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Objective Evaluation of the long-term HPV-16/18
AS04-adjuvanted vaccine immunogenicity persistence in women.

Design Multicentre, open-label, long-term follow-up
(NCT00947115) of a primary phase-III study (NCT00196937).

Setting Six centres in Germany and Poland.

Population 488 healthy women (aged 15-55 years, age-stratified
into groups: 15-25, 26—45, and 4655 years) who received three
vaccine doses in the primary study.

Methods Immune responses were evaluated in serum and
cervicovaginal secretion (CVS) samples 6 years after dose 1.
Anti-HPV-16/18 geometric mean titres (GMTs) were measured by
enzyme-linked immunosorbent assay (ELISA), and were used to fit
the modified power-law and piecewise models, predicting long-term
immunogenicity. Serious adverse events (SAEs) were recorded.

Main outcome measures Anti-HPV-16/18 seropositivity rates and
GMTs 6 years after dose 1.

Results At 6 years after dose 1, all women were seropositive for
anti-HPV—16 and >97% were seropositive for anti-HPV-18

antibodies. GMTs ranged from 277.7 to 1344.6 EU/ml, and from 97.6
to 438.2 EU/m, for anti-HPV-16 and anti-HPV—18, respectively. In
all age groups, GMTs were higher (anti-HPV-16, 9.3-45.1-fold;
anti-HPV-18, 4.3-19.4-fold) than levels associated with natural
infection (29.8 EU/ml). A strong correlation between serum and CVS
anti-HPV-16/18 levels was observed, with correlation coefficients of
0.81-0.96 (anti-HPV-16) and 0.69-0.84 (anti-HPV-18). Exploratory
modelling based on the 6—year data predicted vaccine-induced
anti-HPV-16/18 levels above natural infection levels for at least

20 years, except for anti-HPV—18 in the older age group (piecewise
model). One vaccine-related and two fatal SAEs were reported.

Conclusions At 6 years after vaccination, immune responses
induced by the HPV-16/18 AS04-adjuvanted vaccine were
sustained in all age groups.

Keywords HPV-16/18 AS04-adjuvanted vaccine, human
papillomavirus, persistence.
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Introduction

Persistent infection with oncogenic human papillomavirus
(HPV) types is a necessary cause of cervical cancer, the

third most common cancer in women worldwide and the

. . 1—
fourth leading cause of cancer-related deaths in women.'”
In Europe, cervical cancer is the second most frequent can-

cer among women aged 15-44 years.8
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Approximately 10% of women worldwide with a normal
cervical cytology carry a detectable cervical HPV infec-
tion.>'* Although most HPV infections are transient, per-
sistent infections may progress to pre-cancerous cervical
intraepithelial neoplasia (CIN) and cervical cancer.'"'*

Among approximately 15 high-risk (HR) oncogenic
HPV types identified, HPV—-16 and HPV-18 cause approxi-
mately 70% of invasive cervical cancer cases."'*">!®
About 100 million women worldwide carry HPV-16/18
DNA, and the detection of HPV-16/18 is associated with a
five-fold greater risk of developing CIN than the detection
of other HR HPV types.'®"

Cervical HPV infections are particularly common in
young, sexually active women, but women remain at risk
throughout their sexually active life, with another peak
observed in women aged >45 yeaurs.m’lz’zo_25 Therefore, in
addition to the current vaccination programmes targeting
adolescent girls before their sexual debut, vaccination of
women aged >25 years should be considered on an individ-
ual basis.*

The prophylactic HPV-16/18 AS04-adjuvanted vaccine
(Cervarix®; GlaxoSmithKline, Rixensart, Belgium), which is
licensed in over 100 countries worldwide,”” *° has been
shown to be immunogenic and efficacious against HPV-16/
18 infections in women aged 15-25 years.”®”" 7 Recently,
a high vaccine efficacy has also been demonstrated in
women aged >26 years.”® The vaccine was also shown to
have a clinically acceptable safety profile.””** In Europe, it
is indicated for use in girls from 9 years of age.*’

In a previously published primary open-label phase-III
study, the HPV-16/18 AS04-adjuvanted vaccine was immu-
nogenic and well tolerated in women aged 15-55 years; in
addition, a high correlation between anti-HPV-16/18 anti-
body levels in sera and cervicovaginal secretion (CVS) sam-
ples was observed, regardless of age.*' In the first follow-up
of the primary study (NCT00196937), immune responses
to the vaccine were sustained up to 2 years after vaccina-
tion; CVS anti-HPV-16/18 antibodies were not assessed.’”
The current extended follow-up evaluates the long-term
persistence of antibody responses, up to 10 years after the
first dose, in women vaccinated in the primary study. Here,

we report persistence of the serum and CVS anti-HPV-16/
18 antibodies, and vaccine safety, up to 6 years after vacci-
nation. In addition, we present for the first time modelling
data predicting long-term anti-HPV-16/18 antibody persis-
tence in vaccinated women aged >25 years.

Methods
Study design

This study is a multicentre, open-label, age-stratified, long-
term  follow-up (LTFU) of the primary study
(NCT00196937), conducted in six centres in Poland and Ger-
many between October 2004 and July 2005, in which healthy
women aged 15-55 years, stratified in three age groups (15—
25, 26-45, and 46-55 years), received three doses of the
HPV-16/18 AS04-adjuvanted vaccine at 0, 1, and 6 months.
The immunogenicity persistence and vaccine safety will be
evaluated up to 10 years after the first dose. Here, we present
the results obtained up to 6 years after the first dose. The
overall study design is summarised in Figure 1.

All women participating in the study provided written
informed consent prior to enrolment. This study was con-
ducted in accordance with the Good Clinical Practice
guidelines and all applicable regulatory requirements,
including the Declaration of Helsinki. This study has been
registered at www.clinicaltrials.gov (NCT00947115).

Study objectives

The primary study objective was to evaluate the long-term
immunogenicity of the HPV-16/18 AS04-adjuvanted
vaccine in terms of anti-HPV-16 and anti-HPV-18 geomet-
ric mean antibody titres (GMTs) and seroconversion rates
in serum, measured by enzyme-linked immunosorbent
assay (ELISA) 6 years after the first dose.

The secondary objectives included: an evaluation of
immune responses to the vaccine in serum compared with
antibody levels achieved after natural infection,”>°® and
compared with antibody levels achieved in other efficacy
studies;”*'?* a comparison of anti-HPV-16/18 levels in
CVS and serum samples, and an evaluation of the safety of
the vaccine up to 6 years following the first dose.

< —> e FExtended FLJ? LTFU?
Vaccine dose Cervicovaginal secretion samples
R y v v v R
Cll } . 6. i 1]8 2[4 . 6|0 7:2‘84 96 108120
| 1 T T T T |“|'“|"+"|
01 2 7 12 18 24 36 48 60 72 84 96 108120
y ! i t t i o e
Blood samples

Time (months)

Figure 1. Study design.'"NCT00196937.%' 2Extended follow-up study (NCT00196937).%° 3Long-term follow-up study (current study) NCT00947115.

*Data presented here are for the year 6 (month 72) time point.
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Study vaccine

Each dose of the HPV-16/18 AS04-adjuvanted vaccine con-
tained 20 pug each of HPV-16 and HPV-18 L1 virus-like
particles (VLPs) formulated with the AS04 adjuvant system,
comprising 50 ug 3—O—desacyl-4’-monophosphoryl lipid A
and 500 ug Al(OH);. The vaccine was supplied in individ-
ual 0.5-ml pre-filled syringes and administered into the
deltoid muscle.

Study population

Only women who completed the full vaccination course in
the primary study were eligible for inclusion in this
extended LTFU study. Inclusion and exclusion criteria for
the primary study were previously described.*'

Immunogenicity assessment

Blood samples for immunogenicity assessment were col-
lected at 0, 2, 7, 12, 18, 24, 36, 48, 60 (year 5), and
72 months (year 6), and CVS samples (from women who
volunteered) were collected at 18, 24, 60, and 72 months,
as previously described.* In this LTFU study, we assessed
samples collected at year 5 and year 6 (Figure 1).
Anti-HPV-16 and anti-HPV-18 antibody titres in serum
and CVS samples were measured by ELISA using type-spe-
cific VLPs as coating antigens (serum standardised proto-
col). 23233442 Tgq] immunoglobulin G (IgG) levels were
measured to account for variation during the menstrual
cycle. IgG titres were evaluated in both serum and CVS
samples to standardise the immunogenicity results by
dividing each anti-HPV-16 and anti-HPV-18 titre by the
corresponding total IgG titre.

Seropositivity was defined as antibody titres > 8 ELISA
units (EU)/ml or >7 EU/ml for anti-HPV-16 and
anti-HPV-18, respectively.’®*'  Anti-HPV-16/18 GMTs
resulting from natural infection used in this study were
previously determined in women aged 15-25 years.>

Prediction of long-term persistence of
anti-HPV-16/18 antibody responses

Modelling of the long-term persistence of anti-HPV-16/18
antibody responses was assessed as described previously.*’
Briefly, two mixed-effects statistical models, the modified
power-law model and the piecewise model, were fitted to
the individual anti-HPV-16/18 titres measured at each time
point up to year 6 in women vaccinated with the HPV-16/
18 AS04-adjuvanted vaccine in the primary study, and for
whom post-vaccination results were available. To estimate
post-vaccination antibody decay over time, the modified
power-law model includes B—cell dynamics, in which two
B—cell populations (activated and memory B-cells) are
involved, accounting for the long-term persistence of a
memory B—cell subpopulation and a long-term antibody
plateau. The piecewise model fits the data on three

HPV-16/18 vaccine persistence in women aged 15-55 years

non-overlapping time intervals, corresponding to the
observed decay of humoral antibodies. Each piece of the
model used a linear function; three break points (7, 12,
and 21 months) were selected. The two model effects were
fitted using an NLMIXED sas procedure.

Safety assessment

Although no study vaccine was administered in this LTFU
study, all serious adverse events (SAEs) related to vaccina-
tion, study participation, or concomitant GlaxoSmithKline
Vaccines medication were recorded during the entire study
period.

All women with SAEs or who were withdrawn from the
study because of SAEs were followed until the SAE had
resolved, subsided, stabilised, disappeared, or been other-
wise explained.

Statistical analysis
All analyses were performed using sas 9.2 and Proc STAT-
Xacr 8.1.

Study cohorts

The primary cohort for analysis of blood sample results at
year 6 was the according-to-protocol (ATP) cohort for
immunogenicity, which comprised all women included in
the ATP immunogenicity analysis in the primary study,
meeting all eligibility criteria, complying with procedures
defined in the protocol, with no elimination criteria during
the study, who attended the year—6 visit, and for whom
serology results at year 6 were available.

The primary cohort for analysis of CVS sample results at
year 6 was the total vaccinated cohort (TVC), comprising
all women who volunteered for CVS sampling at year 6
and for whom CVS results were available at this time
point.

The year—6 TVC for safety included all women partici-
pating in the current LTFU study. Two safety analyses were
performed. The first was based on TVC data collected dur-
ing this LTFU study from the last visit of the previous fol-
low-up study (up to month 48) to the last visit in this
follow-up study (year 6); the second analysis was based on
the TVC data collected for the entire study period (from
month 0 to year 6).

Immunogenicity analyses
Immunogenicity analyses were age-stratified (15-25, 26-45,
and 46-55 years at first vaccination).

Seroconversion was defined as the appearance of anti-
bodies, with titres greater than or equal to the cut-off
values, in sera of women who were seronegative before
vaccination in the primary study. Conversion for CVS
analyses was defined as the appearance of antibodies,
with titres greater than or equal to the limits of quantifi-
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cation, in CVS samples of women who tested negative
before vaccination in the primary study. Seropositivity
rates and anti-HPV-16/18 GMTs were calculated with
exact 95% confidence intervals (95% Cls). GMT calcula-
tions were performed by taking the antilog of the mean
of the log titre transformations. In the absence of an
accepted serological correlate of protection, we performed
descriptive comparisons with anti-HPV-16/18 serology
results from a previous efficacy study,”” and with
anti-HPV-16/18 titres achieved after natural infection in
another study.’>*°

Safety analyses

Safety analyses were age-stratified (15-25, 26—45, and 46—
55 years). Vaccine-, study participation- or concomitant
GlaxoSmithKline Vaccines medication-related SAEs and
fatal SAEs were described in detail. Vaccine-related SAEs
were further evaluated for clinical relevance.

Results
Study population

In the primary study, 666 women received at least one dose
of the HPV-16/18 AS04-adjuvanted vaccine. Of the 647
women who received three vaccine doses in the primary
study, 159 did not show up for the follow-up visit after
6 years. At year 6, the TVC comprised 488 women, of
whom 477 were included in the ATP cohort for immuno-
genicity (Figure 2). Most women (99.8%) were white/
caucasian.

TVC 21 dose of HPV-16/18 vaccine
(N = 666)
15-25 years (n = 229)
2645 years (n = 226)
46-55 years (n = 211)

Immunogenicity

Serological immune response

Of the 644 women included in the ATP immunogenicity
cohort in the primary study at baseline, over 70% were
seronegative for both anti-HPV-16 and anti-HPV-18;
among women in the age groups 15-25, 26-45, and 46—
55 years, 82.5, 67.4, and 66.3% were seronegative for both
HPV-16 and HPV-18, respectively, and only 6% (2.7, 6.9,
and 9.0% in the age groups 15-25, 26—45, and 4655 years,
respectively) were seropositive for both HPV-16 and HPV—
18.*" One month following the third vaccine dose (month
7), all initially seronegative women were seropositive for
anti-HPV-16/18 antibodies.*’

At year 6, all seropositive  for
anti-HPV-16 antibodies and at least 97% were seropositive
for anti-HPV-18 antibodies. Four women who were ini-
tially seronegative for anti-HPV-18 were still seronegative
at year 6 (age group 46-55 years).

Antibody kinetics for both anti-HPV-16 and anti-HPV—
18 showed a peak in antibody levels at month 7, followed
by a gradual decline until month 18.°>%° This decline

women remained

became less pronounced over time, suggesting that a pla-
teau phase had been reached (Figure 3). An age-dependent
decrease in GMTs observed at the previous time points was
also observed at year 6, as indicated by non-overlapping
95% Cls between the age groups (Figure 3).

At year 6, in initially seronegative women, anti-HPV-16
GMTs were 1344.6 EU/ml (95% CI 1130.2-1599.6 EU/ml),
526.0 EU/ml (95% CI 434.7-636.4 EU/ml), and 277.7 EU/

A 4

Month 72 TVC (N = 488)
15-25 years (n = 147)
2645 years (n = 177)
46-55 years (n = 164)

Participants not present at month 72 visit
(N=178)
15-25 years (n = 82)
2645 years (n = 49)
4655 years (n = 47)

11 participants excluded*

A 4

Month 72 ATP cohort for
immunogenicity (N = 477)
15-25 years (n = 145)
26-45 years (n = 171)
4655 years (n=161)

2 given vaccines forbidden in protocol

5 given medication forbidden in protocol

2 non-compliance with vaccination schedule

7 non-compliance with blood sampling schedule
7 essential serological data missing

3 vaccine not administered according to protocol

Figure 2. Flow chart of study participants. Key: 15-25 years, women aged 15-25 years at the time of first vaccine dose; 26-45 years, women aged
26-45 years at the time of first vaccine dose; 46-55 years, women aged 46-55 years at the time of first vaccine dose; ATP, according to protocol;
N = total number of women; n = number of women in the age group; TVC, total vaccinated cohort. *Participants may have more than one reason

for exclusion.
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ml (95% CI 228.0-338.2 EU/ml) in the age groups 15-25,
2645, and 46-55 years, respectively. Anti-HPV-18 GMTs
were 438.2 EU/ml (95% CI 366.6-523.7 EU/ml), 167.5 EU/
ml (95% CI 138.1-203.1 EU/ml), and 97.6 EU/ml (95% CI
79.2-120.3 EU/ml) in these age groups, respectively.
Anti-HPV-16/18 titres were higher than those achieved
after natural infection in all age groups: for initially sero-
negative women, anti-HPV-16 GMTs were approximately
45.1-, 17.7-, and 9.3-fold higher in the age groups 15-25,
26-45, and 46-55 years, respectively, than the natural infec-
tion level (29.8 EU/ml).>® Anti-HPV-18 GMTs were
approximately 19.4-, 7.4-, and 4.3-fold higher in these age
groups, respectively, than the natural infection level
(22.6 EU/ml).>>3¢ At year 6, anti-HPV-16 GMTs were
3.4-fold higher (in the age group 15-25 years) or remained
within a similar range (in the age group 2645 years) when
compared with the plateau level established in a previous
efficacy study at 45-50 months (397.8 EU/ml).> In the age
group 46-55 years, anti-HPV-16 GMTs were below the
plateau level (0.7—fold; non-overlapping 95% ClIs). In the

HPV-16/18 vaccine persistence in women aged 15-55 years

age group 15-25 years, anti-HPV-18 GMTs were also
higher (1.5-fold) than the GMT plateau level observed in
the previous efficacy study at 45-50 months (297.3 EU/
ml).” In the age groups 26-45 and 46-55 years,
anti-HPV-18 GMTs were lower than this predefined GMT
plateau level (0.6-fold and 0.3-fold, respectively), with
non-overlapping 95% Cls.

CVS antibody levels (TVC)

At year 6, 190 women had their CVS samples tested, of
whom 84 (29 each in the age groups 15-25 and
26-45 years, and 26 in the age group 46-55 years) had
CVS samples considered suitable for HPV antibody testing
(<200 erythrocytes/ul; samples with >200 erythrocytes/ul
were considered to be contaminated with blood).

At year 6, anti-HPV-16 antibodies were detected in 72.4,
724, and 73.1% of CVS samples of women in the age
groups 15-25, 2645, 46-55 years, respectively. At the same
time point, anti-HPV-18 antibodies were detected in 69.0,
62.1, and 53.8% of the CVS samples of women in these age
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Figure 3. Anti-HPV-16 (A) and anti-HPV-18 (B) antibody levels in initially seronegative women aged 15-55 years (ATP cohort for immunogenicity at
year 6). Key: [15-25], women aged 15-25 years at the time of first vaccine dose; [26-45], women aged 26-45 years at the time of first vaccine
dose; [46-55], women aged 46-55 years at the time of first vaccine dose; GMT, geometric mean titre; Nat-inf, natural infection. GMTs of women
who were (A) HPV-16 or (B) HPV-18 DNA-negative and seropositive at baseline (i.e. who had cleared a natural infection). GMTs were (A) 29.8 EU/ml
and (B) 22.6 EU/mI.>>3® Plateau: GMTs of women aged 15-25 years at months 45-50 after the first vaccine dose (total vaccinated cohort). GMTs
were (A) 397.8 EU/ml and (B) 297.3 EU/ml.>3 The error bars represent 95% confidence intervals.
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groups, respectively. CVS anti-HPV-16 GMTs were 80.3,
43.8, and 37.1 EU/ml in the age groups 15-25, 26—45, and
46-55 years, respectively, and anti-HPV-18 GMTs were
22.9, 19.9, and 19.2 EU/ml.

At year 6, women with detectable anti-HPV-16/18 anti-
bodies in their CVS samples had higher serum
anti-HPV-16/18 GMTs than women with no antibodies
detected in their CVS samples: for anti-HPV-16 they were
between two- and five-fold higher and for anti-HPV-18
they were between one- and five-fold higher, depending on
the age group (data not shown).

To account for the fluctuation in total IgG levels
observed during the menstrual cycle, anti-HPV-16/18 anti-
body levels were standardised relative to the total IgG levels
before evaluating the correlation. Correlations between the
serum and CVS titres (standardised for total IgG) in the
three age groups at year 6 are presented in Figure 4. For
anti-HPV-16, the correlation coefficients were high regard-
less of age, and ranged from 0.87 to 0.91 at year 5,** and
from 0.81 to 0.96 at year 6 (Figure 4A); for anti-HPV-18,
they ranged from 0.84 to 0.87 at year 5,** and from 0.69 to
0.84 at year 6 (Figure 4B).

Predicted long-term persistence of antibody responses

The long-term persistence of anti-HPV-16/18 antibody
responses was predicted for the three age groups using the
modified power-law and piecewise models, based on the
6-year immunogenicity data from the current study. Immu-
nogenicity data obtained at 6.4 years after vaccination in a
previous study in women aged 15-25 years were also
included in the models (Figure 5).*® The modified power-
law model predicted that mean anti-HPV-16/18 levels would
remain above those associated with natural infection for at
least 20 years in all age groups. The piecewise model pre-
dicted that anti-HPV-16 GMTs would remain above GMTs

associated with natural infection for all age groups, whereas
anti-HPV-18 GMTs would remain above the natural infec-
tion levels for the age groups 15-25 and 26-45 years, but not
for the age group 4655 years (Table 1). Additional model-
based estimations were performed to predict the duration
ensuring that 95% of women would have anti-HPV-16/18
levels remaining above the natural infection level. The modi-
fied power-law model predicted lifelong anti-HPV-16 levels
above the natural infection level for all women, and lifelong
anti-HPV—-18 levels above the natural infection level in the
age groups 15-25 and 2645 years; for the age group 46—
55 years, the modified power-law model predicted that 95%
of women would still have anti-HPV—18 levels above natural
infection levels after 4.3 years. The piecewise model pre-
dicted durations of antibody levels remaining above natural
infection levels of up to 40.1, 16.9, and 12.1 years for
anti-HPV-16, and up to 19.2, 9.0, and 5.1 years for
anti-HPV-18 for 95% of women in the age groups 15-25,
26-45, and 46-55 years, respectively (Table 2).

Safety

The HPV-16/18 AS04-adjuvanted vaccine had a clinically
acceptable safety profile in all age groups throughout the
entire study duration. Twenty-eight women reported 32
SAEs. One woman (in the age group 2645 years) reported
one SAE (optic neuritis), considered by the investigators as
causally related to the study vaccination; as a result of this
SAE, the vaccination course of the women was discontin-
ued, but she was not withdrawn from the study. This SAE
occurred during the primary study and was resolved
therein, as previously reported.* Two fatal SAEs occurred
during the entire study period: one woman committed sui-
cide and one had a road accident. Both of these SAEs were
reported in the age group 4655 years, and both were con-
sidered unrelated to the vaccination.
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Figure 4. Correlation of ratio between cervicovaginal secretion and serum samples by age for anti-HPV-16 (A) and anti-HPV-18 (B) antibody levels
at year 6 in women aged 15-55 years (total vaccinated cohort). Key: [15-25], women aged 15-25 years at the time of first vaccine dose; [26-45],
women aged 26-45 years at the time of first vaccine dose; [46-55], women aged 46-55 years at the time of first vaccine dose; CVS, cervicovaginal
secretion; R, correlation coefficient. Titres were measured using an ELISA assay for the detection of anti-HPV-16 and anti-HPV-18 antibodies both for
cervicovaginal secretion and serum samples. The scatter plots show the ratio (specific IgG/total IgG) transformed to linear log10 values.
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Figure 5. Prediction of antibody responses against HPV-16 and HPV—18 over 20 years using the modified power-law and the piecewise models in
women aged 15-55 years (TVC at year 6). (A) Anti-HPV-16 antibody levels prediction by the modified power-law model; (B) anti-HPV-18 antibody
levels prediction by the modified power-law model; (C) anti-HPV-16 antibody levels prediction by modified piecewise model; (D) anti-HPV-18
antibody levels prediction by piecewise model. Key: [15-25], women aged 15-25 years at the time of first vaccine dose; [26-45], women aged 26—
45 years at the time of first vaccine dose; [46-55], women aged 46-55 years at the time of first vaccine dose; HPV-001 [15-25] 6.4Y-FU, anti-HPV-
16 or anti-HPV—18 antibody levels at 6.4 years in women aged 15-25 years from a previous HPV-001 study;?® Nat-inf, natural infection: geometric
mean titres (GMTs) of women who were HPV-16 or HPV-18 DNA-negative and seropositive at baseline (i.e. who had cleared a natural infection).
GMTs were 29.8 EU/ml for HPV=16 and 22.6 EU/ml for HPV-18.3%3¢

Table 1. Predicted population GMTs for anti-HPV-16 and anti-HPV—18 at 20 years after the first vaccination in women aged 15-55 years

Antigen Model Predicted GMTs 20 years after the first vaccination (EU/ml)*
15-25 years** 26-45 years*** 46-55 years****
HPV-16 Modified power-law 1092.3 404.2 272.4
Piecewise 474.9 127.1 67.8
HPV-18 Modified power-law 337.3 132.3 82.2
Piecewise 90.4 26.4 12.9

*GMTs, geometric mean antibody titres.

**\Women aged 15-25 years at the time of first vaccine dose.
***\Women aged 26-45 years at the time of first vaccine dose.
****\\lomen aged 46-55 years at the time of first vaccine dose.

. . d 15-55 years. At year 6, all women remained seropos-
Discussion o8¢ : ’ o

itive for anti-HPV-16 and >97% were seropositive for

Main findings anti-HPV-18 antibodies, with anti-HPV-16/18 GMTs

Immune responses to the HPV-16/18 AS04-adjuvanted higher than levels associated with natural infection;

vaccine persisted up to 6 years after vaccination in women anti-HPV-16 and anti-HPV-18 antibodies were detected
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Table 2. Predicted duration ensuring that 95% of women would still have anti-HPV—16 and anti-HPV—18 antibody levels above natural infection
levels in women aged 15-25, 26-45, and 46-55 years in the present study, and in women aged 15-25 years in a previous study (NCTO0689741

and NCT00120848)*'

Antigen Antibody levels Model Duration ensuring antibody levels above those induced by natural
induced by natural infection in 95% participants (years)
infection (EU/mL)*
Current study Previous modelling
study**
15-25 years 26-45 years 46-55 years 15-25 years old***
old*** old*** old***
HPV-16 29.8 Modified power-law Lifelong Lifelong Lifelong Lifelong
Piecewise 40.08 16.9 12.1 26.7
HPV-18 22.6 Modified power-law Lifelong Lifelong 4.3 years Lifelong
Piecewise 19.2 9.0 5.1 19.9

*Measured in a previous study in women who cleared natural infection.

30,31

**\Women aged 15-25 years in a previous study (NCT00689741 and NCT00120848).%!
***Age ranges indicate the ages of women at the time of the first vaccination dose.

in about 72 and 53.8-69.0% of CVS samples, respectively.
A strong correlation between serum and CVS
anti-HPV-16/18 GMTs was observed; serum anti-HPV-16/
18 GMTs were higher in women with detectable CVS
anti-HPV-16/18 antibodies. Exploratory modelling based
on the 6-year data predicted that vaccine-induced popula-
tion anti-HPV-16/18 GMTs would remain above those
associated with natural infection for at least 20 years after
vaccination. The vaccine had a clinically acceptable safety
profile.

Strengths and weaknesses

This study included both young and mature women, allow-
ing for a comparison of anti-HPV-16/18 levels between age
groups. Although a sustained HPV-16/18 AS04-adjuvanted
vaccine immunogenicity has been reported in women aged
15-25 years,”*” to our knowledge this is the first study
reporting such long-term (up to 6 years post-vaccination)
persistence of antibody responses and correlation of the
serum and CVS anti-HPV-16/18 antibodies in women aged
>25 years. Using statistical models, we could for the first
time predict the persistence of anti-HPV-16/18 responses
for up to 20 years in mature women.

The main study limitations include open design, the lack
of a direct control group, and antibody assessment only by
ELISA. Assessment of neutralising antibodies, avidity, and
cell-mediated immune responses for vaccine and non-vac-
cine HPV types would provide added value. Another limi-
tation might be the lack of cervical screening data, which
could help determine a clinical correlation with the
immune data; however, the current study was designed to
evaluate the HPV-16/18 AS04-adjuvanted vaccine immuno-
genicity and safety, and not its efficacy.

Interpretation

We previously showed that the HPV-16/18 AS04-adjuvant-
ed vaccine was immunogenic in women aged 15-55 years
for up to 48 months.’>*' Here, we report the immunoge-
nicity persistence up to 6 years after vaccination.
Anti-HPV-16/18 antibody kinetics were similar in all age
groups and similar to those reported previously, with a
peak response at month 7, followed by a gradual
decline.’®****> The highest anti-HPV-16/18 levels were
observed in the age group 15-25 years, in line with previ-
ous observations,’®*' and consistent with findings that
immune responses decline with increasing age.*®

Although an immunological correlate of protection has
not yet been identified, high and sustained antibody titres
obtained through vaccination are considered predictive of
long-term protection against oncogenic HPV infections and
CIN.*"* We compared anti-HPV-16/18 levels with GMT
plateaus associated with sustained protection at months
45-50 in a previous study on efficacy.”® In our study,
anti-HPV-16/18 levels at year 6 remained above the
predefined plateau levels of sustained efficacy in the age
group 15-25 years,” and in all age groups the levels were
substantially higher than the natural infection levels.”

A previous modelling study showed the persistence of
anti-HPV-16/18 antibody responses up to 20 years follow-
ing vaccination with the HPV-16/18 AS04-adjuvanted vac-
cine in women aged 15-25 years.*> We report for the first
time the modelling of antibody responses of up to 20 years
after vaccination in older women. Based on our 6-year
immunogenicity data, the modified power-law model pre-
dicted that post-vaccination anti-HPV-16/18 GMTs would
remain substantially higher than levels associated with nat-
ural infection for at least 20 years in women aged 15—
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55 years. Anti-HPV-16/18 GMTs predicted using the more
conservative piecewise model were lower than those pre-
dicted with the modified power-law model, but were higher
than natural infection levels, except for the age group 46—
55 years. Based on immunogenicity data from a previous
study (HPV-001),%® or from the current study for the age
groups 15-25 years, both models predicted similar
anti-HPV-18 GMTs and anti-HPV-16  GMTs
20 years after vaccination. These different predictions may
result from the different pre-established assumptions for
each model. The modified power-law model is based on
the assumption that B—cell memory does not decline over
time, whereas the piece-wise model assumes that antibody
responses follow a linear decrease over time, and takes into

lower

account only antibody levels obtained in a given study.
Hence, the piecewise model is likely to yield a more con-
servative estimate of long-term protection.”> As the dura-
tion of protection associated with HPV vaccination is of
crucial importance in cost-effectiveness, our modelling data
could serve as a basis to assess the economic impact of cer-
vical cancer vaccination programmes. Finally, a high
HPV-16/18 AS04-adjuvanted vaccine efficacy (81.1%,
97.7% CI 52.1-94.0%) against HPV-16/18-related CIN1+
and 6-month persistent infection has been recently demon-
strated in women aged >26 years.”® Altogether, these previ-
ous results and our immunogenicity data suggest that the
HPV-16/18 AS04-adjuvanted vaccine provides a sustained
protection against HPV-16/18 infection in women aged
>25 years.

A significant relationship between naturally acquired
anti-HPV—-16 antibodies and the risk of new infection has
been reported: the incidence of infection declined with
increasing antibody titres.”” In another study, unvaccinated
women with higher anti-HPV-16/18 levels had significantly
lower risk of subsequent HPV-16/18 infection than sero-
negative women, suggesting that natural infection confers a
certain degree of protection against new HPV-16/18 infec-
tions.”® Antibody levels after natural infection are much
lower than those generated through vaccination, however,
and thus natural infection confers only partial protection.
The mechanism by which prophylactic HPV vaccines induce
protection is assumed to be mediated by vaccine-induced
neutralising 1gG antibodies, which transudate across cervical
epithelium to the HPV infection site and are likely to prevent
HPV infection of the cervical basal cell layer at the transfor-
mation zone.*”*>"*2 We observed a strong correlation
between the serum and CVS anti-HPV-16/18 levels that per-
sisted up to 6 years after vaccination. To our knowledge, this
is the first study showing such long persistence of
anti-HPV-16/18 antibody transudation following vaccination
with HPV-16/18 AS04-adjuvanted vaccine in women aged
>25 years. Although anti-HPV-16/18 levels in serum
decreased since the first assessment time point (month 24) in

HPV-16/18 vaccine persistence in women aged 15-55 years

the primary study," correlation between the serum and CVS
antibody levels at year 6 remained high in all age groups. A
pooled analysis of data from four clinical trials assessing
serum and CVS anti-HPV-16/18 correlation following
administration of the HPV-16/18 AS04-adjuvanted vaccine
has shown that higher antibody levels in serum resulted in
higher antibody levels in CVS, supporting transudation of
serum antibodies as the mechanism by which antibodies are
introduced into CVS.>' Furthermore, in a phase—IV clinical
trial in girls aged 1215 years vaccinated with the HPV-16/
18 AS04-adjuvanted vaccine, or Gardasil®, cross-neutralising
antibodies were detected at the genital site of infection.”

The HPV-16/18 AS04-adjuvanted vaccine safety profile
was consistent with that described in previous
reports.27:2831:36

Conclusion

The HPV-16/18 AS04-adjuvanted vaccine was well tolerated
and induced sustained immune responses in women aged
15-55 years. Anti-HPV-16/18 antibody levels remained sev-
eral-fold higher than levels associated with natural infection
for at least 6 years after vaccination. Exploratory modelling
of antibody persistence based on the 6—year data predicted
that vaccine-induced anti-HPV-16/18 GMTs would remain
above those induced by natural infection for at least 20 years,
except for anti-HPV-18 levels in the age group 4655 years
(piecewise model). A strong correlation between
anti-HPV-16/18 levels in serum and CVS samples 6 years
after vaccination indicates a long-lasting transudation of
serum antibodies across the cervical epithelium. These results
suggest that in addition to the routine vaccination pro-
grammes in adolescents, sexually active mature women could
potentially also benefit from vaccination with HPV-16/18
AS04-adjuvanted vaccine on an individual basis.
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The development of effective prophy-

lactic vaccines against an infectious

agent (human papillomavirus, HPV)
that causes cervical cancer is a major
milestone in preventive medicine. In
this article, Schwarz and co-workers
demonstrated persistence for 6 years
following immunisation with the Cer-
varix™" vaccine of high-titer antibod-
ies to HPV-16/18 in the circulation
and in cervicovaginal fluid in women
aged 15-55 years. Using statistical
modelling it was also determined that
antibody levels would persist for at
least 20 years. An exception was the
possible loss of persistent immunity
for women aged 4655 years.

Several questions remain unanswered
in relation to the HPV vaccine.

1. Although there is a degree of
cross-reactive immunity to other
oncogenic HPV types (HPV-31, -33,
-45), this cross-protection wanes over
time (Malagon et al. Lancet Infect
Dis 2012;12:781-9). In addition,
other oncogenic HPV types (HPV—
51, -56) may increase in frequency
in vaccinated women (Kavanagh
et al. Br J Cancer 2014;110:2804-11).
Therefore, do vaccinated women
need to continue to undergo
screening for cervical changes?

2. Are vaccinated women more likely
to engage in high-risk sexual
behaviour as a result of a false sense

of security, compared with their
non-vaccinated peers? Are there
differences in the rates of sexually
transmitted diseases (STDs) and
unplanned pregnancies between
the two groups? Age-appropriate
sex education and screening for
STDs should be provided at the
time of vaccination.

. Most women in developed coun-

tries have adequate diets and
strong immune systems to natu-
rally eliminate HPV should they
become infected. They also have
access to medical resources to
identify and treat early-stage con-
sequences of a persistent HPV
infection. The challenge is to pro-
vide universal vaccine access to
women in resource-poor countries
where the incidence of cervical
cancer is much higher, and to
determine vaccine efficacy and
duration under less than adequate
environmental conditions. Free or
low-cost HPV vaccination pro-
grammes, at an age range specific
for each region, must be imple-
mented in low-income countries.

. The mere presence and persis-

tence of antibodies to HPV do
not ensure that the antibodies are
protective. All women have anti-
bodies to Candida albicans but
remain susceptible to vulvovaginal

and consequences of HPV vaccina-
tion, especially in resource-poor areas,
remains a priority.
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candidiasis. The presence and
titer of neutralising antibodies
must be demonstrated. Does anti-
body concentration, specificity, or
avidity in the genital tract change
over time, especially under vary-
ing environmental conditions, or
in the presence of other genital tract
infections. Studies have demon-
strated alterations in the vaginal mi-
crobiome in HPV-infected women
(Gao etal. BMC Infect Dis
2013;13:271), and there is an associ-
ation between elevated vaginal pH
and HPV infection (Clarke et al.
BMC Infect Dis 2012;12:33). There
is a need to assess whether the pre-
valent vaginal disorder, bacterial
vaginosis (BV), decreases HPV anti-
body levels in vaccinated women to
non-protective levels, and thereby
increases susceptibility to HPV.
This would especially be a problem
in resource-poor areas where the
incidence of BV is usually elevated.

Continued analysis of the efficacy
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