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Two trials of clinically approved human papillomavirus (HPV) vaccines, Females United to Unilaterally Reduce

Endo/Ectocervical Disease (FUTURE I/II) and the Papilloma Trial Against Cancer in Young Adults (PATRICIA),

reported a 22% difference in vaccine efficacy (VE) against cervical intraepithelial neoplasia grade 2 or worse in

HPV-naïve subcohorts; however, serological testing methods and the HPV DNA criteria used to define HPV-

unexposed women differed between the studies. We applied previously described methods to simulate these

HPV-naïve subcohorts within the Costa Rica HPV16/18 Vaccine Trial and assessed how these criteria affect the

estimation of VE. We applied 2 enzyme-linked immunosorbent assay (ELISA) thresholds for HPV16 and HPV18

seropositivity (8 and 7 ELISA units/mL, respectively, for PATRICIA; 54 and 65 ELISA units/mL, respectively, for

FUTURE I/II (to approximate the competitive Luminex immunoassay)) and 2 criteria for HPV DNA positivity

(12 oncogenic HPV types, plus HPV66 and 68/73 for PATRICIA; or plus HPV6 and 11 for FUTURE I/II). VE was

computed in the 2 naïve subcohorts. Using the FUTURE I/II and PATRICIA criteria, VE estimates against cervical

intraepithelial neoplasia grade 2 or worse, regardless of HPV type, were 69.0% (95% confidence interval: 40.3%,

84.9%) and 80.8% (95% confidence interval: 52.6%, 93.5%), respectively (P = 0.1). Although the application of

FUTURE I/II criteria to our cohort resulted in the inclusion of more sexually experienced women, methodological

differences did not fully explain the VE differences.

human papillomavirus; methodological differences; naïve population; vaccine efficacy

Abbreviations: CI, confidence interval; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; cLIA, competitive Luminex

immunoassay; CVT, Costa Rica HPV16/18 Vaccine Trial; DEIA, DNA enzyme immunoassay; ELISA, enzyme-linked immunosorbent

assay; HPV, human papillomavirus; LiPA, line probe assay; PCR, polymerase chain reaction; VE, vaccine efficacy; VLP, viruslike

particle.

Gardasil (Merck & Co., Inc., West Point, Pennsylvania)
and Cervarix (GlaxoSmithKline Vaccines, Rixensart, Bel-
gium) are 2 highly efficacious prophylactic human papillo-
mavirus (HPV) vaccines. Gardasil is a quadrivalent vaccine
containing the recombinant L1 major capsid proteins of on-
cogenic HPV16 and HPV18 and low-risk HPV6 and HPV11,
and Cervarix is a bivalent vaccine containing the recombi-
nant L1 major capsid proteins of HPV16 and HPV18 (1).

HPV vaccination is recommended for young adolescents be-
fore the initiation of sexual activity and exposure to the virus (2).
However, the phase III clinical trials that led to vaccine licensure
were conducted among young adult women, many of whom
were sexually active and potentially HPV exposed. A combina-
tion of HPV DNA and serological testing was used to define a
subcohort of women likely to be HPV naïve before vaccination
to estimate vaccine efficacy (VE) in an HPV-unexposed target
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population. Published estimates of VE against cervical intraepi-
thelial neoplasia grade 2 or worse (CIN2+), irrespective of
HPV DNA typing, were 42.7% (95% confidence interval
(CI): 23.7%, 57.3%) for Gardasil and 64.9% (95% CI:
52.7%, 74.2%) for Cervarix in the naïve-population subanaly-
ses (3, 4). If the observed difference in estimated VE among
HPV-naïve recipients of Gardasil and Cervarix reflects vaccine
performance, it may have important public health implications.
Alternatively, these differences in VE estimates might

reflect differences in the approaches used to simulate an
HPV-unexposed group in the 2 trials—Females United to
Unilaterally Reduce Endo/Ectovervical Disease (FUTURE
I/II) and the Papilloma Trial Against Cancer in Young Adults
(PATRICIA). In both trials, the criteria used to define HPV-
unexposed groups included negative HPV DNA tests of cer-
vical cells and negative serological results for HPV-related
antibodies. Specifically, in both trials, subjects who tested
HPV DNA positive for any of 12 oncogenic HPV types (type
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, or 59) were excluded
from the HPV-naïve group. PATRICIA additionally excluded
subjects on the basis of HPV DNA positivity for HPV types
66 and 68/73, whereas FUTURE I/II excluded subjects on the
basis of HPV DNA positivity for HPV types 6 and 11 (3, 4).
For the serological analyses, PATRICIA used a viruslike par-
ticle (VLP)–based direct enzyme-linked immunosorbent
assay (ELISA), which detects the presence of both neutraliz-
ing and nonneutralizing HPV antibodies (4). In contrast, a
VLP-based competitive Luminex immunoassay (cLIA) was
used in FUTURE I/II, which is designed to detect neutraliz-
ing HPV antibodies specifically directed against the V5 epi-
tope of HPV16 and the J4 epitope of HPV18 (3). Previous
analyses have demonstrated that ELISA is more sensitive
than cLIA (5). Thus, the use of cLIA may have resulted in
the inclusion of more HPV-exposed women within the
naïve subanalysis in FUTURE I/II compared with the use
of the ELISA in PATRICIA.
The objective of the present analysis was to investigate

the extent to which methodological differences in estimating
VE within HPV-naïve subcohorts contributes to differences
in VE estimates. To address our objective, we applied the
FUTURE I/II and PATRICIA criteria within the Costa
Rica HPV16/18 Vaccine Trial (CVT) to approximate the 2
naïve subcohorts and to estimate VE for the following 3 end-
points: 1) CIN2+ regardless of type of HPV infection, 2) HPV
type–specific CIN2+, and 3) HPV type–specific 12-month
persistence.

METHODS

Participants and study design

Women included in this study are participants in both arms
of the CVT, a double-blind, controlled, randomized, phase III
clinical trial of the efficacy of the bivalent HPV16/18 VLP
vaccine conducted in Costa Rica with enrollment in 2004–
2005. The CVT was designed to evaluate efficacy against
persistent cervical HPV16/18 infection and precancerous
lesions, as previously described (6, 7). The main eligibility
requirements were as follows: aged 18–25 years (inclusive),
in good general health as determined bymedical history and a

physical examination, not pregnant or breastfeeding, using
contraception during the vaccination period, and willing to
provide written informed consent. The trial was reviewed
and approved by human subjects review committees of the
Instituto Costarricense de Investigacion y Enseñanza en
Nutrición y Salud (Tres Ríos, Cartago, Costa Rica) and the
National Cancer Institute (Bethesda, Maryland). The CVT is
registered with clinicialtrials.gov (number NCT00128661).

Procedure

At enrollment, women reporting prior sexual experience
underwent a pelvic examination, with collection of exfoliated
cervical cells for liquid-based cytological testing and HPV
DNA testing and collection of blood for HPV16/18 serolog-
ical testing. Women were randomized to receive 3 doses
of the HPV bivalent vaccine Cervarix (GlaxoSmithKline
Vaccines) or a control hepatitis A vaccine (modified Havrix,
GlaxoSmithKline Vaccines) over a 6-month period.
At annual follow-up visits, clinicians collected cervical

cells for cytology and HPV testing from sexually active
women. Women with low-grade cytological abnormalities
were evaluated semiannually, and those with high-grade or
persistent low-grade abnormalities were referred for colpos-
copy and treatment as needed (for more details on study de-
sign, see the article by Herrero, et al. (6)).

Specimen collection

Exfoliated cells for cytology, HPV DNA, Chlamydia tra-
chomatisDNA, Neisseria gonorrheaDNA, and other testing
were collected with a Cervex-Brush (Rovers Medical De-
vices, B.V., Lekstraat, the Netherlands) during pelvic exam-
ination as previously described (6, 7). Cervical cells were
placed in a liquid preservation medium; aliquots were frozen
in liquid nitrogen until HPV polymerase chain reaction
(PCR) testing as described below.

HPV DNA SPF10-DEIA and LiPA25

HPV DNA detection and genotyping were conducted at
DDL Diagnostic Laboratory as previously described (8, 9).
Briefly, DNAwas extracted from cervical cells and SPF10 pri-
mer sets were used to PCR-amplify HPV-specific DNA. HPV
genotype of SPF10-DNA enzyme immunoassay (DEIA)–
positive samples was identified by reverse hybridization on
a line probe assay (LiPA) (SPF10-DEIA/HPVLiPA25, version
1, Labo Bio-Medical Products, B.V., Rijswijk, the Nether-
lands), which detects 25 HPV genotypes (HPV6, 11, 16,
18, 31, 33, 34, 35, 39, 40, 42, 43, 44, 45, 51, 52, 53, 54,
56, 58, 59, 66, 68/73, 70, and 74). The sensitivity of HPV16
and HPV18 detection was improved via PCR with type-
specific primer sets for specimens testing SPF10-DEIA posi-
tive but LiPA25 negative for HPV16 and/or HPV18.

VLPs and ELISA

Serum collected at enrollment was used to determine
HPV16- and HPV18-specific immunoglobulin G serostatus
at GlaxoSmithKline Vaccines using a VLP-based direct
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ELISA as previously described (10). Briefly, serial dilutions
of serum samples and standards were added to ELISA micro-
titer plates coated with HPV VLPs. A peroxidase-conjugated
antihuman polyclonal antibody was added, followed by en-
zyme substrate and chromogen. Reactions were stopped, and
optical density at 620 nm (background) was subtracted from
optical density at 450 nm. Antibody levels, expressed as ELISA
units/mL, were calculated by the interpolation of optical

density values from the standard curve by averaging the calcu-
lated concentrations from all dilutions that fell within thework-
ing range of the reference curve. The seropositivity cutoff points
were determined by GlaxoSmithKline Vaccines and calculated
on the basis of the limit of detection (95th percentile from a vir-
gin population) and the lower limit of quantitation of the assay
(10, 11). The variability of this assay within the testing labora-
tory is low (mean coefficient of variation = 12.31% (10)).

7,466 Women randomized

3,727 Randomized to HPV vaccine 3,739 Randomized to control

1,994 Excluded
539 Abnormal cytological results
96 Missing HPV16 or HPV18 serological results

1,062 Seropositive for HPV16 or HPV18
297 DNA positive for any of 14 oncogenic HPV types

2,010 Excluded
476 Abnormal cytological results
105 Missing HPV16 or HPV18 serological results

1,123 Seropositive for HPV16 or HPV18
306 DNA positive for any of 14 oncogenic HPV types

1,733 Women in HPV-naïve cohort 1 1,729 Women in HPV-naïve cohort 1

Figure 1. CONSORT diagram for naïve cohort 1 in the Costa Rica HPV16/18 Vaccine Trial, 2004–2005. Women were excluded on the basis of
1) human papillomavirus (HPV) type 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, or 68/73 DNA positivity and 2) HPV16 or HPV18 seropositivity
defined by standard enzyme-linked immunosorbent assay (ELISA) cutoffs of 8 ELISA units/mL or 7 ELISA units/mL, respectively.

7,466 Women randomized

3,727 Randomized to HPV vaccine 3,739 Randomized to control

1,409 Excluded
539 Abnormal cytological results
96 Missing HPV16 or HPV18 serological results

311 Seropositive for HPV16 or HPV18
463 DNA positive for any of 14 oncogenic HPV types

2,352 Women in HPV-naïve cohort 2

1,387 Excluded
476 Abnormal cytological results
105 Missing HPV16 or HPV18 serological results
314 Seropositive for HPV16 or HPV18
492 DNA positive for any of 14 oncogenic HPV types

2,318 Women in HPV-naïve cohort 2

Figure 2. CONSORT diagram for naïve cohort 2 in the Costa Rica HPV16/18 Vaccine Trial, 2004–2005. Women were excluded on the basis of
1) human papillomavirus (HPV) type 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, or 59 DNA positivity and 2) HPV16 or HPV18 seropositivity,
defined by modified enzyme-linked immunosorbent assay (ELISA) cutoffs of 54 ELISA units/mL or 65 ELISA units/mL, respectively.

Effect of HPV-Naïve Criteria on VE Estimates 601
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Statistical analysis

Participants who received at least 1 vaccine dose, who had
normal cytology, or who were virgins and had a valid ELISA
result at enrollment were included in this analysis. Among
eligible women, we defined the following 2 analytical cohorts
on the basis of HPV DNA and HPV16/18 antibody positivity:
naïve cohort 1 (using the PATRICIA-like criteria) and naïve co-
hort 2 (using the FUTURE I/II-like criteria). Follow-up began
the day after administration of the first vaccine dose and ended
at the time each outcome occurred or at the last study visit.
The criteria used to define naïve cohort 1 were identical to

those used in the naïve subcohort analysis of PATRICIA (4).

Naïve cohort 1 excluded women who were DNA positive at
the cervix for the following HPV types: 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, 59, 66, or 68/73. It further excludedwomen
who were seropositive for HPV16 or HPV18 using the stan-
dard ELISA cutoffs of 8 ELISA units/mL and 7 ELISA units/
mL, respectively. The final analytical naïve cohort 1 included
3,462 women (1,733 in the vaccine arm and 1,729 in the con-
trol arm). Exclusions are shown in Figure 1.
Naïve cohort 2 was defined to approximate the HPV-naïve

cohort in FUTURE I/II. Naïve cohort 2 excluded womenwho
were DNA positive at the cervix for the following HPV types:
6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, or 59. It fur-
ther excluded women who were seropositive for HPV16 or

Table 1. Characteristics of Participants in Naïve Cohort 1, the Subset of IndividualsWhoWere Excluded FromNaïve

Cohort 1 but Included in Naïve Cohort 2, and the Subset of Individuals WhoWere Excluded from Both Cohorts, Costa

Rica HPV16/18 Vaccine Trial, 2004–2005

Characteristic

Naïve Cohort 1
(n = 3,462)

Individuals Excluded From
Naïve Cohort 1 But Included
in Naïve Cohort 2 (n = 1,227)

Individuals Excluded From
Both Cohorts (n = 2,777)

Median
(IQR)

No. %
Median
(IQR)

No. %
Median
(IQR)

No. %

Age, years 20 (19–23) 21 (19–23) 20 (19–23)

17–19 1,357 39.2 329 26.8 751 27.0

20–21 826 23.9 321 26.2 704 25.4

22–23 695 20.0 290 23.6 681 24.5

24–27 584 16.9 287 23.4 641 23.1

P value <0.0001

Educational level

≤6 Years 900 26.0 397 32.4 819 29.5

7–9 Years 730 21.1 319 26.0 649 23.4

≥10 Years technicala 1,213 35.1 340 27.7 865 31.2

Any university 614 17.8 170 13.9 440 15.9

P value <0.0001

Marital status

Single 2,122 61.4 616 50.2 1,443 52.0

Married or living as
married

1,288 37.2 572 46.7 1,217 43.9

Divorced/separated/
widowed

49 1.4 38 3.1 113 4.1

P value <0.0001

Smoking status

Never 3,150 91.1 1,056 86.1 2,235 80.6

Former 149 4.3 71 5.8 207 7.5

Current 160 4.6 99 8.1 331 11.9

P value <0.0001

Age at first vaginal
intercourse, yearsb

17 (15–18) 16 (15–18) 16 (15–18)

Virgin 1,281 37.0 228 18.6 83 3.0

≥19 397 11.5 145 11.8 419 15.1

17–18 816 23.6 342 27.9 903 32.6

≤16 965 27.9 511 41.7 1,367 49.3

P value <0.0001

Table continues
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HPV18, as defined by modified ELISA cutoffs of 54 ELISA
units/mL and 65 ELISA units/mL, respectively. The modi-
fied ELISA cutoffs were based on previous findings from
our group that showed that increasing HPV16 and HPV18
ELISA cutoffs to 54 ELISA units/mL and 65 ELISA units/
mL, respectively, maximized ELISA’s agreement with cLIA
(overall agreement = 97%, positive agreement = 78%) (5).
The final analytical naïve cohort 2 included 4,670 women
(2,318 in the vaccine arm and 2,352 in the control arm).
Exclusions are shown in Figure 2.

The following 3 outcomes were evaluated: 1) persistence,
defined as detection of same-type HPV (HPV16 or HPV18)
in samples collected at 2 consecutive visits at least 10 months
apart without intervening negative results; 2) CIN2+ regard-
less of HPV type, defined on the basis of masked review by a
Costa Rican and a US pathologist, with masked review by a
second US pathologist in instances when the first 2 reviewers
disagreed; and 3) HPV16/18 type–specific CIN2+, in which

a CIN2+ lesion was attributed to HPV16 or HPV18 if either
of these HPV types was detected by PCR in the directly pre-
ceding cervical cytology specimen that led to colposcopy re-
ferral. For CIN2+ type–attribution in instances of multiple
infections, we considered evidence of HPV persistence.

Event proportions were calculated by dividing the number
of cases by the number of women for each vaccine arm and
were expressed as the number of events per 1,000 women.
VE was defined as the percentage reduction in the frequency
of the endpoint related to vaccine administration, estimated as
the complement of the ratio of the cumulative attack propor-
tions in the HPV and control arms. The attack proportion is
the percentage of women in the cohort who experience the
endpoint. The confidence interval for VE is derived from
the corresponding confidence interval for the risk ratio. The
exact conditional test was used for analyses of VE.

A total of 4,689 participants were included in either 1 or
both of the analytical cohorts. These women were further

Table 1. Continued

Characteristic

Naïve Cohort 1
(n = 3,462)

Individuals Excluded From
Naïve Cohort 1 But Included
in Naïve Cohort 2 (n = 1,227)

Individuals Excluded From
Both Cohorts (n = 2,777)

Median
(IQR)

No. %
Median
(IQR)

No. %
Median
(IQR)

No. %

Total no. of years
sexually activeb

4 (2–6) 5 (3–7) 5 (3–7)

Virgin 1,281 37.0 228 18.6 83 3.0

0–7 1,815 52.5 770 62.7 2,153 77.7

8–10 307 8.9 198 16.2 461 16.6

≥11 56 1.6 30 2.5 75 2.7

P value <0.0001

Lifetime no. of sexual

partnersb
1 (1–2) 2 (1–3) 2 (1–3)

0–1 2,514 72.7 648 52.9 904 32.7

2–3 765 22.1 421 34.4 1,226 44.4

≥4 179 5.2 156 12.7 634 22.9

P value <0.0001

Use of oral
contraceptives

Never 520 15.0 208 17.0 632 22.8

Virgin 1,281 37.0 228 18.6 83 3.0

In the past 451 13.0 254 20.7 669 24.2

Current (past month) 1,206 35.0 536 43.7 1,383 50.0

P value <0.0001

Enrollment positivity for
low-risk HPV typesc

Virgin 1,282 37.0 228 18.6 85 3.1

Negative 2,042 59.0 899 73.3 2,151 77.5

Positive 138 4.0 100 8.1 541 19.5

P value <0.0001

Abbreviations: HPV, human papillomavirus; IQR, interquartile range.
a
“Technical” refers to the last part of high school with an additional year of trade/vocational training.

b Median among nonvirgins.
c HPV types 34, 40, 42, 43, 44, 53, 54, 70, and 74.
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subdivided into 5 mutually exclusive subgroups on the basis
of HPV antibody and DNA positivity (Web Figure 1 andWeb
Table 1, available at http://aje.oxfordjournals.org/). Groups A
and B contributed to naïve cohort 1, and groups B, C, D, and
E contributed to naïve cohort 2. We examined whether VE
estimates differed by cohort definition. Because of the over-
lap of participants eligible to contribute to both cohorts (n =
3,443), we calculated P values in 2 different ways. First, we
estimated a mid-P corrected exact P value by excluding
group A (n = 19) from the comparison and compared group
B (n = 3,443) with groups C, D, and E combined (n =
1,227). Second, we estimated a mid-P corrected exact P
value for groups A and B combined (n = 3,462) versus
groups C, D, and E combined (n = 1,227). We observed sim-
ilar results and present the second set of P values. Statistical
analyses were performed using SAS, version 9.2, software
(SAS Institute, Inc., Cary, North Carolina).

RESULTS

Characteristics of the HPV-naïve subcohorts

A total of 3,443 women were included in both naïve cohort
1 (PATRICIA-like criteria) and naïve cohort 2 (FUTURE I/II-
like criteria). A subset of 1,227 women was excluded from
naïve cohort 1 but included in naïve cohort 2 (Web Figure 1).
The subset of 1,227 women unique to cohort 2 was older and
more sexually experienced, as indicated by younger age of
sexual debut, greater number of years of sexual activity,
higher total number of lifetime sexual partners, and enroll-
ment positivity for low-risk HPV types. Thus, this subset
of women appeared more likely than naïve cohort 1 to have
been exposed to HPV on the basis of their risk profile; and
they more closely resembled the subset of 2,777 women ex-
cluded from both analyses (Table 1).

Vaccine efficacy

For naïve cohort 1, VE against CIN2+, regardless of HPV
type, was 80.8% (95% CI: 52.6%, 93.5%), with 5 cases of
CIN2+ in the vaccine arm and 26 cases in the control arm
(Table 2). For naïve cohort 2, VE against CIN2+, regardless
of HPV type, was 69.0% (95% CI: 40.3%, 84.9%), with 11
cases of CIN2+ in the vaccine arm and 36 cases in the control
arm. Although there was an 11.8% difference in VE between
naïve cohorts 1 and 2, this difference was not statistically
significant (P = 0.1). VE estimates against HPV16/18 type–
specific CIN2+ were 100.0% (95% CI: 54.7%, 100.0%) for
naïve cohort 1 and 81.6% (95% CI: 25.8%, 97.2%) for naïve
cohort 2 (P = 0.08). Finally, VE estimates for HPV16/18
type–specific 12-month viral persistence for naïve cohorts
1 and 2 were 88.6% (95% CI: 77.3%, 94.9%) and 85.5%
(95% CI: 75.7%, 91.8%), respectively (P = 0.3).
For the analysis of VE against CIN2+, regardless of HPV

type, 17 additional CIN2+ cases (6 in the HPV arm and 11 in
the control arm) were present in naïve cohort 2 compared
with naïve cohort 1. Of the 6 women with CIN2+ added
to the vaccine arm of naïve cohort 2, 5 had detectable HPV
antibodies at the HPV16 and HPV18 ELISA cutoffs of
8 ELISA units/mL and 7 ELISA units/mL, respectively,

and 3 (including the 1 seronegative individual) were also
HPV DNA positive for either HPV66 or HPV68/73. Of the
11 additional women with CIN2+ added to the control arm of
naïve cohort 2, 10 had detectable HPV antibodies at the
HPV16 and HPV18 ELISA cutoffs of 8 ELISA units/mL
and 7 ELISA units/mL, respectively, and the remaining se-
ronegative individual was HPV DNA positive for either
HPV66 or HPV68/73. In addition, there was 1 woman with
CIN2+ in the control arm of naïve cohort 1 who was not in
naïve cohort 2; she was HPV DNA positive for HPV6 or
HPV11. On the basis of these findings, serological cutoffs ac-
counted for 15 of the 17 additional cases of CIN2+ in naïve
cohort 2, and HPV DNA positivity criteria accounted for
2. Therefore, it was estimated that serology alone resulted
in the greatest reduction of the estimate of VE against
CIN2+ regardless of HPV type (approximately 8%), whereas
DNA positivity criteria accounted for the remaining 4%.

DISCUSSION

Differences in both serological cutoffs and criteria for
HPV DNA positivity together accounted for 11.8% lower
VE estimates between naïve cohort 1 (PATRICIA-like crite-
ria) and naïve cohort 2 (FUTURE I/II-like criteria). The lower
estimation of VE against CIN2+ regardless of type in naïve
cohort 2 resulted from the inclusion of more HPV-exposed
women compared with naïve cohort 1. Of the 17 additional
cases of CIN2+ in the vaccine and control arms of naïve co-
hort 2 compared with naïve cohort 1, 15 had detectable HPV
antibodies at the more sensitive ELISA cutoffs of 8 ELISA
units/mL and 7 ELISA units/mL, and 4 (including 2 seroneg-
ative individuals) were HPV DNA positive for either HPV66
or HPV68/73 at enrollment. Given the higher prevalence of
HPV66 and HPV68/73 (2.9% and 2.5%, respectively) in the
CVT at enrollment compared with HPV6 and HPV11 (1.8%
and 0.9%, respectively), exclusion on the basis of HPV66
and HPV68/73 seropositivity may have further resulted in a
“cleaner” population of HPV-naïve individuals within naïve
cohort 1. In contrast, we observed a smaller difference in VE
estimates for HPV16/18 type–specific 12-month persistence
(88.6% vs. 85.5%). The explanation for this is unclear; how-
ever, 12-month persistencewas a more common endpoint and,
therefore, provided greater precision in the VE point estimates.
Therefore, on the basis of our findings, methodological

differences alone may not account for the entire or even the
majority of the 22% difference in estimated VE against CIN2+
reported in the HPV-naïve subcohort analyses of FUTURE I/II
and PATRICIA. Another likely explanation for the difference
in VE estimates between the 2 trials is a varying degree of
cross-protection against oncogenic nonvaccine HPV types for
Cervarix and Gardasil (3, 4). Although HPV16 and HPV18
were responsible for the majority of CIN2+ lesions in both
trials, a significant proportion of cases were also attributed
to nonvaccine types. Because both trials reported nearly iden-
tical estimates of VE against CIN2+ attributable to HPV16/
18 (100.0% for FUTURE I/II and 99.0% for PATRICIA), the
difference in VE estimates for CIN2+ regardless of HPV type
may partially be accounted for by differences in CIN2+ cases
attributable to oncogenic nonvaccine types (3, 4). Cervarix
has been reported to have higher efficacy against persistent
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Table 2. Vaccine Efficacy Against CIN2+ Regardless of HPV Type, HPV16/18 Type–Specific CIN2+, and HPV16/18 12-Month Persistence for Naïve Cohort 1 and Naïve Cohort 2, Costa Rica

HPV16/18 Vaccine Trial, 2004–2005

Study Group by Endpoint

Naïve Cohort 1a (n = 3,462) Naïve Cohort 2b (n = 4,670)

No. of
Women

No. of
Events

No. of
Events per

1,000 Women
95% CI

Efficacy,
%

95% CI
No. of
Women

No. of
Events

No. of
Events per

1,000 Women
95% CI

Efficacy,
%

95% CI

CIN2+ regardless of HPV type

Vaccine recipientsc 1,733 5 2.9 1.1, 6.4 2,318 11 4.7 2.5, 8.2

Control groupd 1,729 26 15 10.1, 21.6 80.8 52.6, 93.5 2,352 36 15.3 10.9, 20.9 69 40.3, 84.9

HPV16/18 type–specific CIN2+

Vaccine recipientsc 1,733 0 0 0.0, 1.7 2,318 2 0.9 0.1, 2.8

Control groupd 1,729 8 4.6 2.2, 8.8 100 54.7, 100.0 2,352 11 4.7 2.5, 8.1 81.6 25.8, 97.2

HPV16/18 12-month persistence

Vaccine recipientsc 1,733 8 4.6 2.1, 8.7 2,318 15 6.5 3.8, 10.4

Control groupd 1,729 70 40.5 31.9, 50.6 88.6 77.3, 94.9 2,352 105 44.6 36.8, 53.6 85.5 75.7, 91.8

Abbreviations: CI, confidence interval; CIN2+, cervical intraepithelial neoplasia grade 2 or worse; ELISA, enzyme-linked immunosorbent assay; HPV, human papillomavirus.
a In naïve cohort 1, women were excluded on the basis of 1) HPV16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, or 68/73 DNA positivity and 2) HPV16 or HPV18 seropositivity defined by

standard ELISA cutoffs of 8 ELISA units/mL or 7 ELISA units/mL, respectively.
b In naïve cohort 2, womenwere excluded on the basis of 1) HPV6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, or 59 DNApositivity and 2) HPV16 or HPV18 seropositivity defined bymodified

ELISA cutoffs of 54 ELISA units/mL or 65 ELISA units/mL, respectively.
c Participants in the vaccine group were vaccinated with Cervarix (GlaxoSmithKine Vaccines, Rixensart, Belgium), a bivalent vaccine containing the recombinant L1 major capsid proteins of

HPV16 and HPV18.
d Participants in the control group were vaccinated with a hepatitis A vaccine (modified Havrix, GlaxoSmithKline Vaccines).
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HPV31 infections (77.1% vs. 46.2%), as well as higher
efficacy against HPV33- and HPV45-associated CIN2+ com-
pared with Gardasil (82.3% vs. 24.0% and 100% vs. −51.9%,
respectively (12)). Therefore, Cervarix’s higher cross-reactivity
against nonvaccine types may have partially contributed to
the higher estimate of VE for CIN2+, regardless of type, com-
pared with Gardasil.
Other possible, but less likely, explanations includeweaker

immunogenicity of Gardasil compared with Cervarix and
risk differences between the 2 trial populations. Although
Cervarix has been shown to induce significantly higher
HPV16/18 antibody levels compared with Gardasil (13, 14),
this difference in immunogenicity is unlikely to explain the
difference in VE against CIN2+ regardless of type, given
that both trials reported nearly 100% VE against CIN2+ at-
tributable to HPV16/18 in the naïve subcohort analyses (3, 4).
Additionally, although the FUTURE I/II, PATRICIA, and
CVT populations were very similar in their risk profiles,
they did vary with respect to baseline HPV16 prevalence
(6, 15–17). Baseline HPV16 prevalence rates for FUTURE
I/II, CVT, and PATRICIA were 9.1%, 8.3%, and 5.0%, re-
spectively (16, 17). Although the high baseline HPV16 prev-
alence in FUTURE I/II suggests that this population had a
greater risk of HPVexposure than the population in PATRICIA,
this is unlikely to explain differences inVE. HPV16 prevalence
in the CVTwas similar to that in FUTURE II (8.3% vs. 9.1%),
yet we have reported in the current study the highest VE esti-
mate against CIN2+ regardless of HPV type (80.8%) among all
3 trials. The higher VE estimate in the CVT compared with
estimates in PATRICIA and FUTURE I/II may be partially
driven by the fact that a slightly higher proportion of CIN2+
cases were attributable to HPV16/18 in the CVT compared
to PATRICIA (31% vs. 26%; no information was provided
for FUTURE I/II) (3, 4).
The strength of this analysis is that we used the same test-

ing facilities and identical serological and HPV DNA assays
to those used in PATRICIA. Other strengths include the fact
that our study was conducted within a well-characterized,
single population and, therefore, our findings are internally
valid. Although we believe our qualitative results to be
valid, our quantitative results may not be directly applicable
to the other trials because we could not directly control for all
differences between the trials. Examples of these differences
include cultural differences in the reporting of sexual behav-
ior, minimum age of enrollment, attack rates, HPV type attri-
bution, and other assay differences (i.e., HPV DNA PCR
assays and laboratories used for histopathology). Whether
these differences affected our results is unclear; however, in
our current analysis we noted a difference in VE estimates
against CIN2+ attributable to HPV16/18 between naïve co-
horts 1 and 2, which was not observed in the original trials.
Perhaps the most important issue we were unable to address
was the effect of exclusion on the basis of HPV6 and HPV11
seropositivity. This was due to the fact that HPV6 and
HPV11 testing was not performed in the CVT. Exclusion
of women who were seropositive for HPV6 or HPV11 in
the FUTURE I/II would be expected to result in exclusion
of some high-risk women who the PATRICIA analysis
would have included, and, therefore, may have partially
counteracted the less stringent definition of HPV16/18

seropositivity. However, although exclusion on the basis of
HPV6/11 seropositivity may have attenuated some of the dif-
ferences in the risk of exposure between the 2 studies, HPV6/
11 antibodies are not likely to be as closely linked to CIN2+
development as is low-level HPV16/18 seropositivity.
In summary, although the methods used to define the

HPV-naïve subcohort in PATRICIA may have resulted in a
“cleaner” HPV-naïve population compared with those used
in FUTURE I/II, our analysis suggests that differences in
serological strategies and HPV DNA criteria may not fully
account for the difference in reported VE against CIN2+, re-
gardless of HPV type, between the 2 trials. However, addi-
tional studies are warranted.
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