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Background. This randomized, open trial compared regimens including 2 doses (2D) of human papillomavirus (HPV) 16/18
AS04-adjuvanted vaccine in girls aged 9–14 years with one including 3 doses (3D) in women aged 15–25 years.

Methods. Girls aged 9–14 years were randomized to receive 2D at months 0 and 6 (M0,6; (n = 550) or months 0 and 12 (M0,12;
n = 415), and women aged 15–25 years received 3D at months 0, 1, and 6 (n = 482). End points included noninferiority of HPV-16/
18 antibodies by enzyme-linked immunosorbent assay for 2D (M0,6) versus 3D (primary), 2D (M0,12) versus 3D, and 2D (M0,6)
versus 2D (M0,12); neutralizing antibodies; cell-mediated immunity; reactogenicity; and safety. Limits of noninferiority were pre-
defined as <5% difference in seroconversion rate and <2-fold difference in geometric mean antibody titer ratio.

Results. One month after the last dose, both 2D regimens in girls aged 9–14 years were noninferior to 3D in women aged 15–25
years and 2D (M0,12) was noninferior to 2D (M0,6). Geometric mean antibody titer ratios (3D/2D) for HPV-16 and HPV-18 were
1.09 (95% confidence interval, .97–1.22) and 0.85 (.76–.95) for 2D (M0,6) versus 3D and 0.89 (.79–1.01) and 0.75 (.67–.85) for 2D
(M0,12) versus 3D. The safety profile was clinically acceptable in all groups.

Conclusions. The 2D regimens for the HPV-16/18 AS04-adjuvanted vaccine in girls aged 9–14 years (M0,6 or M0,12) elicited
HPV-16/18 immune responses that were noninferior to 3D in women aged 15–25 years.
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50 µg 3-O-desacyl-4′-monophosphoryl lipid A (MPL) adsorbed on aluminum salt (500 µg Al3+); IgG; CMI; cell-mediated immu-
nity; GMT; geometric mean antibody titer.

Persistent infection with a high-risk human papillomavirus
(HPV) type is a prerequisite for cervical cancer [1–3]; therefore,

prophylactic HPV vaccination is expected to substantially re-
duce the burden of this disease, particularly in countries with-
out effective cervical screening programs. The licensed vaccines
HPV-16/18 AS04-adjuvanted (Cervarix; GSK Vaccines) and
HPV-6/11/16/18 (Gardasil; Merck & Co) were first approved
as regimen including 3 doses (3D) with administration over a
6-month period. Reduced dose schedules could make vaccina-
tion easier to implement and more affordable, creating the
potential for higher vaccination coverage and improved cervical
cancer protection [4].

Evaluation of schedules including 2 doses (2D) of the HPV
vaccine for girls was first prompted by the observation that
3D schedules elicited HPV-16/18 antibody titers approximately
2-fold higher in girls than in young women [5, 6], the age group
in which efficacy was demonstrated in clinical studies [7–13]. A
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preliminary immunogenicity study evaluating the HPV-16/18
AS04-adjuvanted vaccine showed that 2D given at months 0
and 6 to girls aged 9–14 years was immunologically noninferior
1 month after the last dose to 3D given at months 0, 1, and 6
(M0,1,6) to women aged 15–25 years, and that antibody titers
were sustained at high levels for up to 5 years [14–16].However,
the preliminary study was not powered to formally compare im-
munogenicity between groups beyond 1 month after the last
dose. Therefore, the current large phase III study was designed
to formally evaluate noninferiority and safety of 2 alternative 2D
schedules (months 0 and 6 [M0,6] and months 0 and 12
[M0,12]) in girls aged 9–14 years compared with 3D in women
aged 15–25 years over a 3-year period. The study is ongoing,
and here we report data up to month 12 or month 13 (depend-
ing on the group).

METHODS

The study is an open trial of the HPV-16/18 AS04-adjuvanted
vaccine with 3 parallel groups (Supplementary Figure 1). Girls
aged 9–14 years were randomized (1:1) to receive 2D (M0,6 or
M0,12) and women aged 15–25 years were allocated to receive
3D (M0,1,6). Each 0.5-mL vaccine dose contained HPV-16 and
HPV-18 L1 viruslike particles (20 µg each) adjuvanted with the
adjuvant system AS04, containing 50 µg 3-O-desacyl-4′-mono-
phosphoryl lipid A adsorbed on aluminum salt (500 µg Al3+).
Doses were administered by intramuscular injection in the del-
toid region of the nondominant arm.

The primary objective was to evaluate noninferiority of HPV-
16/18 antibodies using enzyme-linked immunosorbent assay
(ELISA) of 2D (M0,6) in girls aged 9–14 years versus 3D in
women aged 15–25 years 1 month after the last dose. Secondary
comparisons were to evaluate noninferiority of HPV-16/18 anti-
bodies (ELISA) for 2D (M0,6) versus 3D at 6, 12, 18, and 30
months after the last dose, for 2D (M0,12) versus 3D, and for
2D (M0,12) versus 2D (M0,6) at 1, 6, and 12 months after the
last dose. Other secondary objectives included HPV-16/18 neu-
tralizing antibodies (nAbs) by pseudovirion-based neutralization
assay (PBNA), cell-mediated immunity (CMI) in terms of fre-
quencies of HPV-16/18-specific T-cells and memory B-cells,
reactogenicity, and safety. Prespecified exploratory objectives
were HPV-31/45 antibodies (ELISA) and CMI. and post-hoc
exploratory objectives were avidity of HPV-16/18 antibodies.

For the current analysis, HPV-16/18 ELISA, PBNA, CMI,
and safety data are available up to 6 months after the last dose
(month 12) for the 3D (M0,1,6) and 2D (M0,6) groups and 1
month after the last dose (month 13) for the 2D (M0,12) group.
HPV-16/18 antibody avidity and HPV-31/45 ELISA and CMI
data are available up to 1 month after the last dose (month 7)
for the 3D (M0,1,6) and 2D (M0,6) groups (Supplementary
Figure 1). The trial is registered with ClinicalTrials.gov
(NCT01381575) and was conducted in accordance with the
Declaration of Helsinki and International Conference on

Harmonisation Good Clinical Practice guidelines. The protocol
and other materials were reviewed and approved by indepen-
dent ethics committees or institutional review boards.

Participants
Healthy girls and women aged 9–25 years at the time of first
vaccination were enrolled at 33 sites in Canada, Germany,
Italy, Taiwan, and Thailand. Enrollment started in June 2011.
The last visit of the vaccination phase was in January 2013.
Women of childbearing potential were to be abstinent or to
have used adequate contraceptive precautions for 30 days before
first vaccination and agreed to continue such precautions for 2
months after the last vaccine dose. Women were excluded if
they were pregnant or breastfeeding, had a confirmed or sus-
pected immunosuppressive or immunodeficient condition or
an allergic disease likely to be exacerbated by any component
of the vaccine, or had previously received HPV vaccination,
3-O-desacyl-4′-monophosphoryl lipid A, or AS04 adjuvant.
Written informed consent was obtained from the subject or
subject’s parent/legally acceptable representative. Informed as-
sent was obtained from subjects below the legal age of consent.

Randomization and Masking
The randomization list was generated by GSK Vaccines using a
standard SAS program. A randomization blocking scheme (1:1
ratio) ensured that balance between the two 2D schedules was
maintained. Treatment allocation at each site used a central ran-
domization system on the Internet. Within each age stratum,
the randomization algorithm used a minimization procedure
accounting for center. Investigators and participants were not
blinded to group assignment. Enrollment in each group was
stratified by age to give an approximately equal distribution of
girls aged 9–11 years and 12–14 years in 2D groups and women
aged 15–19 years and 20–25 years in the 3D group.

Immunogenicity
Time points for blood sample collection are shown in Supple-
mentary Figure 1. HPV-16/18 antibodies were measured by
ELISA for all subjects. HPV-16/18 nAbs and CMI and HPV-
31/45 antibodies (ELISA) and CMI were measured in a subset
of subjects (the first 50 in each age stratum in each group at pre-
selected sites). HPV-16/18 antibody avidities at month 7 were
measured in a subset of randomly selected subjects from the
2D (M0,6) and 3D (M0,1,6) groups in the according-to-protocol
immunogenicity cohort (ATP-I, evaluable subjects meeting all
eligibility criteria, complying with the procedures and intervals
defined in the protocol with no elimination criteria, for whom
data were available).

HPV-16/18/31/45 antibodies were determined with viruslike
particle–specific ELISA [17, 18]. Seronegativity was defined as a
titer lower than the assay cutoff (8 ELISA units [EU]/mL for
HPV-16, 7 EU/mL for HPV-18, and 59 EU/mL for HPV-31/
45). HPV-16/18 antibody avidities were measured with modi-
fied ELISA in which chaotropic agent (1 mol/L sodium
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thiocyanate) was added to disrupt the interaction between anti-
body and antigen [19]. The avidity index was expressed as the
ratio (percentage) of antigen-specific antibody titers with to
those without the chaotropic agent. HPV-16/18 nAbs were de-
termined using PBNA [17]. Seronegativity was defined as a titer
lower than the assay cutoff (40 ED50 [effective dose producing
50% response] for each antigen). Antigen-specific memory B-
cells were quantified using enzyme-linked immunosorbent
spot assay [18, 20]. CD4+ T-cells producing immune markers
(CD40L, interferon γ, interleukin 2, or tumor necrosis factor
α) in response to in vitro stimulation using a pool of HPV pep-
tides were quantified with intracellular cytokine staining, fol-
lowed by flow cytometry [18, 21].

Safety
Solicited local and general symptoms were recorded on diary
cards for 7 days after each vaccination. Unsolicited symptoms
were recorded for 30 days after each vaccination. Grade 3 symp-
toms were defined as redness or swelling >50 mm in diameter,
fever >39°C, urticaria distributed on ≥4 body areas, and, for
other symptoms, as preventing normal activity. Pregnancies
and outcomes, serious adverse events, medically significant ad-
verse events, and potential immune-mediated diseases were re-
ported throughout the study.

Statistical Methods
The target enrollment of 1428 subjects (476 per group) was es-
timated to give approximately 1140 evaluable subjects (380 per
group) for evaluation of the primary objective 1 month after the
last dose, assuming that 20% of subjects would be nonevaluable.
This sample size allowed detection of a 5% difference between
the 2D (M0,6) and 3D groups for seroconversion rates and a 2-
fold difference for geometric mean antibody titers (GMTs) with
98% power.

For the primary objective, noninferiority was demonstrated if
the upper limit of the 95% confidence interval (CI) for the se-
roconversion difference (3D-2D) was <5% and the upper limit
of the 95% CI for the GMT ratio (3D/2D) was <2. The criteria
were assessed sequentially with GMT ratios assessed only if
noninferiority was demonstrated for seroconversion. If the pri-
mary objective was reached, noninferiority of HPV-16/18 im-
mune responses (ELISA) was to be sequentially assessed using
the criteria defined above for other comparisons. The noninfer-
iority limits were based on margins set for previous studies [5,
22–24]. Confirmatory testing was not performed for other sec-
ondary or exploratory objectives.

Seroconversion and seropositivity rates (with exact 95% CI)
and GMTs (with 95% CI) were calculated by prevaccination
status. GMTs were computed by taking the anti-log of the
mean of the log titer transformations. Antibody titers below
the assay cutoff were given an arbitrary value of half the cutoff
in this calculation. Two-sided standardized asymptotic 95% CIs
for differences between groups in the percentage of seroconverted

subjects were computed. Two-sided 95% CIs of GMT ratios be-
tween groups were computed using an analysis of variance on
log10-transformed titers, including vaccine group as a fixed effect.

Noninferiority analyses were based on initially seronegative
subjects in the ATP-I. Supplementary analyses were done for
initially seronegative subjects in the total vaccinated cohort
(TVC) (subjects who received ≥1 vaccine dose for whom data
were available). Descriptive summaries of immunogenicity data
were done by prevaccination serostatus for the ATP-I and TVC,
with the primary focus being those subjects who were seroneg-
ative before vaccination.

Descriptive comparisons were made between HPV-16/18
GMTs measured by ELISA in our study, GMTs in women aged
15–25 years who cleared a natural infection and mounted an im-
mune response in a previous efficacy trial (NCT00122681) [25],
and GMTs from the plateau phase (month 45–50) of a long-
term efficacy study in women aged 15–25 years (NCT00120848)
[8]. Descriptive comparisons were also made between HPV-
16/18 GMTs measured with PBNA in our study and GMTs
in women aged 18–45 years who had cleared a natural infection
and mounted an immune response in a previous immunogenic-
ity trial (NCT00423046) [20]. Safety data are summarized de-
scriptively for the TVC. Statistical analyses were performed
using SAS 9.2 and PROC StatXact 8.1 software.

RESULTS

Study Population
A total of 1447 subjects were enrolled, and all subjects received
≥1 vaccine dose (Figure 1). The month 7 ATP-I for the primary
noninferiority analysis included 434 of 482 participants (90.0%)
in the 3D group and 542 of 550 (98.5%) in the 2D (M0,6) group.
The month 12/13 ATP-I for secondary and exploratory immuno-
genicity analyses included 427 of 482 (88.6%) in the 3D group,
534 of 550 (97.1%) in the 2D (M0,6) group, and 394 of 415
(94.9%) in the 2D (M0,12) group. A larger proportion of subjects
in the 3D group than in 2D groups were excluded from the ATP-I
owing to an incomplete vaccination course or noncompliance
with the vaccination schedule (Figure 1). The treatment groups
were well balanced with regard to demographic characteristics
and baseline HPV-16/18 serostatus, except that, by design,
older subjects were enrolled in the 3D group (Table 1).

Noninferiority Evaluation
The primary noninferiority objective was met. In the ATP-I,
HPV-16/18 immune responses (ELISA) for the 2D (M0,6)
schedule in girls aged 9–14 years were noninferior to 3D in
women aged 15–25 years 1 month after the last dose in terms
of seroconversion and GMTs (Table 2). Noninferiority criteria
were met for all secondary comparisons assessed (Table 2).
Results were consistent between the ATP-I and TVC. Noninfer-
iority was demonstrated for all comparisons in the TVC (Sup-
plementary Table 1).

2-Dose Regimens of the HPV-16/18 Vaccine • JID 2016:214 (15 August) • 527

http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiw036/-/DC1
http://jid.oxfordjournals.org/lookup/suppl/doi:10.1093/infdis/jiw036/-/DC1


Immune Responses to Vaccine HPV-16 and HPV-18
In the ATP-I, all initially seronegative subjects in each group se-
roconverted for HPV-16/18 antibodies by ELISA, and nAbs by
PBNA, 1 month after the last dose (Table 2). Subjects in the 2D
(M0,6) and 3D groups remained seropositive 6 months after the

last dose. For initially seronegative subjects in the ATP-I, HPV-
16/18 GMTs (ELISA) and B-cell and CD4+ T-cell responses 1
month after the last dose were within the same range in girls
aged 9–14 years who received 2D and women aged 15–25
years who received 3D (Figures 2 and 3). HPV-16/18 nAb titers

Figure 1. Flow of participants through the study. The imbalance between the numbers of subjects randomized to the 2D (M0,6) and 2D (M0,12) groups was due to the
unavailability of the vaccine allocated to the latter group at some study sites, forcing the randomization system to automatically allocate subjects from that group to the M0,6
group. This technical issue did not affect the validity of the study, because sufficient subjects were still randomized to the M0,12 group to allow evaluation of study objectives.
Abbreviations: 2D (M0,6), 2-dose schedule administered at months 0 and 6; 2D (M0,12), 2-dose schedule administered at months 0 and 12; 3D (M0,1,6), 3-dose schedule
administered at months 0, 1, and 6; ATP-I, according-to-protocol immunogenicity cohort; M7, month 7; M12, month 12; M13, month 13.
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Table 1. Demographic Characteristics and Baseline Serostatus in the TVC and ATP-I Populationsa

Population

Women Aged 15–25 y Girls Aged 9–14 y

3D (M0,1,6) 2D (M0,6) 2D (M0,12)

TVC

Subjects, No. 482 550 415

Age at 1st vaccine dose, mean (SD), y 19.6 (3.05) 11.6 (1.59) 11.4 (1.55)

Age stratum, No. (%)

9–11 y . . . 264 (48.0) 212 (51.1)

12–14 y . . . 286 (52.0) 203 (48.9)

15–19 y 238 (49.4) . . . . . .

20–25 y 244 (50.6) . . . . . .

Geographic ancestry, No. (%)

Caucasian heritage 263 (54.6) 289 (52.5) 224 (54.0)

Asian heritage 212 (44.0) 250 (45.5) 182 (43.9)

African heritage/African American 3 (0.6) 6 (1.1) 6 (1.4)

Other 4 (0.8) 5 (0.9) 3 (0.7)

HPV-16 baseline serostatus by ELISA, No. (%)

Seronegative 388 (80.8) 493 (90.0) 373 (89.9)

Seropositive 92 (19.2) 55 (10.0) 42 (10.1)

Missing 2 2 0

HPV-18 baseline serostatus by ELISA, No. (%)

Seronegative 422 (87.9) 499 (91.7) 388 (94.4)

Seropositive 58 (12.1) 45 (8.3) 23 (5.6)

Missing 2 6 4

ATP-I at 7 mo

Subjects, No. 434 542 . . .b

Age at 1st vaccine dose, mean (SD), y 19.6 (3.05) 11.6 (1.60) . . .

Geographic ancestry, No. (%)

White heritage 227 (52.3) 282 (52.0) . . .

Asian heritage 201 (46.3) 249 (45.9) . . .

African heritage/African American 3 (0.7) 6 (1.1) . . .

Other 3 (0.7) 5 (0.9) . . .

HPV-16 baseline serostatus by ELISA, No. (%)

Seronegative 352 (81.5) 488 (90.4) . . .

Seropositive 80 (18.5) 52 (9.6) . . .

Missing 2 2 . . .

HPV-18 baseline serostatus by ELISA, No. (%)

Seronegative 382 (88.4) 493 (92.0) . . .

Seropositive 50 (11.6) 43 (8.0) . . .

Missing 2 6 . . .

ATP-I at 12 or 13 mo

Subjects, No. 427 534 394

Age at 1st vaccine dose, mean (SD), y 19.5 (3.04) 11.5 (1.60) 11.4 (1.55)

Geographic ancestry, No. (%)

White heritage 222 (52.0) 275 (51.5) 210 (53.3)

Asian heritage 199 (46.6) 248 (46.4) 175 (44.4)

African heritage/African American 3 (0.7) 6 (1.1) 6 (1.5)

Other 3 (0.7) 5 (0.9) 3 (0.8)

HPV-16 baseline serostatus by ELISA, No. (%)

Seronegative 347 (81.6) 480 (90.2) 355 (90.1)

Seropositive 78 (18.4) 52 (9.8) 39 (9.9)

Missing 2 2 0

HPV-18 baseline serostatus by ELISA, No. (%)

Seronegative 376 (88.5) 485 (91.9) 369 (94.6)

Seropositive 49 (11.5) 43 (8.1) 21 (5.4)

Missing 2 6 4

Abbreviations: 2D (M0,6), 2-dose schedule administered at months 0 and 6; 2D (M0,12), 2-dose schedule administered at months 0 and 12; 3D (M0,1,6), 3-dose schedule administered at
months 0, 1, and 6; ATP-I, according-to-protocol immunogenicity cohort; ELISA, enzyme-linked immunosorbent assay; HPV, human papillomavirus; SD, standard deviation; TVC, total
vaccinated cohort.
a Seronegative status was defined as an antibody titer lower than the assay cutoff before vaccination (8 ELISA units [EU]/mL for HPV-16 and 7 EU/mL for HPV-18).
b There was no month 7 visit for the 2D (M0,12) group, so the ATP-I is not defined for this group at this time point.
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1 month after the last dose seemed higher, based on descriptive
data, in girls aged 9–14 years who received 2D than in women
aged 15–25 years who received 3D, and values were within the
same range 6 months after the last dose (for 2D [M0,6] and 3D
schedules) (Figures 2 and 3).

Similar results were observed in the ATP-I and TVC regard-
less of baseline serostatus (Supplementary Tables 2–9). In the
ATP-I, geometric mean avidity indices (95% CI) 1 month
after the last vaccine dose for HPV-16 and HPV-18, respective-
ly, were 92.8% (89.8%–96.0%) and 84.8% (81.8%–88.0%) for the
3D group and 88.8% (86.9%–90.9%) and 89.6% (86.9%–92.3%)

for the 2D (M0,6) group (Supplementary Figure 2). Among low
antibody responders (in the lowest decile for GMTs 1 month
after the last dose), HPV-16/18 GMTs seemed higher in 2D
groups than in the 3D group (Supplementary Table 10).

Cross-reactive Immune Responses to Nonvaccine HPV-31 and HPV-45
At month 7, cross-reactive HPV-31/45 antibody and CMI re-
sponses were of similar magnitude in girls aged 9–14 years
who received 2D (M0,6) and women aged 15–25 years who
received 3D (Supplementary Figure 3). There was large vari-
ability in HPV-31– and HPV-45–specific memory B-cell

Table 2. Noninferiority Assessment of HPV-16 and HPV-18 Antibody Responses (ELISA) for Initially Seronegative Subjects in the ATP-Ia

Antibody and Group Age, y No.
Seroconversion
(95% CI), % GMT (95% CI), EU/mL

Seroconversion Difference
(95% CI), %b

GMT Ratio
(95% CI)c

2D (M0,6) vs 3D (M0,1,6) 1 mo after the last dose (primary noninferiority objective)d

HPV-16

2D (M0,6) 9–14 488 100 (99.2–100) 9400.1 (8818.3–10020.4) 0.00 (−1.08 to .78) 1.09 (.97–1.22)

3D (M0,1,6) 15–25 352 100 (99.0–100) 10234.5 (9258.3–11313.6)

HPV-18

2D (M0,6) 9–14 493 100 (99.3–100) 5909.1 (5508.9–6338.4) 0.00 (−1.00 to .77) 0.85 (.76–.95)

3D (M0,1,6) 15–25 382 100 (99.0–100) 5002.6 (4572.6–5473.1)

2D (M0,12) vs 3D (M0,1,6) 1 mo after the last dose (secondary noninferiority objective)e,f

HPV-16

2D (M0,12) 9–14 355 100 (99.0–100) 11449.7 (10635.3–12326.5) 0.00 (−1.10 to 1.07) 0.89 (.79–1.01)

3D (M0,1,6) 15–25 347 100 (98.9–100) 10175.6 (9202.4–11251.8)

HPV-18

2D (M0,12) 9–14 369 100 (99.0–100) 6656.3 (6153.6–7200.2) 0.00 (−1.01 to 1.03) 0.75 (.67–.85)

3D (M0,1,6) 15–25 376 100 (99.0–100) 5018.7 (4583.4–5495.3)

2D (M0,12) vs 2D (M0,6) 1 mo after the last dose (secondary noninferiority objective)e,g

HPV-16

2D (M0,12) 9–14 355 100 (99.0–100) 11449.7 (10635.3–12326.5) 0.00 (−.79 to 1.07) 0.82 (.74–.91)

2D (M0,6) 9–14 480 100 (99.2–100) 9396.0 (8808.3–10022.9)

HPV-18

2D (M0,12) 9–14 369 100 (99.0–100) 6656.3 (6153.6–7200.2) 0.00 (−.79 to 1.03) 0.89 (.80–.99)

2D (M0,6) 9–14 485 100 (99.2–100) 5920.8 (5515.9–6355.4)

2D (M0,6) vs 3D (M0,1,6) 6 mo after the last dose (secondary noninferiority objective)e,h

HPV-16

2D (M0,6) 9–14 480 100 (99.2–100) 2663.2 (2489.4–2849.2) 0.00 (−1.10 to .79) 1.25 (1.10–1.40)

3D (M0,1,6) 15–25 347 100 (98.9–100) 3317.2 (2983.7–3688.0)

HPV-18

2D (M0,6) 9–14 485 100 (99.2–100) 1526.3 (1409.8–1652.4) 0.00 (−1.01 to .79) 0.99 (.87–1.12)

3D (M0,1,6) 15–25 376 100 (99.0–100) 1505.4 (1355.4–1672.0)

Abbreviations: 2D (M0,6), 2-dose schedule administered at months 0 and 6; 2D (M0,12), 2-dose schedule administered at months 0 and 12; 3D (M0,1,6), 3-dose schedule administered at
months 0, 1, and 6; ATP-I, according-to-protocol immunogenicity cohort; CI, confidence interval; ELISA, enzyme-linked immunosorbent assay; EU, ELISA units; GMT, geometric mean
antibody titer; HPV, human papillomavirus.
a Two-sided 95%CIs of GMT ratios between groups were computed using an analysis of variance on log10 transformed titers, including vaccine group as a fixed effect. Seronegative status was
defined as an antibody titer lower than the assay cutoff before vaccination (8 EU/mL for HPV-16 and 7 EU/mL for HPV-18).
b Noninferiority was confirmed if the upper limit of the 95% CI for difference in seroconversion rates was below the predefined limit of 5%.
c Noninferiority was confirmed if the upper limit of the 95% CI for the GMT ratio was below the predefined limit of 2.
d The month 7 ATP-I was used for assessment of the primary immunogenicity objective. The seroconversion difference in this grouping represents 3D− 2D (M0,6), and the GMC ratio, 3D/2D
(M0,6).
e The month 12/13 ATP-I was used for assessment of secondary immunogenicity objectives. Note that the number of subjects included in the month 12/13 ATP-I was slightly smaller than for
the month 7 ATP-I, leading to small differences in calculated GMT values 1 month after the last vaccine dose, depending on whether the noninferiority comparison was a primary or secondary
objective.
f The seroconversion difference in this grouping represents 3D− 2D (M0,12), and the GMC ratio, 3D/2D (M0,12).
g The seroconversion difference in this grouping represents 2D (M0,6)− 2D (M0,12), and the GMC ratio, 2D (M0,6)/2D (M0,12).
h The seroconversion difference in this grouping represents 3D − 2D (M0,6), and the GMC ratio, 3D/2D (M0,6).
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responses, but median values were within a similar range in
the 2D and 3D groups. Similar results were observed in the
ATP-I and TVC regardless of baseline immune status (Supple-
mentary Tables 2–9).

Reactogenicity and Safety
The incidence of local and general solicited symptoms overall
per subject, during the 7-day period after each dose, is shown
in Figure 4 and Supplementary Table 11. Incidence overall
per dose is shown in Supplementary Table 12. Pain at the injec-
tion site was the most frequently solicited local symptom (re-
ported by >90% of subjects in each group). The incidence of
grade 3 pain ranged from 9%–12% across groups. Fatigue
(45%–65% of subjects), myalgia (51%–62%), and headache
(37%–51%) were the most frequently solicited general symptoms.

Individual grade 3 solicited general symptoms were reported by
<6% of subjects in each group.

During the 30-day postvaccination period, ≥1 unsolicited
symptomwas reported for 34.6%, 17.6%, and 17.8%of subjects in
3D, 2D (M0,6), and 2D (M0,12) groups, respectively (Table 3).
Nasopharyngitis was the most common unsolicited symptom
(reported by approximately 6% of subjects in each group). The
incidence of grade 3 unsolicited symptoms was low (3.5%, 0.4%
and 1.4% in the 3D, 2D (M0,6), and 2D (M0,12) groups,
respectively).

Serious adverse events and potential immune-mediated dis-
eases were reported for a similar proportion of subjects in each
group (Table 3). None of the serious adverse events was assessed
by investigators as causally related to vaccination. One nonseri-
ous potential immune-mediated disease of seventh cranial

Figure 2. Human papillomavirus (HPV) 16 immune responses for initially seronegative subjects in the month 12/13 according-to-protocol immunogenicity cohort. A, B, Bars
represent GMTs and associated 95% confidence intervals; numbers within each bar are the GMTs for each group, and initially seronegative subjects were those who had an
antibody titer lower than the assay cutoff (8 EU/mL for ELISA; 40 ED50 for PBNA). C, D, Box plots show median, lower and upper quartiles, and minimum and maximum values;
initially seronegative subjects were those who were seronegative at ELISA. Natural infection represents HPV-16 GMT measured with ELISA in women aged 15–25 years who
had cleared a natural infection in Study HPV-008 (29.8 EU/mL) [25] or measured with PBNA in women aged 18–45 years who had cleared a natural infection in Study HPV-010
(180.1 ED50) [20]; plateau, HPV-16 GMT measured with ELISA at month 45–50, which was 397.8 (344.7–459.1) EU/mL for women aged 15–25 years in the total vaccinated
cohort from Study HPV-007 [8]. Abbreviations: 2D (M0,6), 2-dose schedule administered at months 0 and 6 to girls aged 9–14 years; 2D (M0,12), 2-dose schedule administered
at months 0 and 12 to girls aged 9–14 years; 3D (M0,1,6), 3-dose schedule administered at months 0, 1, and 6 to women aged 15–25 years; ED50, effective dose producing 50%
response; ELISA, enzyme-linked immunosorbent assay; EU, ELISA units; GMT, geometric mean antibody titer; PBNA, pseudovirion-based neutralization assay.
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nerve paralysis in the 3D group was considered to have a pos-
sible causal relationship to vaccination; the onset of this event
was 18 days after the first vaccine dose, and the event resolved
after 13 days without sequelae. Twenty-five pregnancies were re-
ported (24 in the 3D group and 1 in the 2D [M0,12] group). Of
these, 18 resulted in the delivery of a normal infant (including
the pregnancy in the 2D [M0,12] group), 1 was an ectopic preg-
nancy, 1 was terminated by elective abortion, 1 was a stillbirth,
and pregnancies 4 were ongoing at the time of reporting. No
apparent congenital anomalies were reported.

DISCUSSION

HPV-16/18 antibody responses (ELISA) to the HPV-16/18
AS04-adjuvanted vaccine administered as a 2D (M0,6) schedule

to girls aged 9–14 years were noninferior to those elicited by the
standard 3D (M0,1,6) schedule in women aged 15–25 years,
both 1 and 6 months after the last dose, confirming results
from a preliminary immunogenicity study [14, 15]. The high
and similar avidity of HPV-16/18 antibodies in 2D (M0,6)
and 3D groups suggest that the quality of the immune response
is also comparable for both schedules [19]. The immunological
noninferiority of 2D (M0,12) compared with both 3D (M0,1,6)
and 2D (M0,6) 1 month after the last dose, and the clinically
acceptable safety profiles of the different schedules further sup-
port the use of 2D schedules of the HPV-16/18 vaccine in girls,
with flexibility around the administration of the second dose.

Serum nAbs, thought to be the major basis of protection con-
ferred by HPV vaccines [26, 27], were also in the same range or

Figure 3. Human papillomavirus (HPV)18 immune responses for initially seronegative subjects in the month 12/13 according-to-protocol immunogenicity cohort. A, B, Bars
represent GMTs and associated 95% confidence intervals; numbers within each bar are the GMTs for each group; initially seronegative subjects were those who had an
antibody titer lower than the assay cutoff (7 EU/mL for ELISA; 40 ED50 for PBNA). C, D, Box plots show median, lower and upper quartiles, and minimum and maximum values;
initially seronegative subjects were those who were seronegative at ELISA. Natural Infection represents HPV-18 GMT measured with ELISA for women aged 15–25 years who
had cleared a natural infection in Study HPV-008 (22.6 EU/mL) [25] or with PBNA for women aged 18–45 years who had cleared a natural infection in Study HPV-010 (137.3
ED50) [20]; plateau, HPV-18 GMT measured with ELISA at month 45–50, which was 297.3 (258.2 to 342.2) EU/mL for women aged 15–25 years in the total vaccinated cohort
from Study HPV-007 [8]. Abbreviations: 2D (M0,6), 2-dose schedule administered at months 0 and 6 to girls aged 9–14 years; 2D (M0,12), 2-dose schedule administered at
months 0 and 12 to girls aged 9–14 years; 3D (M0,1,6), 3-dose schedule administered at months 0, 1, and 6 to women aged 15–25 years; ED50, effective dose producing 50%
response; ELISA, enzyme-linked immunosorbent assay; EU, ELISA units; GMT, geometric mean antibody titer; PBNA, pseudovirion-based neutralization assay.
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higher for the 2D schedules versus the 3D schedule. Similar re-
sponses were observed in 2D and 3D groups against nonvaccine
HPV types 31 and 45 (to month 7 only), suggesting that a 2D
schedule may give cross-protection similar to that observed

previously [11]. B-cell and CD4+ T-cell responses, which may
be important for long-term vaccine-induced protection [28–
30], were also similar in all groups. Interim results from an on-
going study of an extended (months 0, 6, and 60) schedule of

Figure 4. Incidence of local and general solicited symptoms during the 7-day postvaccination period overall per subject (total vaccinated cohort). Error bars represent exact
95% confidence intervals. There were 480 subjects with ≥1 documented dose and a returned symptom sheet for the 3D group, 550 for the 2D (M0,6) group, and 411 for the 2D
(M0,12) group. Fever was defined as oral or axillary temperature ≥37.5°C; grade 3 fever, as oral or axillary temperature >39.0°C; grade 3 redness/swelling, an area at the local
injection site >50 mm in diameter. For all other symptoms, a grade 3 event was defined as one that prevented normal everyday activities. Abbreviations: 2D (M0,6), 2-dose
schedule administered at months 0 and 6 to girls aged 9–14 years; 2D (M0,12), 2-dose schedule administered at months 0 and 12 to girls aged 9–14 years; 3D (M0,1,6), 3-dose
schedule administered at months 0, 1, and 6 to women aged 15–25 years; GI, gastrointestinal.

Table 3. Safety Outcomes Until the End of the Secondary Vaccination Phase in the TVCa

Outcome

Women Aged 15–25 y Girls Aged 9–14 y

3D (M0,1,6) (n = 482) 2D (M0,6) (n = 550) 2D (M0,12) (n = 415)

Unsolicited symptoms during 30-d postvaccination period

Subjects with ≥1 event, No. (%) [95% CI] 167 (34.6) [30.4–39.1] 97 (17.6) [14.5–21.1] 74 (17.8) [14.3–21.9]

Events reported, No 273 131 101

Deaths, No. (%) 0 (0.0) 0 (0.0) 0 (0.0)

Serious adverse events

Subjects with ≥1 event, No. (%) [95% CI] 15 (3.1) [1.8–5.1] 12 (2.2) [1.1–3.8] 11 (2.7) [1.3–4.7]

Events reported, No. 18 18 11

Medically significant adverse events

Subjects with ≥1 event, No. (%) [95% CI] 124 (25.7) [21.9–29.9] 99 (18.0) [14.9–21.5] 61 (14.7) [11.4–18.5]

Events reported, No. 212 167 110

Potential immune-mediated diseases

Subjects with ≥1 event, No. (%) [95% CI] 2 (0.4) [0.1–1.5] 2 (0.4) [0.0–1.3] 2 (0.5) [0.1–1.7]

Events reported, No. 3 3 2

Abbreviations: 2D (M0,6), 2-dose schedule administered at months 0 and 6; 2D (M0,12), 2-dose schedule administered at months 0 and 12; 3D (M0,1,6), 3-dose schedule administered at
months 0, 1, and 6; CI, confidence interval; TVC, total vaccinated cohort.
a The secondary vaccination phase ended at month 12 for subjects in the 3D (M0,1,6) and 2D (M0,6) groups and at month 13 for subjects in the 2D (M0,12) group.
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the HPV-16/18 AS04-adjuvanted vaccine in a real-world setting
in Mexico also showed immunological noninferiority of the 2D
schedule compared with the standard 3D schedule in girls aged
9–10 years [31].

Because efficacy studies in 9–14-year-old girls are not feasible
for ethical and practical reasons, most regulatory authorities
allow immunobridging data to infer efficacy in preteen/adoles-
cents. Because immunogenicity profiles were similar for 2D
schedules in girls and the 3D schedule in women, we infer
that 2D of the HPV-16/18 vaccine administered to preteen/ad-
olescent girls will give a similar level of protection compared
with 3D in young women, in whom high vaccine efficacy has
been demonstrated in clinical trials [8–11, 25]. Preliminary ev-
idence that efficacy can be achieved with <3 doses was also ob-
served in a post-hoc nonrandomized analysis of the Costa Rica
Vaccine Trial (CVT) [32, 33] and a post-hoc analysis combining
data from the CVT and the PATRICIA (Papilloma Trial against
Cancer in Young Adults) trial [34]. Four years after vaccination
of women aged 15–25 years, 1 and 2 doses of the HPV-16/18
vaccine seemed to protect against cervical HPV-16/18 infec-
tions, similar to the protection provided by the 3D schedule.
Two doses separated by 6 months also provided some cross-
protection. In the CVT, HPV-16/18 antibody responses in
women who received 2D were durable over 4 years of follow-
up, with GMTs being at least 24- and 14-fold higher, respective-
ly, than those observed in natural infection [33].

On the basis of data from the present study, and the prelim-
inary immunogenicity study [14], the HPV-16/18 vaccine has
received marketing authorization in several countries for a 2D
schedule in preteen/adolescent girls, with flexibility around the
timing of the second dose, from 5 to 13 months after the first
dose. Clinical trials have also been conducted to investigate re-
duced number of doses or extended schedules of the HPV-6/11/
16/18 vaccine [35–38], and this vaccine has also recently re-
ceived marketing authorization for a 2D schedule in adoles-
cents. An ongoing head-to-head trial (NCT01462357) showed
that a 2D schedule of the HPV-16/18 AS04-adjuvanted vaccine
elicited superior HPV-16/18 antibody responses in adolescent
girls compared with 2D and 3D of the HPV-6/11/16/18 vaccine
1 and 6 months after the last vaccine dose [39].

Girls vaccinated at a young age will require many years of pro-
tection against HPV infection to prevent HPV-associated can-
cers; therefore, longevity of immune responses at a sufficiently
high level are important for a 2D schedule. Follow-up in the cur-
rent study is ongoing over a 3-year period and is required to de-
termine longer-term noninferiority. In addition, follow-up of the
2D (M0,12) schedule is currently complete only to 1 month after
the last dose, so evidence comparing the two 2D regimens is lim-
ited. Information from further follow-up time points is needed
for a more complete picture of immunogenicity. However, data
from the preliminary immunogenicity study in girls aged 9–14
years who received a 2D (M0,6) schedule of the HPV-16/18

vaccine showed that antibody titers remained high over a 5-
year period, and modeling predicts that antibody titers could per-
sist for ≥ 21 years [16].

The reactogenicity and safety profile of the HPV-16/18 vaccine
in the current trial was clinically acceptable in both 2D and 3D
groups and generally similar to that reported elsewhere [40]. The
proportion of subjects reporting some types of solicited general
symptoms, and unsolicited symptoms, was numerically lower
for 2D groups than the 3D group. These apparent differences
could be due to the different ages of subjects enrolled in the
2D and 3D groups, rather than the reduced number of doses,
but a previous study showed no difference in reactogenicity on
the basis of age for the standard 3D schedule [5], strengthening
the implicit notion that 2D are less reactogenic than 3D.

A strength of our study is that it offers a comprehensive eval-
uation of the immunogenicity of 2D schedules, including ELISA,
nAbs, CMI, and avidity assessments, with consistency of results
across these end points. The evaluation of 2 alternative 2D
schedules (M0,6 and M0,12) was a unique feature of this trial
and supported registration of a flexible 2D schedule of the
HPV-16/18 vaccine. The diversity of geographic and ethnic or-
igins, and group sample sizes were also much larger in our study
than in other trials comparing 2D versus 3D schedules [14, 35].
However, our study was not powered for secondary and explor-
atory immunogenicity end points (PBNA, CMI, avidity), which
were measured in a smaller subset of subjects, and statistical
comparisons were not made between groups for these immuno-
genicity end points or for reactogenicity.

In summary, we show that 2D schedules of HPV-16/18
AS04-adjuvanted vaccine administered over a 6- or 12-month
interval to girls aged 9–14 years are immunologically noninfe-
rior to the standard 3D schedule in women aged 15–25 years,
the age group in which high vaccine efficacy has previously
been demonstrated in clinical trials. The flexibility around the
timing of the second dose, giving the option of annual vaccina-
tion over 2 consecutive years, is an added benefit. Reduced dose
schedules of HPV vaccines may facilitate vaccination imple-
mentation and reduce cost, allowing for higher vaccination cov-
erage and potentially more girls being protected from cervical
cancer.
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