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A B S T R A C T   

Background: The nine-valent human papillomavirus (9vHPV) vaccine protects against infection and disease 
related to HPV types 6, 11, 16, 18, 31, 33, 45, 52, and 58. The pivotal 36-month Phase III immunogenicity study 
of 9vHPV vaccine in 9- to 15-year-old girls and boys was extended to assess long-term immunogenicity and 
effectiveness through approximately 10 years after vaccination. We describe results of an interim analysis based 
on approximately 8 years of follow-up after vaccination. 
Methods: Participants aged 9–15 years who received three doses of 9vHPV vaccine (at day 1, month 2, and month 
6) in the base study and consented to follow-up were enrolled in the long-term follow-up study extension (N ¼
1272 [females, n ¼ 971; males, n ¼ 301]). Serum was collected at months 66 and 90 to assess antibody re
sponses. For effectiveness analysis, genital swabs were collected (to assess HPV DNA by polymerase chain re
action [PCR]) and external genital examination was conducted (to detect external genital lesions) every 6 months 
starting when the participant reached 16 years of age. Cervical cytology tests were conducted annually when 
female participants reached 21 years of age; participants with cytological abnormalities were triaged to col
poscopy based on a protocol-specified algorithm. External genital and cervical biopsies of abnormal lesions were 
performed, and histological diagnoses were adjudicated by a pathology panel. Specimens were tested by PCR to 
detect HPV DNA. 
Results: Geometric mean titers for each 9vHPV vaccine HPV type peaked around month 7 and gradually 
decreased through month 90. Seropositivity rates remained >90% through month 90 for each of the 9vHPV 
vaccine types by HPV immunoglobulin Luminex Immunoassay. No cases of HPV6/11/16/18/31/33/45/52/58- 
related high-grade intraepithelial neoplasia or genital warts were observed in the per-protocol population (n ¼
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1107) based on a maximum follow-up of 8.2 years (median 7.6 years) post-Dose 3. Incidence rates of HPV6/11/ 
16/18/31/33/45/52/58-related 6-month persistent infection in females and males were 49.2 and 37.3 per 
10,000 person-years, respectively, which were within ranges expected in vaccinated cohorts. There were no 
vaccine-related SAEs or deaths during the period covered by this interim analysis. 
Conclusions: The 9vHPV vaccine provided sustained immunogenicity and durable effectiveness through 
approximately 7 and 8 years, respectively, following vaccination of girls and boys aged 9–15 years.   

1. Introduction 

The nine-valent human papillomavirus (9vHPV) vaccine was devel
oped to prevent infection with seven oncogenic HPV types (HPV16/18/ 
31/33/45/52/58) that together account for approximately 90% of cer
vical cancers and HPV-related vulvar, vaginal, and anal cancers, and two 
HPV types (HPV6/11) that are responsible for approximately 90% of 
genital warts [1–4]. 

In the pivotal efficacy trial in young women aged 16–26 years (Study 
V503-001; NCT00543543), the 9vHPV vaccine demonstrated efficacy in 
preventing persistent infection and disease related to those HPV types 
covered by the 9vHPV vaccine [5–7]. The vaccine also elicited robust 
and persistent antibody responses to all nine HPV types in young women 
through 5 years post-vaccination [5]. 

While adults remain at risk for HPV infection throughout their lives, 
HPV is often acquired soon after sexual debut [8]. As such, HPV vacci
nation should target individuals prior to sexual debut for maximal 
benefit. An immunogenicity and safety study (Study V503-002; 
NCT00943722) was conducted in girls and boys aged 9–15 years who 
were given three doses of the 9vHPV vaccine (at day 1 and months 2 and 
6) [9,10]. At 4 weeks post-Dose 3, HPV antibody responses in girls and 
boys aged 9–15 years were non-inferior compared with those in young 
women aged 16–26 years; based on these results, vaccine efficacy pre
viously established in young women [5,6] was inferred for the younger 
age groups [9]. In addition, the HPV antibody responses persisted 
through 2.5 years post-Dose 3 and the vaccine was generally well 
tolerated throughout the entire study [9]. 

Given that the risk of HPV infection is lifelong, the benefits of HPV 
vaccination will be fully realized if the protection is long-lasting. 
Therefore, the World Health Organization (WHO) has determined that 
long-term follow-up (LTFU) studies to assess long-term efficacy, safety, 
and immunogenicity should be an integral part of prophylactic HPV- 
vaccine development [11]. An LTFU study of the quadrivalent HPV 
(qHPV) vaccine has previously demonstrated durable effectiveness and 
sustained immunogenicity when given to girls and boys aged 9–15 years 
through 10 years post-vaccination [12]. Likewise, an LTFU study of the 
bivalent HPV (bHPV) vaccine demonstrated sustained immunogenicity 
through 10 years post-vaccination [13]. The immunogenicity and safety 
study of the 9vHPV vaccine in girls and boys 9 to 15 years of age was, 
therefore, extended to assess 9vHPV vaccine effectiveness, immunoge
nicity, and safety for approximately 10 years post-Dose 3. We describe 
results from an interim analysis of this LTFU study with up to approxi
mately 8 years of follow-up post-Dose 3. 

2. Methods 

2.1. Study design and participants 

This study (Study V503-002; NCT00943722) assessed the immuno
genicity and safety of the 9vHPV vaccine from day 1 through month 36 
(base study), along with an LTFU extension study, which added an 
effectiveness and immunogenicity analysis through approximately 10 
years post-Dose 3 (Fig. 1). The base study was initiated on August 27, 
2009 and completed on May 2, 2013. The LTFU extension was initiated 
on March 7, 2013 and is ongoing. 

The base study design and inclusion criteria have been described in 
detail previously [9,10]. Briefly, girls and boys (aged 9–15 years) and 

young women (aged 16–26 years) received three doses of the 9vHPV 
vaccine, administered at day 1, month 2, and month 6. Young women 
terminated the base study at month 12; however, girls and boys 
continued in the study through month 36 for assessment of antibody 
persistence [9]. 

Girls and boys who received all three vaccine doses during the base 
study and provided consent were eligible to participate in the LTFU 
study extension. All study sites from the base study were invited to join 
in the study extension. However, some sites could not commit to an 
additional 7.5 years of follow-up for various reasons, and therefore did 
not participate in the study extension. The study extension was carried 
out at 39 study sites located in 13 countries (Belgium, Brazil, Colombia, 
Costa Rica, Peru, Poland, South Africa, South Korea, Spain, Sweden, 
Taiwan, Thailand, United States). 

The primary objective of the LTFU study is to evaluate HPV antibody 
responses to the 9vHPV vaccine through month 126 (10 years post-Dose 
3). The long-term effectiveness of the 9vHPV vaccine was evaluated in 
two co-secondary endpoints. The first co-secondary endpoint was 
incidence of the composite endpoint of HPV6/11/16/18/31/33/45/52/ 
58-related persistent infection of �6 months duration (referred to as 
“6-month persistent infection”) and cervical intraepithelial neoplasia 
(CIN), adenocarcinoma in situ (AIS), vulvar intraepithelial neoplasia 
(VIN), vaginal intraepithelial neoplasia (VaIN), genital warts, and 
cervical/vaginal/vulvar cancer in female participants. The second 
co-secondary endpoint was a composite of HPV6/11/16/18/31/33/45/ 
52/58-related 6-month persistent infection and penile intraepithelial 
neoplasia (PIN), genital warts, and penile/perineal/perianal cancer in 
male participants. The pre-specified safety objective was to describe the 
incidence of deaths and vaccine- or procedure-related serious adverse 
events (SAEs) among LTFU-study participants. 

The study was conducted in accordance with principles of Good 
Clinical Practice, and was approved by the respective institutional re
view boards and regulatory agencies. All participants (or parents/legal 
guardians for minors) provided written informed consent for the base 
study and for the LTFU study; participants coming of legal age were 
reconsented per local regulations. 

2.2. Immunogenicity assessments 

Serum samples were collected at day 1 and months 7, 12, 24, and 36 
in the base study, and months 66 and 90 in the LTFU extension; a final 
serum sample is to be collected at month 126. HPV6, 11, 16, 18, 31, 33, 
45, 52, and 58 antibody responses were assessed at day 1 and month 7 
for all study participants. Assessment of antibody persistence after 
month 7 was assessed in a subset of participants including all male 
participants and a random sample of 600 female participants [9]. For the 
primary immunogenicity analyses, antibody responses were detected by 
the HPV-9 competitive Luminex Immunoassay (cLIA) [14]. The more 
sensitive HPV-9 immunoglobulin G Luminex Immunoassay (IgG-LIA) 
was used in supportive analyses to assess antibody persistence [15]. 
Antibody responses to each of the nine vaccine HPV types are summa
rized as geometric mean titers (GMTs) and seropositivity rates. 

As the current study did not include a control group, anti-HPV cLIA 
GMTs in young women who received 9vHPV vaccine or qHPV vaccine in 
the 9vHPV pivotal efficacy study, which was conducted in similar 
geographic regions, are provided for context; these data have been re
ported previously [5]. 
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2.3. Effectiveness assessments 

Upon reaching 16 years of age, visits occurred every 6 months and 
included collection of sexual history, genital examination, and genital 
clinical specimens. Genital samples were collected according to the 
participants’ age, gender, and sexual activity. For females aged 16–20 
years, external genital examinations for lesions were performed and 
labial/vulvar/perineal/perianal (LVPP) swabs were collected at each 
visit. In addition, for those who were sexually active (defined as having 
engaged in vaginal penetration), endo-/ectocervical (EEC) swabs were 
also collected at each visit. Cervical cytology tests were not required but 
could be performed annually, per the investigator’s discretion and based 
on the local standard of care. Upon reaching 21 years of age, external 
genital examinations for lesions were performed and LVPP and EEC 
swabs were collected at each visit, and pelvic examinations and cervical 
cytology tests were performed annually. Procedures for collection and 
analysis of the cervical cytology samples were conducted as previously 
described [5]. For males over the age of 16 years, external genital ex
aminations for lesions were performed and penile and glans penis swabs, 
scrotal swabs, and perineal/perianal swabs were collected at each visit 
using a nail file/swab system as previously described [16]. Chlamydia 
and gonorrhea testing in urine samples or cervical cytology test fluid 
were performed annually for both males and females. The requirement 
for EEC swabs, cervical cytology tests, and pelvic examination could be 
waived in sexually naïve participants at the investigator’s discretion; 
chlamydia and gonorrhea testing was waived for a few study sites at the 
investigator’s request to conform with the local standard of care. 

All genital swabs were tested by polymerase chain reaction (PCR) for 
HPV types 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 using 
type-specific PCR assays [17,18]. 

Identified external genital lesions suspected to be HPV-related were 
biopsied. Female participants with abnormal cervical cytology findings 
were referred to colposcopy with collection of cervical samples (biopsy, 

definitive therapy) using a protocol-mandated triage algorithm, similar 
to that used for the pivotal efficacy study of the 9vHPV vaccine [5,6]. 
Female participants with histologically confirmed HPV-related external 
genital or vaginal lesions were also referred to colposcopy if the external 
genital or vaginal biopsy was not obtained during colposcopy, similar to 
what was done in the pivotal efficacy study of the 9vHPV vaccine [5,6]. 

Tissue from biopsy and cervical definitive therapy was analyzed by 
HPV Thinsection PCR assay, similar to the analysis conducted in previ
ous clinical trials [19,20]. A consensus diagnosis from the HPV Vaccine 
Program Pathology Panel, consisting of four independent pathologists 
blinded to vaccination and HPV PCR status, was used to determine 
clinical disease efficacy endpoints, using a process similar to that used in 
the pivotal 9vHPV vaccine efficacy study [5]. 

An endpoint of CIN, AIS, VIN, VaIN, vulvar, cervical or vaginal 
cancer, PIN, penile/perineal/perianal cancer, or genital warts related to 
a given HPV type occurred if a participant developed a lesion with a 
relevant consensus diagnosis by the pathology panel, and PCR testing 
detected the relevant HPV type in an adjacent section from the same 
tissue block. Endpoints of persistent infection were defined as a partic
ipant who was positive by PCR for the same HPV type in genital swabs or 
tissue specimens collected at consecutive visits at least 6 months (�1- 
month visit windows) apart. At least two positive specimens were 
required to define a case of 6-month persistent infection, and at least 
three positive specimens were required to define a case of 12-month 
persistent infection. 

As the current study did not include a control group, rates of 6-month 
persistent infection and markers of sexual activity from previous qHPV 
and 9vHPV vaccine efficacy trials which were generally conducted in the 
same geographic regions [5,21,22] are included to put the results in 
context. 

Fig. 1. Study design. 
Abbreviations: HPV ¼ human papillomavirus; LTFU ¼ long-term follow-up; PCR, polymerase chain reaction. 
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2.4. Safety outcomes 

Deaths (any causality) and SAEs judged by the study investigator to 
be related to prior administration of the 9vHPV vaccine or to a study 
procedure were reported during the LTFU study. 

2.5. Statistical analysis 

Immunogenicity analyses were conducted in the per-protocol 
immunogenicity (PPI) population, which included participants who 
were seronegative (by cLIA) to the appropriate HPV type at day 1, 
received all three vaccinations within acceptable day ranges, had a 
month 7 serology result within acceptable day ranges, and had no other 
protocol violations that could interfere with evaluation of immune 
response. To be included in the PPI population for HPV6 and 11, the 
participants must have been seronegative to both HPV6 and 11 at day 1. 
For all other HPV types, the participant needed to be seronegative for 
only the HPV type being analyzed. GMTs and seropositivity rates are 
summarized with associated 95% confidence intervals (CI) at each time 
point when serology samples were collected. 

The primary effectiveness analysis population was the per-protocol 
effectiveness (PPE) population, which included participants who were 
seronegative (by cLIA) to the specific HPV type at the time of vaccine 
Dose 1 (seronegative for both types 6 and 11 for analysis of HPV6- and 
HPV11-related endpoints), received all three doses of 9vHPV vaccine 
within 1 year, and had no other protocol violations that could interfere 
with evaluation of vaccine effectiveness. Supportive analyses were 
conducted in the HPV-naïve, type-specific (HN-TS) population of par
ticipants who received three doses of 9vHPV vaccine within 1 year and 
were seronegative by cLIA to the specific HPV type at the time of first 
9vHPV vaccination (seronegative to both HPV types 6 and 11 for ana
lyses of HPV6- and HPV11-related endpoints). Summaries of the inci
dence rates (cases per 10,000 person-years) of the composite endpoint of 
HPV types 6/11/16/18/31/33/45/52/58-related 6-month persistent 

and disease are provided through month 96. Nominal 95% CI estimates 
of the incidence rates were calculated based on the Poisson distribution. 
Point and 95% CI estimates of incidence rates for the composite 
endpoint of 6-month persistent infection and disease related to 
non-vaccine HPV type (35, 39, 51, 56, and 59) were calculated similarly. 

No formal hypothesis testing was conducted in the LTFU study. The 
sample size for the LTFU study was fixed based on the number of base- 
study participants who were eligible and willing to participate in the 
LTFU study. 

All participants who received at least one study vaccination and had 
follow-up data were included in the safety summaries. 

3. Results 

3.1. Participants 

Of the 2552 pre-adolescents and adolescents (girls, n ¼ 1899; 
boys, n ¼ 653) who received three doses of the 9vHPV vaccine in the 
base study, 1272 (girls, n ¼ 971; boys, n ¼ 301) were enrolled in the 
LTFU study after base-study completion (Supplementary Fig. S1). 
Approximately 18% of the LTFU-study participants discontinued the 
study between months 42 and 96, most commonly due to withdrawal of 
consent or loss to follow-up, and 82% were ongoing at the time of data 
cut-off (May 30, 2018). None of the participants discontinued the LTFU 
study due to an AE. Immunogenicity was assessed at the month 66 and 
90 visits (Fig. 1). Participants were followed for effectiveness through 
the month 96 visit; this represents a maximum follow-up of 8.2 years 
post-Dose 3 (median 7.6 years). 

Baseline characteristics (collected prior to the first vaccination) were 
generally similar between those participants who enrolled in the LTFU 
study (Table 1) compared with the overall population of girls and boys 
enrolled in the base study, as previously reported [9]. The median 
participant age at enrollment in the base study was 11.0 years (range, 
9–15 years). 

3.2. Immunogenicity 

GMTs (assessed by cLIA) peaked at month 7, followed by a pro
nounced decrease between month 7 and month 12, with a further slight 
decrease between month 12 and month 90 (Fig. 2). This trend in GMTs 
was consistent with the immunogenicity profile observed in the pivotal 
9vHPV vaccine efficacy study in young women 16–26 years of age 
through month 60 (year 5) after the first vaccine dose [5] (Fig. 2). GMTs 
in girls and boys during the long-term follow-up study are not directly 
comparable to GMTs in young women in the pivotal efficacy study, since 
the time of serum sample collection post-Dose 3 was different between 
the two studies. Nonetheless, the graphical representation of GMT in
dicates that the GMT trends were higher in girls and boys in the 
long-term follow-up study, compared with the corresponding trends in 
young women in the pivotal efficacy study. Since efficacy of 9vHPV 
vaccine was established in young women in that pivotal study, these 
results suggest that HPV antibody responses generated by the vaccine in 
girls and boys may be sufficient to induce high-level protective efficacy. 

In supportive analysis using the HPV IgG-LIA, trends in GMTs were 
similar to those observed with the cLIA during the LTFU study 
(Supplementary Tables S1 and S2). The vast majority of female and male 
participants (>93% based on IgG-LIA) remained seropositive to each 
HPV type at month 90 (Supplementary Table S2). 

3.3. Effectiveness 

The numbers of participants who completed the scheduled effec
tiveness visits between month 42 and month 96 are reported in Sup
plementary Fig. S2. Most participants had reached age 16 years by the 
month 72 visit, and all had reached age 16 years by month 96. Most 
participants (i.e. 88.6% of females and 91.1% of males) who were at 

Table 1 
Participant characteristics for LTFU-study participants at the start (vaccination 
Dose 1) of the base study.   

Females Males 
(N ¼ 971) (N ¼ 301) 

Age, years 
9–12, n (%) 653 (67.3) 207 (68.8) 
13–15, n (%) 318 (32.7) 94 (31.2) 
Mean (SD) 11.6 (1.9) 11.5 (1.8) 
Median (range) 11.0 (9–15) 11.0 (9–15) 

Race, n (%) 
American Indian or Alaskan Native 2 (0.2) 1 (0.3) 
Asian 222 (22.9) 74 (24.6) 
Black or African American 129 (13.3) 31 (10.3) 
Multi-racial 204 (21.0) 114 (37.9) 
Native Hawaiian or other Pacific 
Islander 

0 (0.0) 3 (1.0) 

White 414 (42.6) 78 (25.9) 
Weight, kg 

Mean (SD) 45.0 (12.9) 44.1 (13.3) 
Median (range) 44.0 

(18.0–115.7) 
41.0 
(15.4–87.0) 

BMI 
Participants with data, n 970 301 
Mean (SD), kg/m2 19.8 (4.1) 19.6 (4.0) 
Median (range), kg/m2 19.1 (10.5–55.6) 18.5 

(11.1–43.0) 
Region, n (%) 

Africa 79 (8.1) 28 (9.3) 
Asia-Pacific 222 (22.9) 74 (24.6) 
Europe 256 (26.4) 27 (9.0) 
Latin America 297 (30.6) 122 (40.5) 
North America 117 (12.0) 50 (16.6) 

Abbreviations: BMI ¼ body mass index; LTFU ¼ long-term follow-up; 
SD ¼ standard deviation. 
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least 16 years of age have contributed effectiveness data as of month 96 
(Supplementary Fig. S2). 

Among females in the PPE population, there were 14 cases of the 
composite endpoint of HPV6/11/16/18/31/33/45/52/58-related 6- 
month persistent infection, CIN, AIS, condyloma, VIN, VaIN, and cer
vical/vulvar/vaginal cancers (Table 2). This analysis showed 14 cases of 
6-month persistent infection, one case of CIN1 and no cases of high- 
grade cervical disease, condyloma, VIN, VaIN, or vulvar/vaginal can
cer related to vaccine HPV types. The incidence rates of the endpoints of 
HPV6/11/16/18/31/33/45/52/58-related 6-month and 12-month 
persistent infection were 49.2 and 24.5 per 10,000 person-years, 
respectively. 

The single case of CIN1 related to vaccine HPV types in the PPE 
analysis was reported at month 84. The participant had a diagnosis of 

CIN1 associated with HPV39 and HPV59 on a cervical biopsy and 
associated with HPV16, HPV39, and HPV59 on an endocervical curet
tage. Persistent infection with HPV39 and HPV59 was observed from 
month 84 to month 90, and a subsequent cervical biopsy with no 
pathological abnormality at month 90 tested positive for HPV39. This 
participant had no chronic or debilitating medical condition and 
received no immunosuppressive medication; she had two lifetime sexual 
partners and tested negative for gonorrhea at all study visits (from 
month 66 through month 114) and negative for chlamydia at all study 
visits except for the month 90 visit. 

Among males in the PPE population, there were three cases of the 
composite endpoint of HPV6/11/16/18/31/33/45/52/58-related, 6- 
month persistent infection, condyloma, PIN, and penile/perineal/peri
anal cancers (Table 2). This analysis showed three cases of 6-month 

Fig. 2. Anti-HPV cLIA GMTs over time since vaccine Dose 1 in female and male participants from the 9vHPV vaccine LTFU study and young women from the pivotal 
efficacy study [5]. 
Abbreviations: 9vHPV ¼ nine-valent human papillomavirus; cLIA ¼ competitive Luminex Immunoassay; GMT ¼ geometric mean titer; HPV ¼ human papillomavirus; 
LTFU ¼ long-term follow-up; qHPV ¼ quadrivalent human papillomavirus. 

S.-E. Olsson et al.                                                                                                                                                                                                                               



Papillomavirus Research 10 (2020) 100203

6

persistent infection and no cases of disease related to any of the vaccine 
HPV types. The incidence rates of the endpoints of HPV6/11/16/18/31/ 
33/45/52/58-related 6-month and 12-month persistent infection were 
37.3 and 12.4 per 10,000 person-years, respectively. 

Rates of persistent infection and disease related to vaccine HPV types 
were similar in supportive analyses in the HN-TS population, with no 
additional cases of HPV6/11/16/18/31/33/45/52/58-related persistent 
infection or disease in male or female participants in this population 
compared with the PPE population (Supplementary Table S3). 

The incidence rates of 6-month persistent infection related to the 
nine vaccine types observed for male and female participants in the PPE 
population in this study were within the ranges expected in vaccinated 
cohorts, based on results from previous qHPV and 9vHPV vaccine trials 
[5,21,22] (Fig. 3). 

Cases of the composite endpoint of 6-month persistent infection and 
disease related to non-vaccine HPV types (35/39/51/56/59) continued 
to accrue during the LTFU study. This analysis showed 189 cases of 6- 
month persistent infection and 11 cases of cervical, vulvar, and 

Table 2 
Incidence of HPV6/11/16/18/31/33/45/52/58-related persistent infection and disease in vaccinated participants (PPE population).   

Females (N ¼ 971) Males (N ¼ 301) 

Cases/ 
n 

Person-years 
follow-upa 

Rate per 10,000 
person-years  
(95% CI) 

Cases/ 
n 

Person-years 
follow-upa 

Rate per 10,000 person- 
years (95% CI) 

HPV6/11/16/18/31/33/45/52/58-related 6-month 
persistent infectionb or diseasec 

14/ 
856 

2843.8 49.2 (26.9–82.6) 3/251 803.2 37.3 (7.7–109.1) 

HPV6/11/16/18/31/33/45/52/58-related 6-month 
persistent infectionb 

14/ 
856 

2843.8 49.2 (26.9–82.6) 3/251 803.2 37.3 (7.7–109.1) 

By HPV type 
HPV6/11/16/18 13/ 

854 
2842.2 45.7 (24.4–78.2) 1/251 808.4 12.4 (0.3–68.9) 

HPV6 1/831 2784.8 3.6 (0.1–20.0) 0/245 790.6 0.0 (0.0–46.7) 
HPV11 0/832 2789.2 0.0 (0.0–13.2) 1/245 790.2 12.7 (0.3–70.5) 
HPV16 11/ 

843 
2805.2 39.2 (19.6–70.2) 0/250 805.2 0.0 (0.0–45.8) 

HPV18 1/851 2847.1 3.5 (0.1–19.6) 0/249 800.0 0.0 (0.0–46.1) 
HPV31/33/45/52/58 1/856 2862.3 3.5 (0.1–19.5) 2/251 803.6 24.9 (3.0–89.9) 

HPV31 0/839 2804.7 0.0 (0.0–13.2) 0/249 805.0 0.0 (0.0–45.8) 
HPV33 1/850 2847.6 3.5 (0.1–19.6) 0/249 806.3 0.0 (0.0–45.7) 
HPV45 0/855 2863.7 0.0 (0.0–12.9) 1/251 805.4 12.4 (0.3–69.2) 
HPV52 0/854 2859.0 0.0 (0.0–12.9) 2/251 803.6 24.9 (3.0–89.9) 
HPV58 0/847 2837.8 0.0 (0.0–13.0) 0/249 805.4 0.0 (0.0–45.8) 

HPV6/11/16/18/31/33/45/52/58-related 12-month 
persistent infectiond 

7/856 2851.4 24.5 (9.9–50.6) 1/251 807.4 12.4 (0.3–69.0) 

By HPV type 
HPV6/11/16/18 6/854 2849.7 21.1 (7.7–45.8) 0/251 808.8 0.0 (0.0–45.6) 

HPV6 1/832 2787.8 3.6 (0.1–20.0) 0/245 790.6 0.0 (0.0–46.7) 
HPV11 0/832 2789.2 0.0 (0.0–13.2) 0/245 790.6 0.0 (0.0–46.7) 
HPV16 4/844 2817.2 14.2 (3.9–36.4) 0/250 805.2 0.0 (0.0–45.8) 
HPV18 1/851 2847.1 3.5 (0.1–19.6) 0/249 800.0 0.0 (0.0–46.1) 

HPV31/33/45/52/58 1/856 2862.3 3.5 (0.1–19.5) 1/251 807.4 12.4 (0.3–69.0) 
HPV31 0/839 2804.7 0.0 (0.0–13.2) 0/249 805.0 0.0 (0.0–45.8) 
HPV33 1/850 2847.6 3.5 (0.1–19.6) 0/249 806.3 0.0 (0.0–45.7) 
HPV45 0/855 2863.7 0.0 (0.0–12.9) 0/251 808.8 0.0 (0.0–45.6) 
HPV52 0/854 2859.0 0.0 (0.0–12.9) 1/251 807.4 12.4 (0.3–69.0) 
HPV58 0/847 2837.8 0.0 (0.0–13.0) 0/249 805.4 0.0 (0.0–45.8) 

HPV6/11/16/18/31/33/45/52/58-related diseasec 1/856e 2865.0 3.5 (0.1–19.4) 0/251 808.8 0.0 (0.0–45.6) 
CIN1f 1/856 2865.0 3.5 (0.1–19.4) – – – 
CIN2 or CIN3f 0/856 2865.9 0.0 (0.0–12.9) – – – 
AISf 0/856 2865.9 0.0 (0.0–12.9) – – – 
Cervical cancerf 0/856 2865.9 0.0 (0.0–12.9) – – – 
Condyloma 0/856 2865.9 0.0 (0.0–12.9) 0/251 808.8 0.0 (0.0–45.6) 
VIN1 or worsef 0/856 2865.9 0.0 (0.0–12.9) – – – 
VaIN1 or worsef 0/856 2865.9 0.0 (0.0–12.9) – – – 
PIN1 or worseg – – – 0/251 808.8 0.0 (0.0–45.6) 

Abbreviations: AIS ¼ adenocarcinoma in situ; CI ¼ confidence interval; CIN ¼ cervical intraepithelial neoplasia; HPV ¼ human papillomavirus; PCR ¼ polymerase 
chain reaction; PIN ¼ penile intraepithelial neoplasia; PPE ¼ per-protocol effectiveness; VaIN ¼ vaginal intraepithelial neoplasia; VIN ¼ vulvar intraepithelial 
neoplasia. 

a For each participant, person-years of follow-up was calculated starting from the beginning of the LTFU study (i.e. month 42 visit) or the date when the participant 
reached age 16 years, whichever came later. 

b A case of 6-month persistent infection is a participant who is positive to �1 common gene for the same HPV type in the HPV6/11/16/18/31/33/45/52/58 PCR 
assay in two or more cervicovaginal/external genital swab, biopsy, or definitive therapy samples obtained at two or more consecutive visits at least 6 months (�1 
month) apart. 

c In females, disease includes condyloma, CIN, AIS, VIN, VaIN, and cervical/vulvar/vaginal cancer; in males, this includes condyloma, PIN, and penile/perineal/ 
perianal cancer. 

d A case of 12-month persistent infection is a participant who is positive to �1 common gene for the same HPV type in the HPV6/11/16/18/31/33/45/52/58 PCR 
assay in two or more cervicovaginal/external genital swab, biopsy, or definitive therapy samples obtained at three or more consecutive visits at least 6 months (�1 
month) apart. 

e HPV16-related CIN1. 
f In female participants. 
g In male participants. 
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vaginal disease related to non-vaccine HPV types in females, and 20 
cases of 6-month persistent infection and no cases of disease related to 
non-vaccine HPV types in males (Table 3). The incidence rates of the 
endpoint of HPV35/39/51/56/59-related 6-month persistent infection 
were 828.9 and 270.7 per 10,000 person-years in females and males, 
respectively. The incidence of this endpoint was approximately 800 per 
10,000 person-years in the pivotal efficacy study of 9vHPV vaccine in 
females (unpublished results). 

Males in the PPE population acquired new sexual partners at a rate 
of 1.05 per year of follow-up (95% CI 0.97–1.14), while females 
acquired new sexual partners at a rate of 0.73 per year of follow-up 
(95% CI 0.69–0.77) (Table 4). These rates of new sexual partner acquisi
tion for males were slightly lower (with non-overlapping 
95% CIs) than rates observed post-vaccination in a previous clinical 
study of qHPV vaccine; for females, these rates were higher (with 
non-overlapping 95% CIs) than rates observed post-vaccination in 
previous clinical studies of the 9vHPV and qHPV vaccines (Table 4). 
The incidence of chlamydia was 2.52 (95% CI 1.94–3.22) and 
2.58 (1.55–4.03) per 100 person-years among females and 
males, respectively, and the corresponding rates of gonorrhea were 
0.57 (95% CI 0.32–0.94) and 0.66 (95% CI 0.21–1.53), respectively 
(Table 4). These rates were similar to or higher than rates previously 
observed in clinical efficacy studies of the qHPV and 9vHPV vaccines in 
young women (Table 4). 

3.4. Safety 

No vaccine- or procedure-related SAEs were observed during the 
LTFU study, and no participants died during the time period covered by 
this interim analysis. SAEs that occurred during the base study have 
been summarized previously [9]. 

4. Discussion 

In girls and boys at 9–15 years of age, the 9vHPV vaccine elicited 

HPV antibodies that persisted through at least month 90 (7 years post- 
Dose 3). GMTs peaked at month 7 (1 month post-Dose 3), followed by 
a sharp decrease to month 12, then a slower decrease between months 
24 and 90. The vast majority of participants remained seropositive to 
each HPV type in the 9vHPV vaccine at the last immunogenicity 
assessment. Anti-HPV cLIA GMTs at month 90 in the participants from 
the current study were comparable with or greater than those previously 
reported at month 60 in young women vaccinated with the 9vHPV 
vaccine in the pivotal efficacy study of the 9vHPV vaccine [5]; in that 
study, the 9vHPV vaccine provided durable protection against persistent 
infection and disease related to the 9vHPV vaccine HPV types through at 
least month 60 [5]. This cross-study comparison suggests that the anti
body responses generated by a three-dose 9vHPV vaccination regimen in 
girls and boys at 9–15 years of age may be sufficient to induce protective 
efficacy through at least month 90 (i.e. 7 years post-Dose 1). 

This supposition was further supported by analyses of long-term 
vaccine effectiveness. Most participants reached at least the age of 16 
years during the LTFU study, allowing for evaluation of 9vHPV vaccine 
effectiveness against HPV6/11/16/18/31/33/45/52/58-related persis
tent infection and disease. The results indicate that the 9vHPV vaccine 
should provide durable protection from vaccine HPV type-related 
persistent infection and disease. During approximately 8 years post- 
vaccination, there were no cases of high-grade CIN, AIS, VIN, VaIN, or 
genital warts in females or PIN or genital warts in males related to the 
nine HPV vaccine types. The single case of HPV16-related CIN1 that was 
observed in the PPE population occurred in a participant who also had 
persistent infections with HPV39 and HPV59. Therefore, it is likely that 
the CIN1 lesion was caused by HPV39 and/or HPV59 and does not 
represent a breakthrough case, as these types are not covered by the 
9vHPV vaccine. Moreover, the incidence rates of persistent infection 
related to the nine vaccine types observed in this study were within the 
ranges expected in vaccinated cohorts, based on results from previous 
qHPV and 9vHPV vaccine trials [5,21,22]. 

Previous studies of the qHPV vaccine have shown that seropositivity 
rates for HPV18 decrease with time based on HPV-4 cLIA, the primary 

Fig. 3. Incidence rates of vaccine HPV-type-related persistent infection (at least 6 months duration) in qHPV and 9vHPV vaccine trials. 
aNCT00543543 (see Huh et al., 2017 [5]). 
bNCT00365716 (see Villa et al., 2006 [22]). 
cNCT00090285 (see Giuliano et al., 2011 [21]). 
Abbreviations: 9vHPV ¼ nine-valent human papillomavirus; CI ¼ confidence interval; HPV ¼ human papillomavirus; qHPV ¼ quadrivalent human papillomavirus. 
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immunoassay used to assess HPV antibody responses in the qHPV vac
cine clinical program; however, seropositivity rates remained high when 
measured by IgG-LIA [23]. A concordance assessment between immu
noassays has shown that the IgG-LIA is more sensitive than the HPV-4 
cLIA for the detection of HPV16 and HPV18 neutralizing antibodies 
[24]. LTFU studies of up to 14 years did not show evidence of loss of 
protection against HPV18, indicating that the decrease in antibody 
levels detected by the cLIA does not appear to have clinical significance 
and may be linked to the lower sensitivity of the assay to detect HPV18 
antibodies [25]. Although declines in GMTs through month 90 were 
observed in the current study, seropositivity rates to all nine HPV types 
in girls and boys remained >93% at month 90 based on the IgG-LIA. 

Exposure to non-vaccine HPV types was substantial during this 
study. Numbers of new sexual partners observed in this study were 
higher than observations from previous qHPV and 9vHPV vaccine trials 

for females, and only slightly lower than observations from a previous 
qHPV vaccine efficacy trial for males. Incidence of sexually transmitted 
infections (including chlamydia and gonorrhea) were higher than or 
similar to observations from previous qHPV and 9vHPV vaccine trials. 
These data indicate that protection against infection and disease is not 
likely to be due to lack of sexual exposure to HPV. Taken together, these 
results indicate that the 9vHPV vaccine provides durable protection 
against infection and disease caused by vaccine HPV types through at 
least 8 years post-vaccination. 

The 9vHPV vaccine continued to be generally well tolerated; there 
were no vaccine-related or procedure-related SAEs, and no participants 
died during the time period covered by this interim analysis. 

The observed discontinuation rate (18% between month 42 and data 
cutoff, or approximately 4% per year) was within the expected range for 
this study. This discontinuation rate is similar to that seen in the pivotal 

Table 3 
Incidence of non-9vHPV vaccine HPV type (35/39/51/56/59)-related persistent infection and disease in vaccinated participants (PPE populationa).   

Females (N ¼ 971) Males (N ¼ 301) 

Cases/n Person-years  
follow-upb 

Rate per 10,000 person-years (95% CI) Cases/n Person-years follow-upb Rate per 10,000  
person-years (95% CI) 

HPV35/39/51/56/59-related  
6-month persistent infectionc  

or diseased 

189/792 2280.2 828.9 (714.9–955.8) 20/236 738.9 270.7 (165.3–418.0) 

HPV35/39/51/56/59-related  
6-month persistent infectionc 

189/792 2280.2 828.9 (714.9–955.8) 20/236 738.9 270.7 (165.3–418.0) 

By HPV type 
HPV35 12/791 2635.4 45.5 (23.5–79.5) 1/236 765.6 13.1 (0.3–72.8) 
HPV39 59/782 2512.7 234.8 (178.7–302.9) 3/236 767.1 39.1 (8.1–114.3) 
HPV51 76/782 2485.1 305.8 (240.9–382.8) 5/236 764.2 65.4 (21.2–152.7) 
HPV56 101/782 2422.9 416.9 (339.5–506.5) 11/235 744.8 147.7 (73.7–264.2) 
HPV59 51/785 2539.8 200.8 (149.5–264.0) 3/236 763.4 39.3 (8.1–114.9) 

HPV35/39/51/56/59- 
related 12-month  
persistent infectione 

106/792 2410.7 439.7 (360.0–531.8) 8/236 751.3 106.5 (46.0–209.8) 

By HPV type 
HPV35 7/791 2639.5 26.5 (10.7–54.6) 1/236 765.6 13.1 (0.3–72.8) 
HPV39 28/784 2554.4 109.6 (72.8–158.4) 0/236 768.6 0.0 (0.0–48.0) 
HPV51 29/789 2577.0 112.5 (75.4–161.6) 1/236 767.1 13.0 (0.3–72.6) 
HPV56 49/786 2523.2 194.2 (143.7–256.7) 5/235 753.1 66.4 (21.6–154.9) 
HPV59 27/789 2588.9 104.3 (68.7–151.7) 2/236 765.1 26.1 (3.2–94.4) 

HPV35/39/51/56/59- 
related diseased 

11/792 2639.2 41.7 (20.8–74.6) 0/236 768.6 0.0 (0.0–48.0) 

CIN1f 9/792 2642.7 34.1 (15.6–64.6) – – – 
CIN2 or CIN3f 2/792 2655.5 7.5 (0.9–27.2) – – – 
AISf 0/792 2657.8 0.0 (0.0–13.9) – – – 
Cervical cancerf 0/792 2657.8 0.0 (0.0–13.9) – – – 
Condyloma 0/792 2657.8 0.0 (0.0–13.9) 0/236 768.6 0.0 (0.0–48.0) 
VIN1 or worsef,g 1/792g 2655.0 3.8 (0.1–21.0) – – – 
VaIN1 or worsef,h 1/792h 2655.0 3.8 (0.1–21.0) – – – 
PIN1 or worsei – – – 0/236 768.6 0.0 (0.0–48.0) 

Abbreviations: AIS ¼ adenocarcinoma in situ; CI ¼ confidence interval; CIN ¼ cervical intraepithelial neoplasia; HPV ¼ human papillomavirus; PCR ¼ polymerase 
chain reaction; PIN ¼ penile intraepithelial neoplasia; PPE ¼ per-protocol effectiveness; VaIN ¼ vaginal intraepithelial neoplasia; VIN ¼ vulvar intraepithelial 
neoplasia. 

a A baseline HPV-naïve population with respect to HPV types 35/39/51/56/59 cannot be defined in this study due to the absence of baseline sero- and PCR-status 
with respect to these non-vaccine HPV types. As such, a baseline HPV-naïve population with respect to these HPV types is approximated by the population of subjects 
who were naïve for all of HPV types 6/11/16/18/31/33/45/52/58. The PPE population for the non-vaccine HPV types 35/39/51/56/59 is comprised of subjects who 
were PPE-eligible for all of HPV types 6/11/16/18/31/33/45/52/58. 

b For each participant, person-years of follow-up was calculated starting from the beginning of the LTFU study (i.e. month 42 visit) or the date when the participant 
reached age 16 years, whichever came later. 

c A case of 6-month persistent infection is a participant who is positive to �1 common gene for the same HPV type in the HPV35/39/51/56/59 PCR assay in two or 
more cervicovaginal/external genital swab, biopsy, or definitive therapy samples obtained at two or more consecutive visits at least 6 months (�1 month) apart. 

d In females, disease includes condyloma, CIN, AIS, VIN, VaIN, and cervical/vulvar/vaginal cancer; in males, this includes condyloma, PIN, and penile/perineal/ 
perianal cancer. 

e A case of 12-month persistent infection is a participant who is positive to �1 common gene for the same HPV type in the HPV35/39/51/56/59 PCR assay in two or 
more cervicovaginal/external genital swab, biopsy, or definitive therapy samples obtained at three or more consecutive visits at least 6 months (�1 month) apart. 

f In female participants. 
g Case of VIN 1. 
h Case of VaIN 1. 
i In male participants. 
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efficacy study of the 9vHPV vaccine [5] and previous efficacy studies of 
the qHPV vaccine. Given the long study duration and that participants 
entered the study as adolescents, discontinuations from the study related 
to the life stage of the participants were expected (e.g., some partici
pants were anticipated to move away to pursue college, careers, or 
family endeavors). Consistent with this expectation, the vast majority of 
discontinuations were due to loss to follow-up or participant decision. 

The study design has a number of strengths that contribute to the 
robustness of the results presented here. The same rigorous methodology 
was used to assess study endpoints as in the pivotal efficacy studies of 
the 9vHPV and qHPV vaccines. The methodology is also similar to that 
used in studies that established long-term effectiveness of the qHPV 
vaccine in girls and boys aged 9–15 years [12] and women aged 16–23 
years [25]. Thus, results of prior 9vHPV and qHPV vaccine studies can 
be used as benchmarks to interpret the results of this study. The study 
was conducted across multiple countries spread over five continents. 
The consistent results across this diverse population support the gener
alizability of these findings, which is important considering that 
HPV-related disease is a global health issue. 

The study did not include a control group since all participants 
received 9vHPV vaccine during the open-label base study. Nonetheless, 
the study provides robust evidence of sustained vaccine effectiveness 
given (1) the absence of disease cases caused by vaccine HPV types 
(similar to observations in the 9vHPV or qHPV arms of previous 9vHPV 
or qHPV vaccine efficacy trials), (2) the consistency of rates of persistent 
infection associated with vaccine HPV types rates between this study 
and previous efficacy studies of 9vHPV and qHPV vaccine, and (3) the 
continued sexual activity and exposure to non-vaccine HPV types during 
the LTFU study involving >1200 participants. 

The WHO recommends a two-dose vaccination regimen for in
dividuals receiving the first vaccine dose between 9 and 14 years of age 
[26], and many countries have implemented two-dose vaccination 
regimens [27]. Previous studies have demonstrated that girls 9–13 years 
of age who received two doses of qHPV vaccine [28–30] and girls and 
boys 9–14 years of age who received two doses of 9vHPV vaccine [31, 
32] have anti-HPV antibody levels that are similar to or higher than 
those in young women 16–26 years of age who received three vaccine 
doses and, also, similar to or lower than those in girls the same age who 
received three vaccine doses. Persistent antibody responses to two-dose 
regimens have been demonstrated through 10 years for the qHPV vac
cine [30] and 3 years for the 9vHPV vaccine [31]. 

As of October 2019, the qHPV vaccine has been licensed in over 130 
countries and 9vHPV vaccine is licensed in over 80 countries. Since 
licensure, HPV vaccination has been implemented as part of the national 
vaccination programs in at least 80 countries [33]. Results from 
post-licensure studies – including assessments of vaccine effectiveness in 
vaccinated populations, post-marketing safety, and long-term effec
tiveness and immunogenicity trials – continue to support the concept 
that broad vaccination programs could help substantially decrease the 
incidence of HPV-related infection and disease. A dramatic, rapid 
decrease in genital warts burden (up to 90%) was observed in several 
countries following the introduction of the qHPV vaccine [34]. Simi
larly, the prevalence of HPV16/18 and related high-grade cervical le
sions significantly decreased (up to 90% and 85%, respectively) 
following the introduction of the qHPV and bHPV vaccines, validating 
HPV vaccination as a means of primary prevention of HPV-related dis
ease [34–36]. Active surveillance and large epidemiological studies 
continue to support the favorable safety profile of HPV vaccination 

Table 4 
Summary of incidence of new sexual partners and chlamydia or gonorrhea among male and female clinical trial participants in the current study and in other studies of 
HPV vaccines.  

Study New sexual partners Chlamydia Gonorrhea 
n Rate per n Rate per n Rate per 

person-yeara 100 person-years 100 person-years 
(95% CI) (95% CI) (95% CI) 

Current study (PPE population)b 

Females (N ¼ 971) 520 0.73c 792 2.52d 792 0.57d 

(0.69–0.77) (1.94–3.22) (0.32–0.94) 
Males (N ¼ 301) 162 1.05c 236 2.58d 236 0.66d 

(0.97–1.14) (1.55–4.03) (0.21–1.53) 
9vHPV vaccine study in womene 

9vHPV vaccine arm (N ¼ 7099) 6738 0.38 6871 2.9 6871 0.2 
(0.37–0.39) (2.7–3.2) (0.1–0.2) 

qHPV vaccine arm (N ¼ 7105) 6750 0.38 6860 2.9 6860 0.2 
(0.37–0.39) (2.7–3.2) (0.1–0.2) 

qHPV vaccine efficacy study in womenf 

qHPV vaccine arm (N ¼ 276) 235 0.37 232 1.2 237 0.0 
(0.33–0.43) (0.5–2.6) (0.0–0.6) 

Placebo arm (N ¼ 275) 233 0.47 234 1.6 237 0.7 
(0.42–0.53) (0.7–3.1) (0.2–1.8) 

qHPV vaccine efficacy study in meng 

qHPV vaccine arm (N ¼ 2025) 1772 1.21  –  – 
(1.17–1.24) 

Placebo arm (N ¼ 2030) 1760 1.26  –  – 
(1.22–1.29) 

Abbreviations: 9vHPV ¼ nine-valent human papillomavirus; LTFU ¼ long-term follow-up; n ¼ participants included in the analysis of new sexual partners; PPE ¼ per- 
protocol effectiveness; qHPV ¼ quadrivalent human papillomavirus. 

a Rate estimates obtained from a Poisson regression model of the number of new male and female sexual partners post-month 7, adjusted for follow-up time. 
b Baseline HPV-naïve population was approximated by the population of participants who were naïve for all of HPV types 6/11/16/18/31/33/45/52/58. The HPV- 

naïve analysis population in this analysis is comprised of participants who were PPE analysis population-eligible for all of HPV types 6/11/16/18/31/33/45/52/58. 
c For each participant, person-years follow-up was calculated starting from the date of sexual debut through the last visit with assessment of sexual history. 
d For each participant, person-years follow-up was calculated starting from the beginning of the LTFU study (i.e. month 42 visit) or the date when the participant 

reached 16 years of age, whichever came later. 
e NCT00543543 (see Huh et al., 2017 [5]). 
f NCT00365716 (see Villa et al., 2006 [22]). 
g NCT00090285 (see Giuliano et al., 2011 [21]). 
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observed in clinical trials [37–40]. Real-world effectiveness and safety 
results, together with the demonstration of durable protection in LTFU 
studies, are important to inform implementation of HPV vaccination 
programs. 
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