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Abstract

Background: The AS04-adjuvanted HPV16/18 (AS04-HPV16/18) vaccine provides excellent protection against targeted human
papillomavirus (HPV) types and a variable degree of cross-protection against others, including types 6/11/31/33/45. High effi-
cacy against any cervical intraepithelial neoplasia grade 3 or greater (CIN3+; >90%) suggests that lower levels of protection
may exist for a wide range of oncogenic HPV types, which is difficult to quantify in individual trials. Pooling individual-level
data from two randomized controlled trials, we aimed to evaluate AS04-HPV16/18 vaccine efficacy against incident HPV infec-
tions and cervical abnormalities .

Methods: Data were available from the Costa Rica Vaccine Trial (NCT00128661) and Papilloma Trial Against Cancer in Young
Adults trial (NCT00122681), two large-scale, double-blind randomized controlled trials of the AS04-HPV16/18 vaccine. Primary
analyses focused on disease-free women with no detectable cervicovaginal HPV at baseline.

Results: A total of 12550 women were included in our primary analyses (HPV arm = 6271, control arm = 6279). Incidence of 6-
month persistent oncogenic and nononcogenic infections, excluding known and accepted protected types 6/11/16/18/31/33/
45 (focusing on 34/35/39/40/42/43/44/51/52/53/54/56/58/59/66/68/73/70/74), was statistically significantly lower in the HPV arm
than in the control arm (efficacy =9.9%, 95% confidence interval [CI] = 1.7% to 17.4%). Statistically significant efficacy (P < .05)
was observed for individual oncogenic types 16/18/31/33/45/52 and nononcogenic types 6/11/53/74. Efficacy against cervical
abnormalities (all types) increased with severity, ranging from 27.7% (95% CI = 21.7% to 33.3%) to 58.7% (95% CI = 34.1% to
74.7%) for cytologic outcomes (low-grade squamous intraepithelial neoplasia lesion or greater, and high-grade squamous
intraepithelial neoplasia lesion or greater, respectively) and 66.0% (95% CI = 54.4% to 74.9%) to 87.8% (95% CI = 71.1% to 95.7%)
for histologic outcomes (CIN2+ and CIN3+, respectively). Comparing Costa Rica Vaccine Trial and Papilloma Trial Against
Cancer in Young Adults results, there was no evidence of heterogeneity, except for type 51 (efficacy = —28.6% and 20.7%, re-
spectively; two-sided P =.03).

Conclusions: The AS04-HPV16/18 vaccine provides some additional cross-protection beyond established protected types,
which partially explains the high efficacy against CIN3+.
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Human papillomavirus (HPV) infection is a necessary cause of
cervical cancer, which remains a leading cause of female cancer
mortality worldwide (1). Infection with oncogenic HPV types 16/
18 is responsible for approximately 60-70% of cervical cancer
cases globally (2). These HPV types are targeted by all commer-
cially available prophylactic vaccines, including Cervarix (AS04-
adjuvanted HPV16/18 [AS04-HPV16/18] vaccine; GSK, Brentford,
UK), Gardasil and Gardasil 9 (4vHPV and 9vHPV vaccines, re-
spectively; Merck & Co., Whitehouse Station, NJ). Both 4vHPV
and 9vHPV vaccines also target nononcogenic HPV types 6/11
for prevention of genital warts, whereas only 9vHPV vaccine
specifically targets oncogenic HPV types 31/33/45/52/58, respon-
sible for approximately 20% of cervical cancer cases globally
(2,3). Among females (younger than 25years) not infected with
the respective target types, the three available vaccines provide
excellent protection against infection with their respective tar-
get types. Additionally, among first-generation vaccines (AS04-
HPV16/18 and 4vHPV) there is a variable degree of cross-
protection against other HPV types (4-8).

In addition to valency, another important difference in vac-
cine composition is that the AS04-HPV16/18 vaccine contains an
adjuvant system (AS04) formulated with 50pg 3-O-deacyl-4'-
monophosphoryl lipid A (produced by GSK) adsorbed on 500 pug
aluminum salt (Al**) for enhanced immunogenicity that is pos-
sibly responsible for the relatively high level of cross-protection
(6,7,9). In the GSK-sponsored Papilloma Trial Against Cancer in
Young Adults (PATRICIA) trial (10)—the largest completed ran-
domized controlled trial of the AS04-HPV16/18 vaccine—investi-
gators reported, in the cohort of baseline HPV-negative women,
statistically significant cross-protection against oncogenic types
31/33 from the alpha-9 species (same as HPV16), type 45 from
the alpha-7 species (same as HPV18), and type 51 from the
alpha-5 species (5). In PATRICIA, statistically significant cross-
protection (approximately 35%) against 6-month persistent in-
fection (6 M-PI) was also observed against nononcogenic types 6
and 11 (11). Efficacy against oncogenic HPV31, —33, —45, and —51
6 M-PI in PATRICIA was estimated at 77%, 45%, 74%, and 17% (5),
and these types account for approximately 3.8%, 4.6%, 4.5%, and
1% of global cervical cancer cases, respectively (2). Additionally,
results from the National Cancer Institute (NCI)-sponsored
Costa Rica AS04-HPV16/18 vaccine trial (CVT) confirmed cross-
protection against oncogenic HPV types 31/33/45 (4).

Based on protection estimates in PATRICIA and the propor-
tion of cervical cancer cases linked to each oncogenic HPV type
worldwide, additional cross-protective efficacy of approxi-
mately 8.5% was expected (2,5). Therefore, assuming near com-
plete protection against target types 16/18 and accounting for
documented cross-protection (2), the AS04-HPV16/18 vaccine
was expected to provide approximately 70-80% total protection
against cervical cancer. However, greater than 90% efficacy
against cervical intraepithelial neoplasia grade 3 or greater
(CIN3+) was reported in PATRICIA irrespective of the HPV type
found in the lesion (12). This high level of protection against
CIN3+ irrespective of HPV type has been confirmed in Scotland,
the Netherlands, and Finland (13-16). The underlying biological
reason for the high degree of protection against CIN3+ afforded
by the AS04-HPV16/18 vaccine is not fully understood.
Protection mechanisms that have been proposed to explain the
very high degree of protection (ie, beyond vaccine types) invoke
cross-neutralization (of closely related types) and nonneutrali-
zation mechanisms, including impact of nonneutralizing bind-
ing antibodies on local inflammation and clearance of
infections as well as cross-reactive T cells on clearance and pro-
gression of lesions attributable to nonvaccine infections (17).
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One possibility that has yet to be evaluated is that the
AS04-HPV16/18 vaccine affords low-level protection against
a broader set of HPV types beyond HPV types 6/11/16/18/31/
33/45. The GSK-sponsored PATRICIA trial and the NCI-
sponsored CVT trial are the only two completed large-scale,
double-blind randomized controlled trials of the AS04-
HPV16/18 vaccine with similar design and methodology
(4,18). To better understand the effects of the AS04-HPV16/18
vaccine against HPV infections and more precisely quantitate
reductions in cervical abnormalities, we pooled PATRICIA
and CVT data and compared rates of incident 6 M-PI and dis-
ease outcomes across arms.

Methods

Study Design and Laboratory Procedures

The methods of this study (GSK study no. 205206) are similar
to other pooled analyses using the same trial populations
(19,20). Briefly, women from PATRICIA (NCT00122681,
n=18729) (10) and CVT (NCT00128661, n=7466) (4,18) who
were randomly assigned to receive the AS04-HPV16/18 vaccine
or hepatitis A vaccine were considered for inclusion. PATRICIA
participants (aged 15-25years) were from Europe, Latin
America, North America, and the Asia-Pacific region, whereas
all CVT participants (aged 18-25years) were from Costa Rica.
Recruitment in both trials took place from 2004 to 2005 with 4-
year follow-up.

PATRICIA and CVT protocols were closely harmonized at the
design phase. For example, vaccines were administered on the
same schedule (enrollment, 1 month, 6 months), HPV DNA and
serology assays were consistent with testing done in the same
laboratories, and referral procedures for additional workup (cy-
tological testing and colposcopy) were similar. The main differ-
ence is that PATRICIA participants were seen every 6 months,
whereas in CVT, unless a participant had abnormal cytology,
women were observed annually.

At each clinic visit, broad-spectrum polymerase chain reac-
tion (PCR)-based HPV DNA testing (DDL Diagnostic Laboratory)
was performed on all collected samples. The assay used is
based on amplification and probe hybridization with the SPF10
HPV DNA enzyme immunoassay system followed by typing (6/
11/16/18/31/33/34/35/39/40/42/43/44/45/51/52/53/54/56/58/59/
66,[68/73],70/74) with the LiPA25 version 1 method (Labo
Biomedical Products, Rijswijk, the Netherlands) (21,22). In the
list above, HPV 68 and —73 are contained in square brackets to
indicate that the assay used could not distinguish between in-
fection with these types. In both studies, all specimens posi-
tive for HPV DNA (by DNA enzyme immunoassay) but negative
for types 16/18 (by LiPA25) were retested with type-specific pri-
mers and probes for HPV16 and HPV18 DNA. In PATRICIA, ad-
ditional type-specific primers and probes were available for
oncogenic HPV types 31/33/35/45/52/58/59. For consistency in
our primary analyses, results from retesting of negative sam-
ples with type-specific primers and probes were excluded but
considered in study-specific sensitivity analyses. Using a
virus-like, particle-based, direct enzyme-linked immunosor-
bent assay (GSK), serology status for HPVs 16/18 was assessed
at baseline using standard cutoff values (23).

Clinical protocols and other study material were approved
by independent ethics committees or institutional review
boards, and all participants provided written informed consent
before enrollment.
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Statistical Analysis

The primary endpoints included incident cervical HPV infection
with any of the grouped types (6/11/16/18/31/33/34/35/39/40/42,
43/44/45/51/52/53/54/56/58/59/66,[68/73],70/74, any except 6/11/
16,18/31/33/45), any of the grouped oncogenic types (16/18/31/
33/35,39/45/51/52/56/58/59, any except 16/18/31/33/45, 16/18
only, 31/33/45 only), and the grouped nononcogenic types (6/11/
34/40/42/43/44/53/54/66,[68/73],70/74, any except 6/11, 6/11 only)
as well as incident cervical cytological abnormalities (low-grade
squamous intraepithelial lesion or greater, high-grade squa-
mous intraepithelial lesion or greater [HSIL+]) and histological
abnormalities (CIN2+, CIN3+). Patients with HSIL+ were further
stratified into two groups: one including atypical glandular cells
(AGC) and atypical squamous cells, cannot exclude HSIL (ASC-
H), and another excluding these lesions. Secondary endpoints
included incident infection with individual oncogenic and non-
oncogenic HPV types. The proportion of cervical abnormalities
associated with different HPV infection categories (16/18 only,
31/33/45 only, etc) was also calculated. All oncogenic HPV types
detected at the most recent clinic visit (time of or immediately
preceding lesion diagnosis) and at least one other visit before di-
agnosis were considered to be associated with the lesion. If no
oncogenic HPV types met this criteria, then the following algo-
rithm was applied: oncogenic types present at the most recent
visit, nononcogenic HPV types detected at the most recent visit
and at least one other visit before diagnosis, nononcogenic
types present at the most recent visit, unknown HPV type(s) if
overall PCR test was positive (uncharacterized) at most recent
visit, or no HPV if the overall PCR test was negative at the most
recent visit.

Women who received the study vaccine according to their
random assignment, received all three vaccine doses (or two
doses separated by 6 months), and had follow-up of at least 1
year were considered for inclusion. We decided to include
women who received two doses separated by 6 months based
on similar efficacy (compared with three doses) against incident
infection with HPV target types 16/18 and cross-protected types
31/33/45 (19). Our primary analyses focused on the pooled total
vaccinated cohort, Naive (TVC-Naive), including women who
were baseline HPV DNA negative and seronegative for HPV16/
18, had normal baseline cytology, and were not referred for col-
poscopy before their 12-month visit. Additional analyses were
conducted using a less stringent TVC-Naive cohort definition,
that is, excluding women with “oncogenic” HPV types rather
than “any” HPV type (TVC-Oncogenic Naive). In our primary
analyses, 6 M-PI was considered as the outcome (defined as >2
type-specific positive tests >150days apart with no intervening
negatives); however, we also considered single-time HPV detec-
tion and 12 M-PI (defined as >2 detections of the same infection
type >300days apart with no intervening negatives). Additional
analyses were performed comparing results in each trial, re-
stricted to PATRICIA and incorporating results with type-
specific primers and probes for additional HPV types and evalu-
ating cytological and histological outcomes stratified by year of
participant follow-up.

Incidence rates and associated 95% confidence intervals
(CIs) were calculated for virologic and disease outcomes.
Incidence rates for individual HPV types and disease outcomes
were based on total follow-up time at risk for each type and dis-
ease category separately, and rates were expressed per 1000
person-years. Grouped rates (infections) were expressed per
1000 infection-years as the ratio of number events to the total
combined follow-up time for each HPV type that a woman was

at risk of acquiring in the respective groups. Outcome assess-
ment began at the 12-month visit, that is, the first visit attended
by a woman after receiving her third vaccine dose or second
vaccine dose if separated by 6 months. For each individual HPV
type, counting of time (infection-years) began at enrollment and
ended at either detection of the specific HPV type of interest, or
last negative HPV test or follow-up visit.

Efficacy was evaluated by comparing cumulative rates of
HPV infection and cervical abnormalities between the two
arms. Efficacy estimates represent the percentage change in the
outcome of interest calculated as one minus the rate ratio. The
95% confidence intervals for vaccine efficacy were calculated
using a two-step approach: first, an exact 95% confidence inter-
val was calculated for the proportion of vaccinated cases, &, con-
ditioning on the number of cases and using the mid-p
correction, and second, letting (nL, nU) denote this confidence
interval and letting NV and NU denote the number of vacci-
nated and unvaccinated participants, respectively; 95% confi-
dence intervals for vaccine efficacy were calculated by (1-rUNU/
[NV(1- nU]), 1-aLNU /(NV[1- nL]) (24). Positive estimates were
interpreted as evidence of efficacy if the 95% confidence interval
excluded zero. For virologic outcomes, this analysis was con-
ducted at the infection level rather than the woman level to in-
crease power (ie, same individual could acquire infection with
multiple unique HPV types at different time points during
follow-up). To account for lack of independence between infec-
tions occurring within the same individual, generalized esti-
mating equation methods were used (25). Heterogeneity in
vaccine efficacy between the two trials was evaluated using a
Poisson regression model with an interaction term for vaccina-
tion group by trial. Main statistical tests were two-sided with an
alpha level of 0.05; however, we also applied Bonferroni correc-
tion to account for multiple comparisons for individual onco-
genic and nononcogenic HPV types (25 total) with an alpha level
of 0.002. Other objectives of this study will be reported in subse-
quent publications. All statistical analyses were performed us-
ing SAS version 9.4 (SAS Institute Inc., Cary, NC).

Results

The CONSORT diagram, which includes information for the to-
tal (n=26195) and  individual trial  populations
(PATRICIA =18729, CVT =7466), is presented for the TVC-Naive
cohort (Figure 1). After applying restrictions, 12550 women
remained in the TVC-Naive cohort and 13386 women remained
in the TVC-Oncogenic Naive cohort, with balance across arms.
There was also balance across arms for baseline characteristics
(age, sexual history) and follow-up characteristics (total follow-
up time, number of clinic visits; Table 1).

The incidence of oncogenic and nononcogenic HPV infec-
tions that persisted for 6 months, excluding known protected
types 6/11/16/18/31/33/45 (focusing on 34/35/39/40/42/43/44/51/
52/53/54/56/58/59/66,[68/73],70/74), was statistically significantly
lower in the HPV arm than in the control arm (efficacy =9.9%,
95% CI=1.7% to 17.4%) (Table 2). Similarly, the incidence of 6-
month persistent oncogenic HPV infections, excluding known
protected types 16,18,31,33,45 (focusing on 35/39/51/52/56/58/
59), was lower in the HPV arm; however, the difference was
smaller and not statistically significant (efficacy =9.4%, 95%
CI=-0.4% to 18.2%). Individual oncogenic types for which sta-
tistically significant vaccine efficacy was observed include tar-
geted types 16 and 18 (95.5% and 92.9%, respectively); known
cross-protected types 31 (77.9%), 33 (36.2%), and 45 (79.8%); and
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26 195 women randomly assigned
7466 from CVT
18 729 from PATRICIA

l

}

13 081 women assigned to HPV arm
3727 from CVT
9354 from PATRICIA

13 114 women assigned to control arm
3739 from CVT
9375 from PATRICIA

6810 women excluded from pooled analysis

2427 from CVT
- Positive enrollment PCR, n = 405
- Unknown enroliment PCR, n = 0
- Positive enrollment serology, n = 1362
- Unknown enroliment serology, n = 84
- Abnormal enroliment cytology*, n = 198
- Unknown enroliment cytology, n = 7
- Received both vaccines, n = 1
- Received 1 or 2 vaccine doses', n = 339
- <12 months follow-up, n = 22
- Colposcopy referral*, n=9

4383 from PATRICIA
- Positive enrollment PCR, n = 810
- Unknown enroliment PCR, n = 224
- Positive enroliment serology, n = 2126
- Unknown enroliment serology, n = 121
- Abnormal enroliment cytology*, n = 412
- Unknown enroliment cytology, n = 15
- Received both vaccines, n = 6
- Received 1 or 2 vaccine doses’, n = 521
- <12 months follow-up, n = 130
- Colposcopy referral®, n = 18

A4
6271 women included in analysis
1300 from CVT
4971 from PATRICIA

6835 women excluded from pooled analysis

2422 from CVT

» - Positive enrollment PCR, n = 399

- Unknown enrolliment PCR, n = 0

- Positive enrollment serology, n = 1405
- Unknown enroliment serology, n = 93

- Abnormal enroliment cytology*, n = 167
- Unknown enroliment cytology, n = 9

- Received both vaccines, n = 1

- Received 1 or 2 vaccine doses', n = 319
- <12 months follow-up, n = 18

- Colposcopy referral®, n = 11

4413 from PATRICIA
- Positive enrollment PCR, n = 798
- Unknown enroliment PCR, n = 231
- Positive enroliment serology, n = 2144
- Unknown enroliment serology, n = 142
- Abnormal enrollment cytology*, n = 393
- Unknown enroliment cytology, n = 8
- Received both vaccines, n =5
- Received 1 or 2 vaccine doses*, n=517
- <12 months follow-up, n = 143
- Colposcopy referral®, n = 32

v

6279 women included in analysis
1317 from CVT

4962 from PATRICIA

Figure 1. Consort diagram for this Costa Rica Vaccine Trial (CVT; NCT00128661) and Papilloma Trial Against Cancer in Young Adults (PATRICIA; NCT00122681) pooled
analysis. "Women with low-grade squamous intraepithelial lesion or worse cytology results were excluded from this analysis. HPV = human papillomavirus; PCR = po-
lymerase chain reaction. tWomen receiving two vaccine doses separated by 6 months (at enrollment and 6 months) were not excluded from this analysis. tWomen re-
ferred for colposcopy before one year were excluded from this analysis. Note: In the PATRICIA trial, 21 patients from one study site were excluded from prior analyses
because of concerns about data integrity. Those patients did not contribute any data or outcomes to the current pooled analysis because they were excluded for the
various reasons included in the consort diagram and/or no cases of cervical intraepithelial neoplasia, incident, or persistent infection were detected.

type 52 (15.8%). Focusing on nononcogenic HPV infections (6/11/
34/40/42/43/44/53/54/66,(68/73],70/74), the overall incidence was
statistically significantly lower in the HPV arm (efficacy = 14.1%,
95% CI=4.1% to 23.1%); however, after excluding types 6/11, the
difference  was no longer statistically  significant
(efficacy = 10.6%, 95% CI= —0.4% to 20.4%) (Table 2). Statistically
significant vaccine efficacy was observed for individual nonon-
cogenic types 6 (30.1%), 11 (59.9%), 53 (22.9%), and 74 (44.7%),
whereas a statistically significant deleterious effect was ob-
served for type 42 (—145.6%). Correcting for multiple compari-
sons using the Bonferroni method, efficacy against individual
oncogenic types 33 and 52 and nononcogenic types 6/11/53/74
no longer remained statistically significant.

Statistically significant vaccine efficacy was observed for
all cytological and histological outcomes, with greater efficacy
associated with higher grade: 27.7% for low-grade squamous
intraepithelial lesion or greater, 44.3% for HSIL+ (including
AGC and ASC-H), 58.7% for HSIL+ (excluding AGC and ASC-H),
66.0% for CIN2+, and 87.8% for CIN3+ (Table 3). A higher pro-
portion of lesions among women in the control arm was asso-
ciated with HPVs 16/18 (38.6% vs 4.9% for HSIL+ and 55.9% vs
3.4% for CIN2+; total percentage detected alone or with other
types) as well as known cross-protected types 31/33/45 (22.8%
vs 12.3% for HSIL+ and 32.4% vs 15.5% for CIN2+), whereas the

detection of other oncogenic types (35/39/51/52/56/58/59) was
less common in lesions among women in the control arm
(44.1% vs 58.0% for HSIL+ and 47.6% vs 74.1% for CIN2+)
(Table 4).

Efficacy against incident HPV 6M-PI infections, excluding
known protected HPV types 6/11/16/18/31/33/45 (focusing on
34,35/39/40/42/43/44/51/52/53/54/56/58/59/66,[68/73],70/74), tended
to be higher in PATRICIA than in CVT (12.4% vs —2.1%); how-
ever, the difference (assessed by including an interaction
term in the model) was not statistically significant (test for
heterogeneity, P=.24, TVC-Naive cohort; Table 5). In our
study-specific analyses focusing on individual HPV types, we
found no evidence of heterogeneity (P>.05) apart from type
51 (efficacy=20.7% in PATRICIA vs —28.6% in CVT, P=.03;
Table 5). Similarly, efficacy against cervical abnormalities
was similar across trials for all cytological and histological
endpoints except CIN3+ and also tended to be higher in
PATRICIA compared with CVT (91.9% vs 49.1%, P =.23), albeit
with only six observed cases in CVT (TVC-Naive cohort;
Table 6).

Focusing on grouped infection outcomes, results in the
TVC-Oncogenic Naive cohort were similar to results in the
TVC-Naive cohort (Supplementary Table 1, available online).
PATRICIA results incorporating additional type-specific PCR
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Table 1. Baseline age, sexual history, and follow-up characteristics
of PATRICIA and CVT trial participants (pooled)

HPV arm Control arm
Characteristic (n=6271) (n=6279)
Age,y
Mean (SD) 19.9 (3.0) 19.9 (3.0)

Median (IQR)
Lifetime sexual partners*, no. (%)

20.0 (17.0-23.0)  20.0 (17.0-23.0)

0 507 (39.0) 550 (41.8)
1 452 (34.8) 488 (37.1)
2 200 (15.4) 170 (12.9)
3 90 (6.9) 55 (4.2)
>4 50 (3.8) 53 (4.0)
Missing 1(0.2) 1(0.2)

Sexual partners in last
12 mot, no. (%)

0 1140 (22.9) 1139 (23.0)

1 3192 (64.2) 3169 (63.9)

2 434 (8.7) 446 (9.0)

3 142 (2.9) 132 (2.7)

>4 51 (1.0) 57 (1.1)

Missing 12 (0.2) 19 (0.4)
Follow-up characteristics

Mean total follow-up 47.2 47.2

time per woman, mo
Mean total clinic visits 6.3 6.4

per woman, no.

*Data only available from CVT (NCT00128661). CVT = Costa Rica AS04-HPV16/18
vaccine trial; HPV = human papillomavirus; IQR = interquartile range; PATRICIA =
PApilloma TRIal against Cancer In young Adults.

tData only available from PATRICIA (NCT00122681).

information (TVC-Naive and TVC-Oncogenic Naive cohorts)
were also similar to PATRICIA results excluding this informa-
tion (Supplementary Tables 2 and 3, available online).
Efficacy estimates in both naive cohorts, applying single-
time detection outcome definition (Supplementary Tables 4
and 5, available online) and 1-year persistence definition
(Supplementary Tables 6 and 7, available online), were also
generally similar. Finally, although no major difference was
observed in our analysis of cytological and histological ab-
normalities in the TVC-Oncogenic Naive cohort (efficacy and
attribution of types, Supplementary Tables 8 and 9, available
online, respectively), in our analyses stratified by year of par-
ticipant follow-up, efficacy was generally higher in later
follow-up years (Supplementary Tables 10 and 11, available
online).

Discussion

Among HPV-negative women at enrollment, the cohort that
approximates adolescents before sexual debut, our findings
reveal that the AS04-HPV16/18 vaccine confers an additional
low level of protection (9.9%) against the composite of 19 HPV
types that excludes vaccine target types (HPVs 16/18) and
others for which strong evidence of efficacy and cross-
protection already exists (HPVs 6/11/31/33/45). When we eval-
uated individual HPV types, in addition to confirming moder-
ate to high cross-protection against HPV types 6/11/31/33/45,
we also observed modest protection against oncogenic type 52
(alpha-9 species, same as HPV16) as well as nononcogenic
types 53 and 74.

The immune mechanisms responsible for vaccine-
induced cross-protection are not fully understood, and sev-
eral alternative biological mechanisms have been proposed,
including cross-neutralization of HPV types phylogenetically
related to vaccine types, impact of nonneutralizing, binding
antibodies on local inflammation and clearance of nonvac-
cine or related infections, and possible impact of cross-
reactive T cells on clearance and progression of lesions
caused by nontargeted and protected HPV types (17).
Regardless of mechanism, whether protection beyond that
against HPV16/18-induced infections will be long-lasting
remains an open question (26).

Unlike previous results, which suggest that cross-protection
may extend outside the alpha-9/alpha-7 species (5), statistically
significant protection against HPV51 (alpha-5 species) was not
observed in our primary analysis. Presumably, HPV epitopes
that differ by either L1 amino acid sequence or structure confer
type-specific neutralization. Yet HPV types that are phylogenet-
ically related to vaccine types, with perhaps only minor differ-
ences in amino acid sequences or conformation, share epitopes
that elicit partial cross-reactive immune responses (27-31).
Indeed, with HPV31 sharing 83% L1 homology with HPV16, and
HPV45 sharing 88% L1 homology with HPV18 (32), we observed a
high level of cross-protection.

Despite modest cross-protection beyond types 31/33/45, ef-
ficacy against CIN3+, the immediate precursor to invasive
cancer, was nearly 90%. This estimate corresponds to the
expected level of protection against CIN3+ from the 9vHPV
vaccine, which targets five additional oncogenic HPV types
(2,3). Reduced efficacy against CIN2+ (<70%) may be due to
lower attributable fraction of protected types in CIN2 or early
evidence of unmasking, that is, increased progression of other
HPV types in vaccinated women caused by reduced excisional
treatment of lesions coinfected with targeted and other HPV
types (33).

Although measurement of histologically confirmed disease
endpoints, especially CIN3+, is more accurate for estimation of
efficacy against invasive cancer, we also evaluated impact on
cytological abnormalities because of the high clinical burden as-
sociated with management of these lesions. The relatively high
proportion of lesions associated with other oncogenic HPV types
(non-targeted or non-cross-protected types) in the vaccine arm
suggests that these types will cause most cervical precancer
and cancer cases in vaccinated cohorts.

Results from our sensitivity analyses were generally consis-
tent, intended to provide either greater power (analyses focus-
ing on the oncogenic HPV naive cohort and applying single-time
detection outcome definition) or improved accuracy (analyses
including additional typing information, and applying 1-year
persistence outcome definition). Increased efficacy associated
with time since vaccination is likely due to waning influence of
false-negative baseline HPV results, supported by higher effi-
cacy against virologic outcomes in our analyses incorporating
additional type-specific PCR results, which more effectively
excludes positive individuals.

A limitation of evaluating vaccine efficacy against numerous
individual HPV types is that chance findings may have occurred.
Applying a much more conservative threshold for statistical sig-
nificance (using Bonferroni correction), efficacy against individ-
ual types 6/11/33/52/53/74 no longer remained statistically
significant; however, this approach increases the type-2 error
probability. Also, although CVT and PATRICIA protocols were
not identical (ie, frequency of regular follow-up was different), it


https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz222#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz222#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz222#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz222#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz222#supplementary-data
https://academic.oup.com/jnci/article-lookup/doi/10.1093/jnci/djz222#supplementary-data
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Table 3. Overall efficacy of the AS04-HPV16/18 vaccine against incident cytological and histological cervical abnormalities among women with-
out detectable HPV infection at enrolment, pooled analysis of PATRICIA and CVT trials

HPV (n=6271)

Control (n=6279)

Rate per 1000 Rate per 1000 Efficacy %,

Cervical abnormality =~ Cases  Person-years person-years (95% CI) Cases Person-years person-years (95% CI) (95% CI)
Cytology-based diagnosis

LSIL+ 1046 22960.45 45.6 (42.8 to 48.4) 1414 22441.08 63.0 (59.8 to 66.4) 27.7 (21.7 to 33.3)

HSIL+* 81 24409.69 3.3 (2.7 to 4.1) 145 24321.96 6.0 (5.0 t0 7.0) 44.3(27.11t057.7)

HSIL+1 24 24514.99 1.0 (0.6 to 1.4) 58 24460.35 2.4(1.8103.0) 58.7 (34.1t0 74.7)
Histology-based diagnosis

CIN2+ 58 24507.04 4 (1.8 to 3.0) 170 24419.35 7.0 (6.0to 8.1) 66.0 (54.4 to 74.9)

CIN3+ 5 24565.07 0.2 (0.1to0 0.5) 41 24545.23 1.7 (1.2t02.2) 87.8(71.1t0 95.7)

*HSIL+ definition includes both AGC and ASC-H cases. AGC = atypical glandular cells; ASC-H = atypical squamous cells, cannot exclude HSIL; CI = confidence interval;
CIN2-+ = cervical intraepithelial neoplasia of grade 2 or greater; CIN3+ = cervical intraepithelial neoplasia of grade 3 or greater; HSIL+ = high-grade squamous intraepi-

thelial lesion or greater; HPV = human papillomavirus; LSIL+ =
THSIL+ definition excludes both AGC and ASC-H cases.

low-grade squamous intraepithelial lesion or greater; n = number of women in the analyzed cohort.

Table 4. Number and proportion of lesions associated with targeted, cross-protected, or other oncogenic HPV infections among women with-
out detectable HPV infection at enrolment according to study arm, pooled analysis of PATRICIA and CVT trials

Cytology classification

Histology classification

LSIL+ HSIL+ CIN2+ CIN3+
HPV Control HPV Control HPV Control HPV Control
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)  No. (%)
HPV infection status (n=1046) (n=1414) (n=281) (n=145) (n=58) (n=170) (n=5) (n=41)
16/18 only 12 (1.2) 190 (13.4) 2(2.5) 32(22.1) 1(1.7) 50 (29.4) 0(0.0) 13 (31.7)
31/33/45 only 23(2.2) 86 (6.1) 5(6.2) 15 (10.3) 8(13.8) 22 (12.9) 2 (40.0) 4(9.8)
Other oncogenic type(s) only* 662 (63.3) 435 (30.8) 41 (50.6) 31(21.4) 41(70. 7) 34(20.0) 3(60.0) 7(17.1)
16/18 and 31/33/45+ 0(0.0) 28 (2.0) 0(0.0) 2(1.4) 0(0.0 10 (5.9) 0(0.0) 2(4.9)
16/18 and other oncogenic types} 11(1.1) 184 (13.0) 1(1.2) 17 (11.7) 1(1. ) 24 (14.1) 0(0.0) 5(12.2)
31/33/45 and other oncogenic types§ 40 (3.8) 124 (8.8) 4(4.9) 11(7.6) 1(1.7) 12 (7.1) 0(0.0) 5(12.2)
16/18 and 31/33/45 and other oncogenic types|| 6 (0.6) 81(5.7) 1(1.2) 5(3.5) 0(0.0) 11 (6.5) 0(0.0) 4(9.8)
No oncogenic types 292(27.9) 286(20.2) 27(33.3) 32(221)  6(10.3) 7(41)  0(0.0) 1(2.4)

“Includes cases that were negative for HPV types 16/18/31/33/45. CIN2+ = cervical intraepithelial neoplasia of grade 2 or greater; CIN3+ = cervical intraepithelial neo-
plasia of grade 3 or greater; CVT = Costa Rica AS04-HPV16/18 vaccine trial; HSIL+ = high-grade squamous intraepithelial lesion or greater; HPV = human papillomavi-
rus; LSIL+ = low-grade squamous intraepithelial lesion or greater; PATRICIA = PApilloma TRIal against Cancer In young Adults.

tIncludes coinfection cases where HPV16 and/or HPV18 was present with other cross-protected types (HPV31, —33, and/or —45) but no other oncogenic types.

tIncludes co-infection cases where HPV16 and/or HPV18 and other oncogenic HPV types (excluding HPV31, —33, and —45) were present.

§Includes co-infection cases where HPV31, —33, and/or —45 and other oncogenic HPV types (excluding HPV16 and —18) were present.

|Includes co-infection cases where HPV16 and/or HPV18 and HPV31, —33, and/or —45 were present, along with other oncogenic types.

is not expected that this had any major impact on our results
given that women in the HPV and control arms had the same
total follow-up and number of visits.

In Scotland, the AS04-HPV16/18 vaccine was introduced in
2008, and more than 90% of targeted girls (aged 12-13 years,
1995 birth-cohort) were fully vaccinated in 2008-2009. With
cervical screening initiated at age 20 years among this and
preceding (unvaccinated) birth-cohorts, investigators evalu-
ated vaccine effectiveness among girls in the target age range.
Compared with the 1988 birth-cohort, they found that preva-
lence of targeted and cross-protected types, measured 7 years
postvaccination, was lower in the 1995 birth-cohort: 16/18 fell
by 89%, and types 31/33/45 fell by 94%, 79%, and 83%, respec-
tively (13). In a similar analysis, CIN3+ prevalence declined by
89% in vaccinated 1995 and 1996 birth-cohorts compared with
the unvaccinated 1988 birth-cohort (14). These results are
consistent with our observation of additional protection

against HPV types for which protection was previously not
reported.

As the most comprehensive analysis of the AS04-HPV16/18
vaccine to date, to our knowledge, our results provide evidence
for low additional cross-protection beyond known and accepted
types as a group and, at the individual type level, support for pro-
tection against HPVs 6/11/31/33/45/52/53/74. Additional popula-
tion studies and/or trials with longer follow-up could help
address questions related to duration of protection.

Funding

The Costa Rica HPV Vaccine Trial (NCT00128661) is a long-
standing collaboration between investigators in Costa Rica and
the NCI. The trial is sponsored and funded by the NCI (contract
NO01-CP-11005), with funding support from the National
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