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ABSTRACT

The study assessed long-term immunopersistence and safety of the Escherichia coli (E. coli)-produced
HPV-16/18 bivalent vaccine. In total, 979 participants in the initial immunogenicity noninferiority study,
including girls aged 9-14 years who were randomized in a 1:1 ratio to receive 2 doses at months 0 and 6 (n
=301) or 3 doses at months 0, 1 and 6 (n = 304); girls aged 15-17 years (n = 149) and women aged 18-26
years (n = 225) who received 3 doses of the vaccine, were invited to participate in follow-up to 30 months
post vaccination (NCT03206255). Serum samples were collected at months 18 and 30, and anti-HPV-16/18
IgG antibodies were measured by enzyme-linked immunosorbent assay. Serious adverse events (SAEs)
occurred from month 7 through month 30 were recorded. At month 30, in the per-protocol set, all
participants remained seropositive, except for one girl in the 9-14 years (2 doses) group who serocon-
verted to negative for HPV-18. HPV-16 and HPV-18 antibody levels were higher in girls aged 9-17 years
who received 3 doses (125.3 and 60.2 IlU/ml) than in women aged 18-26 years who received 3 doses (72.6
and 28.3 |U/ml), and those in girls aged 9-14 years who received 2 doses (73.2 and 24.9 [U/ml) were
comparable to those in women aged 18-26 years who received 3 doses. No SAEs were reported to be
causally related to vaccination. The E. coli-produced bivalent HPV-16/18 vaccine is safe and induces
persistent protective antibodies for up to 30 months after vaccination in girls aged 9-17 years receiving
2 or 3 doses.
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vaccine (Gardasil °9, Merck), and vaccination programs are

Introduction
being implemented. Due to the high incidence of cervical HPV

Human papillomavirus (HPV) infection has been identified as
a cause of cervical cancer, which is the fourth most common
cause of cancer-related morbidity and mortality in women
worldwide."”? Annually, nearly 600,000 new cases of and
340,000 deaths due to cervical cancer occur worldwide.” In
China, the estimated numbers are 109,741 and 59,060,
respectively.” Among oncogenic HPV types, HPV-16 and
HPV-18 are the most common and account for approximately
70% of cervical cancer cases.*”

As an effective primary cervical cancer prevention tool, HPV
prophylactic vaccines are expected to reduce the impact of this
public health problem. Four safe and highly effective vaccines
against HPV have been available since 2006, including two HPV-
16/18 bivalent vaccines (Cervarix., GSK; and Cecolin®, Xiamen
Innovax), the HPV-6/11/16/18 quadrivalent vaccine (Gardasil®,
Merck), and the HPV-6/11/16/18/31/33/45/52/58 9-valent

infection in women attributable to their first sexual relationship
and considering the nature of HPV prophylactic vaccines, vac-
cination before the onset of sexual activity is an ideal public
health strategy.° The World Health Organization (WHO)
recommends the vaccination of adolescent girls in all countries;
a 2-dose schedule with a 6-month interval between doses is
recommended for girls aged 9-14 years, given that the current
evidence indicates that the immunogenicity induced by 2 doses
of the HPV vaccine in girls aged 9-14 years is noninferior to that
induced by 3 doses in women aged 15-24 years.” However, the
risk of HPV infection persists throughout a woman’s sexual life.
Thus, the duration of protection provided by HPV vaccination is
critical to the vaccine’s overall effectiveness.

The new HPV-16/18 vaccine from Xiamen Innovax
Biotech, Xiamen, China (Cecolin®) is a mixture of two alumi-
num hydroxide adjuvant-absorbed recombinant HPV-16 and
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HPV-18 L1 virus-like particles (VLPs) expressed in Escherichia
coli (E. coli), which is stable, highly productive and
inexpensive.® A phase III, double blind, randomized, con-
trolled trial (NCT01735006) showed that the new vaccine was
highly effective against HPV-16/18 persistent infection and
associated cervical intraepithelial neoplasia grade 2 or higher
(CIN2+) in Chinese women aged 18-45 years.” Clinical end-
points could not be analyzed in girls due to ethical considera-
tions, and immunobridging results were used to indirectly
demonstrate the vaccine’s effectiveness in young girls. A single-
centered, age-stratified immunobridging study (NCTO02
562508) demonstrated noninferiority of the immune response
1 month after the full course of vaccination in Chinese girls
aged 9-14 years who received 2 doses and girls aged 9-17 years
who received 3 doses compared to that in young women aged
18-26 years who received 3 doses.'” Based on these positive
results, Cecolin® was licensed in China on 31 December 2019,
and is the only HPV vaccine approved for a 2-dose schedule in
China to date. Moreover, Cecolin® was accepted by the WHO
for prequalification on 14 October 2021. Accordingly, the
coverage of HPV vaccines will be greatly increased in China
and other developing countries, which is of great significance
to achieve the global strategic goal of eliminating cervical
cancer by 2030."'

Currently available data have demonstrated that the
vaccine induces robust protection for up to 5.5years fol-
lowing vaccination in women aged 18-45years, and the
antibody levels at month 7 were inversely associated with
age;'>'” however, the antibody kinetic profiles in females
in different age groups are unknown. Moreover, girls aged
9-14 years may not engage in sexual activity for an addi-
tional 3-8 years, as a multicenter survey has suggested that
the median age of sexual debut is approximately 17 years
in Chinese females;'* therefore, exploring the duration of
immune responses in girls after the completion of a full or
reduced-dose series to determine whether a booster is
necessary and if so, when to administer the booster before
the implementation of vaccine programs is important and

urgent. Here, we present the results of an immunobridging
follow-up study (NCT03206255) that assessed the persis-
tence of the immune response against HPV-16 and HPV-
18 for up to 30 months after the first vaccination.

Methods
Study design and population

This study is an ongoing extension of an immunobridging
study on an E. coli-produced HPV bivalent vaccine (Cecolin®,
Xiamen Innovax Biotech, Xiamen, China) (Initial study,
NCT02562508). The initial study was completed in July 2016,
and the protocol and results of the trial have been reported
previously.10 In brief, from 5 December 2015, to
13 December 2015, 754 healthy Chinese girls aged 9-17 years
and 225 healthy Chinese women aged 18-26 years from
Sheyang County, Jiangsu Province, China, were enrolled to
receive an E. coli-produced recombinant HPV-16 and HPV-
18 bivalent vaccine; this study aimed to compare the immuno-
genicity induced by the HPV vaccine in girls receiving 2 or 3
doses with that in young adult women receiving 3 doses. Girls
aged 9-14 years were randomized to receive 2 doses (at months
0 and 6) or 3 doses (at months 0, 1 and 6) in an age-stratified
manner (9-11 years and 12-14 years, with a ratio of 1:1). Girls
aged 15-17 years and young adult women aged 18-26 years
were allocated to receive 3 doses (at months 0, 1 and 6).
Blood samples were collected on day 0, in month 6, and in
month 7 of the study to evaluate immunogenicity, and safety
data were collected and assessed. The trial excluded individuals
who were pregnant, had immunosuppressive/immunodeficient
conditions, had allergic disease, had serious medical conditions
or were previously vaccinated against HPV. In this extended
follow-up study, all subjects were invited to donate blood
samples at month 18 and month 30 for immunogenicity ana-
lysis, and serious adverse events (SAEs) that occurred between
month 7 and month 30 were carefully investigated and
recorded for safety assessment (Figure 1). Written informed

Initial study Extended follow-up study
(NCT02562508) (NCT03206255)
9-14 years N=298 | |N=296 N=293 N=275
(2 doses) I-N”1 199.0%)[(98.3%)|  CHELD) (91.4%)
9-14 years I — N=298 | |N=295 | |N=289 N=296 = N=283
(3 doses) N304 (98.0%)] 1(97.0%)| |(95.1%)] NECHEYAH) (93.1%)
979 subjects |_|
enrolled 15-17 years N=148 | [N=145 | [N=143 | PSR N=127
M (3 doses) JLNT1HO 99.3%)[197.3%)[196.0%)| (EAGD) (85.2%)
18-26 yearsl = N=220 | |N=215 | [N=208 N=207 [ N=190
(3 doses) JLN=223 97.8%)| 195.6%)| |(92.4%)| [CRAED) (84.4%)
Safety >
Blood sample ® ] L L L/
Vaccination / /
n L) L) L) L) 1
Month 0 1 6 7 18 30

Figure 1. Study design. /: Vaccination; Q : Blood collection. Vaccines were administered during the initial study at 0, 1, and 6 months (3 doses) or at 0 and 6 months
(2 doses). All subjects wére invited to donate blood samples in month 18 and month 30 for antibodies analysis in the extended follow-up study. The text boxes show the

number and follow-up rate of the subjects vaccinated/sampled at each time point.



consent was obtained from each participant, or their legal
guardian, who was invited to participate in this extension
study. The trial was registered with ClinicalTrails.gov
(NCT03206255), and the protocols were approved by the
Ethics Committee of the Jiangsu Provincial Center for
Disease Control and Prevention (JSJK2017-B005-02).

Antibody detection

All serum samples were evaluated for anti-HPV-16 and anti-
HPV-18 IgG using a type-specific enzyme-linked immunosor-
bent assay (ELISA), as reported previously.'”'*'® In brief, each
well of a 96-well microtiter plate was coated with HPV-16 or
HPV-18 VLPs expressed by E. coli. After blocking, serially
diluted serum samples were added, and then horseradish per-
oxidase-conjugated goat anti-human IgG was added. After the
color reaction, the optical density (OD) was read at 450/620
nm. Antibody titers were calculated using diluted samples with
an OD that fell within the working range of the standard curve.
References traceable to WHO International Standards for anti-
bodies against HPV-16 (NIBSC code 05/134) or HPV-18
(NIBSC code 10/140) were used for serum quantification.
Seropositivity was defined as an antibody level greater than
or equal to the assay threshold of 3.0 international units per mL
(IU/ml) for HPV-16 and 2.1 IU/ml for HPV-18. Seronegative
samples were assigned an arbitrary value of half the threshold
value as the antibody level.

Statistical analysis

The primary objective of this study was to evaluate the
durability of vaccine-induced serum HPV-16 and HPV-18
antibodies following the administration of a 2-dose regimen
of the E. coli-produced HPV bivalent vaccine in girls aged
9-14 years and a 3-dose regimen in girls aged 9-17 years.
The secondary objective was to evaluate the long-term
safety of the vaccine during follow-up. For comparison of
immunogenicity levels among the vaccination groups, the
Newcombe-Wilson method'® was used to calculate

Table 1. Characteristics of the participants.
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differences in seropositivity rates, and the ratio of geo-
metric mean concentrations (GMCs) was computed using
the T test for log-transformed concentrations.

The primary outcome of interest was analyzed in the per-
protocol set (PPS), which was composed of participants who
met the following requirements: 1) seronegativity for the corre-
sponding IgG antibody at Day 0; 2) receipt of all the scheduled
vaccine doses, with no important protocol violations; and 3)
available results for serological IgG antibody at month 18 or
month 30. The results of the intention-to-treat (ITT) population
are also presented, which included all participants who received at
least one dose, regardless of their antibody status at entry and
whether they adhered to the protocol. Safety analyses were based
on all the subjects who participated in this extended follow-up
study.

Statistical analyses were performed with SAS version 9.4
software (SAS Institute, Cary, North Carolina).

Results
Study participants

All 979 participants in the initial study were invited to partici-
pate in this follow-up study, initiated at month 18 post first
vaccination. Study compliance was high; 96.0% (940/979) of
the participants were followed at month 18, and 89.4% (875/
979) of the participants were followed at month 30.
Compliance in 9- to 17-year-old girls was higher than that in
18- to 26-year-old young women (Figure 1). However, age was
still balanced between the 2-dose and 3-dose subgroups of the
9- to 14-year-old group who participated at both month 18 and
month 30. A total of 83.0% (780/940) and 87.1% (819/940) of
the participants were included in the PPS analysis of HPV-16
and HPV-18 at month 18, respectively. The percentage of
participants included in the PPS analysis at month 30 (83.1%,
727/875 for HPV-16 and 87.5%, 766/875 for HPV-18) was
similar to that at month 18 (Table 1). The most common
reason for exclusion from the PPS analysis was seropositivity
for the corresponding HPV type IgG at Day 0 (before

9-14 years (2 doses)

9-14 years (3 doses)

9-17 years (3 doses) 18-26 years (3 doses)

Month 18
No. 293 296 440 207
Age*, mean (SD) (year) 11.5 (1.8) 11.4(1.8) 12.9 (2.5) 22.5(2.6)
PPS16, n° (%) 262 (89.4) 241 (81.4) 361 (82.0) 157 (75.8)
PPS18, n® (%) 270 (92.2) 255 (86.1) 381 (86.6) 168 (81.2)
Month 30
No. 275 283 410 190
Age, mean (SD) (year) 11.5(1.8) 11.4(1.8) 12.7 (2.5) 22.6 (2.6)
PPS16, n® (%) 246 (89.5) 230 (81.3) 335 (81.7) 146 (76.8)
PPS18, n® (%) 253 (92.0) 245 (86.6) 355 (86.6) 158 (83.2)

Abbreviations: 9-14 years (2 doses): girls aged 9-14 years who were vaccinated at 0 and 6 months; 9-14 years (3 doses): girls aged 9-14 years who were vaccinated at 0, 1,
and 6 months; 9-17 years (3 doses): girls aged 9-17 years who were vaccinated at 0, 1, and 6 months; 18-26 years (3 doses): girls aged 18-26 years who were vaccinated

at 0, 1, and 6 months; SD, standard deviation; PPS, per-protocol set; No., number.

*The number includes individuals in the respective age groups who were seronegative for the corresponding type of IgG antibody (HPV-16 IgG antibodies for PPS16 and
HPV-18 1gG antibodies for PPS18) at Day 0, who received all the scheduled vaccine doses, and who had no important protocol violation, with effective antibody results

at month 18.

PThe number includes individuals in the respective age groups who were seronegative for corresponding type of IgG antibody (HPV-16 IgG antibodies for PPS16 and
HPV-18 IgG antibodies for PPS18) at Day 0, who received all the scheduled vaccine doses, and who had no important protocol violation, with effective antibody results
at month 30. *: age at enrollment in initial immunobridging study (NCT02562508).
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vaccination). The seropositivity rates and the GMC level of
natural infection at Day 0 among groups were reported pre-
viously in the initial study."’

Immunogenicity

In the PPS, all participants remained seropositive for I1gG
antibodies against HPV-16 and HPV-18 (both 100%) at
month 18 after the first vaccination. At month 30, the
seropositivity rate of HPV-16 IgG antibodies was also
100%, and only one girl in the 9-14 years (2 doses) group
seroconverted to negative for HPV-18 IgG antibodies
(Table 2). In the ITT analysis, the majority of the partici-
pants (>99.0%) remained seropositive for HPV-16 and
HPV-18 IgG for the duration of follow-up through month
30 (Table S1).

The immunological kinetic profiles showed that both
vaccine genotype antibodies peaked at month 7 and then
subsequently declined through month 30, but the declining
trend slowed with time (Figure 2). At month 30, the GMCs
(95% CI) for HPV-16 IgG antibodies were 125.3 (115.3,
136.1) IU/ml in girls aged 9-17years who received 3
doses, 73.2 (66.0, 81.1) IU/ml in girls aged 9-14 years who
received 2 doses, and 72.6 (63.9, 82.6) IU/ml in women
aged 18-26 years who received 3 doses. The GMCs of HPV-
18 antibodies were 60.2 (54.8, 66.2) IU/ml, 24.9 (22.4, 27.6)
IU/ml and 28.3 (24.6, 32.6) IU/ml, respectively. At months
18 and 30, the GMCs for HPV-16 antibodies (between 1.33-
and 1.92-fold) and HPV-18 antibodies (between 1.47- and
2.67-fold) were higher in girls aged 9-14 years and girls
aged 15-17 years who received 3 doses than in women
aged 18-26 years who received 3 doses. The GMCs in girls
aged 9-14 years who received 2 doses were comparable to
those in women aged 18-26 years who received 3 doses
(GMC ratio: 1.01-1.05) for HPV-16, while the GMCs in
girls aged 9-14 years who received 2 doses were slightly
lower than those in women aged 18-26 years who received
3 doses (GMC ratio: 0.88-0.91) for HPV-18 (Table 3 and
Table S2). The results between the ITT analysis and PPS
analysis were consistent (Table S3). Moreover, similar to
the previously reported correlation between GMC levels
and age at month 7,'” the GMCs of IgG antibodies against
both HPV-16 and -18 decreased with increasing age at
month 30. Remarkably, however, in girls who received 2
doses at months 0 and 6, the immune response against
HPV-16 and HPV-18 was the weakest in those aged 9
years (58.8 IU/ml and 19.4 IU/ml); the GMC increased to
the peak level in those aged 10 years for HPV-16 (84.1 1U/
ml) and aged 12 years for HPV-18 (31.0 IU/ml) (Figure 3).

Safety

Twenty SAEs in nineteen participants were reported: five in
the 9-14 years age group (2 doses), seven in the 9-17 years
age group (3 doses), and eight in the 18-26 years age group
(3 doses). However, none were fatal, and none were con-
sidered by the investigator to be related to the study vac-
cine (Table S4).

doses)
0.00
(-1.05, 2.39)

0.00
(—1.00, 2.24)

0.00
(—1.13, 2.56)

0.00
(-1.07, 2.37)

9-17 years (3

0.00
(=1.57, 2.39)

0.00
(—1.48, 2.24)

0.00
(—1.64, 2.56)

(3 doses)
9-14 years (3
doses)
0.00

(=1.54, 2.37)

0.00
(=1.45, 2.39)

0.00
(=1.40, 2.24)

doses)
0.00
(—1.54, 2.56)
—-0.40
(=2.20, 2.00)

Difference in Seropositivity Rates (95% Cl) vs. 18-26 years
9-14 years (2

(%)
100.0
(97.7,100.0)

100.0
(97.8, 100.0)

100.0
(97.5, 100.0)

100.0
(97.7, 100.0)

Seropositivity (95% Cl)
Abbreviations: PPS, per-protocol set; 9-14 years (2 doses): girls aged 9-14 years who were vaccinated at 0 and 6 months; 9-14 years (3 doses): girls aged 9-14 years who were vaccinated at 0, 1, and 6 months; 9-17 years (3 doses):

18-26 years (3 doses)

No./Total
No.
157/157
168/168
146/146
158/158

(%)
100.0
(99.0, 100.0)

100.0
(99.0, 100.0)

100.0
(98.9, 100.0)

Seropositivity (95% Cl)
100.0
(99.0, 100.0)

9-17 years (3 doses)

No./Total
No.
361/361
381/381
335/335
355/355

(%)
(98.5, 100.0)

Seropositivity (95% Cl)

100.0
100.0

(98.6, 100.0)
100.0

(98.4, 100.0)
100.0

(98.5, 100.0)

9-14 years (3 doses)

No./Total
No.
241/241
255/255
230/230
245/245

(%)
100.0
(98.6, 100.0)

100.0
(98.6, 100.0)

100.0
(98.5, 100.0)

Seropositivity (95% Cl)
99.6
(97.8, 100.0)

9-14 years (2 doses)

No.
262/262
270/270
246/246
252/253

No./Total
girls aged 9-17 years who were vaccinated at 0, 1, and 6 months; 18-26 years (3 doses): girls aged 18-26 years who were vaccinated at 0, 1, and 6 months; SD, standard deviation; No., number; Cl, confidence interval.

Month 18
HPV-16
HPV-18
Month 30
HPV-16
HPV-18

Table 2. Seropositive rate of IgG antibodies in the PPS cohort.
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b HPV-18
10000 — 9-14 years (2 doses)
— 9-14 years (3 doses)
~— 9-17 years (3 doses)
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—
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Months since first injection
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g

Figure 2. Immunological kinetic profiles in the per-protocol set. Error bars represent 95% confidence intervals; IU/ml, international units per ml; 9-14 years (2 doses):
girls aged 9-14 years who were vaccinated at 0 and 6 months; 9-14 years (3 doses): girls aged 9-14 years who were vaccinated at 0, 1, and 6 months; 9-17 years (3 doses):
girls aged 9-17 years who were vaccinated at 0, 1, and 6 months; 18-26 years (3 doses): girls aged 18-26 years who were vaccinated at 0, 1, and 6 months.

Discussion

The duration of protection induced by vaccines is a critical
factor in their utility as public health interventions. This fol-
low-up analysis of the immunobridging study on the E. coli-
produced HPV-16/18 bivalent vaccine demonstrates that the
vaccine administered to adolescent girls with a 2- or 3-dose
regimen and young women with a 3-dose regimen induces
a long-term immune response. Although this study was not
designed to assess efficacy, the levels of antibodies against
HPV-16 and -18 in adolescent girls who received 3 doses at
month 30 were higher than those in women aged 18-45 year. In
girls aged 9-14 years who received 2 doses, the levels were
comparable to the plateau levels observed in women aged 18-
45 years in a previous study, in which sustained efficacy of the
HPV-16/18 bivalent vaccine against infections and cervical
lesions was demonstrated up to 66 months."? In addition,
there were no SAEs reported to be causally related to the
investigational vaccine during the follow-up period, indicating
the safety of the vaccine. To our knowledge, this is the first
report on the duration of the immune response in young
adolescent girls receiving a reduced-dose schedule of the
E. coli-produced HPV-16/18 bivalent vaccine for up to 30
months, which will help inform public health program
planning.

In this study, serum antibodies against HPV-16 and -18
were measured using a type-specific ELISA, which detects
IgG antibodies that bind to the HPV L1 VLP coating. Two
other serological assays are also widely used for measuring
HPV antibodies: the pseudovirion-based neutralization assay
(PBNA), which measures total neutralizing antibodies that can
block the entry of pseudovirions into cultured cells, and the
competitive Luminex immunoassay (cLIA), which measures
antibodies competing with a dominant monoclonal antibody
against a neutralizing epitope.'” Among these assays, PBNA is
considered the gold standard; however, it is difficult to use in
large sample studies due to its complexity and labor intensity.
Fortunately, earlier studies have shown that neutralizing anti-
bodies measured by PBNA and IgG antibodies measured by
ELISA correlate well in analyses of post-HPV vaccination
antibodies.'>'® Therefore, IgG antibodies measured by ELISA
were adopted to assess the immunogenicity persistence
induced by the vaccine in this study.

The kinetics of anti-HPV-16 and —18 antibody responses in
all groups were consistent and were similar to those observed
in previous clinical trials: the antibody levels declined after
month 7; however, the declining trend slowed with time.'*">
In addition, similar to the immune response at month 7, the
GMC level was inversely associated with age, and in the parti-
cipants who received 2 doses, the GMC was lowest in 9-year-

Table 3. Geometric mean concentrations (GMCs) of IgG antibodies in the PPS cohort.

9-14 years (2 doses) 9-14 years (3 doses)

9-17 years (3 doses)

18-26 years (3 doses) Ratio of GMC (95% Cl) vs. 18-26 years (3 doses)

GMC (95% ClI) GMC (95% Cl)

GMC (95% ()

GMC (95% Cl) 9-14 years (2 9-14 years (3 9-17 years (3

No. (IU/ml) No. (IU/ml) No. (IU/ml) No. (IU/ml) doses) doses) doses)
Month 18
HPV-16 262 128.7 241 2315 361 206.2 157 122.9 1.05 1.88 1.68
(117.3, 141.7) (211.1, 253.9) (190.8, 222.9) (108.7, 139.1) (0.90,1.22) (1.62, 2.19) (1.45,1.93)
HPV-18 270 455 255 1335 381 1103 168 50.0 0.91 2.67 (2.25, 3.18) 2.21
(41.1, 50.3) (120.0, 148.6) (100.6, 121.0) (434, 57.5) (0.77,1.08) (1.87,2.61)
Month 30
HPV-16 246 73.2 230 139.3 335 1253 146 72.6 1.01 1.92 1.72
(66.0, 81.1) (126.3, 153.7) (115.3, 136.1) (63.9, 82.6) (0.85,1.18) (1.64, 2.25) (1.48,2.01)
HPV-18 253 24.9 245 71.2 355 60.2 158 283 0.88 2.52 213
(22.4, 27.6) (63.8, 79.5) (54.8, 66.2) (24.6, 32.6) (0.74,1.05) (2.11,3.01) (1.80,2.52)

Abbreviations: PPS, per-protocol set; 9-14 years (2 doses): girls aged 9-14 years who were vaccinated at 0 and 6 months; 9-14 years (3 doses): girls aged 9-14 years who
were vaccinated at 0, 1, and 6 months; 9-17 years (3 doses): girls aged 9-17 years who were vaccinated at 0, 1, and 6 months; 18-26 years (3 doses): girls aged 18-26
years who were vaccinated at 0, 1, and 6 months; SD, standard deviation; No., number; IU/ml, international units per ml; Cl, confidence interval.
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Figure 3. Geometric mean concentrations (GMCs) of IgG antibodies at month 30 after the first dose (PPS). (a): GMCs of IgG antibodies against HPV-16, (b): GMCs of IgG
antibodies against HPV-18; 3 doses, received 3 doses at 0, 1 and 6 months; 2 doses, received 2 doses at 0 and 6 months; IU/ml, international units per ml; GMCs
associated with natural infection were obtained from women aged 18-26 years in the initial study'®.

old girls at month 30, with GMCs of 58.8 IU/ml for HPV-16
and 19.4 TU/ml for HPV-18, which were approximately 6.5-
and 4.5-fold higher than those acquired from natural infection,
respectively. Although there are no data after 30 months in this
study, it is expected that the antibody levels would be main-
tained at levels several-fold higher than natural infection levels
for a long time, as reported previously, in which vaccine-
induced IgG antibodies decreased during the first year after
the final vaccination and then remained relatively stable. The
critical threshold of anti-HPV antibodies representing an
immunological correlate for vaccine effectiveness has not
been determined. Nevertheless, studies reported that low vac-
cine-induced antibody concentrations after one dose induced
levels of protection against vaccine-targeted HPV infections
similar to those induced by high antibody concentrations
from two or three doses until 7 years post vaccination with
Gardasil**® and 11 years postvaccination with Cervarix®.”’
Moreover, some studies indicated that naturally acquired anti-
bodies were associated with a reduced risk of subsequent
homotypic infection.”® > These data suggest that the protec-
tive antibody level for HPV might be even lower. Given the
above results, the vaccine could induce long-term protection in
adolescent girls aged 9-17 years who receive 3 doses and in girls
aged 9-14 years who receive 2 doses. Nevertheless, more fol-
low-up data are necessary. Considering the vaccination sche-
dule and characteristics of sexual debut and sexual behavior, it
may be optimal to initiate immunization programs in girls of
10 to 14 years of age.

One of the limitations of this study is the limited follow-up
time. Although the risk of cervical HPV infection is highest
soon after the first sexual contact, women remain susceptible
throughout their sexual lives.” Whether the duration of protec-
tion covers the entire sexual life expectancy and whether
a booster dose is required, especially in girls who receive 2
doses, remain to be studied; however, such studies are in
progress. Serum samples at month 60 post the first dose have
been collected, and longer time of follow-up is planned.
Another limitation is the lack of data on clinical efficacy. The
initial study was not designed as an efficacy study, and the
evaluation of the vaccine’s efficacy was difficult without

a control group. A further limitation is the fact that due to
the very conserved attitude toward sexual activity, we did not
collect information about sexual behavior of these girls to
identify whether subjects had been potentially exposed to
HPV in the follow-up period; therefore, we could not assess
whether the antibody levels were affected by HPV exposure.

In conclusion, this follow-up study showed that the E. coli-
produced bivalent HPV-16/18 vaccine is generally safe and well
tolerated and is immunogenically noninferior at 30 months after
vaccination in adolescent girls receiving 2 doses or 3 doses to that
in adult women receiving 3 doses, among whom the extremely
high efficacy of the vaccine has been demonstrated. Additional
data are needed to determine longer-term immunopersistence
and the clinical efficacy of the vaccine in adolescent girls after
they become sexually active. However, the presently available
evidence supports the introduction of the vaccine into immuniza-
tion programs targeting young adolescent girls.
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