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This observer-blind study (clinicaltrials.gov NCT01462357) compared the immunogenicity and safety of 2 doses of the
HPV-16/18 AS04-adjuvanted vaccine (HPV-16/18(2D)) vs. 2 or 3 doses of the HPV-6/11/16/18 vaccine (HPV-6/11/16/18(2D)
and HPV-6/11/16/18(3D)) in healthy girls aged 9–14 y. Girls were randomized (1:1:1) to receive HPV-16/18(2D) at months
(M) 0,6 (N D 359), HPV-6/11/16/18(2D) at M0,6 (N D 358) or HPV-6/11/16/18(3D) at M0,2,6 (N D 358). The primary
objective was non-inferiority/superiority of HPV-16/18 antibodies by ELISA for HPV-16/18(2D) vs. HPV-6/11/16/18(2D) at M7
in the according-to-protocol immunogenicity cohort (ATP-I) and total vaccinated cohort, respectively. Secondary objectives
included non-inferiority/superiority of HPV-16/18(2D) vs. HPV-6/11/16/18(3D) at M7, non-inferiority/superiority at M12, HPV-
16/18 neutralizing antibodies, frequencies of T-cells/B-cells, reactogenicity and safety. Antibody responses at M7 for HPV-
16/18(2D) were superior to those for HPV-6/11/16/18(2D) and HPV-6/11/16/18(3D) (lower limit of 95% confidence interval
for geometric mean titer ratio (GMR) was >1): HPV-16/18(2D)/HPV-6/11/16/18(2D) GMRs were 1.69 [1.49–1.91] for anti-HPV-
16 and 4.52 [3.97–5.13] for anti-HPV-18; HPV-16/18(2D)/HPV-6/11/16/18(3D) GMRs were 1.72 [1.54–1.93] for anti-HPV-16
and 3.22 [2.82–3.68] for anti-HPV-18; p D 0.0001 for all comparisons. Non-inferiority/superiority was also demonstrated at
M12. Among initially seronegative girls in the ATP-I, neutralizing antibody titers were at least 1.8-fold higher for HPV-16/18
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(2D) vs. HPV-6/11/16/18(2D) and HPV-6/11/16/18(3D) at M7 and M12. Frequencies of HPV-16/18-specific T-cells and B-cells
were in similar ranges between groups. Reactogenicity and safety were in line with the known profile of each vaccine. In
conclusion, superior HPV-16/18 antibody responses were elicited by 2 doses of the HPV-16/18 AS04-adjuvanted vaccine
compared with 2 or 3 doses of the HPV-6/11/16/18 vaccine in girls (9–14 years).

Introduction

Two human papillomavirus (HPV) vaccines, the HPV-16/18
AS04-adjuvanted vaccine (Cervarix�, GSK group of companies) and
theHPV-6/11/16/18 vaccine (Gardasil�,Merck&Co., Inc.), are cur-
rently approved for the prevention of premalignant genital lesions and
cervical cancer. Both vaccines contain L1 virus-like particles (VLPs)
from the 2most prevalent oncogenic HPV types, HPV-16 and HPV-
18.1 These 2HPV types are responsible formore than 70% of cervical
cancers worldwide.2-4 The main differences in the composition of the
vaccines are the inclusion of HPV-6 and -11 L1 VLPs in the HPV-6/
11/16/18 vaccine and AS04 adjuvantation of the HPV-16/18 vaccine.
In addition, they are produced using different methods.1

The observation that standard 3-dose (3D) schedules of these
vaccines elicited antibody titers in girls that were approximately 2-
fold higher than those elicited in young women,5,6 the age group in
which efficacy has been demonstrated in clinical studies,7-13

prompted the evaluation of alternative dosing schedules for younger
subjects. Two doses (2D) of the HPV-16/18 vaccine administered
at months (M) 0,6 or 0,12 to girls aged 9–14 y were shown to elicit
non-inferior HPV-16 and ¡18 antibody responses 1M and 6M
after the last vaccine dose compared with the standard 3D schedule
in young women aged 15–25 years,14,15 and antibody titers were
sustained at high levels for up to 4 y after first vaccination.16 Simi-
larly, a 2D schedule of the HPV-6/11/16/18 vaccine administered
at M0,6 to girls aged 9–13 y elicited non-inferior antibody
responses to the 4 HPV vaccine types 1M after the last vaccine dose
compared with the standard 3D schedule in young women aged
16–26 years, with persistently high antibody titers observed for up
to 3 y.17 Consequently, 2D schedules of both HPV vaccines have
now been approved for girls in a number of countries in Europe,
Latin America, Africa and Asia. For the HPV-16/18 vaccine there is
some flexibility around administration of the second dose, from 5
to 13months after the first dose;18 for theHPV-6/11/16/18 vaccine
the second dose is recommended 6 months after the first dose.19

Comparison of data for 2D schedules of the 2 HPV vaccines
across studies is not appropriate given the differences in study design
and serological assays utilized. Thus, the current study was designed
to evaluate the immunogenicity and safety of 2D schedules of the
HPV-16/18 vaccine (HPV-16/18(2D) study group) and the HPV-
6/11/16/18 vaccine (HPV-6/11/16/18(2D) study group) in girls
aged 9–14 y in a head-to-head comparison. We also compared the
2D schedule of the HPV-16/18 vaccine with the 3D schedule of the
HPV-6/11/16/18 vaccine (HPV-6/11/16/18(3D) study group).

Results

Study population
A total of 1,075 girls received at least one vaccine dose (359

for HPV-16/18(2D), 358 for HPV-6/11/16/18(2D), 358 for

HPV-6/11/16/18(3D)) and 1,054 (98%) completed the study to
M12 (Fig. 1). 1,005 (93%) and 983 (91%) girls were included
in the according-to-protocol cohort for immunogenicity (ATP-I)
at M7 and M12, respectively. The reasons for exclusion from the
ATP-I were balanced between groups. Compliance with the
planned vaccination schedule was high (�98 % in each group).
The three groups were well matched with regard to demographic
characteristics (Table 1). For all cohorts, the majority of girls in
each group were seronegative for anti-HPV-16 (>96%) and
anti-HPV-18 (>99%) at baseline (Table 1).

Immunological non-inferiority and superiority
Non-inferior immunogenicity was demonstrated for HPV-16/

18(2D) compared with HPV-6/11/16/18(2D) and HPV-6/11/
16/18(3D) at M7, since the upper limits of the 95% confidence
intervals (CIs) for the differences in seroconversion rates (HPV-6/
11/16/18(2D) or –(3D) minus HPV-16/18(2D)) for both anti-
HPV-16 and -HPV-18 by enzyme-linked immunosorbent assay
(ELISA) were below 5% and the upper limits of the 95% CIs for
the geometric mean titers (GMT) ratios (HPV-6/11/16/18(2D)
or –(3D) divided by HPV-16/18(2D)) for both antibodies were
below 2 in the ATP-I (Table 2). Additionally, HPV-16/18(2D)
was demonstrated to be superior to HPV-6/11/16/18(2D) and
HPV-6/11/16/18(3D) at M7, since the lower limits of the 95%
CIs for the anti-HPV-16 and -18 GMT ratios (HPV-16/18(2D)
divided by HPV-6/11/16/18(2D) or –(3D)) were above 1 in the
total vaccinated cohort (TVC) regardless of baseline serostatus (p
D 0.0001 for each antigen for both comparisons). Non-inferior-
ity/superiority was also successfully demonstrated at M12.

In the TVC at M7, GMT ratios [95% CI] for HPV-16/18
(2D)/HPV-6/11/16/18(2D) were 1.69 [1.49, 1.91] for anti-
HPV-16 and 4.52 [3.97, 5.13] for anti-HPV-18. GMT ratios
[95% CI] for HPV-16/18(2D)/HPV-6/11/16/18(3D) were 1.72
[1.54, 1.93] for anti-HPV-16 and 3.22 [2.82, 3.68] for anti-
HPV-18. Similar GMT ratios were observed in the TVC at
M12: 1.76 [1.53, 2.03] for anti-HPV-16 and 4.96 [4.27, 5.75]
for anti-HPV-18 for HPV-16/18(2D)/HPV-6/11/16/18(2D)
and 1.41 [1.24, 1.61] and 2.76 [2.37, 3.22] for HPV-16/18
(2D)/HPV-6/11/16/18(3D) (Table 2).

Antibody responses
In each group, all initially seronegative subjects in the ATP-I

had seroconverted for HPV-16 and ¡18 antibodies by ELISA
and pseudovirion-based neutralization assay (PBNA) at M7.
More than 99% of subjects in each group remained seropositive
by ELISA and PBNA at M12. There was a decline in HPV-16
and ¡18 antibodies from M7 to M12 (Fig. 2, Fig. 3, Tables S1
and S2) in all groups, but GMTs (by ELISA and PBNA) at M12
remained well above those previously observed in women who
had cleared a natural infection and mounted an immune

1690 Volume 11 Issue 7Human Vaccines & Immunotherapeutics

D
ow

nl
oa

de
d 

by
 [

U
pp

sa
la

 u
ni

ve
rs

ite
ts

bi
bl

io
te

k]
 a

t 0
4:

24
 2

0 
A

ug
us

t 2
01

5 



Figure 1. For figure legend, see page 1692.
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response (HPV-16 and ¡18 GMTs by ELISA were at least 43.1-
and 11.7-fold higher, respectively, and HPV-16 and ¡18 GMTs
by PBNA were at least 22.7- and 4.8-fold higher, respectively for
HPV-6/11/16/18(2D) where titers were the lowest of all
groups).1,20 In the HPV-16/18(2D) and HPV-6/11/16/18(3D)
groups, anti-HPV-16 and ¡18 GMTs by ELISA at M12 were
also above those observed during the plateau phase of a long-
term efficacy study in women aged 15–25 y associated with sus-
tained efficacy,8 but anti-HPV-18 GMTs in the HPV-6/11/16/
18(2D) group fell below this benchmark at M12.

Among initially seronegative girls in the M12-ATP-I, HPV-
16 neutralizing antibody titers were at least 2.4-fold higher at
M7 and at least 1.8-fold higher at M12 for HPV-16/18(2D) vs.
HPV-6/11/16/18(2D) and HPV-6/11/16/18(3D), and HPV-18
neutralizing antibody titers were at least 3.0-fold higher at M7

and at least 2.1-fold higher at M12 for HPV-16/18(2D) vs.
HPV-6/11/16/18(2D) and HPV-6/11/16/18(3D). Similar
results were observed in the TVC regardless of the baseline seros-
tatus (Tables S1 and S2).

Cell-mediated immunity (CMI)
In descriptive analyses, frequencies of HPV-16 and ¡18-spe-

cific memory B-cell and CD4C T-cells for initially seronegative
girls in the ATP-I were within similar ranges in all groups at M7
and M12, but median frequencies were numerically highest for
girls who received 2D of the HPV-16/18 vaccine (Figs. 2 and 3).
Similar results were observed in the TVC, regardless of baseline
serostatus (Table S3 and Table S4). No substantial HPV-16 and
¡18 specific CD8C T-cell response was detected at M7 or M12
in any group.

Figure 1 (See previous page). Study design (A) and flow of participants through the trial to month 12 (B). Syringe symbols represent vaccine administra-
tion. AE, adverse event; ATP-I, according to protocol immunogenicity cohort; BS (1), blood sample for assessment of antibodies (by enzyme-linked immu-
nosorbent assay in all subjects and by pseudovirion-based neutralisation assay in a subset of subjects); BS (2), blood sample for assessment of cell-
mediated immunity in a subcohort of subjects; HPV-16/18(2D), 2 doses of the HPV-16/18 AS04-adjuvanted vaccine at months 0 and 6; HPV-6/11/16/18
(2D), 2 doses of the HPV-6/11/16/18 vaccine at months 0 and 6; HPV-6/11/16/18(3D), 3 doses of the HPV-6/11/16/18 vaccine at months, 0, 2 and 6;
M, month; TVC, total vaccinated cohort. *number present in one group only, but replicated to avoid unblinding.

Table 1. Demographic characteristics and baseline serostatus in the TVC and ATP-I (at one (M7) and 6 months (M12) after the last vaccine dose)

HPV-16/18(2D) HPV-6/11/16/18(2D) HPV-6/11/16/18(3D)

Demographic characteristics
TVC N D 359 N D 358 N D 358
Age (years) at time of first vaccine dose, mean (SD) 11.5 (1.64) 11.5 (1.56) 11.6 (1.64)
Geographic ancestry, n (%)
Asian Heritage 261 (72.7) 257 (71.8) 264 (73.7)
White Heritage 94 (26.2) 93 (26.0) 90 (25.1)
African Heritage / African American 4 (1.1) 6 (1.7) 4 (1.1)
Other 0 (0.0) 2 (0.6) 0 (0.0)

Baseline serology
TVC ND359 ND358 ND358
HPV-16 baseline serostatus by ELISA, n (%)
Seronegative 352 (98.1) 349 (97.5) 345 (96.4)
Seropositive 7 (1.9) 9 (2.5) 13 (3.6)

HPV-18 baseline serostatus by ELISA, n (%)
Seronegative 356 (99.2) 355 (99.2) 357 (99.7)
Seropositive 3 (0.8) 3 (0.8) 1 (0.3)

ATP-I at M7 ND337 ND334 ND334
HPV-16 baseline serostatus by ELISA, n (%)
Seronegative 330 (97.9) 327 (97.9) 322 (96.4)
Seropositive 7 (2.1) 7 (2.1) 12 (3.6)

HPV-18 baseline serostatus by ELISA, n (%)
Seronegative 334 (99.1) 331 (99.1) 333 (99.7)
Seropositive 3 (0.9) 3 (0.9) 1 (0.3)

ATP-I at M12 ND331 ND325 ND327
HPV-16 baseline serostatus by ELISA, n (%)
Seronegative 325 (98.2) 318 (97.8) 315 (96.3)
Seropositive 6 (1.8) 7 (2.2) 12 (3.7)

HPV-18 baseline serostatus by ELISA, n (%)
Seronegative 328 (99.1) 322 (99.1) 326 (99.7)
Seropositive 3 (0.9) 3 (0.9) 1 (0.3)

ATP-I, according-to-protocol immunogenicity cohort; ELISA, enzyme-linked immunosorbent assay; HPV-16/18(2D), 2 doses of the HPV-16/18 AS04-adju-
vanted vaccine administered at months 0 and 6; HPV-6/11/16/18(2D), 2 doses of the HPV-6/11/16/18 vaccine administered at months 0 and 6; HPV-6/11/16/
18(3D), 3 doses of the HPV-6/11/16/18 vaccine administered at months, 0, 2 and 6; M, month; N, total number of subjects; n (%), number (percentage) of
subjects in a given category; SD, standard deviation; TVC, total vaccinated cohort. Seronegative status defined as an antibody titer lower than the assay cut-
off (19 ELISA units [EU]/mL for anti-HPV-16 and 18 EU/mL for anti-HPV-18).
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Table 2. Non-inferiority (a) and superiority (b) testing for HPV-16 and ¡18 antibody responses by ELISA one and 6 months after the last vaccine dose

(a) Non-inferiority testing: initially seronegative girls in the ATP-I

Time
point Antibody Group N

Serocon-
version%
(95% CI)

GMT
EU/mL
(95% CI)

Seroconversion
difference % (95% CI)1

GMT ratio
(95% CI)2

HPV-
6/11/16/18(2D) -
HPV-16/18(2D)

HPV-
6/11/16/18(3D) -
HPV-16/18(2D)

HPV-
6/11/16/18(2D)
/HPV-16/18(2D)

HPV-
6/11/16/18(3D)
/HPV-16/18(2D)

M7 HPV-16 HPV-16/18(2D) 330 100 (98.9,
100)

8244.1 (7678.3,
8851.7)

0.00 (¡1.16,
1.15)

0.00 (¡1.18,
1.15)

0.61 (0.54,
0.69)

0.58 (0.52,
0.65)

HPV-6/11/16/18(2D) 327 100 (98.9,
100)

5056.0 (4596.5,
5561.5)

HPV-6/11/16/18(3D) 322 100 (98.9,
100)

4807.4 (4420.8,
5227.7)

HPV-18 HPV-16/18(2D) 334 100 (98.9,
100)

5277.4 (4858.6,
5732.4)

0.00 (¡1.15,
1.14)

0.00 (¡1.14,
1.14)

0.23 (0.20,
0.26)

0.31 (0.27,
0.36)

HPV-6/11/16/18(2D) 331 100 (98.9,
100)

1207.2 (1092.9,
1333.4)

HPV-6/11/16/18(3D) 333 100 (98.9,
100)

1653.5 (1484.4,
1841.8)

M12 HPV-16 HPV-16/18(2D) 325 99.7 (98.3,
100)

2217.5 (2022.9,
2430.7)

0.31 (¡0.89,
1.72)

0.31 (¡0.90,
1.72)

0.58 (0.50,
0.67)

0.72 (0.63,
0.82)

HPV-6/11/16/18(2D) 318 100 (98.8,
100)

1285.3 (1151.4,
1434.8)

HPV-6/11/16/18(3D) 315 100 (98.8,
100)

1591.3 (1448.8,
1747.7)

HPV-18 HPV-16/18(2D) 328 99.7 (98.3,
100)

1312.6 (1187.5,
1451.0)

¡0.01 (¡1.46,
1.42)

0.30 (¡0.86,
1.71)

0.20 (0.17,
0.23)

0.36 (0.31,
0.43)

HPV-6/11/16/18(2D) 322 99.7 (98.3,
100)

263.9 (234.2,
297.3)

HPV-6/11/16/18(3D) 326 100 (98.9,
100)

477.1 (421.9,
539.6)

(b) Superiority testing: TVC regardless of baseline serostatus

Time Antibody Group N
Seroconve

rsion % (95% CI)
GMT EU/mL
(95% CI)

GMT ratio (95% CI)3

HPV-16/18(2D) / HPV-
6/11/16/18(2D)

HPV-16/18(2D) / HPV-
6/11/16/18(3D)

M7 HPV-16 HPV-16/18(2D) 357 100 (99.0, 100) 8256.4 (7650.3, 8910.6) 1.69 (1.49, 1.91)** 1.72 (1.54, 1.93)**

HPV-6/11/16/18(2D) 353 100 (99.0, 100) 4886.1 (4435.4, 5382.6)
HPV-6/11/16/18(3D) 351 100 (99.0, 100) 4789.2 (4409.6, 5201.4)

HPV-18 HPV-16/18(2D) 357 100 (99.0, 100) 5267.8 (4857.1, 5713.2) 4.52 (3.97, 5.13)** 3.22 (2.82, 3.68)**

HPV-6/11/16/18(2D) 353 100 (99.0, 100) 1166.3 (1056.0, 1288.2)
HPV-6/11/16/18(3D) 351 100 (99.0, 100) 1635.8 (1470.0, 1820.4)

M12 HPV-16 HPV-16/18(2D) 355 99.7 (98.4, 100) 2217.5 (2024.4, 2429.0) 1.76 (1.53, 2.03)** 1.41 (1.24, 1.61)**

HPV-6/11/16/18(2D) 347 99.7 (98.4, 100) 1260.0 (1131.1, 1403.6)
HPV-6/11/16/18(3D) 348 100 (98.9, 100) 1567.4 (1429.7, 1718.5)

HPV-18 HPV-16/18(2D) 355 99.7 (98.4, 100) 1296.1 (1178.1, 1426.0) 4.96 (4.27, 5.75)** 2.76 (2.37, 3.22)**

HPV-6/11/16/18(2D) 347 99.7 (98.4, 100) 261.3 (233.0, 293.1)
HPV-6/11/16/18(3D) 348 99.7 (98.4, 100) 469.2 (415.7, 529.5)

1Non-inferiority with respect to seroconversion was confirmed if the upper limit of the 95% CI for difference in seroconversion rates (HPV-6/11/16/18 minus
HPV-16/18) was less than the predefined limit of 5%.
2Non-inferiority with respect to GMTs was confirmed if the upper limit of the 95% CI for the GMT ratio (HPV-6/11/16/18 divided by HPV-16/18) was below
the predefined limit of 2.
3Superiority with respect to GMTs was confirmed if the lower limit of the 95% CI for the GMT ratio (HPV-16/18 divided by HPV-6/11/16/18) was above the
predefined limit of 1.
**p D 0.0001. ATP-I, according-to-protocol immunogenicity cohort; HPV-16/18(2D), 2 doses of the HPV-16/18 AS04-adjuvanted vaccine administered at
months 0 and 6; M, month; N, number of subjects with available results; HPV-6/11/16/18(2D), 2 doses of the HPV-6/11/16/18 vaccine administered at months
0 and 6; HPV-6/11/16/18(3D), 3 doses of the HPV-6/11/16/18 vaccine administered at months, 0, 2 and 6; CI, confidence interval; ELISA, enzyme-linked immu-
nosorbent assay; EU/mL, ELISA units per milliliter; GMT, geometric mean antibody titer; TVC, total vaccinated cohort. Seronegative status defined as an anti-
body titer lower than the assay cut-off at baseline (19 EU/mL for anti-HPV-16 and 18 EU/mL for anti-HPV-18).
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Reactogenicity and safety
There was a higher incidence of solicited local symptoms in

the HPV-16/18(2D) group than the HPV-6/11/16/18(2D) or
HPV-6/11/16/18(3D) groups, but the incidence of solicited gen-
eral symptoms was generally similar across groups (Fig. 4 and

Table S5). Solicited local symptoms were reported by 93%, 81%
and 86% of girls in HPV-16/18(2D), HPV-6/11/16/18(2D)
and HPV-6/11/16/18(3D) groups, after 75%, 62% and 67% of
doses, respectively. Pain at the injection site was the most fre-
quently reported solicited local symptom, being reported by

Figure 2. HPV-16-specific humoral and cellular immune responses for initially seronegative subjects in the ATP-I at one (M7) and 6 months (M12) after
the last vaccine dose. For panels (A and B), bars show geometric mean antibody titers (GMTs) and associated 95% confidence intervals; the numbers
within each bar are the GMTs for each group. For panels (C and D), boxplots show median, lower quartile, upper quartile, minimum and maximum fre-
quency of cells; the numbers within each bar are the median values for each group. ATP-I, Month 12 according-to-protocol immunogenicity cohort;
ED50, effective dose producing 50% response; ELISA, enzyme-linked immunosorbent assay; EU/mL, ELISA units per milliliter; HPV-16/18(2D), 2 doses of
the HPV-16/18 AS04-adjuvanted vaccine at months 0 and 6; HPV-6/11/16/18(2D), 2 doses of the HPV-6/11/16/18 vaccine at months 0 and 6; HPV-6/11/
16/18(3D), 3 doses of the HPV-6/11/16/18 vaccine at months, 0, 2 and 6; M, month; n, number of subjects with available results; Nat. inf., historical GMTs
for women who had cleared a natural infection (29.8 EU/mL for ELISA; 180.1 ED50 for PBNA);

1,20 PBNA, pseudovirion-based neutralisation assay; Plateau,
historical GMT (ELISA) at months 45–50 for women aged 15–25 y participating in a long-term efficacy trial (397.8 EU/mL).8 The cut-off values for the ELISA
and PBNA assays were 19 EU/mL and 40 ED50, respectively.
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92%, 77% and 83% of girls in HPV-16/18(2D), HPV-6/11/16/
18(2D) and HPV-6/11/16/18(3D), respectively; grade 3 pain
was reported by 12%, 5% and 5% of girls, respectively. Solicited
general symptoms were reported by 74%, 75% and 74% of girls
in HPV-16/18(2D), HPV-6/11/16/18(2D) and HPV-6/11/16/

18(3D) groups, after 52%, 50% and 53% of doses, respectively.
Fatigue, myalgia and headache were the most frequently reported
solicited general symptoms in each group. Each individual grade
3 solicited general symptom was reported by no more than 5%
of girls. Solicited local and general symptoms were generally

Figure 3. HPV-18-specific humoral and cellular immune responses for initially seronegative subjects in the ATP-I at one (M7) and 6 months (M12) after
the last vaccine dose. For panels (A and B), bars show geometric mean antibody titers (GMTs) and associated 95% confidence intervals; the numbers
within each bar are the GMTs for each group. For panels (C and D), boxplots show median, lower quartile, upper quartile, minimum and maximum fre-
quency of cells; the numbers within each bar are the median values for each group. ATP-I, Month 12 according-to-protocol immunogenicity cohort;
ED50, effective dose producing 50% response; ELISA, enzyme-linked immunosorbent assay; EU/mL, ELISA units per milliliter; HPV-16/18(2D), 2 doses of
the HPV-16/18 AS04-adjuvanted vaccine administered at months 0 and 6; HPV-6/11/16/18(2D), 2 doses of the HPV-6/11/16/18 vaccine administered at
months 0 and 6; HPV-6/11/16/18(3D), 3 doses of the HPV-6/11/16/18 vaccine administered at months, 0, 2 and 6; M, month; n, number of subjects with
available results; Nat. inf., historical GMTs for women who had cleared a natural infection (22.6 EU/mL for ELISA; 137.3 ED50 for PBNA);

1,20 PBNA, pseudovi-
rion-based neutralisation assay; Plateau, historical GMT (ELISA) at months 45–50 for women aged 15–25 y participating in a long-term efficacy trial (297.3
EU/mL).8 The cut-off values for the ELISA and PBNA assays were 18 EU/mL and 40 ED50, respectively.
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transient, with only a small percentage of girls (<2 %) having a
symptom ongoing beyond the 7-day observation period. At least
one unsolicited symptom was reported by 25%, 27% and 28%
of girls in HPV-16/18(2D), HPV-6/11/16/18(2D) and HPV-6/
11/16/18(3D) groups, respectively, with at least one grade 3
unsolicited symptom reported by 5%, 2% and 6% of girls,
respectively. There was no increase in the frequency of AEs with
increasing number of doses (data not shown).

Up to M12, at least one medically significant adverse event
was reported by 14%, 16% and 13% of girls in HPV-16/18
(2D), HPV-6/11/16/18(2D) and HPV-6/11/16/18(3D) groups,
respectively. No deaths were reported. Sixteen girls had serious
adverse events (SAEs) (13 [3.6%], 2 [0.6%] and 1 [0.3%] in
HPV-16/18(2D), HPV-6/11/16/18(2D) and HPV-6/11/16/18
(3D) groups, respectively) which all resolved. None of the SAEs
was considered by the investigators to have a causal relationship
to vaccination. No discernible pattern in the nature and time to
onset of the SAEs was observed.

Six girls had potential immune-mediated diseases (pIMDs) (3
[0.8%] in the HPV-16/18(2D) group and 3 [0.8%] in the HPV-

6/11/16/18(2D) group). The reported pIMDs were reactive
arthritis, juvenile idiopathic arthritis, erythema nodosum, alope-
cia areata, ulcerative colitis and celiac disease; 2 of these events
were categorized as serious (erythema nodosum and juvenile idio-
pathic arthritis) and one non-serious event was considered by the
investigator to have a possible causal relationship to vaccination
(reactive arthritis). No subject was withdrawn from the study due
to an adverse event and no pregnancy was reported.

Discussion

The recent licensure of 2D schedules of the HPV-16/18
AS04-adjuvanted vaccine and the HPV-6/11/16/18 vaccine for
preteens/adolescents is important for global public health, as this
could facilitate the introduction of vaccination programs in lower
income countries, where cost and infrastructure are significant
barriers to program implementation. This could also help to
improve the relatively low vaccine coverage and series completion
rates observed in some higher income countries.21-24 The current

Figure 4. Incidence of local and general solicited symptoms during the 7-day post-vaccination period overall per subject for the total vaccinated cohort.
For each group, the darker and lighter shaded bars, respectively, represent the percentage of subjects with any symptom or any grade 3 symptom with
exact 95% confidence intervals. GI, gastrointestinal; HPV-16/18(2D), 2 doses of the HPV-16/18 AS04-adjuvanted vaccine administered at months 0 and 6
(n D 359); HPV-6/11/16/18(2D), 2 doses of the HPV-6/11/16/18 vaccine administered at months 0 and 6 (n D 357); HPV-6/11/16/18(3D), 3 doses of the
HPV-6/11/16/18 vaccine administered at months, 0, 2 and 6 (n D 356); girls in the 2D groups received placebo at dose 2. Fever was defined as oral or axil-
lary temperature �37.5�C; grade 3 fever was defined as oral or axillary temperature >39.0�C. Grade 3 redness/swelling were defined as an area at the
local injection site with diameter >50 mm. For all other symptoms, a grade 3 event was defined as one which prevented normal everyday activities.
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head-to-head trial was undertaken to compare the immunogenic-
ity and safety of a 2D schedule of the HPV-16/18 AS04-adju-
vanted vaccine vs. 2D and 3D schedules of the HPV-6/11/16/18
vaccine in girls aged 9–14 y. We found that anti-HPV-16 and
¡18 GMTs, measured by ELISA, were significantly higher one
and 6 months after the last vaccine dose following administration
of 2D of the HPV-16/18 vaccine than 2D or 3D of the HPV-6/
11/16/18 vaccine. Statistical testing was not performed for sec-
ondary immunogenicity endpoints but in descriptive compari-
sons, neutralizing anti-HPV-16 and ¡18 GMTs were at least
1.8-fold higher following administration of the HPV-16/18 vac-
cine compared with the HPV-6/11/16/18 vaccine.

Our finding of higher antibody responses in girls vaccinated
with 2D of the HPV-16/18 AS04-adjuvanted vaccine is in accord
with previous head-to-head comparisons between the HPV-16/
18 and HPV-6/11/16/18 vaccines administered according to a
3D schedule.1,25,26 Following administration of a 3D schedule,
higher anti-HPV-16 and ¡18 GMTs (by ELISA and PBNA)
were observed for the HPV-16/18 vaccine vs. the HPV-6/11/16/
18 vaccine up to 60 months after first vaccination in healthy
women aged 18–45 y,1,25 and higher neutralizing antibody titers
against vaccine (HPV-16 and ¡18) and non-vaccine (HPV-31
and ¡45) types were observed for the HPV-16/18 vaccine vs. the
HPV-6/11/16/18 vaccine up to 12 months after first vaccination
in healthy girls aged 12–15 y.26 Additionally, following adminis-
tration of a 3D schedule, significantly higher HPV-18 antibody
titers were observed for the HPV-16/18 vaccine vs. the HPV-6/
11/16/18 vaccine up to 12 months after first vaccination in HIV-
positive adult men and women, although no significant differ-
ence in HPV-16 antibody titers was found.27 Furthermore, the
HPV-16/18 vaccine induced significantly higher HPV-16 and
¡18 neutralizing antibody titers than the HPV-6/11/16/18 vac-
cine in girls vaccinated within organized vaccination
programmes.28

An immunological correlate of protection has not yet been
defined for HPV infection and associated cervical lesions,
although previous studies have shown that higher titers of natu-
rally-acquired HPV-16 antibodies (by ELISA), and to a lesser
extent HPV-18 antibodies, are associated with a lower risk of
newly detected infection and cervical abnormalities due to the
same HPV type.29,30 In our study, all 3 vaccine regimens induced
HPV-16 and ¡18 antibody titers that were many fold higher (at
least 11.7-fold by ELISA and at least 4.8-fold by PBNA) than
the levels of naturally acquired antibodies previously observed in
women who had cleared a natural infection.1,20 Furthermore, in
girls who received 2D of the HPV-16/18 vaccine or 3D of the
HPV-6/11/16/18 vaccine, both anti-HPV-16 and ¡18 GMTs at
M12 were above the plateau level of antibodies observed in
women aged 15–25 y participating in an efficacy trial, in whom
sustained protection against HPV-16/18-associated infection and
cervical lesions was shown.8 However, in girls who received 2D
of the HPV-6/11/16/18 vaccine, anti-HPV-18 GMTs at M12
fell below this benchmark plateau level. The clinical relevance of
this observation is not known, although a high magnitude of vac-
cine-induced antibody titers could influence persistence of
immunity.

The role of CMI in the control of HPV infection is not well
established, although induction of antigen-specific memory B-
cells, a process in which CD4C T-cells play an essential role, are
thought to be important for long-term vaccine-induced protec-
tion.31-33 Our trial was not powered to make statistical compari-
sons for CMI endpoints and descriptive analyses showed large
overlaps in the range of CMI responses between groups. How-
ever, the median frequencies of HPV-16 and ¡18-specific mem-
ory B-cells and CD4C T-cells at M7 and M12 were numerically
highest for girls who received 2D of the HPV-16/18 vaccine.
Further investigations may help to better understand the correla-
tion between vaccine-induced CMI and humoral responses.

Both vaccines had a clinically acceptable safety profile in girls
aged 9–14 years, in line with the safety profile observed in previ-
ous clinical trials and post-licensure experience.34-36 Compliance
with the vaccination schedule was equally high in all groups, and
no subject withdrew due to an adverse event. There was a ten-
dency for a higher incidence of local injection site reactions for
girls administered 2D of the HPV-16/18 vaccine than those
administered 2D or 3D of the HPV-6/11/16/18 vaccine. In pre-
vious studies, a larger proportion of vaccinees reported pain or
swelling with AS04-adjuvanted vaccines regardless of the antigen,
compared with placebo or aluminum salt-only-adjuvanted for-
mulations, possibly reflecting involvement of CMI induced by
AS04 adjuvantation.37 A higher incidence of local injection site
reactions was also observed for the HPV-16/18 vaccine vs. the
HPV-6/11/16/18 vaccine in the head-to-head comparison of
these 2 vaccines administered according to the standard 3D
schedule in women aged 18–45 y.1 The solicited local symptoms
were generally transient and resolved without sequelae. Inciden-
ces of general solicited symptoms, unsolicited symptoms and
medically significant conditions were comparable between
groups. A larger number of girls in the HPV-16/18(2D) group
than the HPV-6/11/16/18 groups experienced an SAE. An analy-
sis of type and time to onset of SAEs did not reveal any associa-
tion or cluster in the nature of the events reported in the study.
Except for one non-serious pIMD (reactive arthritis), all SAEs
and remaining pIMDs were considered as not related to vaccina-
tion by investigators.

The differences in immunogenicity and reactogenicity
between the 2 HPV vaccines may be due to the different produc-
tion methods and adjuvants used in each vaccine. VLPs for the
HPV-16/18 vaccine are produced in Trichoplusia ni Rix4446 cell
substrate using a baculovirus expression vector system and formu-
lated with AS04, which contains aluminum hydroxide plus an
additional immunostimulant, the toll-like receptor 4 agonist
monophosphoryl lipid A.38 AS04 has been shown to enhance
humoral and cell-mediated immune responses39 by triggering a
local and transient cytokine response, leading to increased activa-
tion of antigen-presenting cells and an improved presentation of
antigen to CD4C T-cells.38 However, the incidence of transient
local solicited symptoms, such as pain, is also increased in vac-
cines formulated with AS04 compared with aluminum salt
alone.37 VLPs for the HPV-6/11/16/18 vaccine are produced in
the yeast Saccharomyces cerevisiae and formulated with amor-
phous aluminum hydroxyphosphate sulfate (AAHS) adjuvant,
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which has an increased capacity to bind to L1 VLPs compared
with aluminum salts.40 Mice immunized with HPV-16 L1 VLPs
adsorbed onto AAHS had significantly higher antibody titers
than mice immunized with VLPs adsorbed to aluminum hydrox-
ide and the AAHS-formulated vaccine induced a substantial L1-
specific interferon (IFNg) secreting T-cell response.40 However,
there has not been any direct comparison between AS04 and
AAHS adjuvants using identical HPV antigens.

A strength of the present study is that assessments were per-
formed according to the same schedule and using the same meth-
odology in all groups, allowing a valid head-to-head comparison
of immunogenicity and reactogenicity for the 2 vaccines. The
study was also conducted in the age group of young girls that is
targeted by most immunization programs. We endeavored to
minimize factors which might have introduced bias against either
vaccine. The study was conducted in an observer-blind manner
to enable the vaccines to be administered according to their rec-
ommended schedules. The 2D regimens of each vaccine were
administered at months 0 and 6 and the 3D regimen of the
HPV-6/11/16/18 vaccine was administered at months 0, 2 and
6, with a placebo administered at month 2 for girls in the 2D
groups to maintain blinding. The administration of aluminum
hydroxide alone at month 2 would not be expected to affect
HPV-specific immune responses. It is possible that in vitro stimu-
lation of memory B-cells with the L1 VLP constructs from the
HPV-16/18 vaccine in the B-cell enzyme-linked immunosorbent
spot (ELISPOT) assay might have introduced bias against the
HPV-6/11/16/18 vaccine. However, results were not expected to
be significantly affected as the HPV-16 and ¡18 L1 patented
sequences for the 2 vaccines are 99.6% and 99.4% identical,
respectively, by protein level comparison, with the main differen-
ces between the constructs being 33 and 35 amino acid C-termi-
nal truncations of the L1 sequences used in the HPV-16/18
vaccine. Although the ELISA also used the VLPs present in the
HPV-16/18 vaccine as the coating antigen for the assay, there
did not appear to be a notable bias in favor of the HPV-16/18
vaccine since the magnitude of differences in GMT ratios
between groups were similar when neutralizing antibody titers
were measured by PBNA (which used pseudovirions with struc-
tures that were as close as possible to those of natural HPV-16
and ¡18 virus particles41). Good correlation has been previously
demonstrated between results from the ELISA measuring total
anti-HPV-16/18 IgG independently of their neutralising activity
and PBNA detecting neutralizing antibodies.41 Good correlation
has also been shown between ELISA, PBNA and the competitive
Luminex immunoassay (measuring only a subset of neutralizing
antibodies),42 which is primarily used to evaluate the immunoge-
nicity of the HPV-6/11/16/18 vaccine in clinical trials, providing
further reassurance that the likelihood of assay bias is minimal.
The assay used to evaluate antigen-specific CD4C T-cell
responses was also unlikely to favor either vaccine, since the
HPV-16 and ¡18 peptide pools used for in vitro stimulation
covered the entire L1 VLP sequences of each vaccine.

In summary, the current study showed that a 2D schedule of
the HPV-16/18 AS04-adjuvanted vaccine elicited superior anti-
body responses in girls to those elicited by 2D and 3D of the

HPV-6/11/16/18 vaccine 1 and 6 months after the last vaccine
dose. Follow-up over the planned 3-y observation period will
show if such differences are sustained over the longer term. Popu-
lation-based studies are necessary to determine the clinical rele-
vance, if any, of the immunological differences observed
following administration of 2 doses of the HPV-16/18 AS04-
adjuvanted vaccine vs. the HPV-6/11/16/18 vaccine to girls.

Methodology

Study design and ethics
This is an ongoing observer-blind, randomized, age-stratified

study with 3 parallel groups (Fig. 1) conducted at 21 sites in
France, Hong Kong, Singapore and Sweden. Subject enrolment
started in November 2011. The last visit of the vaccination phase
was in July 2013. This article presents data from baseline to M12
(ie, 6M after the last vaccine dose) and the study will continue
until M36. The trial is registered with ClinicalTrials.gov
(NCT01462357) and conducted in accordance with the Declara-
tion of Helsinki and Good Clinical Practice guidelines. A sum-
mary of the protocol is available at www.gsk-clinicalstudyregister.
com (GSK Study Identifier 115411). The research protocol and
other study materials were approved by the independent ethics
committee or equivalent body for each participating center.

The primary objective was to evaluate if immunogenicity to
HPV types 16 and 18 (by ELISA) of the 2D schedule of the
HPV-16/18 vaccine was non-inferior/superior, to the 2D sched-
ule of the HPV-6/11/16/18 vaccine 1M after the last vaccine
dose. A secondary objective was to evaluate if the 2D schedule of
the HPV-16/18 vaccine was non-inferior/superior to the 3D
schedule of the HPV-6/11/16/18 vaccine 1M after the last dose.
Other secondary immunogenicity objectives included evaluation
of non-inferiority/superiority at other time points, HPV-16 and
¡18 neutralizing antibodies (by PBNA), HPV-specific CMI, fre-
quencies of HPV-16 and ¡18-specific memory B-cells and T-
cells. Reactogenicity and safety were also evaluated.

Study participants
Healthy girls aged 9–14 y were eligible to participate. Girls of

childbearing potential could be enrolled if they were abstinent or
practiced adequate contraception for 30 d prior to vaccination,
had a negative pregnancy test on the day of each vaccination, and
agreed to continue contraception up to 2 months after comple-
tion of the vaccination series. Informed written assent and con-
sent were obtained from subjects and their parents/legally
acceptable representatives, respectively.

Vaccines, randomization and masking
Girls were stratified by age (approximately 50% aged 9–11 y

and 50% aged 12–14 years) and randomized (1:1:1 ratio in each
age stratum) to receive 0.5 mL doses of the HPV-16/18 L1 VLP
AS04-adjuvanted vaccine at M0,6 (HPV-16/18(2D) group), the
HPV-6/11/16/18 L1 VLP vaccine at M0,6 (HPV-6/11/16/18
(2D) group), or the HPV-6/11/16/18 L1 VLP vaccine at M0,2,6
(HPV-6/11/16/18(3D) group) into deltoid muscle of the non-
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dominant arm. Compositions of the 2 vaccines have been
described previously.1 AS04 is a GSK proprietary Adjuvant Sys-
tem containing 50 mg of 3-O-desacyl-4 0-monophosphoryl lipid
A (MPL) adsorbed on aluminum hydroxide salt [500 mg Al
(OH)3].

The study was conducted in an observer-blind manner (ie,
vaccines were prepared and administered by qualified medical
personnel not otherwise involved in the conduct of this study).
Personnel involved in subject evaluation and subjects themselves
were blinded to group assignments. Girls in the 2D groups
received placebo [Al(OH)3] at M2 to maintain the observer-
blinding. The randomization code was generated using MATEX,
a program developed for use in SAS (Cary, NC, USA), by GSK
Vaccines, Belgium. Treatment allocation at the investigator site
was performed using a centralized internet-based randomization
system.

A subset of 100 subjects in each group (300 in total) were ran-
domly selected for measurement of neutralizing HPV-16 and
¡18 antibody titers by PBNA. Additionally, the first 50 subjects
in each age stratum in each group at preselected sites in France
and Sweden (300 subjects in total) underwent cell-mediated
immunity testing for measurement of subpopulations of circulat-
ing HPV-specific B- and T-lymphocytes.

Immunogenicity assessments
Blood sampling was scheduled at M0 (pre-vaccination), 7, 12,

18, 24 and 36 for assessment of HPV-16 and ¡18 antibodies (by
ELISA in all subjects and by PBNA in a subset). An additional
blood sample was scheduled at M0, 7, 12, 24 and 36 for girls
assigned to the CMI subcohort.

HPV-16 and ¡18 antibodies were determined by ELISA,
using the purified type-specific recombinant VLPs present in the
HPV-16/18 vaccine as coating antigen.7,41 Seronegativity was
defined as a titer lower than the assay cut-off (19 ELISA units
[EU]/mL for anti-HPV-16 and 18 EU/mL for anti-HPV-18).
Neutralizing HPV-16 and ¡18 antibodies were determined by
PBNA.1,43 Pseudovirions were produced in a manner that was
independent of vaccine constructs, as described previously.41 The
structures of the pseudovirions were as close as possible to those
of the natural HPV-16 and ¡18 viral particles. Seronegativity
was defined as a titer lower than the assay cut-off (40 ED50 [effec-
tive dose producing 50% response] for each antigen).

The frequencies of HPV-specific memory B-lymphocytes
were measured by ELISPOT assay that contained L1 VLP anti-
gens present in the HPV-16/18 vaccine (truncated at the C-ter-
minus).1,39 A conventional immunoenzymatic procedure was
applied to detect antibody/antigen spots enumerating total and
specific antibody-secreting cells.44

The frequencies of HPV-16 and ¡18-specific CD4C and
CD8C T-lymphocytes were evaluated using a pool of HPV pepti-
des that stimulated peripheral blood mononuclear cells (PBMCs)
to produce cytokines in vitro.45,46 The HPV peptide pool used
for in vitro stimulation included the HPV-16 and ¡18 L1 VLP
sequences used in the HPV-16/18 vaccine and the portions trun-
cated from the HPV-16/18 vaccine but present in the HPV-6/
11/16/18 vaccine. Overall, this peptide pool comprised 55 and

53 peptides (including 20-mer peptides overlapping by 10 amino
acids) covering the L1 VLP sequences for HPV-16 and HPV-18,
respectively. Following intracellular cytokine staining, flow
cytometry was used to quantify the number of lymphocytes pro-
ducing at least 2 of 4 different immune markers [CD40L, inter-
leukin (IL) 2, tumor necrosis factor (TNF)a and IFNg] in
response to the HPV peptide pool. The effector cytokines IL2,
TNFa and IFNg were selected as they have been shown to be
the most relevant to define populations of antigen-specific CD4C

and CD8C T-cells.47 CD40L, a member of the TNF superfamily
of molecule which is expressed on activated T-cells, has also been
shown to be a reliable functional marker for the detection of anti-
gen-specific T-cells.48,49

Reactogenicity and safety
Solicited local and general symptoms were recorded on diary

cards for 7 d after each vaccination. Unsolicited symptoms were
recorded for 30 d after each vaccination. Grade 3 symptoms were
defined as redness or swelling >50 mm in diameter, fever
>39�C and, for other symptoms, as preventing normal activity.
SAEs, medically significant adverse events, pIMDs and preg-
nancy were reported throughout the study.

Statistical methods
The hierarchy of testing for immunological non-inferiority

and superiority comparisons was pre-specified in the protocol.
The most conservative dataset was chosen for each analysis, as
guided by principles from the International Conference on Har-
monisation of Technical Requirements for Registration of Phar-
maceuticals for Human Use.50 Thus, for superiority comparisons
the full analysis set (TVC of all subjects with at least one docu-
mented vaccine dose) was used as the primary analysis because it
tends to avoid over-optimistic estimates resulting from a per pro-
tocol analysis. In contrast, the more stringent per protocol analy-
sis set (ATP-I) was used as the primary analysis for non-
inferiority comparisons. The ATP-I included subjects who
received their planned doses of study vaccine, met all eligibility
criteria, were compliant with all study procedures and require-
ments and for whom immunogenicity data were available. The
M7 ATP-I was used for the assessment of non-inferiority 1M
after the last vaccine dose. The M12 ATP-I was used for the
assessment of non-inferiority 6M after the last vaccine dose and
for descriptive summaries of immunogenicity.

The primary objective was to evaluate sequentially if HPV-16
and ¡18 antibody responses (by ELISA) of HPV-16/18(2D)
were non-inferior, then superior, to HPV-6/11/16/18(2D) in
initially seronegative girls in the ATP-I, 1M after the last dose (at
M7). Non-inferiority with respect to seroconversion was shown
if, for both anti-HPV-16 and ¡18, the upper limits of the 95%
CIs for the differences (HPV-6/11/16/18(2D) minus HPV-16/
18(2D)) were below 5%. Non-inferiority with respect to the
GMTs was shown if, for both anti-HPV-16 and ¡18, the upper
limits of the 95% CIs for the GMT ratios (HPV-6/11/16/18
(2D) divided by HPV-16/18(2D)) were below 2. If non-inferior-
ity was proven and the lower limits of the 2-sided 95% CIs for
the ratio of GMTs of a given antigen were above 1 in the ATP-I,
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superiority was assessed sequentially in the TVC. First, superior-
ity for HPV-18 was shown if the lower limit of the 95% CI for
the ratio of GMTs (HPV-16/18(2D) divided by HPV-6/11/16/
18(2D)) was above 1 for anti-HPV-18 with the associated p-
value. If superiority for HPV-18 was proven, superiority for
HPV-16 was assessed using the same criteria. If the primary non-
inferiority objective was proven, the non-inferiority/superiority
of HPV-16/18(2D) compared to HPV-6/11/16/18(3D) at M7
was evaluated sequentially as a secondary objective based on the
criteria defined above. Similarly, non-inferiority/superiority of
HPV-16/18(2D) to HPV-6/11/16/18(2D) and HPV-6/11/16/
18(3D) was assessed at M12.

For the non-inferiority analysis, 285 evaluable subjects per
group in the ATP-I would allow the detection of a 5% differ-
ence between HPV-16/18(2D) and HPV-6/11/16/18(2D) in
terms of anti-HPV-16 and ¡18 seroconversion rates 1M after
the last dose with 95% power and the detection of a 2-fold dif-
ference between HPV-16/18(2D) and HPV-6/11/16/18(2D) in
terms of anti-HPV-16 and ¡18 GMTs with at least 99%
power. A sample size of 322 subjects per group in the TVC
would allow the demonstration of superiority in terms of anti-
HPV-16 and ¡18 GMTs 1M after the last dose with at least
99% power. Assuming that 20% of subjects would withdraw or
not be evaluable for immunogenicity 1M after the last dose (at
M7), the target sample size for enrolment was 1,074 subjects
(358 per group).

Seroconversion and seropositivity rates (with exact 95% CIs)
and GMTs (with 95% CIs) for HPV-16 and ¡18 antibodies
were calculated by baseline serostatus. GMTs were computed by
taking the anti-log of the mean of the log titer transformations;
antibody titers below the cut-off of the assay were given an arbi-
trary value of half the cut-off in this calculation. The 2-sided
standardized asymptotic 95% CI of the difference between the
percentages of seroconverted subjects was calculated. The 2-sided
95% CIs of GMT ratios between groups (HPV-6/11/16/18(2D)
or –(3D)/HPV-16/18(2D) for non-inferiority comparisons;
HPV-16/18(2D)/HPV-6/11/16/18(2D) or –(3D) for superiority
comparisons) were computed using an analysis of variance
(ANOVA) model on the log10 transformation of the titers. The
ANOVA model included the vaccine group as fixed effect. Fre-
quencies of HPV-16 and ¡18-specific memory B- and T-lym-
phocytes at each time point were summarized for each group
using descriptive statistics. Immunogenicity analyses focused on
subjects who were seronegative at baseline; supplementary analy-
ses were done by baseline serostatus. Supplementary analyses
were also performed on the TVC. Confirmatory testing was not
performed for secondary immunogenicity endpoints. Descriptive
comparisons were made between anti-HPV-16 and ¡18 GMTs
measured in our trial and historical data (measured using similar
assays at the same laboratory), ie, GMTs for women aged 15–25
y (by ELISA) or 18–45 y (by PBNA) who had cleared a natural
infection and mounted an immune response1,20 and GMTs (by
ELISA) from the plateau phase (months 45–50) of a long-term
efficacy study in women aged 15–25 y.8

Safety data were summarized descriptively for the TVC. Sta-
tistical testing was not planned or conducted for safety and

reactogenicity endpoints and inferences are based on descriptive
comparisons. Group assignment was not disclosed if there was
only one event of a particular type, to avoid unblinding this
ongoing study. Statistical analyses were performed using SAS 9.2
and PROC StatXact 8.1.
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