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In this observer-blind study (NCT00423046), women (N = 1,106), stratified by age (18–26, 27–35, 36–45 y), were randomized 
(1:1) to receive the HPV-16/18 vaccine (Cervarix®, GlaxoSmithKline Biologicals, Months 0, 1, 6) or the HPV-6/11/16/18 vaccine 
(Gardasil® Merck and Co., Inc., Months 0, 2, 6). Month 7 results were previously reported; we now report Month 24 results. 
In the according-to-protocol cohort for immunogenicity (seronegative and DNA-negative at baseline for HPV type 
analyzed), seropositivity rates of neutralizing antibodies (nAbs) [pseudovirion-based neutralization assay] were, across 
all age strata, 100% (HPV-16/18 vaccine) and 97.5–100% (HPV-6/11/16/18 vaccine) for HPV-16, and 99.0–100% (HPV-16/18 
vaccine) and 72.3–84.4% (HPV-6/11/16/18 vaccine) for HPV-18. Corresponding geometric mean titers (GMTs) were 2.4–5.8-
fold higher for HPV-16 and 7.7–9.4-fold higher for HPV-18 with the HPV-16/18 vaccine vs. the HPV-6/11/16/18 vaccine; HPV-
16 and HPV-18 GMTs were significantly higher with the HPV-16/18 vaccine than the HPV-6/11/16/18 vaccine (p < 0.0001) 
in the total vaccinated cohort (received ≥1 vaccine dose, irrespective of baseline sero/DNA-status). Similar results were 
obtained using enzyme-linked immunosorbent assay (ELISA). Positivity rates and GMTs of antigen-specific IgG antibodies 
in cervicovaginal secretions (ELISA) were not significantly different between vaccines. At Month 24, CD4+ T-cell responses 
for HPV-16 and HPV-18 were higher with the HPV-16/18 vaccine; memory B-cell response was higher for HPV-18 with the 
HPV-16/18 vaccine and similar between vaccines for HPV-16. Both vaccines were generally well tolerated. Although an 
immunological correlate of protection has not been defined, differences in the magnitude of immune response between 
vaccines may represent determinants of duration of protection.
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Both the HPV-16/18 vaccine and the HPV-6/11/16/18 vac-
cine were licensed based on the efficacy of each vaccine observed 
in adolescents and young adults and the immunogenicity dem-
onstrated across all licensed age groups. We conducted a ran-
domized, observer-blind, study to compare the immunogenicity 
and safety of the HPV-16/18 vaccine and the HPV-6/11/16/18 
vaccine in healthy women aged 18–45 y (Study HPV-010; 
NCT00423046). The primary objective was to compare vaccine-
induced geometric mean titers (GMTs) of serum anti-HPV-16 
and anti-HPV-18 neutralizing antibodies by a pseudovirion-
based neutralization assay (PBNA). PBNA measures a range of 
neutralizing antibodies, whereas enzyme-linked immunosorbent 
assay (ELISA) measures neutralizing and non-neutralizing anti-
bodies.29 Secondary objectives included the assessment of serum 
anti-HPV-16 and -18 IgG antibodies by ELISA, anti-HPV-16 
and -18 antibodies in cervicovaginal secretions (CVS), HPV-
16/18-specific memory B-cell and CD4+ T-cell responses and a 
safety analysis.

Findings at Month 7 (i.e., one month after completion of the 
full vaccination series) were previously reported: the HPV-16/18 
vaccine induced superior anti-HPV-16/18 neutralizing antibody 
levels in serum, higher anti-HPV-16/18 antibody positivity rates 
in CVS, and significantly higher HPV-16/18-specific circulat-
ing memory B-cell frequencies, when compared with the HPV-
6/11/16/18 vaccine.30 Both vaccines were generally well tolerated 
and compliance with the full vaccination course was similarly 
high in both groups.30

We now report follow-up of this study cohort through Month 
24 (i.e., 18 mo after completion of the full vaccination series). 
The data presented extend the relevance and implications of our 
initial findings30 for clinicians and other stakeholders in cervical 
cancer prevention.

Results

Study population. A total of 1,106 women (553 women in each 
group) were enrolled and vaccinated. The number of women 
excluded from the Month 24 immunogenicity analyses was simi-
lar in the HPV-16/18 vaccine (n = 62) and HPV-6/11/16/18 vac-
cine (n = 66) groups, as were the reasons for exclusion (Fig. 1). 
The according-to-protocol (ATP) cohort for immunogenicity 
(all evaluable subjects who received three vaccine doses and for 
whom data concerning immunogenicity endpoint measures were 
available), comprised 671 women at Month 24 (341 women 
in the HPV-16/18 vaccine group and 330 women in the HPV-
6/11/16/18 vaccine group). The total vaccinated cohort (TVC; 
all subjects who received at least one vaccine dose) comprised 
799 women at Month 24: 403 women in the HPV-16/18 vaccine 
group and 396 women in the HPV-6/11/16/18 vaccine group. In 
both the ATP cohort for immunogenicity and the TVC at Month 
24, the demographic profiles of subjects were similar between the 
two vaccine groups (mean age 31 y, racial distribution 84–90% 
Caucasian).

Antibody responses in serum. The seropositivity rates and 
GMTs of anti-HPV-16 and -18 neutralizing antibodies measured 
by PBNA in women in the ATP cohort for immunogenicity 

Introduction

Cervical cancer is the second most frequent cancer in women 
worldwide, leading to an estimated 270,000 deaths annually.1,2 
Persistent infection with oncogenic human papillomavirus 
(HPV) is a necessary cause of cervical cancer.3,4 Together, HPV 
types 16 and 18 account for approximately 70% of invasive cervi-
cal cancers worldwide.1,5

Two prophylactic HPV vaccines, Cervarix® (HPV-16/18 vac-
cine): Human Papillomavirus Bivalent (Types 16 and 18) Vaccine 
(Recombinant, adjuvanted, adsorbed) (GlaxoSmithKline 
Biologicals) and Gardasil® (HPV-6/11/16/18 vaccine): Human 
Papillomavirus Quadrivalent (Types 6, 11, 16 and 18) Vaccine, 
Recombinant (Merck and Co., Inc.,), are currently licensed in 
over 100 countries. The HPV-16/18 vaccine contains virus-like 
particles (VLPs) assembled from the L1 major capsid proteins of 
HPV-16 and HPV-18, formulated with the proprietary immu-
nostimulatory Adjuvant System 04 (AS04; 3-O-desacyl-4'-
monophosphoryl lipid A [MPL] and aluminum hydroxide).6,7 
The HPV-6/11/16/18 vaccine contains L1 VLPs for HPV types 
6 and 11, which cause genital warts, and 16 and 18, and is for-
mulated with a proprietary amorphous aluminum hydroxyphos-
phate sulfate (AAHS) adjuvant.8,9

In the short to medium term, clinical studies have shown both 
vaccines to be highly efficacious against persistent HPV-16/18 
infection and their associated precancerous lesions.10-13 Protection 
has been demonstrated for up to 6.4 y post-vaccination for the 
HPV-16/18 vaccine10,13-15 and up to 5 y post-vaccination for 
the licensed formulation of the HPV-6/11/16/18 vaccine,12,16-18 
although there has been a longer follow-up with a prototype 
HPV-16 monovalent vaccine.19 Any clinically significant dif-
ference in efficacy between the two HPV vaccines (e.g., wan-
ing protection) may not become apparent for many years and 
would not be evaluable through clinical trials, in part due to the 
extremely high efficacy of both of these vaccines. We believe that 
differences will become apparent during long-term assessments 
of vaccinated females in countries with organized registries and 
population-based tracking of breakthrough lesions and associ-
ated HPV types.

Genital HPV infections are rapidly acquired after initia-
tion of sexual activity,20-22 hence prophylactic HPV vaccina-
tion programs generally target young adolescents prior to 
sexual debut. However, women are at risk for HPV infection 
for as long as they are sexually active.23 Therefore, induction of 
enduring protection is an important element in cervical cancer 
prevention.

Neutralizing antibodies are the hallmark of most known suc-
cessful vaccines today. As HPV evades the host immune system, 
antibody levels induced after natural infection are low and may 
not be sufficient to protect against re-infection. Serum neutral-
izing antibodies, which transudate to the site of HPV infection 
(i.e., the cervical mucosa), are thought to be the major basis of 
protection afforded by L1 VLP-based vaccines.24-28 Induction of 
antigen-specific memory B-cells, a process in which CD4+ T-cells 
play an essential role, may also be important for long-term vac-
cine-induced antibody protection.6,25



www.landesbioscience.com	 Human Vaccines	 1345

GMTs were also above those associated with previous exposure 
in all age groups and at all timepoints up to Month 24; however, 
anti-HPV-18 neutralizing antibody GMTs at Month 24 were 
above those associated with previous exposure only in women 
aged 18–26 y (Fig. 2).

Vaccine-induced HPV type-specific serum antibody responses 
assessed by ELISA were consistent with PBNA results (Fig. 3). 
Across all age groups in the ATP cohort for immunogenicity 
(seronegative and DNA-negative prior to vaccination), GMTs of 
anti-HPV-16 and -18 IgG antibodies at Month 24 were 2.3- to 
4.2-fold and 5.1- to 9.3-fold higher, respectively, in the HPV-
16/18 vaccine group than in the HPV-6/11/16/18 vaccine group.

Antibody responses in cervicovaginal secretions. For all 
age groups combined, anti-HPV-16 positivity rates in CVS at 

(irrespective of serostatus and DNA 
status prior to vaccination) are pre-
sented in Table 1. The seropositivity 
rates and GMTs of anti-HPV-16 and 
-18 neutralizing antibodies measured 
by PBNA in women in the ATP 
cohort for immunogenicity who 
were seronegative and DNA-negative 
for the antigen under analysis prior 
to vaccination, which is the target 
population for HPV vaccination 
programs, are shown in Figure 2. 
At Month 24, 100% of women in 
the HPV-16/18 vaccine group and 
97.5–100% of women in the HPV-
6/11/16/18 vaccine group remained 
seropositive for HPV-16, across all 
age strata; 99.0–100% of women in 
the HPV-16/18 vaccine group and 
72.3–84.4% of women in the HPV-
6/11/16/18 vaccine group remained 
seropositive for HPV-18.

At Month 24, in women aged 
18–26 y, anti-HPV-16 and -18 neu-
tralizing antibody GMTs were 5.8- 
and 9.4-fold higher, respectively, in 
the HPV-16/18 vaccine group than 
in the HPV-6/11/16/18 vaccine 
group. Compared with the HPV-
6/11/16/18 vaccine at the same time-
point, anti-HPV-16 and -18 GMTs 
with the HPV-16/18 vaccine were 
3.7- and 8.9-fold higher in women 
aged 27–35 y and 2.4- and 7.7-
fold higher in women aged 36–45 
y, respectively. Non-inferiority of 
the HPV-16/18 vaccine vs. the 
HPV-6/11/16/18 vaccine was dem-
onstrated in the ATP cohort for 
immunogenicity (seronegative and 
DNA-negative prior to vaccination) 
for both anti-HPV-16 and -18 at all 
timepoints through to Month 24 and in all age groups (Fig. 2). 
Exploratory superiority testing performed in the TVC (irrespec-
tive of serostatus and DNA status prior to vaccination) showed 
anti-HPV-16 and -18 neutralizing antibody levels induced by the 
HPV-16/18 vaccine to be superior to those induced by the HPV-
6/11/16/18 vaccine in all age groups and at all timepoints up to 
Month 24 (p < 0.0001) (Table 2).

Across all age groups in the ATP cohort for immunogenic-
ity (seronegative and DNA-negative prior to vaccination) and at 
all timepoints, the HPV-16/18 vaccine induced anti-HPV-16 and 
-18 neutralizing antibody levels which were above levels observed 
in women with evidence of previous exposure to natural infec-
tion (i.e., seropositive and DNA-negative at Month 0).30 For the 
HPV-6/11/16/18 vaccine, anti-HPV-16 neutralizing antibody 

Figure 1. Subject disposition. ATP, according to protocol. *Women may have been excluded for more 
than one reason, but were only counted for the primary reason for exclusion. Primary and secondary 
between-group comparisons to assess non-inferiority were performed in the according-to-protocol 
(ATP) cohort for immunogenicity on women who were seronegative and DNA-negative (by PCR) prior to 
vaccination for the antigen under analysis. Exploratory analyses of superiority and analyses of reactoge-
nicity/safety were performed in the total vaccinated cohort on all women irrespective of their serostatus 
and DNA status prior to vaccination.
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positivity rates in CVS were 68.9% (53.4, 81.8) in the HPV-16/18 
vaccine group compared with 39.5% (25.0, 55.6) in the HPV-
6/11/16/18 vaccine group at Month 24. GMTs of antigen-specific 

Month 24 were 77.8% (95% CI: 62.9, 88.8) in the HPV-16/18 
vaccine group and 55.8% (39.9, 70.9) in the HPV-6/11/16/18 
vaccine group, respectively (Table 3). Anti-HPV-18 IgG antibody 

Table 1. Seropositivity rates and geometric mean titers (GMTs) for anti-HPV-16 and anti-HPV-18 serum neutralizing antibodies measured by pseudo-
virion-based neutralization assay at Months 0, 6, 7, 12, 18 and 24 (ATP cohort for immunogenicity, irrespective of serostatus and DNA status prior to 
vaccination)

A. 18–26 years

HPV-16/18 vaccine HPV-6/11/16/18 vaccine

Antigen Month N % SP [95% CI] GMT [95% CI] N % SP [95% CI] GMT [95% CI]

HPV-16

0 132 17.4 [11.4, 25.0] 30.1 [25.4, 35.7] 137 19.7 [13.4, 27.4] 29.4 [25.5, 34]

6 
7 

12 
18 
24

132 
132 
127 
125 
122

100 [97.2, 100] 
100 [97.2, 100] 
100 [97.1, 100] 
100 [97.1, 100] 
100 [97.0, 100]

1928 [1556, 2390] 
34417 [28161, 42063] 
14446 [11400, 18306] 

5724 [4598, 7127] 
5060 [4080, 6274]

136 
137 
134 
121 
116

99.3 [96.0, 100] 
100 [97.3, 100] 
100 [97.3, 100] 
100 [97.0, 100] 

98.3 [93.9, 99.8]

2096 [1623, 2705] 
10402 [8634, 12533] 

3932 [3145, 4916] 
1561 [1203, 2026] 
1135 [870, 1481]

HPV-18

0 132 6.8 [3.2, 12.5] 22.5 [20.6, 24.5] 137 3.6 [1.2, 8.3] 21.9 [20.1, 23.8]

6 
7 

12 
18 
24

132 
132 
127 
125 
122

99.2 [95.9, 100] 
100 [97.2, 100] 
100 [97.1, 100] 
100 [97.1, 100] 
100 [97.0, 100]

770 [616, 961] 
16204 [13336, 19689] 

4393 [3536, 5458] 
2308 [1840, 2895] 
1710 [1368, 2137]

136 
137 
134 
121 
116

93.4 [87.8, 96.9] 
100 [97.3, 100] 

96.3 [91.5, 98.8] 
93.4 [87.4, 97.1] 
85.3 [77.6, 91.2]

260 [206, 329] 
2301 [1859, 2849] 

635 [503, 803] 
280 [218, 360] 
196 [149, 259]

B. 27–35 years

HPV-16/18 vaccine HPV-6/11/16/18 vaccine

Antigen Month N % SP [95% CI] GMT [95% CI] N % SP [95% CI] GMT [95% CI]

HPV-16

0 117 16.2 [10.1, 24.2] 31.2 [25.5, 38.2] 116 23.3 [15.9, 32.0] 32.4 [26.7, 39.4]

6 
7 

12 
18 
24

117 
117 
118 
113 
109

100 [96.9, 100] 
100 [96.9, 100] 
100 [96.9, 100] 
100 [96.8, 100] 
100 [96.7, 100]

1839 [1300, 2600] 
25389 [20559, 31354] 

8574 [6602, 11134] 
3468 [2668, 4508] 
2852 [2243, 3626]

115 
116 
116 
113 
105

99.1 [95.3, 100] 
100 [96.9, 100] 
99.1 [95.3, 100] 
99.1 [95.2, 100] 
98.1 [93.3, 99.8]

2181 [1530, 3111] 
7667 [5930, 9913] 
 2852 [2118, 3839] 
1217 [874, 1696] 
968 [705, 1327]

HPV-18

0 117 10.3 [5.4, 17.2] 23.5 [21.2, 26.1] 116 12.1 [6.8, 19.4] 26.2 [22.3, 30.7]

6 
7 

12 
18 
24

117 
117 
118 
113 
109

97.4 [92.7, 99.5] 
100 [96.9, 100] 
99.2 [95.4, 100] 
100 [96.8, 100] 
100 [96.7, 100]

580 [427, 788] 
10009 [8026, 12482] 

2616 [2049, 3340] 
1464 [1138, 1883] 
1128 [878, 1449]

115 
116 
116 
113 
105

86.1 [78.4, 91.8] 
98.3 [93.9, 99.8] 
91.4 [84.7, 95.8] 
77.9 [69.1, 85.1] 
75.2 [65.9, 83.1]

234 [173, 315] 
1217 [927, 1598] 
367 [271, 498] 
179 [133, 240] 
158 [115, 217]

C. 36–45 years

HPV-16/18 vaccine HPV-6/11/16/18 vaccine

Antigen Month N % SP [95% CI] GMT [95% CI] N % SP [95% CI] GMT [95% CI]

HPV-16

0 121 19.0 [12.4, 27.1] 29.2 [24.7, 34.6] 111 24.3 [16.7, 33.4] 34.6 [28.0, 42.8]

6 
7 

12 
18 
24

121 
121 
116 
113 
109

99.2 [95.5, 100] 
100 [97.0, 100] 
100 [96.9, 100] 
100 [96.8, 100] 
100 [96.7, 100]

3027 [2109, 4344] 
20286 [16324, 25211] 

9323 [7262, 11969] 
3177 [2461, 4101] 
2865 [2207, 3719]

109 
111 
111 
110 
108

100 [96.7, 100] 
100 [96.7, 100] 
100 [96.7, 100] 
100 [96.7, 100] 
100 [96.6, 100]

3134 [2244, 4378] 
9506 [7397, 12216] 
3898 [2920, 5202] 
1562 [1146, 2128] 
1347 [990, 1833]

HPV-18

0 121 7.4 [3.5, 13.7] 24.0 [21.0, 27.5] 111 18.0 [11.4, 26.4] 28.1 [24.0, 32.8]

6 
7 

12 
18 
24

121 
121 
116 
113 
109

97.5 [92.9, 99.5] 
100 [97.0, 100] 
100 [96.9, 100] 
99.1 [95.2, 100] 
99.1 [95.0, 100]

717 [524, 980] 
9675 [7826, 11960] 
3198 [2492, 4104] 
1534 [1183, 1990] 
1116 [856, 1455]

109 
111 
111 
110 
108

89.9 [82.7, 94.9] 
100 [96.7, 100] 
99.1 [95.1, 100] 
89.1 [81.7, 94.2] 
81.5 [72.9, 88.3]

292 [207, 411] 
1856 [1429, 2411] 

639 [474, 861] 
276 [203, 376] 
222 [158, 311]

GMT, geometric mean titer; N, number of subjects with available results; SP, seropositivity [defined as neutralizing antibody titer ≥40 ED50 (effective 
dose producing 50% response)]. The ATP cohort for immunogenicity included all evaluable subjects who received three vaccine doses (i.e., those 
meeting all eligibility criteria and complying with the procedures defined in the protocol) for whom data concerning immunogenicity endpoint mea-
sures were available. This included subjects for whom assay results were available for antibodies against at least one study vaccine antigen (HPV-16 or 
HPV-18) at the timepoint under analysis.



www.landesbioscience.com	 Human Vaccines	 1347

Figure 2. For figure legend, see page 1348.
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0.96 and 0.90 (Fig. 4). For each vaccine, geometric means (GM) 
of the ratios between HPV-specific IgG and total IgG antibod-
ies were generally similar for serum and CVS samples, for both 
HPV-16 and HPV-18. This suggests that for both vaccines a sim-
ilar proportion of HPV-specific IgG antibodies transudate from 
serum to CVS. GM ratios in serum and CVS were approximately 
2–3-fold higher with the HPV-16/18 vaccine than with the 

IgG antibodies in CVS calculated on positive subjects in the sub-
set at Month 24 were similar between groups for both HPV-16 
and HPV-18.

A linear relationship (high Pearson correlation coefficient; 
r) between HPV-specific antibody titers in serum and CVS was 
observed in both the HPV-16/18 vaccine and HPV-6/11/16/18 
vaccine groups; for HPV-16, r = 0.91 and 0.97 and HPV-18, r = 

Figure 2 (See previous page). Geometric mean titers (GMTs), GMT ratios (GMR) and seropositivity rates for anti-HPV-16 and anti-HPV-18 serum 
neutralizing antibodies measured by pseudovirion-based neutralization assay at Months 6, 7, 12, 18 and 24 (ATP cohort for immunogenicity, seronega-
tive and DNA-negative prior to vaccination). Solid black lines, Human Papillomavirus Bivalent (Types 16 and 18) Vaccine (Recombinant, adjuvanted, 
adsorbed) (Cervarix®); solid gray lines, Human Papillomavirus Quadrivalent (Types 6, 11, 16 and 18) Vaccine, Recombinant (Gardasil®). Error bars denote 
95% confidence intervals (CIs) of GMTs. Dotted line, neutralizing antibody GMTs measured by PBNA in women in the total vaccinated cohort of the 
HPV-010 study who had cleared natural infection (prior to vaccination) [i.e., those who were seropositive and DNA-negative at Month 0]: 180.1 ED50 for 
HPV-16 and 137.3 ED50 for HPV-18.30 Dashed line, PBNA limit of detection (40 ED50). ED50, effective dose producing 50% response; GMR, geometric mean 
titer ratio; GMT, geometric mean titer. GMR = HPV-16/18 vaccine GMT divided by HPV-6/11/16/18 vaccine GMT at Month 7, 12, 18 or 24 computed using 
an ANOVA model on the log10 transformation of the titers in each age cohort. 95% CIs for GMRs are presented in parentheses. Seropositivity defined as 
neutralizing antibody titer ≥40 ED50. The ATP cohort for immunogenicity included all evaluable subjects who received three vaccine doses (i.e., those 
meeting all eligibility criteria and complying with the procedures defined in the protocol) for whom data concerning immunogenicity endpoint mea-
sures were available. This included subjects for whom assay results were available for antibodies against at least one study vaccine antigen (HPV-16 or 
HPV-18) at the timepoint under analysis.

Table 2. Exploratory superiority assessments of geometric mean titers (GMTs) of anti-HPV-16 and anti-HPV-18 serum neutralizing antibodies measured 
by pseudovirion-based neutralization assay at Months 7, 12, 18 and 24 (total vaccinated cohort, irrespective of serostatus and DNA status prior to vac-
cination)

A. 18–26 years

Antigen Month 
HPV-16/18 vaccine HPV-6/11/16/18 vaccine

ANOVA p-value*
N GMT N GMT

HPV-16 

7 
12 
18 
24

167 
153 
147 
145

31715 
13671 
5442 
4855

168 
162 
147 
135

8682 
3506 
1396 
1055

<0.0001 
<0.0001 
<0.0001 
<0.0001

HPV-18

7 
12 
18 
24

167 
153 
147 
145

13732 
4234 
2252 
1660

168 
162 
147 
135

1886 
574 
246 
191

<0.0001 
<0.0001 
<0.0001 
<0.0001

B. 27–35 years 

Antigen Month 
HPV-16/18 vaccine HPV-6/11/16/18 vaccine

ANOVA p-value*
N GMT N GMT

HPV-16 

7 
12 
18 
24

146 
140 
133 
129

25134 
8713 
3584 
2870

148 
141 
136 
124

7322 
2883 
1206 
1006

<0.0001 
<0.0001 
<0.0001 
<0.0001

HPV-18

7 
12 
18 
24

146 
140 
133 
129

9390 
2765 
1548 
1193

148 
141 
136 
124

1178 
397 
200 
171

<0.0001 
<0.0001 
<0.0001 
<0.0001

C. 36–45 years

Antigen Month 
HPV-16/18 vaccine HPV-6/11/16/18 vaccine

ANOVA p-value*
N GMT N GMT

HPV-16

7 
12 
18 
24

143 
137 
131 
128

21874 
9731 
3750 
3069

143 
141 
137 
136

9828 
4046 
1553 
1313

<0.0001 
<0.0001 
<0.0001 
<0.0001

HPV-18

7 
12 
18 
24

143 
137 
131 
128

9760 
3385 
1672 
1186

143 
141 
137 
136

1709 
607 
268 
226

<0.0001 
<0.0001 
<0.0001 
<0.0001

GMT, geometric mean titer; N, number of subjects with available results. *p-values refer to superiority testing; superiority of the HPV-16/18 vaccine 
demonstrated if p ≤ 0.05 (p-values are exploratory for Months 12, 18 and 24).
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Figure 3. For figure legend, see page 1350.
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vaccine group for both HPV-16 (90.9% vs. 60.0%; p = 0.0128) 
and HPV-18 (74.3% vs. 40.0%; p = 0.0152) (Fig. 7). The geomet-
ric mean frequency of circulating antigen-specific CD4+ T cells 
in all subjects (i.e., responders and non-responders) at Month 24 
was significantly higher in the HPV-16/18 vaccine group than in 
the HPV-6/11/16/18 vaccine group for both HPV-16 [GM ratio, 
2.4 (1.6, 3.6); p < 0.0001] and HPV-18 [GM ratio, 2.4 (1.4, 4.1); 
p = 0.0025] (Fig. 8).

Safety. The proportion of subjects reporting medically signifi-
cant conditions (MSCs; conditions prompting physician visits), 
new onset of chronic diseases (NOCDs) and new onset of auto-
immune diseases (NOADs) in the TVC were similar between 
the vaccine groups (Table 4). The proportion of subjects report-
ing MSCs was 40.0% (95% CI: 35.9, 44.2) in the HPV-16/18 
vaccine group and 34.7% (30.8, 38.9) in the HPV-6/11/16/18 
vaccine group. The most commonly reported MSC in the HPV-
16/18 vaccine group was bronchitis [HPV-16/18 vaccine, 2.7% 
(95% CI: 1.5, 4.4); HPV-6/11/16/18 vaccine, 1.6% (0.7, 3.1)] 
and in the HPV-6/11/16/18 vaccine group was depression [HPV-
16/18 vaccine, 2.0% (1.0, 3.5); HPV-6/11/16/18 vaccine, 2.0% 
(1.0, 3.5)]. A total of 45 non-fatal SAEs were reported during this 
period (Month 0 to Month 24), 32 of which were reported from 
Month 7 to Month 24; two SAEs (one in each vaccine group) 

HPV-6/11/16/18 vaccine; for HPV-16, GMT ratios were 4.45, 
4.23 and 2.65 for the three age ranges and for HPV-18 were 7.51, 
8.09 and 6.99.

Memory B-cell responses. At Month 24, for all age groups 
combined, the proportion of responders (subjects with detect-
able HPV type-specific memory B-cells, i.e., >1 cell/million 
cells) was not statistically different between groups for HPV-16 
(HPV-16/18 vaccine, 83.3%; HPV-6/11/16/18 vaccine, 66.7%: 
p = 0.2122) and was significantly higher for HPV-18 with the 
HPV-16/18 vaccine compared with the HPV-6/11/16/18 vac-
cine (76.3% vs. 52.9%; p = 0.0489) (Fig. 5). Because memory 
B-cell response data for all subjects in the subset did not follow a 
normal distribution, the mean frequency of circulating antigen-
specific memory B-cells was assessed in responders only (i.e., pos-
itive subjects); at Month 24 this was not significantly different 
between the vaccine groups for HPV-16 [GM ratio, 1.3 (95% CI: 
0.7, 2.7); p = 0.4174] and was significantly higher in the HPV-
16/18 vaccine group for HPV-18 [GM ratio, 2.5 (1.3, 4.9); p = 
0.0071] (Fig. 6).

CD4+ T-cell responses. At Month 24, for all age groups com-
bined, the proportion of responders (subjects with ≥500 HPV 
type-specific memory CD4+ T cells) was significantly higher 
in the HPV-16/18 vaccine group than in the HPV-6/11/16/18 

Figure 3 (See previous page). Geometric mean titers (GMTs), Month 24 GMT ratios (GMR) and seropositivity rates for anti-HPV-16 and anti-HPV-18 
IgG antibodies measured by enzyme-linked immunosorbent assay at Months 6, 7, 12, 18 and 24 (ATP cohort for immunogenicity, seronegative and 
DNA negative prior to vaccination). Solid black lines, Human Papillomavirus Bivalent (Types 16 and 18) Vaccine (Recombinant adjuvanted, adsorbed) 
[Cervarix®]; solid gray lines, Human Papillomavirus Quadrivalent (Types 6, 11, 16 and 18) Vaccine, Recombinant [Gardasil®]. Error bars denote 95% confi-
dence intervals (CIs) of GMTs. Dotted line, GMTs for natural infection antibody levels (measured by ELISA) in the HPV-008 study: 29.8 ELISA units/mL for 
HPV-16 and 22.6 ELISA units/mL for HPV-18.10 GMTs for natural infection antibody levels (measured by ELISA) in the HPV-001 14 were 50 EU/mL for anti 
HPV-16 antibodies and 41 EU/mL anti HPV-18 antibodies. Vaccine induced antibody levels remained above the levels associated with natural infection 
in women in the ATP cohort for immunogenicity who received all three doses of HPV-16/18 vaccine through to 7.3 y follow-up of Study HPV-001 (HPV-
007, HPV-023) 14,15,44 and through to Month 36 follow-up of Study HPV-008.10,13 Dashed line, ELISA limit of detection (8 ELISA units/mL for HPV-16 and 
7 ELISA units/mL for HPV-18). Black square brackets, GMRs = HPV-16/18 vaccine GMT divided by HPV-6/11/16/18 vaccine GMT at Month 24 computed 
using an ANOVA model on the log10 transformation of the titers in each age cohort. Seropositivity defined as neutralizing antibody titer ≥8 ELISA units/
mL for HPV-16 and ≥7 ELISA units for HPV-18. The ATP cohort for immunogenicity included all evaluable subjects who received three vaccine doses 
(i.e., those meeting all eligibility criteria and complying with the procedures defined in the protocol) for whom data concerning immunogenicity end-
point measures were available. This included subjects for whom assay results were available for antibodies against at least one study vaccine antigen 
(HPV-16 or HPV-18) at the timepoint under analysis.

Table 3. Positivity rates and geometric mean titers (GMTs) of anti-HPV-16 and anti-HPV-18 IgG antibodies measured in cervicovaginal secretions by 
enzyme-linked immunosorbent assay at Months 7, 12, 18 and 24 (ATP cohort for immunogenicity, irrespective of serostatus and DNA status prior to 
vaccination)

HPV-16/18 vaccine HPV-6/11/16/18 vaccine

Antigen Month N n % P [95% CI] GMT* [95% CI] N n % P [95% CI] GMT* [95% CI]

HPV-16

Baseline 
7 

12 
18 
24

24 
48 
50 
42 
45

0 
46 
43 
33 
35

0.0 [0.0, 14.2] 
95.8 [85.7, 99.5] 
86.0 [73.3, 94.2] 
78.3 [63.2, 89.7] 
77.8 [62.9, 88.8]

– [–, –] 
168.9 [114.4, 249.4] 
135.6 [93.8, 195.9] 
96.0 [64.8, 142.3] 
85.0 [57.9, 124.8]

36 
57 
46 
43 
43

0 
51 
35 
26 
24

0.0 [0.0, 9.7] 
89.5 [78.5, 96.0] 
76.1 [61.2, 87.4] 
60.5 [44.4, 75.0] 
55.8 [39.9, 70.9]

– [–, –] 
90.7 [62.6, 131.6] 
46.8 [33.0, 66.5] 
52.8 [35.6, 78.3] 
45.1 [27.0, 75.2]

HPV-18

Baseline 
7 

12 
18 
24

24 
48 
50 
42 
45

1 
43 
40 
28 
31

4.2 [0.1, 21.1] 
89.6 [77.3, 96.5] 
80.0 [66.3, 90.0] 
66.7 [50.5, 80.4] 
68.9 [53.4, 81.8]

15.4 [–, –] 
88.6 [65.0, 120.8] 
59.0 [42.5, 81.9] 
33.2 [21.3, 51.8] 
43.9 [28.1, 68.8]

36 
57 
47 
43 
43

3 
40 
21 
13 
17

8.3 [1.8, 22.5] 
70.2 [56.6, 81.6] 
44.7 [30.2, 59.9] 
30.2 [17.2, 46.1] 
39.5 [25.0, 55.6]

13.5 [0.3, 701.8] 
43.4 [30.1, 62.6] 
29.1 [18.6, 45.3] 
16.4 [10.4, 25.9] 
21.5 [10.5, 44.3]

GMT, geometric mean titer; N, number of subjects with available results; n, number of subjects with an antibody titer ≥ the limit of quantification; 
P, positivity (defined as antibody titer ≥0.58 EU/mL for HPV-16 and ≥0.35 EU/mL for HPV-18). *GMTs were calculated on positive subjects (n values) 
because data for all subjects in the subset did not follow a normal distribution. Dashes (–) indicate where there were insufficient values (i.e., n ≤ 1) to 
calculate GMTs.
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were considered possibly related to vaccination and 
were described in the Month 7 paper.30 During the 
subsequent follow-up period, one woman died from 
metastatic renal cell carcinoma before the Month 18 
visit; her death was considered not related to vaccina-
tion by the investigator at the study site (this case 
remains blinded since the study is ongoing).

A total of 77 pregnancies were reported up to 
Month 24, with similar outcomes between groups 
(Table 5).

Discussion

In general, the higher anti-HPV-16 and -18 immune 
responses induced by the HPV-16/18 vaccine when 
compared with the HPV-6/11/16/18 vaccine at 
Month 7 in Study HPV-010 30 were maintained up 
to Month 24 after first vaccination. GMTs of anti-
HPV-16 and -18 serum neutralizing antibodies mea-
sured by PBNA remained significantly higher up to 
Month 24 in women aged 18–26 y who received the 
HPV-16/18 vaccine than in women who received the 
HPV-6/11/16/18 vaccine. The HPV-16/18 vaccine 
also induced significantly higher anti-HPV-16 and 
-18 neutralizing antibody titers in women aged 27–35 
and 36–45 y at all timepoints through to Month 24. 
For both neutralizing and IgG anti-HPV-16 and -18 
ELISA antibody titers, the magnitudes of the differ-
ences between the two vaccines (GMRs) at Month 24 were simi-
lar to those observed at previous timepoints. In the HPV-naive 
subset of the ATP cohort for immunogenicity (i.e., seronegative 
and DNA-negative for the antigen under analysis prior to vacci-
nation), which approximates the target population for HPV vac-
cination programs, GMRs of anti-HPV-16 and -18 neutralizing 
antibody titers between the vaccine groups were greater in the 
younger age groups studied (18–26 y and 27–35 y) compared 
with the older age group (36–45 y) at all timepoints from Month 
7 to 24. As expected from observations in other studies,10,13-15,17,18 

Figure 4. Correlation between serum and cervicovaginal 
secretions for (A) HPV-16 and (B) HPV-18 IgG antibodies 
(standardized for total IgG antibodies) measured by en-
zyme-linked immunosorbent assay at Month 24 (ATP co-
hort for immunogenicity). CVS, cervicovaginal secretions; 
IgG, immunoglobulin G; R, Pearson correlation coefficient. 
Solid black lines and filled black circles, Human Papilloma-
virus Bivalent (Types 16 and 18) Vaccine (Recombinant, ad-
juvanted, adsorbed) [Cervarix®]; solid gray lines and filled 
gray circles, Human Papillomavirus Quadrivalent (Types 
6, 11, 16 and 18) Vaccine, Recombinant [Gardasil®]. Only 
samples that tested positive for the antigen under analy-
sis in both serum and CVS (i.e., double-positive samples) 
were analyzed. Vertical and horizontal lines represent 
the geometric means of the ratios between HPV-specific 
antibody titers and total IgG antibody content in serum 
and CVS samples, respectively. HPV-16/18-specific IgG 
levels were measured by VLP-specific ELISA. The total IgG 
antibody concentration of each sample was measured us-
ing an ELISA developed and validated in-house by GSK.

for both vaccines, levels of vaccine-induced anti-HPV-16 and 
-18 antibodies peaked at Month 7 30 and subsequently declined 
toward plateau by Month 18.31,32 Through to Month 24, both 
vaccines induced higher anti-HPV-16 neutralizing antibody titers 
than those observed in women who had cleared natural infec-
tion (as measured by PBNA in the TVC);30 vaccine-induced 
anti-HPV-18 neutralizing antibody titers remained higher than 
those observed after natural infection in women who received 
the HPV-16/18 vaccine and reached levels similar to those associ-
ated with natural infection with the HPV-6/11/16/18 vaccine. 
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in both vaccine groups at all timepoints up to Month 24. In 
the HPV-16/18 vaccine group, seropositivity rates for anti-
HPV-18 neutralizing antibodies were ≥97.1% at all timepoints. 
In the HPV-6/11/16/18 vaccine group, seropositivity rates for 
anti-HPV-16 and -18 IgG antibodies remained high (≥96.5%) 
through Month 24 in both vaccine groups.

High serum antibody titers have been shown to induce 
enhanced concentrations of antibodies in CVS, thereby provid-
ing the first line of defense against HPV infection and subse-
quent disease.35,36 At Month 7, a greater proportion of women 
who received the HPV-16/18 vaccine compared with those who 
received the HPV-6/11/16/18 vaccine had detectable HPV type-
specific neutralizing antibodies in CVS, correlating with the 
higher serological immune response observed with the HPV-
16/18 vaccine.30 CVS antibody levels in women with detect-
able antibodies were similar between groups at most timepoints 
through Month 24. For both HPV-16 and HPV-18, the HPV-
16/18 vaccine induced higher GM ratios of HPV-specific IgG 
antibodies to total IgG antibody content in CVS at Month 24, 
as previously observed at Month 7.30 This suggests that, up to 18 
mo after the third dose, vaccination with the HPV-16/18 vac-
cine resulted in the transudation of more HPV-specific antibod-
ies from serum to the site of potential infection, when compared 
with the HPV-6/11/16/18 vaccine. Interpretation of CVS data 
are, however, limited by the small number of samples analyzed, 
the technical difficulty and the limited sensitivity of the analyses, 
which we believe may be due to the presence of inhibitors such 
as blood and sample dilution resulting from heterogeneity of the 
sampling and from the IgG extraction process.

The proportion of HPV-18-specific circulating memory 
B-cell responses was statistically higher at all timepoints up to 
Month 24 in the HPV-16/18 vaccine group compared with the 
HPV-6/11/16/18 vaccine group, as was the mean frequency of 
circulating antigen-specific cells in responders at all timepoints 
except Month 12. In terms of HPV-16-specific circulating 
memory B-cell responses, at Month 7, although the proportion 
of responders was similar in both groups, the geometric mean 
of HPV-16-specific circulating memory B cells was significantly 
higher in the HPV-16/18 vaccine group compared with the 
HPV-6/11/16/18 vaccine group.30 After Month 7, no significant 
differences were observed between the vaccine groups in the pro-
portion of responders and geometric means of HPV-16-specific 
circulating memory B-cells, except for at Month 18 when a sig-
nificant difference in the proportion of responders was observed 
for HPV-16-specific circulating memory B-cells. Within each 
vaccine group, HPV-16- and HPV-18-specific circulating mem-
ory B-cell frequencies generally remained stable between Months 
12–24. It should be noted that B-cells may migrate to central 
lymphatic organs (e.g., spleen) at later timepoints.

For CD4+ T-cells, the proportion of responders and mean 
frequency of circulating antigen-specific cells calculated on all 
subjects (i.e., responders and non-responders) were significantly 
higher with the HPV-16/18 vaccine compared with the HPV-
6/11/16/18 vaccine at Month 24, for both HPV-16 and HPV-
18. For the HPV-16/18 vaccine, higher values observed at later 
timepoints might in part be due to variability in the batch testing 

In a previous study, for HPV-16, analysis by antibody titer quar-
tile showed a significantly reduced risk of new HPV-16 infection 
with an increasing naturally-acquired antibody titer (measured 
by ELISA);33 an epidemiological study reported similar findings 
with women in the highest HPV-18 antibody tertile having a sig-
nificantly reduced risk of subsequent infection with HPV-18.34 In 
our current study, across all age groups, at Month 24 the ELISA 
antibody titers are higher in the ATP cohort for immunogenicity 
with the HPV-16/18 vaccine compared with the HPV-6/11/16/18 
vaccine for HPV-16 (2.3–4.2-fold) and HPV-18 (5.2–9.7-fold). 
Although an immunological correlate of protection has not been 
defined, these observed differences in the magnitude of immune 
response between both vaccines might therefore represent deter-
minants of duration of protection.

In the ATP cohort for immunogenicity (seronegative and 
DNA-negative prior to vaccination), seropositivity rates for 
anti-HPV-16 neutralizing antibodies remained high (≥97.5%) 

Figure 5. Proportion of responders for (A) HPV-16- and (B) HPV-
18-specific B-cell responses at Months 7, 12, 18 and 24 (ATP cohort for 
immunogenicity; seronegative, DNA-negative and with no detectable 
HPV type-specific B-cells prior to vaccination). *p < 0.05. N, number of 
subjects with available results. Black bars, Human Papillomavirus Biva-
lent (Types 16 and 18) Vaccine (Recombinant, adjuvanted, adsorbed) 
(Cervarix®); white bars, Human Papillomavirus Quadrivalent (Types 6, 
11, 16 and 18) Vaccine, Recombinant (Gardasil®). Responders defined as 
subjects with detectable HPV type-specific memory B-cells [>1 cell/mil-
lion cells]. p-values were calculated using Fisher’s exact test to compare 
proportion of responders.



www.landesbioscience.com	 Human Vaccines	 1353

vaccinated with the HPV-16/18 vaccine [1.1% (95% CI: 0.4, 
2.3)] and women vaccinated with the HPV-6/11/16/18 vaccine 
[1.8% (0.9, 3.3)]; these values are comparable with those from a 
large integrated safety database of participants in studies of the 
HPV-16/18 vaccine [N = 19,723; 0.49% (0.39, 0.59)] vs. control 
[N = 19,437; 0.54% (0.44, 0.65)].37 Additionally, incidence rates 
of autoimmune disease in vaccinated women were comparable 
with rates of other neuroinflammatory events within the general 
population.

The differences in anti-HPV-16/18 immunogenicity observed 
between the HPV-16/18 vaccine and the HPV-6/11/16/18 vac-
cine may reflect the different adjuvant systems used in each. The 
HPV-16/18 vaccine employs AS04, which contains aluminum 
hydroxide and MPL, a detoxified derivative of the immuno-
modulatory cell wall lipopolysaccharide (LPS) molecule of the 
Gram-negative Salmonella minnesota R595 strain.38 MPL is an 
agonist of Toll-like receptor 4 (TLR4) 39 and TLR4 stimulation 

utilized, as samples from different timepoints were evaluated 
in different testing runs. For instance, assay variability may be 
a result of the batch of reagents used at that timepoint or the 
assay set up, which, even if bridged, may have evolved. The most 
consistent comparisons are with the group responses at each 
timepoint. In the HPV-6/11/16/18 vaccine group, HPV-16- and 
HPV-18-specific circulating CD4+ T-cell frequencies plateaued 
between Months 12–24.

Both vaccines were generally well tolerated and exhibited 
similar safety profiles up to Month 24; incidences of MSCs, 
NOCDs, SAEs and pregnancy outcomes were similar between 
the groups and consistent with previous studies of each vaccine. 
The incidence of autoimmune diseases was similar in women 

Figure 6. Geometric means (GM) and GM ratios in responders only for 
(A) HPV-16- and (B) HPV-18-specific B-cells at Months 7, 12, 18 and 24 
(ATP cohort for immunogenicity; seronegative, DNA negative and with 
no detectable HPV type-specific B-cells prior to vaccination). *p < 0.05. 
GMR, geometric mean ratio; N, number of responders [i.e., subjects 
with detectable HPV type-specific memory B-cells (>1 cell/million cells)]. 
Solid black lines, Human Papillomavirus Bivalent (Types 16 and 18) Vac-
cine (Recombinant, adjuvanted, adsorbed) (Cervarix®); solid gray lines, 
Human Papillomavirus Quadrivalent (Types 6, 11, 16 and 18) Vaccine, 
Recombinant (Gardasil®). Error bars denote 95% confidence intervals 
of geometric means. Statistical comparison (GMR ANOVA p-value) was 
performed on B-cell responders only because data for all subjects in 
the subset did not follow a normal distribution.

Figure 7. Proportion of responders for (A) HPV-16- and (B) HPV-18-spe-
cific CD4+ T-cell response at Months 7, 12, 18 and 24 (ATP cohort for 
immunogenicity; seronegative, DNA-negative and with a HPV type-spe-
cific CD4+ T-cell response below 500 cells per million cells prior to vac-
cination). *p < 0.05. N, number of subjects with available results. Black 
bars, Human Papillomavirus Bivalent (Types 16 and 18) Vaccine (Recom-
binant, adjuvanted, adsorbed) (Cervarix®); white bars, Human Papil-
lomavirus Quadrivalent (Types 6, 11, 16 and 18) Vaccine, Recombinant 
(Gardasil®). Responders defined as subjects with ≥500 HPV type-specific 
memory CD4+ T-cells expressing at least two of four immune markers 
[(CD40L, IL-2, TNFα, IFNγ)/million cells]. p-values were calculated using 
Fisher’s exact test to compare proportion of responders.
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(using identically expressed antigens) to vaccine-induced anti-
HPV-16/18 immune responses.

Strengths of our study include the use of a PBNA, which mea-
sures a range of neutralizing antibodies, and identical methodol-
ogy for assessment of both vaccine groups. The cell line used in 
the PBNA is not used in the production of either vaccine and the 
pseudovirions closely resemble the natural viral particles, making 
the PBNA unbiased to either vaccine. As discussed previously, 
our results are also unlikely to be biased by the ELISA and B-cell 
ELISPOT assays used to measure HPV type-specific immune 
responses.30 Although these assays are based on the HPV-16/18 
vaccine constructs, data are not expected to be significantly 
impacted by the use of these truncated proteins, given their over-
all similarity of 93% with the full-length L1 protein sequences. In 
a sub-analysis of sera from women included in Study HPV-010, 
a good correlation was observed between GMTs (HPV-16/18 
vaccine over HPV-6/11/16/18 vaccine) generated using GSK’s 
ELISA and Merck’s competitive Luminex immunoassay (cLIA); 
the HPV-16/18 vaccine induced higher GMTs of anti-HPV-16 
and -18 serum antibodies compared with the HPV-6/11/16/18 
vaccine irrespective of the assay used.41 The assay used to evaluate 
CD4+ T-cell responses is also unlikely to favor either vaccine, as 
the HPV peptide pools used for in vitro stimulation were designed 
from the HPV-16 and HPV-18 L1 VLP sequences used in the 
HPV-16/18 vaccine but included the portions truncated from the 
HPV-16/18 vaccine but present in the HPV-6/11/16/18 vaccine.

Study limitations include the exclusion of pre-teen/young 
adolescent girls (as discussed previously in ref. 30) and reliance 
on subjects for accurate reporting of history (e.g., sexual activity, 
number of partners, previous abnormal Pap results and HPV pos-
itivity). This study primarily evaluated vaccine-induced immune 
responses by measuring GMTs of serum neutralizing antibodies 
(by PBNA) and, in the absence of a defined correlate of vaccine-
induced protection, our data may or may not reflect clinical out-
comes. Given the very high efficacy observed with both vaccines, 
conducting a trial capable of detecting a difference between the 
two would require a very large study population and a prolonged 
follow-up period. Due to the methodological challenges of assess-
ing CVS samples by PBNA (e.g., presence of inhibitors such as 
blood, timing relative to menstrual cycle, sample dilution), anti-
body titers in CVS were measured by ELISA. A previous study of 
women vaccinated with the HPV-16/18 vaccine observed a high 
correlation when anti-HPV-16 and -18 antibody responses were 
measured by direct ELISA (which is based on multiple epitopes) 
and PBNA, suggesting that the direct ELISA is a surrogate for 
neutralizing activity.42

Both the HPV-16/18 vaccine and the HPV-6/11/16/18 vac-
cine have demonstrated high efficacy against disease and virolog-
ical endpoints in clinical trials and are expected to substantially 
reduce HPV-related disease burden.43 Both vaccines were 
licensed based on their excellent efficacy profiles in adolescents 
and young adults, with high immunogenicity demonstrated 
across all licensed age groups. Currently, the longest published 
immunogenicity follow-up for either vaccine is 7.3 y.44 Higher 
immunogenicity can reasonably be expected to contribute to a 
longer duration of vaccine-induced protection.

can contribute to activation of the innate immune response.40 
In vitro and in vivo data suggest that the addition of MPL 
to aluminum hydroxide enhances vaccine-induced immune 
response by rapidly triggering a local cytokine response lead-
ing to optimal activation of antigen-presenting cells.39 A sepa-
rate study demonstrated enhanced antibody and memory B-cell 
responses when HPV-16/18 L1 VLP vaccine was formulated 
with AS04 compared with aluminum hydroxide alone.6 The 
HPV-6/11/16/18 vaccine contains a proprietary AAHS adju-
vant. When formulated with HPV-16 vaccine, AAHS has dem-
onstrated greater inherent capacity for adsorption of HPV-16 
L1 VLPs and greater anti-HPV-16 L1 VLP antibody responses 
compared with aluminum hydroxide.8 However, no study has 
directly compared the relative contributions of AS04 and AAHS  

Figure 8. Geometric means (GM) and GM ratios for (A) HPV-16- and (B) 
HPV-18-specific CD4+ T-cell response at Months 7, 12, 18 and 24 (ATP 
cohort for immunogenicity; seronegative, DNA-negative and with a 
HPV type-specific CD4+ T-cell response below 500 cells per million cells 
prior to vaccination). *p < 0.05. GMR, geometric mean ratio; N, number 
of subjects with available results. Solid black lines, Human Papilloma-
virus Bivalent (Types 16 and 18) Vaccine (Recombinant, adjuvanted, 
adsorbed) (Cervarix®); solid gray lines, Human Papillomavirus Quadri-
valent (Types 6, 11, 16 and 18) Vaccine, Recombinant (Gardasil®). Error 
bars denote 95% confidence intervals of geometric means. Statistical 
comparison (GMR ANOVA p-value) was performed on all subjects.
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HPV type-specific IgG antibody positivity rates were assessed in 
CVS by ELISA in the ATP cohort for immunogenicity (irrespec-
tive of serostatus and DNA status prior to vaccination) (Table 3).

Blood samples for assessment of immune response were also 
collected from all women at Months 12, 18 and 24. As prespeci-
fied, additional samples were collected from a subset of women 
in all age groups in both vaccine groups at Months 12, 18 and 24 
for further immunological assessment; this included evaluation 
of (1) HPV type-specific antibody levels in CVS (2) HPV type-
specific memory B cell and (3) CD4+ T-cell responses. Antibody 
extraction from CVS samples, PBNA, ELISA, B-cell ELISPOT 
assay and safety assessments were performed as described previ-
ously in reference 30. In the absence of a serological correlate 
of protection afforded by HPV vaccines, GMTs of anti-HPV-16 
and -18 neutralizing antibodies (measured by PBNA) induced 
by natural infection were used to evaluate vaccine-induced anti-
body responses. These were defined as GMTs in women in the 
TVC who were DNA negative but seropositive at Month 0 for 

In the absence of a surrogate marker for a correlate of protec-
tion against HPV, the number of breakthrough cases in vaccinees 
(fortunately rare) for each type will become particularly impor-
tant to establish normalized serocurves. If a correlate of protec-
tion against HPV is established, a standardized assay would be 
important to ensure that this is appropriately and universally 
defined. PBNA, developed independently without using antigens 
from specific vaccines, could be used for such comparison.

In this follow-up analysis of Study HPV-010, the HPV-16/18 
vaccine demonstrated generally higher immunogenicity and a 
similar safety profile to the HPV-6/11/16/18 vaccine through 
24 mo after first vaccination in healthy women aged 18–45 y. 
This observation may be of relevance for healthcare providers 
and other stakeholders in cervical cancer prevention. Any clinical 
efficacy differences between the two vaccines in terms of preven-
tion of HPV-16/18-associated cervical disease, should they exist, 
are not currently evident and will only become apparent through 
long-term assessment.

Materials and Methods

Study design, immunogenicity and safety assessments. This 
follow-up study was conducted in 40 centers in the US; we previ-
ously reported findings at Month 7.30 Study participants, ethics, 
design and vaccine composition were as described previously in 
reference 30. Women were stratified by age (18–26, 27–35 and 
36–45 y) and randomized (1:1 ratio in each age group) to receive 
0.5 mL of either the HPV-16/18 vaccine or the HPV-6/11/16/18 
vaccine according to their recommended three-dose schedules 
(Months 0, 1, 6 or Months 0, 2, 6, respectively). The study was 
conducted in an observer-blind manner and to maintain the 
blind, women received one dose of placebo (aluminum hydrox-
ide) at either Month 1 or 2, as appropriate. Analyses were per-
formed at baseline and Months 7, 12, 18 and 24 with all analysts 
being blind to sample identity. Long-term follow-up through 
Month 48 is ongoing.

Blood, cervicovaginal secretion and cervical sampling were 
performed as described previously in reference 30. CVS samples 
were collected in a subset of subjects from preselected sites capa-
ble of handling collection according to the predefined conditions. 

Table 4. Safety outcomes at Month 24; number and proportion of subjects reporting at least one event (total vaccinated cohort, irrespective of  
serostatus and DNA status prior to vaccination)

Proportion of responders, % (95% CI) [n]

HPV-16/18 vaccine N = 553 HPV-6/11/16/18 vaccine N = 553

Medically significant conditions 40.0 (35.9, 44.2) [221] 34.7 (30.8, 38.9) [192]

New onset of chronic diseases* 3.6 (2.2, 5.5) [20] 3.8 (2.4, 5.7) [21]

New onset of autoimmune diseases‡ 1.1 (0.4, 2.3) [6] 1.8 (0.9, 3.3) [10]

Serious adverse events 4.2 (2.7, 6.2) [23] 4.0 (2.5, 6.0) [22]

CI, confidence interval; N, number of subjects who received at least one vaccine dose; n, number of subjects reporting at least one event; Medically sig-
nificant conditions, conditions prompting physician visits. Decisions relating adverse events to vaccination were based on the judgment of the inves-
tigator at the study site reporting the event. *All adverse events  reported were compared with a pre-defined list of potential chronic diseases derived 
from the Medical Dictionary for Regulatory Activities; determination of whether a chronic disease was of new onset was based on blinded review of 
the reported symptoms and the subject’s pre-vaccination medical history by a GSK physician. ‡New onset autoimmune diseases were identified from 
events categorized as new onset chronic diseases using a list detailing potential autoimmune events, which excluded allergy-related events or isolated 
signs and symptoms, plus events not considered to be autoimmune in origin.

Table 5. Pregnancy outcomes up to Month 24 (total vaccinated cohort, 
irrespective of serostatus and DNA status prior to vaccination)

Number (%)

HPV-16/18 vaccine 
N = 38

HPV-6/11/16/18 
vaccine N = 39

Normal infant 20 (52.6) 24 (61.5)

Premature birth 2 (5.3) 2 (5.1)

Abnormal infant 0 (0.0) 2 (5.1)

Elective termination 5 (13.2) 1 (2.6)

Therapeutic abortion 0 (0.0) 0 (0.0)

Ectopic pregnancy 1 (2.6) 0 (0.0)

Spontaneous abortion 6 (15.8) 6 (15.4)

Still birth 0 (0.0) 0 (0.0)

Lost to follow-up 1 (2.6) 3 (7.7)

Missed abortion 0 (0.0) 0 (0.0)

N, number of cases identified; n, number of cases in a given category. At 
the time of this analysis, pregnancy was ongoing in three women (7.9%) 
in the HPV-16/18 vaccine group and one woman (2.6%) in the HPV-
6/11/16/18 vaccine group.
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women; and (5) to compare the safety of the two vaccines. The 
prespecified target for CVS and CMI analyses was 30% of sub-
jects per age cohort per vaccine group. Statistical analyses (within-
group and between-group comparisons) of immunogenicity (ATP 
cohort for immunogenicity) and safety (TVC) were performed at 
Months 7, 12, 18 and 24, as described previously in reference 30.

For statistical comparison of serum PBNA data, non-inferi-
ority of the HPV-16/18 vaccine to the HPV-6/11/16/18 vaccine 
was concluded if the lower limit of the two-sided 95% CI for the 
GMT ratio for a given antigen was greater than 0.5 in the ATP 
cohort for immunogenicity (seronegative and DNA-negative 
prior to vaccination). If the lower limit of the two-sided 95% 
CI for the GMT ratio was greater than 1, the p-value associated 
with a test of superiority (ANOVA model) was calculated for that 
antigen in the TVC (irrespective of serostatus and DNA status 
prior to vaccination).

To enable comparison of vaccine-specific antibody titers 
between serum and CVS, anti-HPV-16 and anti-HPV-18 anti-
body titers were measured relative to the total IgG antibody 
concentration of each sample. Ratios for anti-HPV-16 or anti-
HPV-18 antibody titers divided by total IgG antibody concentra-
tion were expressed as EU/μg of total IgG, and the corresponding 
Pearson correlation coefficient (r) was calculated.

For CD4+ T-cell responses, the results for each stimulant at 
each timepoint were summarized for each group and age stra-
tum by the geometric mean (GM). In an exploratory inferen-
tial analysis, the proportion of responders in each vaccine group 
was compared using a Fisher’s exact test. The GM ratio between 
vaccine groups was obtained using an ANOVA model on the 
log

10
-transformed frequencies. The ANOVA model included the 

vaccine group as fixed effect. The GM ratio and its 95% CI were 
derived as exponential transformation. For the comparison of 
CD4+ T-cell GM ratios, p-values were computed using ANOVA 
model. The same statistical methods were used to compare B-cell 
responses between the vaccine groups, i.e., the proportion of 
responders and the GM ratio in responders.

Notes

Cervarix is a registered trade mark of the GlaxoSmithKline group 
of companies. Gardasil is a registered trade mark of Merck and 
Co., Inc.
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the antigen under analysis, indicating clearance of natural infec-
tion. For each antigen, positivity was defined as a serum dilution 
greater than or equal to the assay threshold of 40 ED

50
 (effective 

dose producing 50% response).
CD4+ T-cell responses. CD4+ T-cell responses were evaluated 

in a subset of subjects (women in the ATP cohort for immunoge-
nicity who were seronegative, DNA-negative and had no detect-
able CD4+ T-cell response prior to vaccination). Prior to analyses, 
peripheral blood mononuclear cells were separated from heparin-
ized whole blood using a Ficoll-Hypaque gradient and were cul-
tured in vitro in RPMI 1640 medium supplemented with 100 U/
mL penicillin, 0.1 mg/mL streptomycin, 0.3 mg/mL glutamine, 
50 μM β-mercaptoethanol and 10% heat-inactivated human AB 
serum.45

Vaccine-induced CD4+ T-cell responses were evaluated in vitro 
by using a pool of HPV peptides to stimulate peripheral blood 
antigen-specific CD4+ T-cells to produce cytokines. The HPV-16 
and HPV-18 L1 patented sequences for the HPV-16/18 vaccine 
and the HPV-6/11/16/18 vaccine are 99.6% and 99.4% identical, 
respectively, by protein level comparison. The main differences 
between the sequences are the 33 and 35 amino acid C-terminal 
truncations of the L1 sequences used in the HPV-16/18 vaccine. 
The HPV peptide pool used for in vitro stimulation included the 
HPV-16 and HPV-18 L1 VLP sequences used in the HPV-16/18 
vaccine and the portions truncated from the HPV-16/18 vaccine 
but present in the HPV-6/11/16/18 vaccine. Overall, the 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 cyto-
kine staining, flow cytometry was used to quantify the number 
of cells producing at least two of four different immune markers 
(CD40L, IL-2, TNFα and IFNγ) in response to the HPV peptide 
pool. Expressing specific T-cell response in this way was based on 
studies in the literature.45-47 Evaluations performed in-house by 
GSK consistently found that this approach reduced background 
without significantly compromising sensitivity, and constituted a 
robust method for analyzing a large number of samples. A posi-
tive CD4+ T-cell response was set as a frequency ≥500 HPV-
specific CD4+ T-cells per million CD4+ T-cells (0.05%), the 
cut-off value corresponding to the 95th percentile of the specific 
response in a HPV-negative population from the study HPV-010 
(NCT00423046). Cell culture medium alone (i.e., without the 
HPV peptide pool) was used as a negative control and a mitogen 
(staphylococcal enterotoxin B [SEB]) was used as a positive con-
trol in each testing run to ensure consistency.

Statistical analyses. The primary exploratory objective of this 
follow-up analysis was to compare GMTs of anti-HPV-16 and 
-18 serum neutralizing antibodies measured by PBNA at Month 
24 after first vaccination with either the HPV-16/18 vaccine or 
the HPV-6/11/16/18 vaccine in women aged 18–26 y. Secondary 
objectives were to compare the immune response to HPV-16 and 
-18 induced by the two vaccines measured at Month 24: (1) in 
serum by PBNA in women aged 27–35 and 36–45 y; (2) in serum 
by ELISA in all women; (3) in CVS by PBNA/ELISA in a subset 
of women; (4) in terms of cell-mediated immunity (CMI; HPV-
16/18-specific B-cell and CD4+ T-cell responses) in a subset of 
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