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Abstract

Aim: In 9-17-year-old Chinese girls, the AS04-adjuvanted HPV-16/18 vaccine (AS04-

HPV-16/18) given as three-dose schedule induced high antibody levels, which were

noninferior 1 month after the third dose to those observed in 18-25-year-old Chinese

women in a large efficacy study. We assessed the persistence of antibodies 8-9 years

after vaccination in the same subjects.

Methods:This follow-up phase III, open-label study (NCT03355820) included subjects

who had received three doses of AS04-HPV-16/18 in the initial trial (NCT00996125).

Serum antibody concentrations were assessed by ELISA and compared to antibody

persistence observed in 18-25-year-old Chinese women 6 years after first vaccination

in the efficacy study (NCT00779766).

Results: Out of the 227 enrolled subjects, 223 were included in the per-protocol

immunogenicity analysis. Mean interval from first AS04-HPV-16/18 dose to blood

sampling was 101.4 months (8.5 years). For antibodies against HPV-16 and -18, 8.5

years after first vaccine dose all subjects remained seropositive and antibody. Geomet-

ric mean concentrations (GMCs) were 1236.3 (95% confidence interval [CI]: 1121.8;

1362.4) and535.6 (95%CI: 478.6; 599.4) ELISAUnits/mL, respectively. These seropos-

itivity rates and antibody GMCs were higher than those observed 6 years after first

vaccination of 18-25-year-old women.

Conclusion: Sustained anti-HPV-16 and -18 immune responses were observed 8-9

years after AS04-HPV-16/18 vaccination of 9-17 year-old Chinese girls that were

higher than the ones observed 6 years after first vaccination in Chinese adult women
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in whom AS04-HPV-16/18 efficacy against cervical intraepithelial neoplasia of grade

≥2was demonstrated.
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1 INTRODUCTION

Persistent human papillomavirus (HPV) infection is causal for develop-

ing cervical cancer.1 In 2018, about 570 000 new cervical cancer cases

were estimated to be annually diagnosed worldwide.2 In China, this

estimated number is approximately 105 000.3 Cervical cancer ranks as

the third most frequent cancer among women aged 15-44 years and is

the second leading cause of cancer deaths in this age segment.3 Among

oncogenic HPV types, HPV-16 and HPV-18 are the most frequently

associated with cervical cancers. In China, it was estimated that 59.5%

and9.6%of cervical cancerswere attributable toHPV-16 andHPV-18,

respectively.3

To date, three vaccines are available for the prevention of HPV-

related lesions: the AS04-adjuvanted HPV-16/18 (AS04-HPV-16/18)

vaccine (Cervarix, GSK), the quadrivalent HPV-6/11/16/18 vaccine,

and the nonavalent HPV-6/11/16/18/31/33/45/52/58 vaccine (both

MSD). These HPV vaccines contain virus-like particles and have been

demonstrated to be efficacious against infections and precancerous

lesions caused by the vaccine HPV-types.4-6 The AS04-HPV-16/18

vaccine showed a 93.2% efficacy against cervical intraepithelial neo-

plasia grade three or greater (CIN3+) irrespective of HPV type in HPV

naïve young women.6 It is adjuvanted with AS04, an adjuvant system

containing an agonist of the toll-like receptor 4 adsorbed onto alu-

minum hydroxide.7,8 This vaccine was first licensed in 2007 and more

recently (2016) in China. It was the first vaccine approved for cervical

cancer prevention in female population aged 9-15 years in mainland

China with the broadest age indication 9-45-year-old.

HPV vaccination programs were introduced in more than 90 coun-

tries but disparity in coverage rates has been reported.9,10 Surveillance

data evidenced the global impact of vaccination on HPV-16/18 inci-

dence when sufficient coverage rate is achieved.11 Recently published

results from a retrospective population study in Scotland demon-

strated the high effectiveness of the AS04-HPV-16/18 vaccine against

preinvasive cervical disease and evidenced substantial herd protec-

tion in unvaccinated women.12 Moreover, results from two observa-

tional studies conducted in Scotland and the Netherlands reported

the effectiveness of the AS04-HPV-16/18 vaccine against nonvac-

cine types HPV-31/33/45 and HPV-31/35/45/52, respectively.13,14

This real-world evidence of effectiveness against nonvaccine types is

aligned with the cross-protective vaccine efficacy against 6- and 12-

month persistent infections for the combined HPV-31/33/45 types

shown in Chinese women aged 18-25 years vaccinated with the AS04-

HPV-16/18vaccine.15 Basedon theevidenceavailable todate, thepro-

tection provided by the AS04-HPV-16/18 vaccine against HPV types

other than 16/18 is presumably due to the adjuvant system.16-18

As the risk of cervical HPV infection is related to sexual activity

and considering the prophylactic nature of the HPV vaccines,19,20 vac-

cination should occur before onset of sexual activity.21 Long-lasting

protection is, however, crucial to protect girls and women during the

early years of their sexual activity when the risk of infection is the

highest.22-24 The basis for long-lasting protection may be a sustained

high immune response, though no immune correlate of protection has

been established so far.25,26 Recent expert reviews even postulated

that aside from the neutralizing antibodies, nonneutralizing antibodies

as well as cellular immunity were important contributors to the mech-

anism of protection of HPV vaccines.17,27,28 High levels of anti-HPV-

16 and -18 antibodies have been measured up to 10 years after AS04-

HPV-16/18 vaccination in different age groups.25,29 Even though

antibody kinetic profiles present a sharp increase after vaccination fol-

lowed by a slow decrease to reach a plateau, its level tends to be higher

with younger age at vaccination. This trend, together with the need

of vaccinating women before their sexual debut, supports the World

HealthOrganization (WHO) recommendation of vaccination programs

targeting young adolescents.30

In China, the introduction of theAS04-HPV-16/18 vaccine followed

a broad clinical development program. The pivotal efficacy study in

China (NCT00779766) showed high efficacy against CIN grade 2 or

greater (CIN2+) in Chinese women aged 18-25 years.31,32 As such,

clinical endpoint could not be analyzed in younger subjects due to

ethical considerations, and licensure in younger age groups was sup-

ported by immunobridging results. A phase III, double blind, random-

ized, controlled trial (NCT00996125) demonstrated noninferiority of

the immune response 1 month after completion of three-dose vacci-

nation in Chinese girls aged 9-17 years when compared to the 18-25

years old women from the pivotal efficacy study.33

Here, we present results from the phase III, follow-up study

(NCT03355820) assessing thepersistenceof immune responseagainst

HPV-16/18, up to 8.5 years after the first dose or approximately 8

years after completion of the three-dose course in the same subjects.

Figure 1 summarizes the research, clinical relevance, and impact of this

study on the patient population.

2 METHODS

2.1 Study design and participants

The initial study (NCT00996125) was a phase III, double-blind, ran-

domized, controlled trial, conducted in the Center for Disease Control

and Prevention (CDC) in Thaizhou city (Jiangsu, China) between Octo-
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F IGURE 1 Focus on the patient [Colour figure can be viewed at wileyonlinelibrary.com]

F IGURE 2 Study design AS04-HPV-16/18: AS04-adjuvanted HPV-16/18 vaccine

ber 2009 and December 2010, in which girls aged 9-17 years at the

time of vaccination received three doses of the AS04-HPV-16/18 vac-

cineor analuminumhydroxide (AlOH3) placeboatmonths0, 1, and6.33

AS04 is aGSKproprietaryAdjuvant Systemcontaining 3-O-desacyl-4′-
monophosphoryl lipid A (50 µg MPL) adsorbed on aluminum salt (500

µg Al3+). Dosage, route of administration, and criteria for inclusion and

exclusion of subjects have been previously described.33

All healthy subjects who completed three-dose vaccination with

the AS04-HPV-16/18 vaccine in the previous study were eligible for

inclusion. The present phase III, follow-up study (NCT03355820) was

an open-label study conducted in the same CDC center between

February and June 2018 (Figure 2). Subjects having received any

anti-HPV vaccination outside of the previous study, or any investiga-

tional/nonregistered product that could have had an impact on the

study objectives during the 30-day period before the study visit, were

excluded. Concomitant participation in another clinical study and con-

traindication related to blood drawing procedure were also exclusion

criteria. All subjects having completed the initial study were invited

to this follow-up study. Written informed consent was obtained from

each subject before their enrollment in the study. For subjects below

18 years old, that is, the legal age of consent, written informed con-

sent was obtained from their parents or legally acceptable representa-

tives aswell aswritten informedassent from the subject. The studywas

conducted in accordance with the country regulatory requirements

and following the guidelines from the Declaration of Helsinki and the

International Conference on Harmonization-Good Clinical Practices.

The study protocol, any amendments, the informed consent, and any

other information that required approval were submitted to the Ethics

Committee of Jiangsu Provincial CDC and to the Human Genetics

Resources Administration of China for review and approval.
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F IGURE 3 CONSORT diagram. AS04-HPV-16/18 vaccine: AS04-adjuvanted HPV-16/18 vaccine. Abbreviation: N, number of subjects

2.2 Immunogenicity assessment

One blood sample of approximately 5 mL was collected to assess the

immune response against HPV-16 and HPV-18 (primary objective) by

measuring antibody concentrations by Enzyme Linked Immunosorbent

Assays (ELISA). The methodology was described previously and trans-

ferred to the National Institute for Food and Drug Control, China.34

Seropositivity was defined as a concentration above assay cutoff, that

is, 19 ELISAUnits (EU)/mL (3.1 InternationalUnits [IU]/mL) forHPV-16

and 18 EU/mL (3.2 IU/mL) for HPV-18. The conversion factors from EU

to IU are 1/6.1 for HPV-16 and 1/5.7 for HPV-18.

A secondary objective of the study was to compare the persistence

of immune response against HPV-16/18, 8.5 years after the first vac-

cine dose in Chinese girls aged 9-17 years, with the antibody persis-

tence observed 6 years after first vaccination of Chinese women aged

18-25 years from the efficacy study (NCT00779766).32

2.3 Safety assessment

Only serious adverse events related to the study procedures or to con-

comitant GSK product and events with a fatal outcome were to be

reported.

2.4 Statistical methods

The statistical analyses were performed using the Statistical Analy-

sis Systems Drug Development. Immunogenicity analyses were per-

formed on the per-protocol set consisting of subjects who were

included in the according-to-protocol cohort for immunogenicity anal-

ysis in the initial study and had serology results available for the follow-

up study.33 Seroconversion and seropositivity rates with exact 95%

confidence intervals (CI), as well as geometric mean concentrations

(GMCs) with 95%CI, were calculated.

2.5 Data availabilities

Anonymized individual participant data and study documents can be

requested for further research from www.clinicalstudydatarequest.

com.

3 RESULTS

3.1 Study participants

All 369 girlswho completed the initial studywere invited to participate

in this follow-up; 228were enrolled, of which 227were included in the

exposed set, meaning that they had received the three doses of AS04-

HPV-16/18 vaccine during the initial study. After elimination of four

subjects who were eliminated from the according-to-protocol cohort

in the initial vaccination study, a total of 223 women constituted the

per-protocol set (Figure 3).

Demographic characteristics of the subjects included in the per-

protocol set are presented in Table 1. The mean age of the 223 sub-

jects at the time of the follow-up visit was 21.6 years (standard devia-

tion [SD]: 2.3) and seven (3.1%) of themwere 17-year-old adolescents.

The mean time between the first vaccine dose received during the ini-

http://www.clinicalstudydatarequest.com
http://www.clinicalstudydatarequest.com
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TABLE 1 Demographic characteristics of the subjects included in
the per-protocol set (N= 223)

Age (years)

Mean (SD) 21.6 (2.3)

Median (Min –Max) 22.0 (17-26)

Age group, n

<18 years old (%) 7 (3.1)

≥18 years old (%) 216 (96.9)

Time between first vaccine dose and blood sampling (months)

Mean (SD) 101.4 (1.2)

Median (Min –Max) 101.2 (100-104)

Ethnicity, n

Asian-East Asian Heritage (%) 223 (100)

Abbreviations: Max, maximum; Min, minimum; N, total number of subjects;

n, number of subjects in a category; SD, standard deviation.

tial study and the follow-upvisit of thepresent studywas101.4months

(SD: 1.2), approximately 8.5 years. All subjects were of Asian ethnicity.

3.2 Immunogenicity

Approximately 8.5 years after having received their first vaccine dose

at age of 9-17 years, all subjects were still seropositive for antibod-

ies against HPV-16 and HPV-18 (Table 2). These seropositivity rates

were higher compared to the persistence rates reported by Zhu and

colleagues 6 years after first vaccine dose in women from the pivotal

efficacy study.32 They measured that 95.2% (95% CI: 91.6; 97.6) and

96.1% (95% CI: 92.7; 98.2) of women aged 18-25 years at vaccination

were still seropositive for antibodies against HPV-16 and HPV-18 at

month 72, respectively (reported in Table 2 for comparison).

In subjects aged 9-17 years, antibody GMCs measured by ELISA

were 1236.3 EU/mL (95% CI: 1121.8; 1362.4) and 535.6 EU/mL

(95% CI: 478.6; 599.4) for anti-HPV-16 and anti-HPV-18, respectively

(Table 2). These values were, respectively, 2- and 1.5-fold higher than

compared to antibody GMCs measured 6 years after vaccination of

women aged 18-25 years in the pivotal efficacy study32 (presented in

Table 2 for comparison).

3.3 Safety

There were no serious adverse events nor deaths reported during the

study.

4 DISCUSSION

Due to their prophylactic nature,HPVvaccines have thehighest impact

when administered to HPV-naive subjects. Young adolescent girls

are, therefore, the primary target population of most immunization

programs.30 Here, we present the first data on long-term persistence

of the immune response elicited inChinese girls aged9-17 years at first

vaccination with the AS04-HPV-16/18 vaccine.

In all subjects, seropositivity for HPV-16 and HPV-18 antibodies

was sustained up to 8.5 years after first vaccination. Seropositivity

rates were higher compared to the persistence rates measured 6 years

after first vaccine dose in women from the pivotal efficacy study.

The same trend was observed for the GMCs, even though sampling

was done after 2 additional years in the current study (Table 2). This dif-

ference was already observed 1 month after the third vaccine dose as

anti-HPV-16GMCswere 18682.4 EU/mL (95%CI: 17162.7; 20336.6)

versus 6996.2 EU/mL (95% CI: 6211.7; 7879.7) for women aged 9-17

and 18-25 years, respectively.33 The same trend was observed for

anti-HPV-18 GMCs, that is, 7882.4 EU/mL (95% CI: 7079.0; 8777.1)

TABLE 2 Year 8.5 anti-HPV-16/18 antibody seropositivity rates and GMCs in subjects aged 9-17 years at vaccination comparedwith year 6
results in women aged 18-25 years at vaccination from the pivotal efficacy study (per-protocol set)

Study Seropositivity rate GMC

Age group (years) Timing
a
(years) N N % (95%CI) EU/mL (95%CI)

HPV-16

Follow-up 223 223 100 (98.4-100) 1236.3 (1121.8-1362.4)

9-17 8.5

Pivotal efficacy 229 218 95.2 (91.6-97.6) 691.7 (578.6-826.8)

18-25 6

HPV-18

Follow-up 223 223 100 (98.4-100) 535.6 (478.6-599.4)

9-17 8.5

Pivotal efficacy 229 220 96.1 (92.7-98.2) 355.3 (305.4-413.4)

18-25 6

Abbreviations: CI, confidence interval; EU, ELISA unit; Follow-up study, NCT03355820; GMC, geometric mean concentration; N, total number of subjects; n,

number of seropositive subjects; Pivotal efficacy study, NCT00779766.
aYears between first vaccine dose administration and blood sampling.
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versus 3309.4 EU/mL (95% CI: 2941.9; 3722.8) in women aged 9-17

and 18-25 years at vaccination, respectively.33 From the comparison

of the values measured 1 month after administration of the third dose

with the results from the 8.5-years follow-up, we observe antibody

GMC decline over the 8 years period for both HPV-16 and HPV-18 in

girls aged 9-17 years at vaccination.33

As expected from previous studies,25,29 the immune response to

HPV-16 and HPV-18 detected in vaccinated subjects remains, respec-

tively, 41.5- and 23.6-fold above the antibody concentrations observed

in unvaccinated women with evidence of having cleared an HPV-16

or HPV-18 infection (ie, seropositive and DNA negative; 29.8 and

22.7 EU/mL, respectively).26,35 Although not unequivocal, the immune

response elicited after natural infection with HPV can reduce the risk

of reinfection with the same HPV type.36,37 While no immune corre-

late of protection for HPV-16/18 vaccination has been identified, anti-

bodyGMCplateau levelsmeasured in vaccinatedwomen inwhomvac-

cineefficacyhasbeendemonstratedup to9.4years (418.3EU/mL [95%

CI: 344.0; 508.6] for HPV-16 and 242.6 EU/mL [95% CI: 199.3; 295.2]

for HPV-18 at month 107-113 timepoint) and GMCs levels in women

who were able to clear a natural infection, are valuable benchmarks

abovewhich serological protection is thought tobeeffective.25,38 Thus,

despite the lack of immune correlate of protection, the high immune

response sustained in the 9-17 years age group should be indicative

of protective effect conferred by the AS04-HPV-16/18 vaccine, as

demonstrated in Chinesewomen aged 18-25 years at vaccination.31-33

The exact mechanism of protection conferred by HPV vaccination

is still to be fully elucidated. Strong and persistent neutralizing anti-

body levels together with cellular immune response triggered by the

vaccine are thought to be involved in its ability to protect the host

fromHPV infections, even though theymay not be the onlymechanism

of action.17,27,28,39-41 Correlation between serum and mucosal anti-

body concentrations in cervicovaginal samples suggests transudation

of immunoglobulin G in the female genital tract.29,42 To date, follow-up

studies have been conducted for up to 12 years.25,29,43,44 The current

results add Chinese-specific data to the body of evidence describing

the long-term kinetic of immune response in women vaccinated with

AS04-HPV-16/18. Previous fitting of experimental kinetic profiles of

anti-HPV-16/18 concentrations with mathematical models predicted

that girls vaccinated at 15-25 years of age would have anti-HPV-16

and -HPV-18 antibody levels above natural infection levels for 38 and

28 years after vaccination, respectively.29,45 Such long-lasting immune

response is key for achieving optimal protection of vaccinated women,

being at risk ofHPV infection throughout their periodof sexual activity.

The observation of such high and sustainable immune response in

Chinese girls vaccinated with three doses of AS04-HPV-16/18 vac-

cine also suggests that reduction of schedule to two doses in ado-

lescent may be considered to be sufficient for protection in this

population.46-49 As recommended by the WHO,30 two-dose sched-

ule in adolescent has been adopted by many countries, such as

the United Kingdom, the United States, Germany, and Canada. By

2017, 48 countries worldwide had adopted a two-dose vaccination

schedule in their national programs as it improves compliance and

cost-effectiveness.50

The present study has several limitations. Follow-up was conducted

for the sole vaccinegroup, using results of thepivotal studyashistorical

comparator. The comparison is, however, relevant as both studieswere

conducted in the same geographical area.

Although the immune response detected 8.5 years after vacci-

nation was in line with data generated in other studies, the inter-

mediate timepoints, that is„ between 7 months and 8.5 years after

first vaccination, could have been helpful for determining the kinet-

ics and experimental plateau level in this population. The study

was limited to serological endpoints, while assessment of cellular-

mediated immunity could also have been of interest for corrob-

orating the assumed mechanisms of protection. Finally, the initial

study was an immunobridging study in subjects too young for the

assessment of gynecological endpoints. Direct demonstration of long-

term protection could support the impact of HPV-vaccination in this

population.

In conclusion, vaccination of Chinese girls aged 9-17 years with

three doses of AS04-HPV-16/18 vaccine induced high and sustained

immune response up to 8.5 years after first dose administration. Anti-

body levels were higher than those observed in vaccinated Chinese

adult women although they were assessed after 2 years longer period

in vaccinated girls than in women. They were also several folds higher

thanafter natural infection in adultwomen (global data). These findings

are consistent with global AS04-HPV-16/18 vaccine data and suggest

that subjects vaccinated with three-dose schedule at 9-17 years of age

are likely to be protected for decades. The vaccine showed an accept-

able safety profile in this population.
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