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Abstract

End of study analyses of the phase Il trials of prophylactic human papillomavirus (HPV) virus-
like particle (VLP) vaccines in young women are now largely completed. Two distinct vaccines
were evaluated, Gardasil® (Merck & Co., Whitehouse Station, NJ USA) a quadrivalent vaccine
containing VLPs of types 6, 11, 16 and 18 and Cervarix® (GlaxoSmithKline Biologicals,
Rixensart, Belgium), a bivalent vaccine containing VLPs of types 16 and 18. Both vaccines
exhibited excellent safety and immunogenicity profiles. The vaccines also demonstrated
remarkably high and similar efficacy against the vaccine-targeted types for a range of cervical
endpoints from persistent infection to cervical intraepithelial neoplasia grade 3 (CIN3) in women
naive to the corresponding type at the time of vaccination. However, protection from incident
infection or disease from non-vaccine types was restricted, and the vaccines had no effect on
prevalent infection or disease. Gardasil® also demonstrated strong protection against genital warts
and vulvar/vaginal neoplasia associated with the vaccine types. In other trials, Gardasil® protected
mid-adult women from incident infection and CIN caused by the vaccine types and protected men
for incident infection, genital warts and anal intraepithelial neoplasia by the vaccine types.
Cervarix® protected against vaccine-targeted anal infections in women in an end of study
evaluation. For practical reasons, efficacy studies have not been conducted in the primary target
populations of current vaccination programs, adolescent girls and boys. However, immunogenicity
bridging studies demonstrating excellent safety and strong immune responses in adolescence,
coupled with the documentation of durable antibody responses and protection in young adults,
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leads to an optimistic projection of the effectiveness of the vaccines in adolescent vaccination
programs. Taken together, the excellent clinical trial results strongly support the potential of the
vaccines as high value public health interventions and justify their widespread implementation to
prevent anogenital HPV infections and their associated neoplasia. This article forms part of a
special supplement entitled “Opportunities for comprehensive control of HPV infections and
related diseases™ Vaccine Volume 30, Supplement X, 2012.

Keywords

Human papillomavirus; HPV; Prophylactic vaccine; Virus-like particle; Gardasil®; Cervarix®;
Clinical trials; Cervical cancer; Genital warts; CIN; VIN; VaIN

1. Introduction

This article provides a broad overview of clinical trial results for the two licensed
prophylactic human papillomavirus (HPV) vaccines, Cervarix® (GlaxoSmithKline
Biologicals, Rixensart, Belgium) and Gardasil® (Merck & Co., Whitehouse Station, NJ
USA), concentrating on studies published since 2008. It emphasizes the end of study
analyses of the pivotal phase Il1 trials in young women that have led to widespread licensure
and subsequent uptake of the vaccines. A review of earlier publications on the subject can be
found in a previous monograph in this series [1]. The results of efficacy studies in mid-adult
women and men that, in some instances, have led to additional indications for the vaccines,
are also presented. In addition, safety/immunogenicity studies involving alternative dosing
schedules, other populations, or combined administration with other licensed vaccines are
outlined. Finally, potential second generation vaccines are briefly discussed. A companion
article in this monograph is devoted to the implementation issues related to the introduction
of these vaccines (Markowitz LE et al., Vaccine, this issue) [2].

2. Vaccine formulations

2.1. Currently available HPV vaccines

Both Cervarix® and Gardasil® are non-infectious subunit vaccines composed primarily of
virus-like particles (VLPs). The VLPs spontaneously self-assemble from 360 copies of L1,
the major structural protein of the virion [3]. Although referred to as “virus-like”, the VLPs
are completely non-infectious and non-oncogenic, since they do not contain the viral DNA
genome or specific viral genes required for these activities. VLP vaccines are based on the
concept of forming a structure that sufficiently resembles the outer shell of an authentic
HPV virion such that antibodies that are induced to it react with and inactivate the authentic
virus [4]. The specifics of how these antibodies are induced, how they reach the site of HPV
infection, and how they prevent HPV infection, are the subject of an accompanying article in
this monograph (Stanley M et al., Vaccineg, this issue)[5].

2.2. Formulation differences

Although conceptually similar, Cervarix® and Gardasil® differ in several aspects, including
valency, dose, production system, and adjuvant (Table 1). Cervarix® is a bivalent vaccine,
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containing the VLPs of HPV16 and 18, the two types that cause 70% of cervical cancer
worldwide, and even greater proportions of HPV-associated vulvar, vaginal, penile, anal,
and oropharyngeal cancers [6,7] (see Forman D et al., Vaccine, this issue for details on type-
specific HPV disease burden) [8]. Gardasil® targets the same two cancer-causing types, but
in addition contains VLPs of HPV6 and 11, which cause approximately 90% of external
genital warts in both men and women [9]. The VLPs for Cervarix® are produced in insect
cells infected with L1 recombinant insect virus vectors [10]. Gardasil®’s VLPs are produced
in baker’s yeast (Saccharomyces cerevisiae) expressing L1 [11]. Each VLP type is produced
and purified separately and the different types are mixed during final formulation. Both
vaccines must be refrigerated, but not frozen. Delivery of both vaccines is via three
intramuscular injections in the deltoid area over a 6-month period, but the recommended
timing of the second dose differs slightly (Table 1).

Like other protein subunit vaccines, the two HPV VLP vaccines are formulated with
adjuvants to increase their immunogenicity. Gardasil® contains a simple aluminum salts
adjuvant (aluminum hydroxyphosphate sulfate), whereas Cervarix® contains a more
complex adjuvant system, designated AS04, consisting of monophosphoryl lipid A (MPL)
and an aluminum salt (aluminum phosphate) [12]. MPL is a detoxified form of bacterial
lipopolysaccharide and is a toll-like receptor (TLR)-4 agonist. TLRs are an evolutionarily
conserved class of host sensors of microbial constituents that activate innate and adaptive
immune responses to invading microbes. It is noteworthy that AS04 is the first TLR agonist-
containing prophylactic vaccine adjuvant to be licensed by the United States (U.S.) Food
and Drug Administration (FDA). Neither vaccine contains a preservative.

3. Phase lll trial design

3.1. Design of phase lll clinical trials

Phase Il efficacy trials of the VLP vaccines in young women were primarily designed to
demonstrate efficacy in preventing incident vaccine-related HPV infection and the
preneoplastic lesions caused by incident persistent infections related to vaccine HPV types.
Initiation of these trials was predicated on successful completions of a series of preceding
studies including development of industrial scale manufacturing processes, validation of
type-restricted measures of antibody responses to the VLPs, and promising safety,
immunogenicity and preliminary efficacy results in preclinical and early phase I/11 trials
[10,13]. Two phase 111 studies, FUTURE | [14] and FUTURE Il [15], evaluated Gardasil®
and two, PATRICIA [16] and the Costa Rica HPV Vaccine Trial (CVT) [17] evaluated
Cervarix®. All of the trials were relatively large (5,500-18,500 vaccinees), blinded,
randomized and controlled trials of young women (mean age 20, range 15-26) (Table 2).
The CVT was a U.S. government sponsored community-based trial, centered in the
Guanacaste province of Costa Rica [17], whereas the other trials were company-sponsored
and multi-centric, involving multiple trial sites in Europe, North, Central and South
America, and Asia Pacific, including Australia. With the exception of the CVT and the
Finnish subjects in PATRICIA, there was a restriction on the number of lifetime sexual
partners. This restriction was used to limit the number of women with prevalent infections
and/or prevalent genital lesions at enrollment, in keeping with the primary goal of evaluating
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immunoprophylaxis. However, women were not excluded from the trials if they had
prevalent infection at enrollment, as measured by the presence of genital tract HPV DNA by
sensitive PCR-based techniques, or evidence of prior exposure, as measured by serum
antibodies reactive to the VLPs, or in some cases by finding an abnormal cervical cytology
at baseline. Their inclusion permitted an evaluation of the safety, immunogenicity, and
prophylactic efficacy of the vaccine in women with prior or current HPV exposure, and also
the possibility that the vaccines may have therapeutic activity.

3.2. Trial endpoints

The outcome of most interest, prevention of cervical or other anogenital cancers, was not a
reasonable endpoint for these trials. Trial size and duration would be unmanageable, since
cancer is a rare outcome of persistent oncogenic HPV infection, and it usually takes more
than a decade for cancers to develop from incident infection [18]. In addition, a cancer
endpoint would be unethical. Women undergoing active follow-up in clinical trials were
monitored closely for the development of high-grade premalignant lesions that must be
removed before they progress to cancer. Consequently, the two largest trials, FUTURE Il
and PATRICIA employed a precancer primary efficacy endpoint of high-grade dysplasia
otherwise known as cervical intraepithelial neoplasia (CIN) grade 11 or 111 (CIN2+),
adenocarcinoma in situ (AlS), or cervical cancer associated with HPV16/18 (Table 2). This
endpoint was recommended by a U.S. FDA advisory committee, and other national
regulatory agencies, for a vaccine indication of prevention of cervical cancer [19].
Importantly, end of study analyses also included reasonably powered evaluation of the
efficacy against CIN 111, the most immediate and widely accepted precursor of cervical
cancer. FUTURE | had co-primary efficacy endpoints of HPV6/11/16/18-associated CIN1+
and external genital lesions, which included genital warts and vulvar/vaginal intraepithelial
neoplasia (VIN/ValN). The primary endpoint for CVT was cervicovaginal HP\VV16/18
infection that persisted for at least 1 year. All four trials were designed to have at least 4
years of follow-up. However, interim analyses were conducted in the FUTURE |, Future Il
and PATRICIA trials, based on an accrual of a pre-specified total number of primary
endpoint events [14-16]. These interim analyses led to regulatory approval for both vaccines
prior to completion of the trials. However, end of study analyses including additional
endpoint events have recently been published for all four studies. To improve statistical
power for secondary analyses, data from phase I1/111 trials employing the same vaccine and
similar study designs were combined in some recent publications [20].

3.3. Cohorts analyzed

Interpreting the results from these trials can be confusing because they often involve
analyses of various sub-cohorts of the trial participants (summarized in Table 3), and the
composition of these subsets can greatly influence the calculated vaccine efficacy. In
addition, conceptually similar cohorts often have different designations in the publications
for the two vaccines. Intention-to-Treat (ITT) cohorts, also designated Total Vaccine Cohort
(TVC), are the most inclusive, including all individuals that are randomized and participate
in the trial. For vaccine trials “participation” is usually defined as receiving at least one dose
of the vaccine. These cohorts include women with evidence of prior HPV exposure and
hence current infection/lesions by vaccine-targeted as well as other HPV types. ITT analyses
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can be viewed as an approximation of the effectiveness of the vaccine in general use, at least
for individuals with similar demographic and risk characteristics as the subjects in the trial.
The most restrictive cohorts are According to Protocol (ATP), also designated Per Protocol
Efficacy (PPE). ATP analyses are restricted to individuals who adhere to all aspects of the
study protocol: for example, they received the three vaccine doses within specified intervals,
and events are not counted until after receiving all three doses. Importantly, individuals
included in ATP cohorts have no evidence of exposure to the vaccine-targeted type under
analysis. Thus ATP analyses can be viewed as the best-case scenario for the effectiveness of
a prophylactic vaccine. Modified Intention-To-Treat (MITT) analyses fall somewhere in
between ITT and ATP, allowing for some deviation from the ideal protocol. One interesting
MITT cohort is designated TVC-naive or ITT-naive. These cohorts include all participating
individuals with no evidence at baseline of cervical cytology abnormalities, prevalent
infection by any of the genital HPV types evaluated (up to 14 types) or serological evidence
of past exposure to the vaccine-targeted types. These cohorts are currently the best
approximation for the primary target group for the vaccines, pre- and early-adolescent girls
who have not yet become sexually active. Finally, it is always import to note whether the
efficacy against lesion development is restricted to those specifically related to vaccine-
targeted types or irrespective of HPV type. As discussed below, protection from infection by
the L1 VLP vaccines is type restricted and so efficacy is generally higher in the analyses
restricted to the vaccine-targeted types.

3.4. Measures of health impact

Most publications have concentrated on reporting vaccine efficacy, which can be thought of
as the percent reduction in an individual’s probability of acquiring a given endpoint if s/he
received the experimental vaccine versus the control. However, analyses of rate reductions
in disease or treatment, generally reported using the denominator of per 100 subject-years,
have also been reported in some of the more recent publications. Rate reductions can
sometimes be more useful indicators of the potential for health impact of an intervention. As
noted below, there are instances in which cohorts with markedly different vaccine efficacy
measurements can have similar vaccine-induced reductions in the rate of disease. However,
absolute reductions in disease rates can be difficult to compare across trials, since, in
addition to efficacy, they are dependent on attack rates, which can vary depending upon the
sexual activity (of the individual as well as their partner), pre-existing immunity and other
variables of the cohorts.

It is important to note that for prophylactic HPV vaccine trials, neither efficacy nor rate
reduction is an absolute measure of a vaccine’s performance. Rather, they are time
dependent variables. The time dependency is more pronounced in ITT than ATP analyses
and for high-grade disease than low-grade disease or infection endpoints. The phenomenon
is best illustrated in time-to-event curves. Fig. 1 shows the time-to-event curves for
HPV6/11/16/18-related CIN3/AIS in Gardasil® and placebo vaccinated young women in an
ITT cohort [21]. No reduction in incidence disease was seen in the first year of the trial,
whereas steadily increasing disease reduction was observed thereafter, up to 47% after 3.5
years. The lack of significant efficacy or rate reduction during the initial months can be
explained by the fact that it normally takes many months for neoplasia, especially CIN3, to
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develop from incident infection [22]. It follows that most early CIN3 cases will result from
prevalent, not incident infection. Because the subjects were randomized, the percent of
vaccine and placebo subjects with prevalent infection should be approximately equal. It is
only after a substantial number of disease cases have developed from incident infection that
the preferential prevention of incident infection in the vaccinated subjects can lead to a
significant divergence of the two curves. Similar trends were seen in the Cervarix® efficacy
trials [23]. This phenomenon makes it difficult to compare vaccine performance across trials
with different attack rates and length of follow-up, apart from methodological differences in
colposcopy referral, DNA detection and attribution of causal HPV for cervical lesions. If the
follow-up of the trials were extended past 4 years, the expectation is that cumulative
efficacy/rate reduction would continue to increase, providing the vaccines continued to
protect from incident infection. However, in many countries, the rate of divergence of the
curves would likely be reduced in later years as the cohorts move beyond their peak years of
HPV acquisition. The time dependency effect is less pronounced for ATP analyses since
subjects in whom prevalent infection or disease is detected are excluded. However, nascent
prevalent infections that are undetected at baseline and later emerge can lead to a more
modest increase in efficacy with time in ATP analyses as well.

4. Prophylactic efficacy in young women

In the end of study analyses of the pivotal phase Il efficacy trials in young women,
prophylactic efficacy against vaccine type-associated primary and secondary endpoints was
uniformly high in ATP and ITT-naive cohorts (Tables 4-6).

4.1. Gardasil®: efficacy against CIN3, VIN2/3, VaIN2/3 and genital warts

High efficacy against vaccine HPV type-related CIN3 was observed in the final ITT-naive
analyses (called unrestricted susceptible population) of the Gardasil® phase 11 trials, 100%
[21]. As expected, efficacy was considerably lower in the ITT analysis, 45.1%, since it
included women with prevalent infection at entry and VVLP vaccines do not appear to induce
regression of established infections (discussed below) [20] (Table 4). Efficacy against CIN3
was notably lower in the analyses irrespective of HPV type, 43.0% and 16.4% in the ITT-
naive and ITT cohorts, respectively. However, rate reduction in CIN3 was consistently 0.2
to 0.3 across the various cohorts (Table 4). Greater than 95% efficacy and greater than 75%
efficacy was also observed against vaccine type-related VIN2/3 or ValN2/3 and genital
warts in the ITT-naive and ITT cohorts, respectively. Efficacy against these endpoints was
also high in the analyses irrespective of HPV type, reflecting the predominance of
HPV6/11/16/18 in external genital lesions in young women. Rate reductions were
particularly high for genital warts (0.8) [21], due to their relatively high incidence and
relatively rapid progression from incident infection to clinical disease. The latter finding
supports the observations in preliminary effectiveness studies suggesting that genital warts
will be the first substantial public health benefit detected after implementing Gardasil®
vaccination programs with high population coverage [24].
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4.2. Cervarix®: efficacy from the PATRICIA trial

In the PATRICIA trial, efficacy against HPVV16/18-related CIN3 in the TVC-naive analysis
was 100% [23] (Table 5). As expected, efficacy was lower in the full TVC analysis, 45.7%.
However the reduction in the rate of CIN3 in both cohorts was 0.13 per 100 women years. A
recent conference abstract reported significant protection against HP\VV16/18 associated
VIN1+ or ValN1+ in the TVC-naive and full TVC.

The 93.2% efficacy against CIN3 in the TVC-naive analysis, irrespective of HPV type, has
received considerable attention. However, the long-term effectiveness of both Cervarix® and
Gardasil® in adolescent vaccination campaigns is unlikely to equal the high a level of
efficacy against any CIN3 seen in the clinical trials. HPV16 and 18, and to a lesser extent
some of the types to which the vaccines exhibits cross-protection (discussed below), are
more frequently present in CIN3 lesions that appear relatively early after incident infection
[22]. CIN3 caused by types for which the vaccines apparently offer no protection generally
appear later, and so are less likely to contribute to this endpoint in a 4-year trial than they
will during a women’s lifetime. In addition, it is possible that protection against non-vaccine
types will wane more rapidly than against vaccine targeted types [25] (discussed below).

4.3. Cervarix®: efficacy from the CVT

Efficacy against the primary endpoint of the CVT, one-year persistent HPV/16/18 infection,
was 90.9% in the ATP cohort and 49.0% in the ITT [26] (Table 6). The protection
Cervarix® afforded against this endpoint was similar in the PATRICIA trial, 92.4% (95%
confidence interval [CI]: 88.6-95.2) in the TVC-naive and 57.5 (95% CI: 51.7-62.8) in the
TVC [23]. While efficacy and rate reduction in the CVT was similar across ages in the ATP
cohort, they were age dependent in the ITT cohort, despite the relatively small age range in
the trial (Table 6). Efficacy fell from 68.9% in 18-19 year-olds to 21.8% in 24-25 year-olds
(p for trend = 0.005). Similarly, the rate reduction in persistent infections per 100 women
years fell from 5.2 to 1.6. Similar declines in efficacy and rate reductions were seen when
the women were stratified according to time since first sexual intercourse. These decreases
probably are due to a combination of higher prevalent HPV16/18 infection and decreased
acquisition rates (due to immunity and reduced exposure) in the older women. The results
exemplify the effectiveness of the vaccine at preventing new infection, independent of age,
but the decreased overall benefits of vaccination with age in a population of mostly sexually
active young women.

Protection from persistent infection increased dramatically with time since vaccination in the
ITT cohort in the CVT, where it increased from a non-significant 15.6% in the interval 10—
22 mo. after vaccination to 94.3% after 46 mo. since vaccination (Table 6) [26]. This finding
is likely the result of the resolution of most prevalent infections by 4 years coupled with the
durability of protection from incident infection over this time period. Interestingly, there was
also a trend for lower efficacy (and also rate reduction) early after vaccination in the ATP
cohort, from 71.2% (95% ClI: 25.6-90.5) during mo. 10-22 to 100% (78.6—100) starting 46
mo. post vaccination. The findings suggest that some prevalent infections were undetected at
baseline and then emerged during the first two years of the trial. Undetected prevalent
infections likely account for many of the “breakthrough” infections detected in other
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Cervarix® and Gardasil® trials. However, the effect might be greater in the CVT because of
the greater likelihood of HPV exposure at entry due to the higher minimum age and no limit
to the number of lifetime sex partners for enrollees.

4.4, Data on less than three doses from the CVT

Protection from cervical HPV infection by less than three doses of Cervarix® was also
evaluated in the CVT [27]. Approximately 11% of vaccine and control recipients received
two doses and approximately 5% received only one dose. Perhaps surprisingly, protection in
the ATP cohort from 12 month persistent HPVV16/18 infection after 4 years of follow-up did
not significantly differ depending on number of doses. Vaccine efficacy after three, two, or
one dose was 80.9 (95% CI: 71.1-87.7), 84.1% (95% ClI, 50.2-96.3) and 100% (95% CI:
66.5-100), p for trend = 0.21. These results must be interpreted with some caution because
the number of women receiving less than three doses was limited and the study was not
formally randomized by number of doses, nor been followed beyond four years. However,
these observations should encourage ongoing and future trials to more rigorously evaluate
long-term efficacy of less than three doses of the two vaccines (discussed in Markowitz LE
et al., Vaccine, this issue[2]).

4.5, Efficacy against anal HPV infection from the CVT

In the CVT, anal swab specimens were obtained from consenting women at the year 4 exit
visit and assessed for HPV DNA status. Anal HPV DNA status was not evaluated at
enrollment. Vaccine efficacy against single time anal HPV16/18 DNA was substantial,
62.0% (95% ClI: 47.1-73.1) but less than the efficacy against single time detection at exit for
the cervix, 76.4% (95% CI: 67.0-83.5) [28]. However, protection at the anus and cervix was
similar in the cohort restricted to women who were negative for cervical HPVV16/18 DNA
and antibodies at enrollment, 83.6% (95% CI: 66.7-92.8) and 87.9 (95% CI: 77.4-94.9) at
the anus and cervix, respectively. Therefore, it appears that Cervarix® strongly protects
against anal HPV infection in young women, particularly among those most likely to be
HPV16/18 naive at entry.

5. Cross-type protection

Although none of the phase 111 studies was specifically designed to evaluate cross-type
protection, both vaccines have been evaluated for protection against infection and cervical
disease associated with oncogenic types, particularly those most closely related
phylogenetically to types 16 and 18 (A9 and A7, respectively), that are not specifically
targeted by inclusion of the corresponding VLP type in the vaccine. Cross-protection against
non-vaccine types is an important consideration since non-vaccine types are associated with
approximately 30% of cervical cancers worldwide [6].

5.1. Cross-protection against persistent infection

Analysis of cross-protection from persistent infection is relatively straightforward, provided
that infection by one type does not substantially reduces the sensitivity of PCR-based
detection of other types. Both Gardasil® and Cervarix® provided significant protection
against infection by HPV16-related types (A9 species), 21.9% and 27.6%, respectively
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[29,30]. Cervarix® demonstrated significant efficacy against three individual A9 types,
HPV31, 33, and 52, whereas Gardasil® demonstrated significant efficacy only against
HPV31 (Table 7). Cervarix®, but not Gardasil®, also demonstrated significant protection
against infection by HPV18-related A7 species, 22.3% and 14.8, respectively. Most notably,
Cervarix® provided relatively strong protection against HPV45, 79.0%, but Gardasil® did
not, 7.8%. Partial protection against HPV45 and HPV31 in Cervarix® vaccinees was also
observed in the CVT [26]. Overall, the cross-protection results from PATRICIA and CVT
were in general agreement. The exception is that weak protection against HPV51, which is
not closely related to HPV16 or 18, was measured in PATRICIA (16.6%; 95% ClI: 3.6-27.9
in ATP) while potential enhancement of infection was observed in CVT (756.1%;

95%Cl: ~114-"14.2). This discrepancy may well represent a chance finding that can
sometimes occur when multiple comparisons are made within a data set. In the CVT, partial
cross- protection against anal infection at study exit was also observed in a combined
analysis of HPV31, 33, or 45, for example 49.4% (95% CI: 30.3- 63.6) in the full cohort
[28].

Interestingly, while cross-protection against cervical infection by non-vaccine types was
clearly observed in CVT women receiving three doses of Cervarix®, there was no indication
of cross-protection in those receiving two doses [27]. For instance, efficacy in the ATP
cohort against 12 month persistent infection with HPV31, 33, and 45 combined was 41.3%
(95% CI: 18.9-57.9) in women receiving three doses and —25.9% (95% CI: ~334-66.1) in
those receiving two doses. There were too few non-vaccine type infections in the women
receiving one dose to meaningfully evaluate cross-protection in this group.

Evidence from a long-term follow up of a phase 11b trial of Cervarix® suggests that cross-
protection might preferentially wane over time [31]. Protection from incident HPV16/18
infection remained consistently high (>90%) throughout the 6.4 years of follow up, with a
cumulative efficacy of 95.3% (95% CI: 87.3-99.6). In contrast, protection from HPV31 and
HPV45 infection was 100% through the first 3 years, but then incident infections began to
appear over the next 3 years, yielding cumulative efficacies of 59.8% (95% CI: 20.5-80.7)
and 77.7% (95% CI: 39.3-93.4) for HPV31 and HPV45, respectively. It will be important to
evaluate in long-term field studies the public health impact of cross-protection afforded by
the two vaccines.

5.2. Cross-protection against disease endpoints

Evaluating cross-protection against disease endpoints is complicated by the fact that many
women with cervical disease are infected with more than one HPV type. Causal inferences
can be made by determining the specific type(s) in a lesion biopsy or by assuming that the
preceding most persistent infection is responsible for the CIN, but these approaches have
limitations. Complicating the issue is the fact that infections by HPV16 and 18, the vaccine
types, tend to progress to CIN more rapidly than infections by other high risk types [22].
Thus, in a 4-year trial, the probability that the lesion in a co-infected woman will be due to
the non-vaccine type is less than the probability that it will be due to a vaccine type. A
conservative approach used in the PATRICIA trial to address this issue was to evaluate
cross-protection after excluding cases that were co-infected with vaccine types [30]. This
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exclusion consistently results in lower efficacy estimates against non-vaccines type-
associated lesions. For instance, for the composite endpoint of CIN2+ associated with any of
12 non-vaccine types, efficacy in the TVC-naive cohort was 56.2% (95% Cl: 37.2-65.0) if
HPV16/18 co-infections were included and a nonsignificant 17.1% (95% Cl,: ~25.5-45.4) if
HPV16/18 co-infections were excluded. However, the corresponding efficacies against
CIN3+ were significant in both cases, 91.4% (95% CI: 65.0-99.0) and 81.9% (95% CI:
17.1-98.1), respectively. For individual types, CIN2+ efficacy estimates with 95% Cls
above zero were noted for types 31, 33, 45, 51, 52, and 56 when HPV16/18 co-infections
were included but only for types 31 and 33 when HPV16/18 co-infections were excluded.
This difference may be due, in part, to the low number of disease endpoints for many types
when HPV16/18 co-infections were excluded.

Cross-protection against cervical disease endpoints was also observed for Gardasil® in the
combined FUTURE /11 analysis [29]. Efficacy against CIN2+ associated with any one of
the 10 most common oncogenic non-vaccine types was 32.5% (95% ClI: 6.0-51.9). Of the
69 cases in the placebo arm, 22 (31.9%) occurred in women who also had an HPV16/18-
related CIN2+. HPV31 was the only individual type for which significant protection against
CIN2+ was observed, 70% (95% CI: 32.1-88.2). Efficacy against non-vaccine A9 species
(types 31,33, 35, 52, or 58) in aggregate was 35.4% (95% CI: 4.4-56.8) and, for non-vaccine
AT species (types 39, 45 or 59) in aggregate, efficacy was a nonsignificant 47.0% (95%

Cl: 715.0-76.9). Efficacy estimates excluding infections by vaccine types were not reported.

6. Efficacy in women with exposure to vaccine type infections

Prior exposure to the HPV types targeted by the vaccine will be minimal in the primary
focus of vaccination campaigns, 10-14 year old girls. However, vaccine safety and efficacy
after HPV16/18 infection is an issue for young women targeted by catch up vaccination
programs because they are expected to have appreciable exposure at the time of vaccination.
This expectation was met in the phase 11 clinical trials. For instance, in the PATRICIA trial,
approximately 6-7% were positive for cervical HPV16 or HPV18 DNA at enrollment and
18-19% of women had serologic evidence of HPV16 and/or HPV18 infection at enroliment
[32]. In a combined FUTURE I/11 analysis, 19.8% of the study population was seropositive
for HPV6/11/16/18 and 26.8% were either PCR DNA-positive or seropositive for at least
one of the vaccine types [33]. It is important to note that serologic measures of prior
exposure to genital HPV infections substantially underestimate true exposure rates since
many women with evidence of cervicovaginal infection will not seroconvert and some
seropositive women will become seronegative over time [34].

Vaccine efficacy in PATRICIA was high for CIN2+ related to HPV16 or HPV18 in women
with evidence of current infection (as measured by HPV DNA detectability) by the other
vaccine type at enrollment, 90.0% (95% CI: 31.8-99.8) [32]. Among HPV16/18 DNA-
negative women, vaccine efficacy against HPV16/18 infection was somewhat lower in those
seropositive from natural infection than in those seronegative, 72.3 (96.1% CI: 53.0-84.5)
and 90.3 (96.1% CI: 87.3-92.6), respectively. A greater probability of latent infection
(susceptible to reactivation) in seropositives might explain this difference. The notably
lower rate reductions in seropositives than seronegatives (2.66 vs 1.01 and 0.31 vs 0.16 for
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6-month persistent infection and CIN2+, respectively) were driven by lower attack rates in
the seropositive controls than in the seronegative controls (1.5 vs. 2.95 for 6-month
persistent infection; 0.20 vs. 0.39 for CIN2+).

In a FUTURE I/11 analyses of HPV6, 11,16, and/or 18 DNA positive women, Gardasil® was
100% (95% ClI: 78.6-100) effective in preventing incident CIN2+ associated with a vaccine
type for which the women were DNA negative at enrollment [33]. Efficacy against vaccine
type-related external genital and vaginal lesions in this study group was 93.8% (95% CI:
80.7-98.8). Gardasil® was also shown to protect seropositive women against subsequent
disease from the corresponding vaccine type [35]. In a MITT analysis of combined
FUTURE I, FUTURE Il and 007 data, efficacy in women DNA negative and seropositive
for the corresponding type was 100% (95% CI: 28.7-100.0) against CIN1+ and 100% (95%
Cl: 28.3-100.0) against external genital lesions. However attack rates in controls, and
therefore rate reductions, were low, 0.2 for CIN1+ and external genital lesions (EGLS) and
0.1 for CIN+2. In comparison, a similar analysis of seronegatives in this combined study
group reported a CIN2+ attack rate of 0.5 in controls [20].

From these studies, it is clear that prevalent infection by one type does not impede vaccine-
induced protection from incident infection by another vaccine type. In addition, the results
also seemingly indicate that the antibody responses to natural infection do not fully protect
women from reinfection, in contrast to antibodies induced by vaccination. The generally
much lower antibody titers detected after infection likely account for this difference in
protection (discussed below). Consistent with this explanation, most seropositive controls
who subsequently became DNA positive had antibody titers that were below the geometric
mean titer [32,35]. Also supporting this interpretation, a recent analysis of seropositive
controls in the CVT found that women with relatively high antibody titers at enrollment
were mostly protected from incident infection (as measured by DNA detection) whereas
those with low titers were not [36]. The 2- to 5-fold lower attack rates in seropositives vs.
seronegatives supports the conclusion that antibodies induced by infection play a substantial
role in protection from reinfection, or are a surrogate marker for cell-mediated immune
protection.

It is important to note that the above analyses might be subject to substantial
misclassification. Relatively low cut points for seropositivity were used in the vaccine trials,
because of the desire to exclude, as much as possible, women with prior exposure to the
vaccine types in the primary ATP analyses. It is possible that the low titers in some women
might be due to non-specific or cross-reactive antibody rather than indications of prior
vaccine-type infection.

The findings that even women with evidence of prior infection can benefit from vaccination
have been used to support arguments for the implementation of more vigorous vaccination
programs in adult women. The substantially lower attack rates in seropositives are an
important consideration that should not be ignored in these discussions.
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7. Therapeutic efficacy

8. Safety

Therapeutic efficacy of the vaccines was not specifically evaluated in the end of study
publications, in large measure because there was no evidence for it in interim analyses.
Although the clinical trials were primarily designed to evaluate immunoprophylaxis, the fact
that women who had prevalent cervicovaginal infection or low grade disease were not
excluded at entry provided a cohort to evaluate therapeutic efficacy. In the CVT, time to
clearance of prevalent infection was evaluated. There was no difference in the rate of
clearance of vaccine or non-vaccine types in Cervarix® vaccinees and control [37]. For
example, 48.9% and 49.8% of HPV/16/18 infections were cleared after 12 months in vaccine
recipients and controls, respectively. The therapeutic activity of Gardasil® was evaluated in
FUTURE Il [15]. No significant difference in the rate of progression of HPV/16/18 infection
to CIN2+ was observed in VLP vaccinees versus controls, 11.1% and 11.9%, respectively.
Thus the VLP vaccines do not appear to alter the course of established cervicovaginal HPV
infection or disease.

Both vaccines exhibited excellent safety profiles in the clinical trials. Mild to moderate
injection-site symptoms, headache and fatigue were the most common adverse events in
Cervarix® and Gardasil® vaccinees and controls. Injection-site pain ranged from 83.0—
93.4% in vaccine groups and from 75.5-87.25% in control groups [14,15,38,39]. Headache
and fatigue was reported in 50-60% of participants in both groups. These solicited
symptoms were transient and resolved spontaneously and did not increase with number of
doses. Symptoms were not notably different in women with evidence of prevalent or past
infection [32,35]. In a randomized control trial directly comparing the two vaccines,
injection-site pain was somewhat higher with Cervarix® than with Gardasil®; 92.9% (95%
Cl: 90.4-95.0) and 71.6% (95% ClI: 67.5-75.4) respectively [40]. Grade 3 severity was
reported in 17.4% (95% CI: 14.2—20.9) and 3.4% (95% CI: 2.0-5.4) in Cervarix® and
Gardasil® groups respectively. However, compliance rates with the three-dose schedule
were similarly high (>84%). The inclusion of the immune stimulating component MPL in
the Cervarix® adjuvant might account for somewhat higher reactogenicity of the vaccine
[38]. For both Cervarix® and Gardasil®, vaccine and control groups experienced similar
rates of serious adverse events (SAESs) (Table 8). The numbers of SAEs judged to be
possibly related to vaccine injection was low for both vaccines and similar to the numbers in
the control groups (Table 8).

Pregnancy outcomes have received special attention, given the target ages of catch up
vaccination programs. A pooled analysis of the PATRICIA and CVT found no significant
increase in miscarriages in the Cervarix® arm (11.5%) compared to the control arm (10.2%)
[41]. However, there is the need to follow up a nonsignificant trend toward an increase rate
of miscarriage for pregnancies conceived within 3 months of Cervarix® vaccination.
Similarly, in a combined analysis of phase 11 trials involving Gardasil®, the proportions of
women with live births, spontaneous abortions and congenital abnormalities where similar
in the vaccine and control groups [15,42]. For example, the rate of spontaneous abortion was
21.9% and 23.3% in the Gardasil® and control groups, respectively. The congenital
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abnormalities observed were diverse and consistent with those generally seen in young
women. Several post-licensure safety studies have been conducted or are ongoing [43-45].
To date, the findings are consistent with those of the clinical trials.

9. Efficacy in mid-adult women

The end of study results (median follow-up of 4 years) of a multi-centric Gardasil® trial in
3819 mid-adult women, ages 2445, were recently published [46]. The results confirm and
extend an interim analysis of this trial in establishing that older women without evidence of
prior exposure to the vaccine types can benefit from the vaccine [47]. In the ATP
population, efficacy against a combined primary endpoint of 6-month persistent infection,
CIN of any grade or EGL related to the vaccine types was 88.7% (Table 9). Similar
efficacies were observed for CIN, EGL and persistent infection individually. There was a
trend for protection against vaccine type CIN2/3 in the ATP analysis, but the study was not
powered for this endpoint and the efficacy was not statistically significant. Vaccine
efficacies against these endpoints irrespective of HPV type were not reported.

In the case of mid-adult women, ATP and ITT naive analyses have limited public health
implications, since prescreening women and vaccination of only HPV DNA/seronegatives is
not being seriously contemplated. This is in contrast to the trials in young women in which
these cohorts provide the best approximation for the primary target for the vaccines, girls
prior to the onset of sexual activity. Of more practical relevance, the efficacy for the
combined primary endpoint in the ITT population was 47.2% for vaccine-targeted types
[46]. From a public health perspective, perhaps the most relevant analysis was the overall
vaccine impact on cervical and external genital procedures regardless of HPV type in the
ITT population. There were modest nonsignificant rate reductions in colposcopy, biopsy,
and definitive treatment of 6.8, 6.4, and 2.4%, respectively. The safety profile in mid-adult
women was similar to that seen in younger women, with a somewhat greater number of
Gardasil® vaccinees having adverse injection-site experiences compared to controls (76.7%
VS 64.2%).

A recent conference abstract related to a Cervarix® trial in mid-adult women up to age 55
years outlined encouraging efficacy results against HP\VV16/18 persistent infection and
CIN1+, but the findings have not yet been published. The published safety and
immunogenicity results from this trial are discussed below [48].

Extension of recommendations and public financing to include vaccination of mid-adult
women is debatable, based on the trial results and current knowledge of the epidemiology of
genital HPV infection [49]. In most populations, immunity to vaccine-related types is
expected to increase with age while the rates of incident infection, and the probability of
infection progressing to cervical cancer, are expected to decrease. Consequently, cost
modeling studies have indicated that vaccination becomes less cost effective with increasing
age [50]. Interestingly, both vaccines are licensed by the European Medicines Agency
(EMA) for use from the age of 9 onwards, but neither is licensed for women over age 26 in
theU.S. However, the vaccine is not routinely provided to mid-adult women in publically
financed programs in Europe. Nevertheless, it is clear from the trials that some mid-adult
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women could potentially benefit from the vaccine, and it seems reasonable to permit them to
purchase it on an individual basis. However vaccination cannot replace screening in mid-
adult women.

10. Efficacy in males

The efficacy of Gardasil® was examined in a placebo-controlled, double-blind trial in 4065
men ages 16—26 from 18 countries [51]. The primary endpoint of the study was protection
from HPV®6, 11, 16 or 18-associated incident EGLs, defined as external genital warts
(condylomata acuminata) or penile, perianal or perineal intraepithelial neoplasia (PIN) of
any grade, or cancer at these sites. Protection against this combined endpoint was 90.4% in
the ATP population and 65.8 in the ITT population. Of the EGLs, 28 of 31 and 72 of 77
were genital warts in the ATP and ITT cohorts, respectively, and most were associated with
HPV6 or HPV11 infections. Significant protection against EGLSs was also observed in both
populations, irrespective of the HPV type in the lesion (Table 10), reflecting the large
proportion of genital warts caused by the vaccine types 6 and 11. Similar efficacy against
persistent infection endpoints was reported in the ATP analysis (Table 10). The results of
this study have led to the licensure of Gardasil® for the prevention of EGL in men in several
countries.

A subset of 602 men in the above trial who reported having sex with men was concurrently
enrolled in a study of anal infection and anal intraepithelial neoplasia (AIN). After 3 years,
Gardasil® was 78.6% (95% Cl: —0.4-97.7) effective against HP\/16/18 (the two types that
cause most anal cancers) and 77.5% (95% CI: 39.6-93.3) effective at preventing
HPV6/11/16/18-related AIN of any grade in the ATP population. It was 54.9% (95% ClI:
8.4-79.1) effective for preventing AIN of any grade caused by any HPV type [52]. Efficacy
against AIN2+ for this population was 74.9 (95% ClI: 8.8-95.4). An efficacy of 94.9% (95%
Cl: 80.4-99.4) was observed against persistent infection by the vaccine-targeted types. As
expected, efficacies for these endpoints were lower in the ITT population, but were
significant for AIN of any grade, AIN2+ and persistent infection by the vaccine types (Table
10). The differences in vaccine efficacy in the two populations reinforce the desirability of
vaccinating males before they become sexually active.

The findings of the anal disease/infection substudy led to U.S. FDA approval of Gardasil®
for the prevention of AIN and anal cancer in both men and women. Approval for women
was based on the argument that the risk factors for HPV-related anal cancer are similar and
its development is biologically indistinguishable in the two sexes. The trial results likely
also contributed to the recent changes in government guidelines for male vaccination in the
U.S. and Australia to policies of routine vaccination of both boys and girls. However, these
findings have not resulted in EMA approval of AlN/anal cancer indications for either sex.

11. Immunogenicity analyses

Immunogenicity analyses in vaccine trials are important for several reasons. They help to
determine the range of responses and provide insights into the potential for long term
protection of the current vaccines and the probability of efficacy of second-generation
vaccines. They have also been used to evaluate the relative potency of the competing
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vaccines. Most importantly, safety/immunogenicity analyses can be used in bridging studies
to extend vaccination recommendations to groups that are difficult to evaluate specifically in
efficacy trials, such as children, in whom clinical outcomes for HPV-related disease cannot
be measured in the immediate time frame.

11.1. Assay considerations

There is no standard assay for assessing immunogenicity in HPV VLP vaccine trials [53].
For most analyses, the two companies have used different assays that measure different
subsets of the constellation of antibodies induced by VLP vaccination, making direct
comparisons difficult. Three types of assays have commonly been used [54]. Enzyme-
Linked Immunosorbant Assays (ELISAS) that employ VLPs as antigen measure the largest
subset of vaccine-induced antibodies, namely all VLP-specific ones that have sufficient
affinity to remain bound through the several wash steps (Fig. 2). In vitro neutralizing assays
measure the biologically relevant subset of virion capsid-binding antibodies that can prevent
infection of cultured cells. Competitive Luminex Immunoassays (cLIA) measure the subset
of antibodies that compete with a type-specific neutralizing monoclonal antibody for binding
to one epitope on the VVLPs. GlaxoSmithKline has routinely used an ELISA and Merck a
cLIA in their trials. Both have used in vitro neutralizing assays to a more limited extent, in
large measure because it is more difficult to conduct with large numbers of samples. ELISAS
and in vitro neutralizing results have similar analytic sensitivities and correlate well for
individual women [55]. cLIAs have the virtue of being very type specific, since the
monoclonal antibodies used in them were specifically selected to not inhibit infection by
even closely related types [56]. However, assays based on reactivity of a single monoclonal
antibody do not correlate quite as well with the other two assays. In particular, it is not
uncommon for sera to be negative in a monoclonal antibody competition assay and positive
in a less restrictive assay [55,57]. A likely explanation for this observation is that the
dominant antibody response in some individuals is to epitopes that do not overlap with the
epitope recognized by the competing monoclonal antibody [58].

11.2. Data on immunogenicity analyses

Regardless of the assay used, studies in young women have demonstrated consistent, strong,
and durable antibody responses to each type in the vaccine. Seroconversion rates approach
or equal 100% for each type in the vaccines [31,57,59,60]. Peak geometric mean titers
(GMTs) one month after the third dose were at least 100-fold higher than after natural
infection and then decline approximately 10-fold to a plateau level in the next 2 years.
Virtually all women maintain stable detectable responses for more than 4 years. For
Cervarix®, maintenance of plateau levels above the levels detected after natural infection for
up to 8.4 years have been observed [31,61] (Fig. 3). Similar results were reported for
Gardasil®, with the additional evidence for immune memory in that antibody responses
could be boosted by revaccination at month 60 (Fig. 4) [62]. The notable exception is that
about one third of the vaccinees became seronegative for HPV18 in the cLIA assay used in
the Gardasil® trials [60]. This exception is more likely due primarily to the HP\V/18-specific
monoclonal antibody not competing effectively with the vaccine-induced antibodies in some
women than due to the absence of protective antibodies. Most of the cL1A-negative women
were positive in a less restricted assay that measures total VLP IgG, and there is no sign of
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preferential waning of HPV18 immunity in the Gardasil® trials [57,60]. Moreover and
importantly there is still protection from HPV18-related disease in these women.

There has been one randomized trial in women 18-45 years old that directly compared the
immunogenicity of Gardasil® and Cervarix®. Cervarix® induced significantly higher peak
GMTs of neutralizing antibodies than Gardasil®, 2.3-4.8-fold for HPV16 and 6.8-9.1-fold
for HPV18, depending upon age [40]. Similar significant differences in HPVV16 and HPV18
GMTs for the two vaccines were also observed at month 24 [59]. Higher HPV16/18 VLP-
specific IgG levels in the serum of Cervarix® vaccinated women was reflected in
correspondingly higher levels of HPV16/18 VVLP-specific IgG in cervicovaginal secretions
through month 24. The greater antibody (and also T helper) responses to Cervarix®
compared to Gardasil® is most likely the result of increase immune activation by the TL4
ligand MPL in the Cervarix®’s AS04 adjuvant [12].

Higher antibody responses would, in general, seem desirable. However, it is currently
unclear whether the differences in antibody responses to the two vaccines will translate into
differences in long-term protection for disease, in part, because the minimum level of serum
antibodies needed to protect women from genital infection has not been established, and, in
part, due to the small number of breakthrough infections detected in the trials. Perhaps of
relevance is the finding that mice are protected from cervicovaginal challenge with HPV16
pseudovirions even if they have serum levels of VLP antibodies that are 500-fold lower than
the minimum that can be detected in an in vitro neutralization assay [63]. This observation
raises the possibility that detection of any vaccine-induced serum antibodies in women using
standard assays indicates levels that are well above the minimum needed for protection.

Detection of neutralizing antibodies in vitro to a non-vaccine type has generally
corresponded with partial protection against infection by that type in clinical trials [25].
Therefore, the above trial compared cross-reactive immune responses to HPV31 and HPV45
induced by Cervarix® and Gardasil® [64]. For both types, the two vaccines induced similar
levels of neutralizing and VLP ELISA reactive antibodies. This is in contrast to Cervarix®’s
apparently greater degree of cross-protection against HPV45 infection in the efficacy trials.
One interpretation of this result is that cross-protection is not antibody mediated. However,
cross-reactive responses were very low, generally less than 1% the responses to homologous
types. Therefore, it may be that the current serologic assays are simply not sufficiently
accurate measures of cross-type protective antibody responses.

12. Immunobridging trials

12.1. Data in pre-adolescent girls and boys

Safety and immunogenicity bridging studies were critical in extending regulatory approval
for the vaccines to pre- and early adolescent girls and boys. Gardasil® induced geometric
mean titers (GMTSs) in 10-15 year old girls and boys that were 1.7-2.0 and 1.8-2.7-fold
higher, respectively, than the titers induced in 16-23 year-old women, as measured by cLIA
[65]. Similarly, Cervarix® induced GMTs in 10-14 year old girls that were 2.1-2.5-fold
higher than those induced in 15-25 year-old women, as measured by ELISA [66]. Titers
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were also higher in 10-18 year old boys [67]. Higher titer antibody responses in younger
individuals are also generally seen in trials of other vaccines.

The higher responses in children led to the comparison of two- and three-dose vaccination
protocols. Two doses of Gardasil® in 9-13 year-old girls delivered at 0 and 6 months was
judged non-inferior to three doses in 16—26 year old women delivered at 0, 2, and 6 months,
as measured by peak titers in HPV16- and HPV18-specific vitro neutralization assays [68].
Similarly, two doses of Cervarix® delivered at 0 and 6 months to 9-14 year-old girls was
non-inferior to the standard three doses at 0, 1, and 6 month in 15-25 year-old young
women, as measured in HPV16 and HPV18 VVLP ELISAs at one month and 18 months after
the last vaccination [69]. Follow-up studies will be needed to determine if the durability of
the responses to two and three doses remain comparable. However, these results have
already prompted some jurisdictions to initiate programs that delay administration of the
third dose for at least 5 years, with an interim assessment to determine if it is needed.

12.2. Data in mid-adult women

The immunogenicity of Gardasil® and Cervarix® was also assessed in mid-adult women. In
the Gardasil® efficacy trial, peak titers trended modestly downward with age when stratified
into 16-23, 24-34 and 35-45 age groups [46]. However, seroconversion rates, measured one
month after the third dose in cLIA assays, were greater than 97% for all vaccine types. At
month 48, seropositive rates in 24-45 year-olds were 91.5%, 92.0%, 97.4 and 47.9% for
HPV®6, 11, 16, and 18, respectively. The loss of seropositivity to HPV18 in half of the mid-
adult women mirrors the loss in approximately one third of young women [60]. As
mentioned above, this finding may be more related to the specific performance of the
HPV18 cLIA used in the analysis, than lower immunogenicity of the HP\VV18 VLPs used in
the vaccine.

In a Cervarix® trial of women ages 15-55, all women seroconverted to both HP\/16 and 18
at one month after the last dose, as measured in a VLP ELISA [48]. Although peak and
plateau titers were higher for the 15-25 year-old group than the 26-45 and 46-55 year-old
groups, all women remained seropositive at month 24. GMTs in the 46-55 year-olds
remained 16-fold (HPV16) and 8-fold (HPV18) higher than the GMTs elicited by natural
infection. Thus, mid-adult women are able to mount robust antibody responses to both
vaccines.

12.3. Data in HIV-infected individuals

HIV-infected individuals have an increased risk of persistent HPV infection, HPV-
associated benign lesions and HPV-associated cancers. It is therefore of interest to determine
the immune response to the vaccines in HIV-infected individuals. Safety and
immunogenicity of Gardasil® was assessed in separate studies of adult males (ages 22— 61)
and children (ages 7-12) [70,71]. The vaccine was safe and well tolerated in both studies,
with no adverse effects on CD4+ cell counts or plasma HIV RNA levels. Seroconversion
rates were greater than 95% and antibody titers were approximately 50% of those measured
in HIV-uninfected individuals of similar age. These findings encourage targeted vaccination
programs for young HIV positive individuals.
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12.4. Data on co-administration with other vaccines

Since several other vaccines are routinely given to adolescents, it is important to determine
if they can be co-administered with the HPV vaccines. Recent studies have demonstrated
safety and non-inferior immune responses when Gardasil® was coadministered with
Recombivax HB® (hepatitis B; Merck & Co., Whitehouse Station, NJ USA) [72], Repevax®
(diphtheria, tetanus, acellular pertusis, inactive polio; Sanofi Pasteur MSD, Lyon France)
[73], or Menactra® (meningococcal conjugate; Sanofi Pasteur, Inc., Swiftwater, PA USA)
plus Adacel® (diphtheria, tetanus, acellular pertusis; Sanofi Pasteur, Inc., Swiftwater, PA,
USA) [74]. Safety and immune response non-inferiority has been demonstrated for co-
administration of Cervarix® and Boostrix®-IPV (diphtheria, tetanus, acellular pertusis,
inactivated polio; GlaxoSmithKline Biologicals, Rixensart, Belgium) [75]. These
encouraging results might eventually lead to co-formulation of HPV and other vaccines,
particularly with hepatitis B where vaccination schedules and adjuvants appear most
compatible.

13. Second-generation vaccines

Several second-generation HPV prophylactic vaccines are under development with the goal
of addressing some of the inherent limitations of the current vaccines. The approach that is
by far the most advanced is to simply increase the valency of an L1 VLP vaccine to address
the issue of type-restricted protection. Merck appears to be well advanced in a Phase 111
efficacy trial of a nonavalent vaccine, which, in addition to the four types in Gardasil®,
contains L1 VLPs of types 31, 33, 45, 52 and 58 [76]. Even if the vaccine is entirely type-
specific, it would have the potential to prevent approximately 85% of cervical cancer-
associated HPV infections [6].

Vaccines based on L1-pentameric subunits produced in E. coli have been generated to
address the cost of production in eukaryotic cells [77]. These capsomere-based vaccines
have demonstrated protection from experimental challenge in animal models [78]. Phase |
clinical trials of a capsomere-based vaccine are anticipated in the near future [76].
Alternatives for lowering the cost of manufacturing being investigated include the
generation of the L1 VLPs in alternative yeast production systems, such as Pichia pastoris
[79], or in plants [80]. Live recombinant viral and bacterial vectors, such a measles [81],
adeno-associated virus [82] and Salmonella typhi [83], expressing L1 have also generated
promising results in preclinical studies.

Vaccines based on the minor virion protein, L2, have generated increasing interest in recent
years (reviewed in [84]). L2 contains some remarkably broad cross-type neutralizing
epitopes. These epitopes are able to induce antibodies that prevent infection by genital and
cutaneous HPV types both in cultured cells and animal models. Simple L2 polypeptides
generated in E. coli or synthetically can elicit these broadly cross-neutralizing antibodies,
raising the possibility of an inexpensive monovalent vaccine with the potential to be broadly
protective. However, neutralizing antibody titers to L2-based immunogens are invariably
lower than homologous type neutralizing titers elicited by VLP-based immunogens. There
have been a number of strategies employed to increase L2-induced neutralizing titers,
including virus-like display approaches and fusion to immunogenic peptides. Whether the
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responses will be sufficient to induce long-term type specific and cross-type protection
remains to be determined.

It is important to note that the path and timeline for clinical development and licensure of
these second generation vaccines is uncertain. It would be imprudent to delay introduction
of the current vaccines in the hopes that a more attractive product might be forthcoming in
the future. Since it is unlikely that the next generation of vaccines will have therapeutic
efficacy, the opportunity to protect the current cohort of girls (and boys) from HPV-
associated cancers would likely be lost if the introduction of the available vaccines were
delayed.

14. Conclusions

The basic profiles of the two licensed HPV VLP vaccines are now well established (Table
11). They are generally safe, with minor injection-site symptoms the principal adverse
events reported. They are highly immunogenic, inducing high peak titers of antibodies in
virtually all vaccinees, and measurable serum antibody responses persist for years. They are
highly efficacious at preventing incident anogenital infection and subsequent neoplastic
disease by the types specifically targeted by the vaccines. To date there are no signs of
waning protection. They induce partial cross-protection against infection and disease caused
by a limited number of phylogenetically-related non-vaccine types. Infection by one vaccine
type does not inhibit prevention of infection by another vaccine type. However, the vaccines
do not act therapeutically to induce regression or prevent progression of established
infections.

Several gaps in our understanding of the vaccines’ performance remain. Most importantly,
the duration of protection has not yet been established. The continued persistence of serum
antibodies for up to 8.4 years now for Cervarix® [61] without a significant drop in titer after
2 years encourages an optimistic projection for continued strong efficacy through the peak
years of anogenital HPV acquisition and perhaps lifelong. The stable long-term antibody
titers observed after L1 VLP vaccination are reminiscent of the antibody responses to virion
proteins in live virus vaccines that routinely provide life-long protection [85]. We are less
optimistic about the prospects for durable cross-type protection. The planned long-term
follow up of vaccinated cohorts should provide answers to these questions [86].

Efficacy in pre- and early-adolescents, the primary targets for vaccination, has not been
demonstrated. Trials in this age group are logistically challenging, since the vaccinees would
require active follow-up for many years to accrue sufficient numbers of sexually transmitted
infections or resulting disease endpoints. It is unlikely that a formal efficacy trial in pre- and
early-adolescents will ever be conducted. Now that the vaccine is approved for this age
group, it is doubtful that a placebo-controlled trial would be permitted. The best evidence
will likely come from effectiveness studies in adults vaccinated as adolescents. This type of
data should be forthcoming in the next 5-10 years. Given the strong immunogenicity results
in adolescents, the expectations are high that the findings will be favorable.
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In contrast to the extensive data on anogenital infection (Table 11), there are no data to date
on vaccine efficacy against oropharyngeal HPV infections. This deficit is an important
consideration, since the incidence of HPV-associated oropharyngeal cancer (mostly
attributable to HPV16) appears to be increasing dramatically, at least in industrialized
countries [87]. It is uncertain whether a trial to specifically evaluate oropharyngeal efficacy
will be conducted. The premalignant precursors of oropharyngeal cancer cannot be routinely
identified, making it difficult to contemplate a trial with intraepithelial neoplasia as a
surrogate endpoint [88]. Current routine HPV DNA sampling methods appear to have
relatively low sensitivity for detecting oropharyngeal infections, making trials using
persistent infection endpoints difficult as well. Finally, approval of a trial with a placebo-
controlled trial might be difficult, given that the vaccines are approved for other indications
in the prospective study populations. Regarding other oral lesions, it would helpful to
establish a surveillance system for recurrent respiratory papillomatosis, since its frequency
in infants of Gardasil®-vaccinated women is likely to decrease.

In conclusion, the profiles of the HPV VLP vaccines established in the randomized clinical
trials illustrate their potential as high value public health interventions and strongly support
their wide spread implementation to prevent anogenital HPV infections and their associated
neoplasia. The primary focus must now be on implementation issues to maximize the rapid,
effective and cost-efficient delivery of the vaccines to those individuals that are most likely
to benefit from them.
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Figure 1.
Rate reduction and vaccine efficacy are time dependent variables. Time-to-event curves for

acquisition of HPV6/11/16/18-related CIN3/AIS in Gardasil® (Merck & Co., Whitehouse
Station, NJ USA) and placebo recipients in the ITT cohort. AlS: Adenocarcinoma in situ;
CIN3: Grade 3 cervical intraepithelial neoplasia; ITT: Intention-to-Treat. Taken with
permission from reference [21].
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Figure 2.
Relationships among VLP-specific antibodies detected in ELISA, cLIA, and neutralization

assays. Shown is a schematic representation of the constellation of antibodies detected in
VLP antibody assays. Red = all VLP antibodies induced; Orange = ELISA detected; Grey =
in vitro neutralizing assay detected; Light grey = cLIA detected. cLIA: Competitive
Luminex® immunoassay; VLP antibodies: Virus-like particle-specific antibodies. Adapted
from reference [53].
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Figure 3.
Durability of antibody responses to Cervarix® in young women. Orange Bars = GMTSs in

Cervarix® (GlaxoSmithKline Biologicals, Rixensart, Belgium) vaccinees. Red bars = GMTs
in control vaccinees. Numbers above bars indicate the percent seropositive at the indicated
month since vaccination. CI: Confidence interval; cLIA: Competitive Luminex®
immunoassay; ED50: Serum dilution causing a 50% reduction in secreted alkaline
phosphatase activity compared with a control without serum; ELU: ELISA units; GMT:
Geometric mean titer; VLP: Virus-like particle. Taken with permission from reference [31].
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Figure 4.

Durability of HPV/16 antibody responses to Gardasil® in young women. cLIA: Competitive
Luminex® immunoassay geometric mean titer; GMT: Geometric mean titer; mMU:
milliMerck Units. PCR: Polymerase chain reaction; PPI: Per Protocol Immunogenicity
cohort. * Gardasil® (Merck & Co., Whitehouse Station, NJ USA) vaccination (0, 2, 6, and
60 months). Taken with permission from reference [61].
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Table 1
Characteristics of HPV VLP vaccines
Gardasil® Cervarix®
Manufacturer Merck GlaxoSmithKline
VLP Types 6/11/16/18 16/18
Dose of L1 Protein 20/40/40/20 pg 20/20 ug
Producer Cells Saccharomyces cerevisiae Trichoplusia ni (Hi 5) insect

(baker’s yeast) expressing L1

cell line infected with L1
recombinant baculovirus

Adjuvant 225 pg aluminum
hydroxyphosphate sulfate

500 pg aluminum hydroxide,
50 ug 3-O-deacylated-4’-
monophosphoryl lipid A

Injection Schedule 0, 2, 6 months

0, 1, 6 months

Gardasil® (Merck & Co., Whitehouse Station, NJ USA).

Cervarix® (GlaxoSmithKline Biologicals, Rixensart, Belgium).

HPV: human papillomavirus; VLP: virus-like particle.

Data from reference [1].
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Table 2

Characteristics of phase 11 efficacy studies in young women

Page 32

Characteristic

Future |

Future 11

PATRICIA

CvT

Vaccine

Funding source
No. study sites
Countries included

Length
Control

Age

Lifetime no. sexual
partners

Exclusion criteria

Primary endpoints

Gardasil®
Merck & Co., Inc.
62
16
4 years

225 pg Aluminum
hydroxyphosphate sulfate

16-24
<4

Pregnancy, history of
abnormal Pap smear or
genital warts

Incident HPV6/11/16/18-
associated genital warts,
CIN1-3, VIN1-3, VaIN1-
3, AlS and cervical,
vaginal or vulvar cancer

Gardasil®
Merck & Co., Inc.
90
13
4 years

225 pg Aluminum
hydroxyphosphate sulfate

15-26
<4

Pregnancy, history of
abnormal Pap smear

Incident HPV16/18 —
associated CIN2-3, AIS
or cervical cancer

Cervarix®
GlaxoSmithKline
135
14
4 years
Hepatitis A VVaccine
15-25
<62
Pregnancy, breastfeeding,
history of colposcopy,

autoimmume disease or
immunodeficiency

Incident HPV16/18 —
associated CIN2+

Cervarix®
National Cancer Inst.
7
1

4 years
Hepatitis A Vaccine

18-25

No restriction

Pregnancy, breastfeeding,
history of
immunosuppression,
hysterectomy, hepatitis A
vaccination

Incident 12 mo.
persistent HPV/16/18
infection

aNo limitation for Finnish subjects.

CIN: Cervical intraepithelial neoplasia; CVT: Costa Rica HPV trial; HPV: Human papillomavirus; VIN/ValN: Vulvar/vaginal intraepithelial

neoplasia.

Data from [14-17].
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Table 4

Protection of young women against genital disease by Gardasil® in Future | and Il Trials

A. Genital disease related to HPV6/11/16/18

% Efficacy (95% ClI)

Rate reduction®

ATPb
CIN2
CIN3
AlS
VIN2/3 or VaIN2/3+

100 (94.7-100)
96.8 (88.1-99.6)
100 (30.9-100)
100 (82.6-100)

0.5
0.3
<0.1
0.1

Unrestricted susceptible
CIN2
CIN3
AIS
VIN2/3 or VaIN2/3

Genital warts

100 (88.4-100)
100 (90.5-100)
100 (<0-100)
95.4 (71.5-99.9)
96.4 (91.4-98.9)

0.3
0.2
<0.1
0.1
0.8

ITT
CIN2
CIN3
AIS
VIN2/3 or ValN2/3+

Genital warts

54.8 (40.8-65.7)
45.1 (29.8-57.3)
60.0 (<0-87.3)
78.5 (55.2-90.8)
79.5 (73.0-84.6)

0.3
0.3
<0.1
<0.1
0.8

B. Genital disease irrespective of HPV type

% Efficacy (95% CI)

Rate reduction?

ITT naive
CIN2
CIN3
AIS
VIN2/3 or VaIN2/3

Genital warts

42.9 (20.2-59.5)
43.0 (13.0-63.2)
100 (<1-100)
77.1 (47.1-91.5)
82.8 (74.3-88.8)

0.3
0.2
<0.1
0.1
0.8

Unrestricted susceptible
CIN2
CIN3
AIS
VIN2/3 or VaIN2/3

Genital warts

19.3 (5.7-31.0)
16.4 (0.4-30.0)
62.5 (<0-88.0)
50.7 (22.5-69.3)
62.0 (53.5-69.1)

0.2
0.2
<0.1
0.1
0.8

aper 100 women years.

bincludes final results of trial 007.
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AIS: Adenocarcinoma in situ; ATP: According to Protocol; Cl: Confidence interval; CIN: Cervical intraepithelial neoplasia; HPV: Human
papillomavirus; ITT: Intention-to-Treat; VIN/ValN: Vulvar/vaginal intraepithelial neoplasia. Data from references [20,21].
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Protection of young women against incident cervical disease by Cervarix® in the PATRICIA trial

A. HPV16 or HPV18-related endpoints

% Efficacy (95% CI)

Rate reduction®

ATP-E
CIN2+ 94.9 (87.7-98.4) 0.38
CIN3+ 91.7 (66.6-99.1) 0.09
AIS 100 (-8.2-100) 0.02
TVC-naive
CIN2+ 99.0 (94.2-100) 0.47
CIN3+ 100 (85.5-100) 0.13
AIS 100 (15.5-100) 0.03
TVC
CIN2+ 60.7 (49.6-69.5) 0.43
CIN3+ 45.7 (22.9-62.2) 0.13
AIS 70 (-16.6-94.7) 0.02

B. Endpoints irrespective of HPV DNA

% Efficacy (95% CI)

Rate reduction?

TVC-naive
CIN2+ 64.9 (52.7-74.2) 0.54
CIN3+ 93.2 (78.9-98.7) 0.20
AIS 100 (31.0-100) 0.03
TVC
CIN2+ 33.1(22.2-42.6) 0.44
CIN3+ 45.6 (28.8-58.7) 0.22
AlS 76.9 (16.0-95.8) 0.03

aper 100 women years

Table 5

Page 36

AIS: Adenocarcinoma in situ; ATP-E: According to Protocol for efficacy; CI: Confidence interval; CIN: Cervical intraepithelial neoplasia; HPV:
Human papillomavirus.

Data from reference [23].
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Table 6

Protection of young women against 1-year persistent HPV16/18 cervicovaginal infection by Cervarix® in the
Costa Rica Vaccine Trial

A. Stratified by age at vaccination

% Efficacy (95% CI)  Rate reduction®

ATP
All ages 90.9 (82.0-95.9) 3.0
18-19 95.9 (78.5-99.8) 2.9
20-21 86.6 (59.2-96.8) 2.9
22-23 95.7 (77.4-99.8) 38
24-25 82.2 (43.9-95.9) 25

ITT
All ages 49.0 (38.1-58.1) 3.9
18-19 68.9 (53.1-79.9) 52
20-21 42.8 (17.9-60.6) 36
22-23 51.5 (28.4-67.7) 47
24-25 21.8 (16.9-47.9) 16

B. Stratified by time since enrollment

% Efficacy (95% CI)  Rate reduction®

ATP
10-22mo.  71.2 (25.6-90.5) 0.8
22-34mo.  91.9 (76.6-98.0) 16
34-46 mo. 100 (81.0-100) 14
46+ mo. 100 (78.6-100) 16

ITT
10-22 mo. 15.6 (8.1-34.2) 07
22-34mo.  59.7 (36.5-75.0) 13
34-46mo. 835 (69.9-91.7) 18
46+ mo. 94.3 (80.1-99.1) 16

a .
per 100 women vaccinated
ATP: According to Protocol; CI: Confidence interval; ITT: Intention-to-Treat.

Data from reference [26].
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Table 7

Cross-type protection against 6-month persistent infection

Efficacy (95% CI)

Trial: Futurel/ll PATRICIA CVT
Vacccine: Gardasil® Cervarix® Cervarix®
Cohort: ITT-Naive TVC-Naive ATP
Mean 3.6yrs 3.3yrs 4yrs
Follow-up:

HPV31 46.2 (15.3-66.4)  77.1(67.2-84.4)  64.7 (42.6-78.9)
HPV33 28.7 (45.1-65.4)  43.1(19.3-60.2)  32.1 (41.1-68.2)
HPV35 17.8(77.1-62.5)  21.8(1025-26.2)  25.0 (40.6-60.6)
HPV/52 18.4 (-20-45.0) 18.9 (3.2-32.2) 19.6 (8.1-40.4)
HPV58 5.5 (54.3-42.2) 6.2 (44.0-21.6) 2.8 (48.0-36.2)
Non-Vaccine A9 21.9 (0.6-38.8) 27.6 (17.6-36.5) NR

HPV39

HPV45
HPV59
HPV68

Non-vaccine A7
HPV51

HPV56
HPV66

NR&
7.8 (67.0-49.3)
18.7 (22.8-46.4)
NR

14.8 (19.9-39.6)P
NR
NR
NR

20.9 (2.3-39.9)

79.0 (61.3-89.4)
3.9 (61.7-33.1)
8.9 (18.8-30.1)
22.3(8.4-34.2)

25.5 (12.0-37.0)
1.4 (24.8-22.0)
1.5 (29.3-20.3)

30.8 (109.2-17.6)

73.0 (45.3-87.8)
30.3 (130.3-25.6)
NR
NR

56.1 (114.3-14.2)
25.8 (12.7-51.4)
1.6 (41.0-31.3)

aNR = not reported

k)HPV45 and 59 only

CVT: Costa Rica HPV Trial; Cl: Confidence interval; HPV: Human papillomavirus.

Data from references [26,29,30].
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Efficacy of Gardasil® against HP\V/6/11/16/18-related endpoints in mid-adult women

Table 9

Endpoint

ATP
% Efficacy (95% ClI)

ITT
% Efficacy (95% CI)

Persistent infection, CIN or EGL 88.7 (78.1-94.8)

Persistent infection
CIN - any grade
CIN2/3

EGL

89.6 (79.3-95.4)
94.1 (62.5-99.9)
83.3 (37.6-99.6)
100 (30.8-100)

47.2 (33.5-58.2)
49.0 (35.5-59.9)
475 (16.3-67.7)
22.4 (42.5-58.3)
8.5 (126.6-63.4)

Page 40

ATP: According to Protocol; CI: Confidence interval; CIN: Cervical intraepithelial neoplasia; EGL: External genital lesion; ITT: Intention-to-treat.

Data from reference [46].
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Efficacy of Gardasil® in men

Table 10

ATP

% Efficacy (95% CI)

ITT

% Efficacy (95% CI)

External genital lesions
Any Type?
HPVG, 11, 16, 18

83.8 (61.2-94.4)

90.4 (69.2-98.1)

60.2 (40.8-73.8)

65.5 (45.8-78.6)

Persistent genital infection?
HPVG, 11, 16, 18
HPV6
HPV11
HPV16
HPV18

85.6 (73.4-92.9)¢
NR
NR
78.7(55.5-90.9)
96.0 (75.6-99.9)

27.1(16.6-36.3)

35.1 (20.3-47.3)
43.2 (18.7-60.7)
28.0 (12.9-40.7)
33.9 (13.0-50.1)

AIN-any grade
Any Type?
HPVG, 11, 16, 18

54.9 (8.4-79.1)

77.5(39.6-93.3)

25.7 (-1.1-45.6)

50.3 (25.7-67.2)

AIN2/3

74.9 (8.8-95.4)

54.2 (18.0-75.3)

Persistent anal infection?
HPVG6, 11, 16, 18
HPV6
HPV11
HPV16
HPV18

94.9 (80.4-99.4)
92.1 (47.2-99.8)
100 (-15.5-100)
93.8 (60.0-99.9)
100 (51.5-100)

59.4 (43.0-71.4)
62.5 (37.5-78.2)
53.7 (7.5-78.0)
54.0 (23.9-2.9)
495 (11.3-72.1)

1duosnue Joyiny

1duasnuen Joyiny

aSeronegative to HPV6, 11, 16, 18 and DNA negative to 6, 11, 16, 18, 31, 33, 35, 39, 45, 51, 56, 58, and 59 at enrollment.
k)Persistence defined as detection of the same type on consecutive visits at least 6 (+/-1) months apart.

%97.50% Cl

AIN: Anal intraepithelial neoplasia; AIN 2/3: Anal intraepithelial neoplasia grade 2 or 3; ATP: According to Protocol; Cl: Confidence interval,
HPV: Human papillomavirus; ITT: Intention-to-treat; NR: Not reported.

Data from references [51,52].
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Table 11

Key findings from clinical trials of HPV VLP vaccines

Study group Outcome Gardasil® Cervarix®

Young women Infection efficacy Proven Proven
CIN2+ efficacy Proven Proven
CIN3 efficacy Proven Proven
VIN/ValN 2/3 efficacy Proven Proven@
Genital warts efficacy Proven Not a target
Anal infection efficacy Not proven Proven
Partial cross-protection infection Proven Proven
Partial cross-protection CIN2+ Proven Proven
Therapeutic efficacy None None

Safety

No concerns

No concerns

Mid-adult women

Infection efficacy

CIN2+ efficacy

Immunogenicity

Proven

Proven

Proven

Proven2
Not proven

Proven

Safety No concerns No concerns
Young men Infection efficacy Proven Not proven
Genital wart efficacy Proven Not a target
Anal infection Proven Not proven
AIN2+ efficacy Proven Not proven
Safety No concerns No concerns
Children Infection efficacy Not proven Not proven
Disease efficacy Not proven Not proven

Immunogenicity Safety

Proven No concerns

Proven No concerns

aMeeting abstract but not yet published.
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CIN: Cervical intraepithelial neoplasia; HPV: Human papillomavirus; VIN/ValN: Vulvar/vaginal intraepithelial neoplasia; VVLP: Virus-like

particle.
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