual partner
at study onset. The mean age at first sexual intercourse was 17.5 years
in both vaccine groups. The proportion of participants from Study 001
who tested positive for HPV by PCR or serology at enrollment is shown
in Table 2 and Supplementary Table 2. Study 001 participants were
enrolled in the study over a period of more than 1 year and, therefore,
had various durations of follow-up at the end of the study; participants
from Latin America were followed-up for efficacy for a maximum of
70.4 months following Dose 1 (median 52.9 months) or 65.0 months
following Dose 3 (median 47.4 months).

3.2. Efficacy against HPV-related infection and disease

In Study 001, the efficacy of the 9vHPV vaccine with respect to
HPV31-, 33-, 45-, 52-, and 58-related endpoints was 92.3% (95% CI
54.4, 99.6) for high-grade cervical, vulvar, and vaginal disease; 90.9%
(95% CI 46.4, 99.6) for high-grade cervical disease; 98.0% (95% CI
88.9, 99.9) for any grade of cervical disease; 93.7% (95% CI 61.4, 99.7)
for any grade of vulvar and vaginal disease (Table 3). Efficacy was
95.2% (95% CI 92.7, 97.0) for 6-month persistent infection related to
HPV31/33/45/52/58. The vaccine's efficacy was robust (ranging from
92.4% to 100%) for 6-month persistent infection endpoints related to
each of the 5 HPV types (Table 3). Efficacy for all these endpoints was
within the ranges previously reported in the overall study population
[24].

Table 1
Baseline characteristics of Latin American participants.

Study 001

Characteristics 9vHPV vaccine
women (N = 2372)
aged 16–26 years

qHPV vaccine
women (N = 2372)
aged 16–26 years

Age, years
Mean± SD 21.9±2.4 21.9± 2.5
Median 22.0 22.0
Range 16–26 16–26

Age at first sexual intercourse, years
Mean± SD 17.5 ± 2.1 17.5 ± 2.1

Race, n (%)
American Indian or Alaska Native 0 (0.0) 0 (0.0)
Asian 3 (0.1) 1 (0.0)
Black or African-American 127 (5.4) 115 (4.8)
Multiracial 1815 (76.5) 1810 (76.3)
Native Hawaiian or Other Pacific
Islander

0 (0.0) 1 (0.0)

White 427 (18.0) 445 (18.8)
Smoking status, n (%)
Current smoker 441 (18.6) 434 (18.3)
Former smoker 82 (3.5) 80 (3.4)
Never smoked 1848 (77.9) 1858 (78.3)
Unknown 1 (0.0) 0 (0.0)

Lifetime sexual partners, n (%)a

1 818 (34.5) 768 (32.4)
2 716 (30.2) 707 (29.8)
3 488 (20.6) 523 (22.0)
4 318 (13.4) 345 (14.5)
> 4 1 (0.0) 2 (0.1)

Non-HPV–related cervicovaginal
infections or sexually transmitted
diseases, n (%)

Any 140 (5.9) 160 (6.7)
Chlamydia 140 (5.9) 157 (6.6)
Gonorrhea 3 (0.1) 4 (0.2)

Contraceptive use, n (%)b

Barrier 852 (35.9) 867 (36.6)
Behavior 359 (15.1) 368 (15.5)
Hormonal 1274 (53.7) 1258 (53.0)

Day 1 composite HPV positivity, n/total
n (%)c

Serologic test 1111/2369 (46.9) 1101/2370 (46.5)
PCR assay 722/2303 (31.4) 765/2321 (33.0)
Serologic test or PCR assay 1326/2327 (57.0) 1384/2346 (59.0)

Study 002

Characteristics 9vHPV vaccine
girls (N = 408)
aged 9–15 years

9vHPV vaccine
boys (N = 160)
aged 9–15 years

Age, years
Aged 9–12 years 312 (76.5) 115 (71.9)
Aged 13–15 years 96 (23.5) 45 (28.1)
Mean± SD 11.3± 1.8 11.4±1.9
Median 11.0 11.0
Range 9–15 9–15

Race, n (%)
American Indian or Alaska Native 0 (0.0) 0 (0.0)
Asian 0 (0.0) 0 (0.0)
Black or African-American 15 (3.7) 0 (0.0)
Multiracial 234 (57.4) 142 (88.8)
Native Hawaiian or Other Pacific
Islander

0 (0.0) 0 (0.0)

White 159 (39.0) 18 (11.3)
Weight, kg
Mean± SD 43.0± 11.0 43.6± 13.2
Median 42.0 40.3
Range 19.5–82.8 15.4–79.4

(continued on next page)
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3.3. Immunogenicity

In Study 001, Month 7 GMTs for HPV types 6 and 16 among young
women 16–26 years of age were similar in the 9vHPV and qHPV vac-
cine groups; GMT for HPV11 was lower in the 9vHPV vaccine group
than in the qHPV vaccine group and GMT for HPV18 was higher in the
9vHPV vaccine group than in the qHPV vaccine group (Table 4). Si-
milar relative results for antibody GMTs between the 9vHPV and qHPV
vaccine groups for these 4 HPV types were observed in the overall
study population [24]. GMTs for HPV types 6, 11, 16, 18, 31, 33, 45,
52, and 58 at Month 7 were higher in girls and boys 9–15 years of age
(Study 002) than in young women 16–26 years of age (Study 001)
following 9vHPV vaccination. At Month 7 (i.e. 4 weeks after the third
dose)> 99.3% of the PPI population in Studies 001 and 002 who re-
ceived 9vHPV vaccine underwent seroconversion to the 9 HPV types
(Table 4).

Anti-HPV cLIA GMT levels peaked at Month 7 and decreased over
time to reach a plateau around Month 36 for all participants (Fig. 1). In
Study 001, anti-HPV6, 11, 16, and 18 GMTs in the 9vHPV and qHPV
vaccine groups followed similar kinetics from Month 7 through Month
42. No immunogenicity analysis was conducted in the qHPV vaccine
group beyond Month 42 because participants in this group were offered
vaccination with the 9vHPV vaccine after the base study was termi-
nated. However, HPV antibody persistence beyond Month 42 was as-
sessed in a subset of subjects (n=150 for the overall study; including 95
subjects from Latin America) from the 9vHPV vaccine group who were
followed through Month 60 in a study extension; to assess for induction
of immune memory, a challenge dose of 9vHPV vaccine was adminis-
tered at Month 60, and HPV antibody levels were evaluated 1 week and
1 month later. As seen in Fig. 1, the anti-HPV GMTs persisted through
Month 60 among 9vHPV vaccine recipients from Latin America; GMTs
rapidly increased within 1 week after a fourth 9vHPV vaccine dose
(challenge dose) for all 9 HPV types, yielding higher cLIA GMTs than
those observed at Month 7. Among subjects from Latin America

enrolled in the study extension, the Month 60 visit occurred between
53.1 and 66.8 months after the third dose (median: 58.9 months).

From Month 7 through Month 36, GMTs remained higher in girls
and boys 9–15 years of age (Study 002) than in young women 16–26
years of age (Study 001; Fig. 1). Most girls and boys (92.6% to 100%,
Study 002) 9–15 years of age remained seropositive by Month 36, while
most young women 16–26 years of age (77.0% to 100%, Study 001)
remained seropositive by Month 60 in the 9vHPV vaccine groups.

3.4. Safety

A summary of AEs occurring from Days 1–15 following any vacci-
nation is provided in Table 5. The 3-dose regimen of the 9vHPV vaccine
appeared generally well tolerated. The most common AEs in 9vHPV
vaccine recipients were injection-site related, which occurred in 86.0%,
76.9%, and 89.6% of girls, boys, and women, respectively. The most
common (incidence ≥5%) injection-site–related events were pain,
swelling, and erythema. Vaccine-related systemic AEs were reported,
respectively, by 27.2%, 37.5%, and 31.4% of girls, boys, and women
following 9vHPV vaccine administration; the most common (incidence
≥5%) were headache and pyrexia. The AE profiles of the 9vHPV and
qHPV vaccines were generally similar among young women in Study
001; the frequencies of injection-site AEs were higher in the 9vHPV
vaccine group (89.6%) than in the qHPV vaccine group (84.2%) and
most were mild to moderate in intensity.

Three serious vaccine-related AEs were reported. A 10-year-old boy
from Peru (Study 002) with a previous medical history of seasonal al-
lergy and bronchial asthma experienced an asthmatic crisis 1 day after
receiving Dose 1 of the 9vHPV vaccine, was hospitalized the next day
for medical treatment, and fully recovered the following day; he was
discontinued from the study and did not receive additional vaccination.
A 26-year-old woman from Brazil (Study 001) experienced fever of
38.6 °C, body pain, headache, and malaise beginning 11 h after re-
ceiving Dose 3 of the 9vHPV vaccine; symptoms worsened during the
next 12 h, despite symptomatic treatment; she was not hospitalized,
and fully recovered the following day. A 23-year-old woman from
Colombia (Study 001) developed headache 2 days after receiving Dose
2 of the qHPV vaccine; the headache persisted and was associated with
dizziness and nausea; she was hospitalized 54 days later following an
episode of intense occipital headache associated with photophobia,
nausea, and chills (she had no fever); a brain computed tomography
scan revealed no abnormalities; she was treated with naproxen, fully
recovered, and was discharged the next day (no laboratory tests were
performed).

In both studies, discontinuation from vaccination due to AEs was
rare (n = 1 participant from Peru who developed a serious AE of
asthmatic crisis, described above). Seven subjects from Latin America
(n = 6 from Study 001, n = 1 from Study 002) died during the entire
course of the studies (see the Supplement for more information); none
of the deaths occurred within 15 days after vaccination and none were
considered related to the study vaccine

4. Discussion

A substantial proportion of participants from Latin America were
enrolled in 2 pivotal studies of the 9vHPV vaccine clinical program
(33.4% [4744 participants] in Study 001, 20.4% [628 participants] in
Study 002). This allowed us to conduct a robust efficacy, im-
munogenicity, and safety analysis on this subset of participants that
may contribute to further understanding HPV-related disease preven-
tion in the region and provide useful insight to decision-makers in-
volved in the implementation of HPV vaccine programs.

Table 1 (continued)

Study 002

Characteristics 9vHPV vaccine
girls (N = 408)
aged 9–15 years

9vHPV vaccine
boys (N = 160)
aged 9–15 years

Body mass index, kg/m2

Mean± SD 19.5± 3.5 19.5± 3.5
Median 19.1 18.8
Range 10.5–37.3 11.1–35.7

9vHPV, 9-valent human papillomavirus; HPV, human papillomavirus; mMU, milli-Merck
units; PCR, polymerase chain reaction; qHPV, quadrivalent human papillomavirus; SD,
standard deviation.

a The percentages for the number of lifetime sexual partners were calculated on the
basis of the number of participants for whom there were data on sexual history at en-
rollment (2372 in the 9vHPV vaccine group and 2372 in the qHPV vaccine group).

b Participants may have used more than 1 contraceptive method. A participant is
counted once within a category and may be counted in more than 1 category. The per-
centages for the numbers of participants who used contraceptives were based on the
number for whom this information was available (2372 in the 9vHPV vaccine group and
2372 in the qHPV vaccine group).

c Positivity by serologic test was defined as an anti-HPV titer on immunoassay of at least
30, 16, 20, 24, 10, 8, 8, 8, and 8 mMU/mL for HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58,
respectively. Positivity by PCR assay was defined as positive by HPV type PCR on at least 1 of
the following: labial/vulvar/perineal/perianal swab, endo-/ectocervical swab, or (if obtained)
an external genital biopsy specimen or cervical biopsy specimen. The numerator in this ca-
tegory represents the number of HPV-positive participants and the denominator represents the
total number of participants with assay results that could be evaluated.
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The 9vHPV vaccine prevented HPV31-, 33-, 45-, 52-, and 58-related
high-grade cervical, vulvar, and vaginal disease, as well as persistent
infection related to each of these 5 HPV types, based on up to 6 years of
follow-up.

Robust immune responses to the 9vHPV vaccine were observed by
Month 7, with immunogenicity profiles across the covered HPV types
generally consistent with those previously observed in the overall study
populations [24,26]. HPV antibody responses persisted through at least
5 years post-vaccination; administration of a challenge dose of vaccine
at that time showed a robust anamnestic antibody response, consistent
with the generation of immune memory [36]. The 9vHPV vaccine was
generally well tolerated, with only one participant discontinuing due to
an AE. No clinically meaningful differences in vaccine efficacy, im-
munogenicity, and safety were observed upon comparison with pub-
lished global outcomes of the 9vHPV vaccine clinical program
[24–26,34].

The studies described in this manuscript have limitations. Study 001
did not use a placebo group for ethical reasons, since the bivalent HPV

vaccine and the qHPV vaccine prevent pre-cancerous lesions caused by
HPV16 and 18 infection. Thus, the study used the qHPV vaccine as an
active comparator. Given the high efficacy of the qHPV vaccine (and
the expected high efficacy of the 9vHPV vaccine), a direct comparison
based on efficacy was not practical, as very few disease endpoints re-
lated to HPV6/11/16/18 were anticipated [28]. Therefore, the de-
monstration of similar HPV6/11/16/18 antibody responses represents a
meaningful result. Of note, supportive analyses conducted in the global
study showed comparable incidence of infection and disease related to
HPV6/11/16/18 types between the 2 vaccine groups, which further
support that the 2 vaccines offer similar protection against HPV6/11/
16/18 [24,25].

Another limitation is that Studies 001 and 002 were limited in
duration. Long-term follow-up studies of the qHPV vaccine have shown
persistence of protection for at least 10 years post-vaccination, sug-
gesting that the 9vHPV vaccine could also offer long-term protection
[37]. In Study 001, the 9vHPV vaccine demonstrated efficacy against
HPV6/11/16/18/31/33/45/52/58-related persistent infection, disease,

Table 2
Summary of Day 1 HPV status by PCR (14 HPV types) and serology (9 HPV types) in Study 001 by vaccination group.

9vHPV vaccine
women (N = 2372)
aged 16–26 years

qHPV vaccine
women (N = 2372)
aged 16–26 years

Day 1 status based on PCR n Day 1
PCR positive

m (%)a

n Day 1
PCR positive

m (%)a

HPV6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, or 59b 2297 1021 (44.4) 2313 1058 (45.7)
HPV6 2368 100 (4.2) 2370 110 (4.6)
HPV11 2369 17 (0.7) 2370 23 (1.0)
HPV16 2368 242 (10.2) 2368 262 (11.1)
HPV18 2367 111 (4.7) 2370 84 (3.5)
HPV31 2366 141 (6.0) 2369 159 (6.7)
HPV33 2369 46 (1.9) 2370 39 (1.6)
HPV35 2368 61 (2.6) 2369 53 (2.2)
HPV39 2368 145 (6.1) 2369 144 (6.1)
HPV45 2369 90 (3.8) 2370 86 (3.6)
HPV51 2369 196 (8.3) 2369 194 (8.2)
HPV52 2369 194 (8.2) 2368 200 (8.4)
HPV56 2368 290 (12.2) 2368 282 (11.9)
HPV58 2367 135 (5.7) 2367 118 (5.0)
HPV59 2369 132 (5.6) 2369 127 (5.4)

Day 1 status based on serology n Day 1
seropositive

m (%)c

n Day 1
seropositive

m (%)c

HPV6, 11, 16, 18, 31, 33, 45, 52, or 58b 2369 1111 (46.9) 2370 1101 (46.5)
HPV6 2369 479 (20.2) 2369 478 (20.2)
HPV11 2369 117 (4.9) 2370 127 (5.4)
HPV16 2369 352 (14.9) 2370 349 (14.7)
HPV18 2369 138 (5.8) 2370 144 (6.1)
HPV31 2369 269 (11.4) 2370 257 (10.8)
HPV33 2369 104 (4.4) 2370 116 (4.9)
HPV45 2369 55 (2.3) 2370 54 (2.3)
HPV52 2369 173 (7.3) 2370 190 (8.0)
HPV58 2369 290 (12.2) 2370 278 (11.7)

N = Number of participants randomized to the respective vaccination group who received at least 1 injection.
n = Number of participants contributing to the analysis.
m = Number of participants who are positive at Day 1 with respect to the relevant method of assessment of HPV status.
9vHPV, 9-valent human papillomavirus; HPV, human papillomavirus; mMU, milli-Merck units; PCR, polymerase chain reaction; qHPV, quadrivalent human papillomavirus.

a Positive by PCR is defined as positive by HPV type PCR at Day 1 on at least 1 of the following: labial/vulvar/perineal and perianal swab, endo-/ectocervical swab, or (if obtained) an
external genital biopsy specimen or cervical biopsy specimen.

b Non-positive participants who were missing results for 1 or more types are not counted. Percentages are calculated as 100*(m/n).
c Percent seropositive represents the proportion of participants with anti-HPV serum levels≥30, 16, 20, 24, 10, 8, 8, 8, and 8 mMU/mL at Day 1 for HPV types 6, 11, 16, 18, 31, 33, 45,

52, and 58, respectively.
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cytological abnormalities, and procedures for up to 6 years [25], and a
10-year, long-term, follow-up extension of Study 001 is under way to
assess duration of protection (Protocol V503-021; NCT02653118) [38].
Similarly, a long-term follow-up extension of Study 002 (Protocol V503-
002; NCT00943722) aimed to assess antibody persistence and effec-
tiveness through 10 years post-Dose 3 is ongoing.

In Latin America, the 9vHPV vaccine could prevent the majority of
HPV-related anogenital cancer cases (including approximately 88% of
cervical cancers) [39] and CIN2/3 cases (approximately 83% and 78%
in women 15–26 and 24–45 years of age, respectively) [23]. Compared
with the qHPV vaccine, the 5 additional HPV types included in the
9vHPV vaccine (31/33/45/52/58) accounted for approximately 33%
and 18% of CIN2/3 lesions among Latin American women 15–26 years
of age and 24–45 years of age, respectively [23]. This scenario, together
with the demonstrated solid safety and efficacy profile of the 9vHPV
vaccine, suggest that the inclusion of the 9vHPV vaccine in effectively
implemented national immunization programs within Latin America
will have a significant impact on the HPV-associated burden of disease,
both in countries with HPV vaccination programs and those in which
these programs are not yet available. Efficiently implemented, sus-
tainable vaccination programs including the 9vHPV vaccine have the
potential to substantially decrease the number of invasive procedures
related to the treatment of cervical dysplasia (in countries with cervical

cancer screening programs), thereby potentially reducing costs and
anxiety associated with such procedures. Notably, a significant impact
of HPV vaccination is expected in middle-/low-income countries defi-
cient in organized screening programs, in which current bivalent and
qHPV vaccines are estimated to potentially reduce cancer risk by
40–50% at 70% vaccine uptake [23].

There has been increasing interest in vaccinating males in addition to
females, both to prevent HPV-related infection and disease among males
and to maximize herd effects of vaccination [40,41], and gender-neutral
vaccination programs have been implemented in some Latin American
countries (e.g. Antigua, Argentina, Bermuda, Brazil, and Panama). In
clinical trials, the qHPV vaccine prevented HPV-related infection, genital
warts, and anal dysplasia in males [42,43], and the 9vHPV vaccine could
confer additional benefits in males by protecting against HPV31/33/45/
52/58, which are responsible for approximately 8% HPV-related anal
cancers and 9% HPV-related penile cancers [20,44]. The current results
indicate that the 9vHPV vaccine was generally well tolerated and highly
immunogenic among Latin American boys.

The WHO recommends the inclusion of HPV vaccines in national
immunization programs where appropriate and feasible, noting that
HPV vaccination should be 1 component of a comprehensive, in-
tegrated strategy to prevent cervical cancer and HPV-related disease, in
addition to education, training, and screening efforts [45]. Despite

Table 4
Summary of anti-HPV cLIA GMTs and seropositivity at Month 7 in the PPI population by vaccination group.

Study 002 Study 001

9vHPV vaccine
girls (N = 408)
aged 9–15 years

9vHPV vaccine
boys (N = 160)
aged 9–15 years

9vHPV vaccine
women (N = 2259)
aged 16–26 years

qHPV vaccine
women (N = 2257)
aged 16–26 years

Assay (cLIA) n GMT (95% CI), mMU/mL N GMT (95% CI), mMU/mL n GMT (95% CI), mMU/mL n GMT (95% CI), mMU/mL

Anti-HPV6 344 1964.6 (1792.1, 2153.8) 138 2697.2 (2332.7, 3118.5) 1250 943.4 (904.5, 983.9) 1239 892.9 (856.0, 931.5)
Anti-HPV11 344 1453.6 (1330.4, 1588.2) 138 1866.5 (1622.9, 2146.6) 1250 681.5 (651.6, 712.8) 1239 835.7 (798.9, 874.3)
Anti-HPV16 347 8190.4 (7528.0, 8911.1) 138 10895.6 (9531.8, 12454.6) 1296 3351.9 (3215.4, 3494.2) 1307 3246.6 (3115.0, 3383.9)
Anti-HPV18 351 2413.5 (2189.9, 2659.9) 138 3752.4 (3213.5, 4381.7) 1494 887.2 (847.9, 928.4) 1524 709.6 (678.4, 742.1)
Anti-HPV31 346 2235.5 (2033.4, 2457.7) 138 2899.7 (2495.7, 3369.1) 1414 722.1 (680.5, 766.2) 1397 10.1 (9.5, 10.7)
Anti-HPV33 350 1069.8 (982.2, 1165.3) 138 1518.3 (1325.0, 1739.7) 1569 428.0 (409.4, 447.4) 1570 <4 (< 4,< 4)
Anti-HPV45 352 901.7 (812.2, 1001.2) 139 1264.1 (1070.3, 1493.1) 1560 290.6 (277.5, 304.3) 1566 <3 (< 3,< 3)
Anti-HPV52 352 1091.0 (996.6, 1194.3) 139 1142.3 (989.0, 1319.3) 1420 387.7 (373.1, 402.9) 1387 <3 (< 3,< 3)
Anti-HPV58 349 1375.8 (1260.1, 1502.0) 139 1868.0 (1625.4, 2146.7) 1386 476.4 (453.6, 500.2) 1392 <4 (< 4, 4.2)

Assay (cLIA) n Seropositive (95% CI), % n Seropositive (95% CI), % n Seropositive (95% CI), % n Seropositive (95% CI), %

Anti-HPV6 344 99.7 (98.4, 100) 138 99.3 (96.0, 100) 1250 100 (99.7, 100) 1239 99.8 (99.4, 100)
Anti-HPV11 344 100 (98.9, 100) 138 100 (97.4, 100) 1250 100 (99.7, 100) 1239 99.9 (99.6, 100)
Anti-HPV16 347 100 (98.9, 100) 138 100 (97.4, 100) 1296 100 (99.7, 100) 1307 99.9 (99.6, 100)
Anti-HPV18 351 100 (99.0, 100) 138 100 (97.4, 100) 1494 99.9 (99.6, 100) 1524 99.7 (99.3, 99.9)
Anti-HPV31 346 100 (98.9, 100) 138 100 (97.4, 100) 1414 99.9 (99.5, 100) 1397 51.7 (49.0, 54.3)
Anti-HPV33 350 100 (99.0, 100) 138 100 (97.4, 100) 1569 99.7 (99.3, 99.9) 1570 13.0 (11.4, 14.8)
Anti-HPV45 352 100 (99.0, 100) 139 100 (97.4, 100) 1560 99.7 (99.3, 99.9) 1566 11.2 (9.7, 12.9)
Anti-HPV52 352 100 (99.0, 100) 139 100 (97.4, 100) 1420 99.8 (99.4, 100) 1387 3.2 (2.3, 4.2)
Anti-HPV58 349 100 (98.9, 100) 139 100 (97.4, 100) 1386 99.7 (99.3, 99.9) 1392 23.1 (20.9, 25.4)

The per-protocol immunogenicity population included all participants who were seronegative at Day 1, as well as (young women aged 16–26 years only) PCR-negative Day 1 through
Month 7 for the relevant HPV type(s), received all 3 vaccinations within pre-specified visit intervals, and had Month 7 serology results obtained within a pre-specified interval, and had no
protocol violations that could interfere with the evaluation of the immune response to vaccine as judged by the study director.
Seropositive percent represents proportion of participants with anti-HPV serum levels ≥30, 16, 20, 24, 10, 8, 8, 8, and 8 mMU/mL for HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58,
respectively.
For Study 002, N=Number of participants randomized to the respective vaccination group who received at least 1 injection. For Study 001, N=Number of participants randomized to the
respective vaccination group who received at least 1 injection in the immunogenicity substudy cohort (i.e., excluding participants enrolled in the dose selection phase of the study)
[25,27].
n=Number of participants contributing to the analysis.
9vHPV, 9-valent human papillomavirus; CI, confidence interval; cLIA, competitive Luminex immunoassay; GMT, geometric mean titer; HPV, human papillomavirus; mMU, milli-Merck
units; PCR, polymerase chain reaction; PPI, per-protocol immunogenicity; qHPV, quadrivalent human papillomavirus.

Á.M. Ruiz-Sternberg et al. Papillomavirus Research 5 (2018) 63–74

70



these recommendations and the promising public health benefits of
widespread HPV vaccination, implementation of vaccination programs
can present a challenge and requires careful planning, effective com-
munication, and a health education strategy [46].

Abundant and consistent data including evidence from active sur-
veillance and large epidemiological studies, support the safety of HPV
vaccination [12]. Indeed, the WHO Global Advisory Committee on
Vaccine Safety has stated that systematic investigations of safety con-
cerns raised about HPV vaccines have not to date revealed any safety
issue that would alter its recommendations for the use of the vaccine
[47]. However, incorrect perceptions regarding safety of the vaccine
can occur among a proportion of the public, media, and even healthcare
professionals, and clusters of anxiety-related reactions to immunization
have negatively impacted immunization programs in some regions,
including the Latin American region [12,48]. Healthcare professionals
and authorities must be aware of this possibility and be prepared to
respond in a deliberate, informed, and carefully balanced manner (i.e.
neither dismissing nor overreacting), to avoid fueling potential out-
breaks [12]. In addition, in contrast with vaccinating young children
against acute infectious diseases (where the benefit is taken for
granted), vaccinating adolescents and young women to prevent diseases
that develop much later in life presents a unique challenge and requires

health education efforts and raising the awareness about HPV-related
cancers [49]. Preparation, communication, and enhancing of vaccine
infrastructure can ensure implementation of high coverage and sus-
tainable vaccination programs [46,49].

5. Conclusions

The 9vHPV vaccine has shown to be efficacious, immunogenic, and
generally well-tolerated in participants from Latin America from two
global clinical trials. These data support widespread vaccination pro-
grams in Latin America, particularly taking into account 10 years of
real-world experience following introduction of the qHPV vaccine,
which significantly reduced HPV-associated infection and disease in
countries with a national vaccination program [9,10]. The integration
and systematic implementation of primary and secondary preventative
interventions should be assessed for the potential to further reduce
cervical cancer in this region. Expansion of the target population for
vaccination may also be useful in accelerating the public health impact
of vaccination programs.

Fig. 1. Longitudinal anti-HPV cLIA GMTs in the per-protocol immunogenicity population by vaccination group. Vaccination visits (Day 1 and Months 2, 6, and 60) are represented by
asterisks above the horizontal axis of each graph. White squares represent girls 9–15 years of age who received the 9vHPV vaccine in Study 002; black diamonds represent boys 9–15 years
of age who received the 9vHPV vaccine in Study 002; black circles represent young women 16–26 years of age who received the 9vHPV vaccine in Study 001; white triangles represent
young women 16–26 years of age who received the qHPV vaccine in Study 001. 9vHPV, 9-valent human papillomavirus; cLIA, competitive Luminex immunoassay; GMT, geometric mean
titer; HPV, human papillomavirus; qHPV, quadrivalent human papillomavirus.
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Table 5
AE summary by vaccination group.

Study 002 Study 001

9vHPV vaccine
girls (N = 408)
aged 9–15 years

9vHPV vaccine
boys (N = 160)
aged 9–15 years

9vHPV vaccine
women (N = 2364)
aged 16–26 years

qHPV vaccine
women (N = 2362)
aged 16–26 years

Event n (%) n (%) n (%) n (%)

Participants with 1 or more AEsa 367 (90.0) 138 (86.3) 2217 (93.8) 2148 (90.9)
Injection-site eventb 351 (86.0) 123 (76.9) 2118 (89.6) 1988 (84.2)
Painc 346 (84.8) 122 (76.3) 2105 (89.0) 1960 (83.0)

Mild 204 (50.0) 85 (53.1) 1168 (49.4) 1227 (51.9)
Moderate 124 (30.4) 37 (23.1) 796 (33.7) 632 (26.8)
Severe 18 (4.4) 0 (0.0) 141 (6.0) 101 (4.3)

Swelling 160 (39.2) 42 (26.3) 836 (35.4) 608 (25.7)
Mild: 0 to ≤2.5 cm 106 (26.0) 29 (18.1) 568 (24.0) 457 (19.3)
Moderate:> 2.5 cm to ≤5.0 cm 35 (8.6) 6 (3.8) 176 (7.4) 111 (4.7)
Severe:> 5.0 cm 19 (4.7) 7 (4.4) 91 (3.8) 40 (1.7)
Unknown 0 (0.0) 0 (0.0) 1 (0.0) 0 (0.0)

Erythema 120 (29.4) 30 (18.8) 603 (25.5) 488 (20.7)
Mild: 0 to ≤2.5 cm 107 (26.2) 25 (15.6) 494 (20.9) 419 (17.7)
Moderate:> 2.5 cm to ≤5.0 cm 10 (2.5) 3 (1.9) 78 (3.3) 52 (2.2)
Severe:> 5.0 cm 3 (0.7) 2 (1.3) 29 (1.2) 17 (0.7)
Unknown 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Pruritusc 15 (3.7) 0 (0.0) 127 (5.4) 98 (4.1)
Mild 13 (3.2) 0 (0.0) 96 (4.1) 75 (3.2)
Moderate 2 (0.5) 0 (0.0) 30 (1.3) 20 (0.8)
Severe 0 (0.0) 0 (0.0) 1 (0.0) 3 (0.1)

Systemic eventd 201 (49.3) 88 (55.0) 1451 (61.4) 1432 (60.6)
Any vaccine-related systemic event 111 (27.2) 60 (37.5) 743 (31.4) 692 (29.3)

Headache 54 (13.2) 25 (15.6) 401 (17.0) 386 (16.3)
Pyrexia 40 (9.8) 24 (15.0) 172 (7.3) 145 (6.1)
Dizziness 11 (2.7) 2 (1.3) 64 (2.7) 77 (3.3)
Nausea 4 (1.0) 3 (1.9) 62 (2.6) 57 (2.4)
Vomiting 3 (0.7) 4 (2.5) 23 (1.0) 14 (0.6)

Serious evente 0 (0.0) 2 (1.3) 7 (0.3) 7 (0.3)
Vaccine-related event 0 (0.0) 1 (0.6) 1 (0.0) 1 (0.0)
Death 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Discontinuation due to AEf 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0)
Vaccine-related event 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0)
Serious event 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0)
Serious vaccine-related event 0 (0.0) 1 (0.6) 0 (0.0) 0 (0.0)

Every subject is counted a single time for each applicable specific AE. A subject with multiple AEs within a system organ class is counted a single time for that system organ class. The
same subject may appear in different system organ classes.
N = Number of subjects who underwent randomization, received at least 1 dose of vaccine, and had at least 1 follow-up visit related to AE.
n = Number of subjects contributing to the analysis.
9vHPV, 9-valent human papillomavirus; AE, adverse event; qHPV, quadrivalent human papillomavirus.

a AEs that were reported within 1–15 days after any vaccination.
b Injection-site events were AEs that were reported within 1–5 days after any vaccination. A system organ class or specific AE appears on this table only if its incidence in 1 or more of

the columns is greater than or equal to 2% incidence after rounding.
c Intensities of pain and itching were defined: as mild if there was an awareness of the sign or symptom but it did not interfere with usual activities, as moderate if there was enough

discomfort to cause interference with usual activity, and as severe if the pain or discomfort was incapacitating, rendering the participant unable to work or carry out usual activities.
d Systemic events were AEs that were reported within 1–15 days after any vaccination. A system organ class or specific AE appears on this table only if its incidence in 1 or more of the

columns is greater than or equal to 2% incidence after rounding.
e Serious events were AEs that were reported within 1–15 days after any vaccination.
f Discontinuation due to AE was reported within 1–15 days after any vaccination.
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