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2.5.1 Product Development Rationale
2.5.1.1 Pharmacologic Class

Quadrivalent Human Papillomavirus (HPY) (Types 6,11,16,18) recombinant
vatcine, also referred to as gHPYV vaccine, is a recombinant protein particulate (virus-like
particle [VLP]) vaccine manufa¢tured by Merck & Co., Inc. (West Point, Pennsylvania,
U.S.A.) for the prevention of cancer, dysplasia, genital warts, and infection caused by
HPV types targeted by the vaccine and related non-vaccine HPV types. All protocols
presented by number are protocols that studied qHPV vaccine.

2.5.1.2  Chemical and Pharmaceutical Properties

The gHPV vaccine is prepared from the highly purified VLPs of the recombinant major
capsid (L1) protein of HPV Types 6, 11, 16, and 18. The VLPs are adsorbed on
amorphous aluminum hydroxyphosphate sulfate adjuvant. The formulation also includes
sodium chloride, L-histidine, polysorbate 80, sodium borate, and water for injection.
Each 0.5-mL dose is formulated to contain 20 pg HPV 6 L1 protein, 40 ug HPV 11 L1
protein, 40 pg HPV 16 L1 protein, and 20 pg HPV 18 L1 protein. The quadrivalent final
container product is a sterile suspension for injection in a single-dose vial or a prefilled
syringe. For each image, the fill volume permits administration of 0.5 mL of vaccine for
intramuscular injection. The qHPV vaccine is not a live virus vaccine, It contains no
viral deoxyribonucleic acid (DNA). It is incapable of causing infection.

2513 Proposed Indications

The data presented in this sdpplemental Application confirm and extend the results
submitted in prior Applications as follows: ' '

Based on a robust demonstration of the efficacy of the qHPV vaccine when administered
to 24 to 45-year-old women, it can be inferred that the efficacy conclusions resulting
from the Phase Il in young adult women can be applied to women through the age of 45
years at vaccination onset,

Accordingly, the current Application proposes the following indication for the qHPV
vaccine:

The qHPV vaccine is a vaccine indicated in girls and women 9 to 45 years of age for the
prevention of cervical, vulvar and vaginal cancer, cervical dysplastic lesions, and genital
warts caused by HPV. qHPYV vaccine is indicated to prevent the following diseases:

Diseases caused by Human Papillomavirus (HPV) types 6, 11, 16, and 18:
* Cervical cancer, Vulvar cancer, and Vaginal cancer
*  Genital warts (condyloma acuminata)

and the following precancerous or dysplastic lesions:
* Cervical adenocarcinoma in situ (AIS)

 Cervical intraepithelial neoplasia (CIN) grade 2 and grade 3
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* Vulvar intraepithelial neoplasia (VIN} grade 2 and grade 3
* Vaginal intraepithelial neoplasia (VaIN) grade 2 and grade 3
¢ Cervical intraepithelial neoplasia (CIN) grade 1
*  Vulvar intracpithelial neoplasia (VIN) grade 1
* Vaginal intraepithelial neoplasia (VaIN) grade 1.
2.5.1.4  Scientific Background
25141 Public Health Burden of HPV-Related Clinical Disease

HPYV infection is the most common sexually transmitted disease worldwide. Over 50%
of sexually active adults become infected with HPV during their lifetime [Ref. 5.4; 1716,
1887]. '

HPV infection can cause pre-cancerous epithelial dysplastic lesions that can result in
" cancer, as well as benign tumors.

Cervical Cancer, Over 490,000 cases of cervical cancer are diagnosed worldwide
annually [Ref. 5.4: 1235, 1767, 1867). The S-year survival averages 50 to 70%
worldwide, depending on stage at diagnosis. The mortality and morbidity associated with
cervical cancer is accentuated relative to other cancers because this disease generally
affects women in their 30s to 50s, a period of peak family life and productivity [Ref. 5.4:
328].

Cervical cancer screening has shifted the burden of cervical HPV infection from the
morbidity of cervical cancer to the management of millions of precancerous lesions. It is
estimated that the lifetime risk for detection of CIN in well-screened populations
approaches 25%. These lesions are divided into 3 categories based on their oncogenic
potential: CIN 1, CIN 2, and CIN 3/AIS. CIN 1, ot low grade dysplasia, is the most
common dysplastic lesion caused by HPV infection. CIN 1 is generally understood to be
a manifestation of productive HPV infection, often tegresses spontaneously. CIN 3 and
Adenocarcinoma in situ (AIS) are the immediate and obligate precursors to cervical
squamous cell- and adeno-carcinoma, respectively. CIN 2 is an intermediate pathological
state that includes early CIN 3 lesions and particularly dysplastic CIN 1 lesions, The
standard of care in most countries is to follow women with CIN 1 lesions, reserving
excision to those with whose lesions are chronic. For CIN 2/3 and AIS, the standard of
care is wide excision. The success of cervical cancer screening in reducing cervical
cancer rates is based on the detection and excision of CIN 2/3 and AIS lesions
(Secondary Prevention).

Vulvar and Vagina Cancer. In the U.S., ~3500 women are diagnosed with HPV-related
vulvar or vaginal cancers, and ~1100 women die from these cancers annually. These
cancers generally occur in young women and are preceded by dysplastic lesions (vulvar
intraepithelial neoplasia, or VIN, and vaginal intraepithelial neoplasia, or VaIN). VIN
and ValIN lesions are classified in an analogous manner to CIN. The natural history and
the clinical relevance of these lesions are also similar to those of the corresponding CIN
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lesions. Rates of VIN have been increasing in the United States (U.8.) and Europe,
particularly among women in their 30s and 40s [Ref. 5.4: 533, 807, 1225]. VIN 2/3 and
ValN 2/3 are the immediate and obligate precursors for HPV-related vulvar and vaginal
cancer.

Genital Warts. Condyloma acuminata, or genital warts, are present in approximately (~)
1% of sexually active men and women in the U.S. [Ref. 5.4: 1705, 1805]. Genital warts

are benign proliferative lesions of the external anogenital tract. The incidence of genital

warts in among men and women in their 20s, 30s, and 40s is substantial. Genital warts
cause significant psychological and physical morbidity. Individuals who develop genital
warts have a high incidence of depression, sexual dysfunction, and disruptions to long-
term intimate relationships [Ref. 5.4: 496, 1821]. Anogenital warts cause pruritus and
dyspareunia. Ablative therapies can achieve regression, but recurrence is common.
Therapy is approximately 70% effective; thus, 30% of genital wart lesions recur.
Recurrent lesions are treated with the same methods [Ref. 5.4: 827, 19841,

Recurrent Respiratory Papiflomatosis (RRP). RRP is characterized by rapidly
growing, histologically benign laryngeal warts. Annually, ~2300 and ~3600 cases are
reported in children and adults, respectively, in the U.S. The disease causes airway

obstruction. Patients must undergo frequent laser excision; some cases are fatal [Ref. 5.4
1969). :

Other Cancers. HPV infection can cause anal, penile, and certain oral cancers [Ref. 5.4:
341,450, 1018).

25142 HPY Virology and Pathophysiology of HPV Infection

The Papillomavirus family has been organized into species groupings based on the major
capsid protein, L1, sequence homologies. Members of a papillomavirus species members
share ~75% L1 gene sequence homology as well as a common pathophysiology.
Individual types within a given HPV species may have up to 90% homology.

The 40 HPV types that infect the genital tract are classified as high-risk types that can
cause cancer or low-risk types that cause dysplasia that rarely progresses to cancer [Ref.
5.4: 685). The 18 HPV types that have been classified as being oncogenic (HPV 16, 18,

26, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 68, 73, and 82) are members of 5 species

[Ref. 5.4: 685]. HPV 16 is the prototype of the A9 species, which includes 6 cancer-
causmg HPV types (HPV 16, 31, 33, 35, 52, and 58). HPYV 18 is the prototype of the A7
species, which includes 5 cancer-causmg HPV types (HPV 18, 39, 45, 59, and 68) [Ref.
5.4: 685, 1022]. The remaining 3 species of oncogenic HPV types, AS (Prototype HPV
51), A6 (Prototype HPV 56), and A11 (prototype HPV 73) rarely cause cancer but often
cause CIN lesions.

HPV 16 and/or HPY 18 cause most HPV-related cancer cases. The A9 species cause (~)
70% of cervical cancers [Ref. 5.4: 685]. The A7 species cause ~20%.of cervical cancers
[Ref. 5.4: 685]. HPV 16 causes over 80% of HPV-related vulvar and vaginal cancers
[Ref, 5.4: 2037]. HPV 6 and HPV 11 are the most common low-risk HPV types, causing
>90% of genital warts and RRP [Ref. 5.4: 342, 1767, 1889].
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2.514.3 Epidemiology of HPV Infection — Impact on Clinical Trial Design

The median age of sexual debut is ~16 years in most countries [Ref. 5.4; 824, 1091,
1124]. By 5 years after sexual debut, ~50% of young women will have been infected
with at least one of the 40 genital HPV types [Ref. 5.4: 1716, 1889]. Studies suggest a
similar infection pattern in men.[Ref. 5.4: 744]. The peak incidence of HPV infection
occurs in young adults. Hence, the efficacy of the qHPV vaccine was first evaluated in
16- to 26-year-old women (for the putpose of this Application, termed Young-Adult
Women, or YAW).

The gHPV vaccine is meant to be a prophylactic vaccine, so HPV vaccination programs
will include children below the age of 16. Efficacy trials in children wete not conducted,
as it is not feasible to collect genital samples in children. Instead, immunogenicity
studies were conducted. Vaccine efficacy in 9- to 15-vear-olds was inferred based on a
demonstration of the robust immunogenicity of the gHPV vaccine in this age range.

Although the incidence of HPV disease peaks within 10 vears of sexual debut, women
remain at risk for acquisition of HPV infection and development of clinical HPV
disease throughout their sexual lives [Ref. 5.4: 827, 1160, 1917). Increases in the age
of first marriage, rates of divorce, and infidelity over the past 30 years have further
increased the risk of HPV infection among women in their late 20s, 30s, and 40s
[Ref. 5.4: 2111].

A review of the literature, presented in this Application, confirms that 27- to 45-year-old
women (Mid-Adult Women, or MAW) remain at substantial risk for acquisition of HPV
infection and clinical HPV disease. Protocol 019 (P019) is an efficacy study of qHPV
vaceine among 3819 24~ to 45-year-old women. The study represents one of the largest
natural history studies of HPV infection in MAW, In this study:

= AtDay 1, 67% of study subjects had no evidence of past or current infection with
any of the 4 vaccine HPV types;

~ Among placebo subjects who were naive to vaccine HPV types at Day 1, the
incidence of persistent HPV 6, HPV 11, HPV 16, or HPV 18 infection was 2.0 per
100 person-years at risk; and ' '

~ the incidence of HPV 6-, 11, 16-, or 18-telated CIN or External Genital Lestons
(EGLs) in the was 1.2 per 100 person-years at risk in all women who received
placebo.

A vaccine that protects MAW from infection and disease caused by common HPV types
will be a major medical advance - and fulfill a currently unmet medical need.

2.5.1.4.4  Study Endpoints in Efficacy Studies of gHPV in Women
2.5.14.41 Study Endpoints — Mid-Adult Women (24- to 45-Year-Old Women)

Context of Phase Il Program in YAW. The clinical program that led to licensure of
qHPV vaccine was conducted among YAW, The licensure of this vaccine was based on
a definitiye demonstration of the high efficacy of qHPV vaccine in preventing HPV
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16/18-related CIN 2/3, AIS, VIN 2/3, and ValN 2/3, HPV 6/11/16/18-related CIN (any
grade) or AIS, and HPV 6/11-related genital warts when administered to YAW. Also,
administration of gHPV vaccine or its HPV 16 vaccine prototype was shown to be highty
effective in preventing the acquisition of persistent HPV 6, 11, 16, and 18 infection (of at
least 6 months’ duration, and of at least 12 months’ duration) in this population,

Need for an Efficacy Demonstration Study in MAW. The Phase II/III clinical program

for the qHPV vaccine (Protocol 005, Protocol 007, Protocol 013, and Protocol 015, or
P005, PO07, PO13, and PO1S, respectively) did not evaluate 27- to 45-year-old women;
only a small number of 24- to 26-year-old women were enrolled. Thus, it was necessary
to conduct a study to apply the results of the program in YAW to 24- to 45-year-old
women (MAW). Such a demonstration study would be based on the foundation of the
extensive, definitive Phase II/Phase I1I efficacy program for the qHPV vaccine in YAW.

An gfficacy demonstration study, rather than an immunobridging study, was required to
apply the findings in YAW to MAW because the immune response in MAW was
expected to be less robust than the immune response in YAW, and an immune correlate
of efficacy for the qHPV vaccine had not been defined.

. Endpoints for the Efficacy Study in MAW, The proper endpoint for an efficacy
demonstration study to permit the application of findings in YAW to MAW was chosen
on the basis of the natural history of HPV disease and the breadth, depth, and results of
the clinical program for qHPV vaccine in YAW:

~ Natural History. Persistent HPV 6, 11, 16, and 18 infections are a necessary
- prerequisite for each of the HPV 6., 11-, 16-, and 18-related clinical endpoints
evaluated in the Phase II/Phase IIT program in YAW. The placebo arms of the
Phase I/Phase III program for the qHPV vaccine have demonstrated the strong
correlation between persistent infection and development of clinical disease.

= Resuits of the Phase Il and Phase III Program in YAW, The Phase [I/11I
: clinical program for the gHPV vaccine in YAW has definitively demonstrated the
high, durable prophylactic efficacy of the vaccine with respect to HPV 16- and
18-related CIN 3, AIS, VIN 2/3 and VaIN 2/3, HPV 6-, 11-, 16-, or 18-related
CIN 1, and HPV 6- and HPV 11-related condyloma acuminata. Administration of
qHPYV vaccine was equally efficacious with respect to persistent HPV 6, 11, 16, or

18 infections.

- The likelihood ratios (LR) for persistent infection producing clinical disease for
the EOS data for both high-risk HPV types and low-risk HPV types confirm that
persistent infection of 6 months duration is the appropriate metric for this efficacy
bridge (see [Appendix 2.5: 1] and [Appendix 2.5: 2]).

Based on these factors, the composite endpoint for the Efficacy Demonstration Study of
the gHPYV vaccine in MAW (P019) consisted of persistent infection, CIN, or EGL caused
by vaccine HPV types. Inclusion of persistent infection in this endpoint was justified by
(1) the size and resuits of the clinical trials of gHPV vaccine in YAW; (2) the central role
of persistent infection in the pathogenesis of HPV-related cervical, vulvar, and vaginal
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disease; and (3) the consistent éfficacy of the qHPV vaccine with respect to persistent
infection and to cervical, vulvar, and vaginal disease caused by vaccine HPY types.

251442 Other Important Endpoints ‘

2.5.1.44.2.1  Overall Impact of Vaccination - Disease Cause by Vaccine or Non-
Vaccine HPV Types

The public health impact of a prophylactic HPV vaccine will be measured by its impact
on the overall rates of cervical, vulvar, and vaginal disease (caused by vaccine and non-
vaccine HPV types). Such analyses are also important to physicians and to populations’
for which the vaccine is indicated, as they address whether vaccination will reduce
individual subjects’ overall risk for development of cervical, vulvar, and vaginal cancer,
as well as the precancerous lesions that precede them.

2.5.1.5 Overview: Clinical Development Program for gHPV Vaccine

Studies in Young Adult Women and Adolescents. The clinical development program
for gHPV vaccine initially targeted 9- to 26-year-old girls and women and 9- to 15-year-
old boys. This range covers the period just prior to sexual debut through the period of
peak risk for HPV infection.

The clinical program for gHPV vaccine was designed to measure the impact of the
vaccine on cervical cancer risk using a composite endpoint of CIN 2/3, AIS, and cervical
cancer. Subjects in these studies were followed for an average of ~3.5 years post-
vaccination. The Application presents updated results tegarding efficacy of the qHPV
vaccine with respect to (1) HPV 16- or HPV 18-related cervical, vulvar, and vaginal
cancer (using surrogate markers); (2) the duration of efficacy; (3) cross-protection
efficacy; (4) the theoretical risk of HPV type replacement; (5) the overall risk for
development of cervical, vulvar, and vaginal cancer (caused by vaccine or non-vaceine
HPV types) (using surrogate markers); and (6) the overall tisk for development of
cervical, vulvar, or vaginal precancerous lesions (caused by vaccine ot non-vaccige HPV
types).

Studies in Young Adult Men. Studies in men 16 to 26 years of age are in progress,

Studies in Mid-Adult Women, PO19 is the efficacy demonstration study of qHPV
vaccine in 24- to 45-year-old women. The efficacy objectives of PO19 are:

- Primary Efficacy Obiectives: (a) To demonstrate that administration of gHPV
vaccine reduces the combined incidence of HPV 6/11/16/18-related persistent
infection, genital warts, VIN, ValN, vulvar cancer, vaginal cancer, CIN, AIS, and
cervical cancer, compared with placebo in 24- to 45-year-old women who are
naive to the relevant HPV type at baseline; and (b) To demonstrate that
administration of gHPV vaccine reduces the combined incidence of HPV 16/18-
related persistent infection, genital warts, VIN, VaIN, vulvar cancer, vaginal
cancer, CIN, AIS, and cervical cancer, compared with placebo in 24- to 45-year-
old women who are naive to the relevant HPV type at baseline.
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— Secondary Efficacy Objectives: (a) To demonstrate that administration of qgHPV
vaccine reduces the combined incidence of HPV 6/11-related persistent infection,
genital warts, VIN, ValN, vulvar cancer, vaginal cancer, CIN, AIS, and cervical
cancer, compared with placebo in 24- to 45-year-old women who are naive to the
relevant HPV type at baseline; and (b) To demonstrate that administration of
gHPV vaccine reduces the combined incidence of HPV 31/33/35/52/58-related
persistent infection, genital warts, Vulvar Intraepithelial Neoplasia (VIN),
Vaginal Intraepithelial Neoplasia (VaIN), vulvar cancer, vaginal cancer, cervical
dysplasia (any grade Cervical Intraepithelial Neoplasia [CIN]), cervical
Adenocarcinoma in Situ (AIS), and cervical cancer, compared with placebo in 24-
to 45-year-old women who are naive to the relevant HPV type at baseline.

— Tertiary Efficacy Objective: To demonstrate that administration of qHPV vaccine
reduces the combined incidence of the following Pap diagnoses related to HPV 16
and/or 18 compared with placebo in 24- to 45-year-old women who are naive to
the relevant HPV type at baseline: atypical squamous cells of undetermined
significance (ASC-US) with positive high-risk probe, low-grade squamous
intraepithelial lesion (LSIL), high-grade squamous intraepithelial lesions (HSIL),
atypical squamous cells, cannot exclude HSIL (ASC-H), atypical glandular cells
(AGC), and cancer,

An endpoint-driven analysis of PO19 was conducted when at least 25 subjects in the
primary efficacy population developed a case of HPV 6-, 11-, 16-, or 18-related persistent
infection or cervical, vulvar or vaginal disease, and at least 14 subjects in the primary
efficacy population developed a case of HPV 16- or 18-related persistent infection or
cervical, vulvar, or vaginal disease. The required number of cases was accrued in visits
conducted as of 13-Jul-2007. Additionally, the required number of HPV 6- and 11-
related cases (secondary objective) had also been acerued.

2.51.6 Standard Research Procedures

The study methodology, subject selection, selection of endpoints, immunologic assays,
and assessment of safety were in accordance with the established practices for conducting
vaccine studies. PO19 included the following standard procedures: (1) Subjects wetre
enrolled regardless of Day 1 HPV status or Pap test results. (2) Subjects were referred to
colposcopy according to mandatory Pap test triage algotithms, (3) Subjects underwent
detailed genital inspection to ensure full ascertainment of lesions (identical to P013). (4)
The Phase III program central laboratory processed and provided diagnoses for all
ThinPrep™ (Cytyc, Boxborough MA, U.S.A.) Pap Tests and all tissue specimens for the
purposes of medical management. (5) All tissue specimens were read by the Phase III
Pathology Panel (See sections 6 and 9.1.3.5 in [Ref. 5.3.5.1: PO19]) to provide a final
diagnosis for study purposes. The Panel was blinded to the diagnosis of the Program
Central Laboratory and all HPV testing results. (6) Tissue specimens were sent to Merck
and PPD Vaccine and Biologics Laboratory for HPV testing. All specimens (regardless
of histologic diagnosis) were tested by PCR for HPV to determine the causal HPV type in
the lesion. (7) Imshunogenicity assays measured neutralizing serum anti-HPV. And (8)
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gHPV vaccine was evaluated for: (a) injection-site and systemic tolerability; (b) impact
on long-term health status; and (c) interaction with pregnancy and lactation, events that
are likely to occur in the target population for which gHPV vaccine is indicated. All
study procedures used in' PO19 have been used in the Protocols submitted in prior
Applications.

Statistical Analyses, Statistical analyses for P019 was prespecified in the Statistical
Analysis Plan (SAP) [Ref. 5.4: 3159] and included in the clinical study report (CSR)
'[Ref. 5.3.5.1: PO19]. All analyses were performed using standardized and validated
methods. ' _

2,517 Regulatory Guidance and Advice
As of 01-Nov-2009, the gHPV vaccine has been licensed in 117 countries.
2.5.1.8 Good Clinical Practices .

The clinical trials were conducted in accordance with current standard research
approaches with regard to the design, conduct, and analysis of such trials including the
archiving of essential documents. All trials were conducted following appropriate Good
Clinical Practice guidelines and considerations for the ethical treatment of human
subjects that were in place at the time the trials were performed.

252 Overview of Biopharmaceutics

No traditional biopharmaceutic studies were conducted in support of this supplemental
Application, as such studies are not applicable to vaccines. Quadrivalent HPV vaccine is
an injectable recombinant vaccine that is immediately bioavailable. The bioavailability
of the vaccine is confirmed by the development of serum anti-HPV responses to the
component L1 VLP types.

2.53  Overview of Clinical Pharmacology

No clinical pharmacology studies of gHPV vaccine were conducted in support of this
Application. Such studies are not routinely conducted as part of the evaluation of
vaccines. As stated in Section 3.2.1 of the CPMP “Note for Guidance on Clinical
Evaluation of New Vaccines,” 19-May-1999 (CPMP/EWP/463\97), pharmacokinetic and
pharmacodynatic studies are generally not required for injectable vaccines because they
do not provide useful information for establishing adequate dosing recommendations.

254 Overview of Efficacy and Immunogenicity

Studies contributing additional data to the evaluation of the efficacy and immunogenicity
of gHPV vaccine are summarized in [Appendix 2.5: 1].

2.5.4.1 Clinical Efficacy

The efficacy results presented here are the end-of-study (EOS) results for gHPY in P019
(MAW).

Efficacy endpoints were evaluated in predefined pbpulations (see [Appendix 2.5: 3] and
[Appendix 2.5: 4]). The Per-Protocol Efficacy (PPE) population was the prim
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efficacy analysis population. Prophylactic efficacy was also evaluated in a broader

population of subjects termed the HPV-Naive to the Relevant HPV Type (HNRT)
population. :

Analyses were conducted to evaluate the impact of the qHPV on the burden of HPV
infection and related disease in the general study population. These analyses were
conducted in the Full Analysis Set (FAS) population. This population included subjects
who: (1) received at least one vaccination and (2) had at least one follow-up visit after 1
day following the first injection.

2.5.4.1.1 Program in Mid-Adult Women (MAW)
2.5.4.1.1.1 Overview — Protocol 019

Protocol 019 was designed to demonstrate the efficacy, immunogenicity, and safety of
gHPV vaccine in women 24- to 45-years of age.

2.5.4.1.1.2  Subject Disposition and Subject Accounting

The median follow-up time of 4.0 years per study participant (mean follow-up time was
3.8 years). A total of 89.7% and 88.6% of study subjects completed their Month 36 and
Month 48 visits, respectively.

The primary efficacy analysis was conducted in the PPE population. Among the 3819
subjects enrolled in the study, 69.6%, 70.1%, and 79.6% were eligible for the PPE
analysis related to HPV types 6/11, 16, and 18, respectively. The most common reasons
for exclusion of subjects from participation in the relevant PPE populations were
detection of DNA for the relevant HPV type in cervicovaginal specimens obtained at Day
1 or Month 7, and detection of relevant anti-HPV responses in sera obtained at Day 1.

Analyses of efficacy in the HNRT and the FAS populations were also conducted.
2.54.1.1.3 Enrollment Characteristics

Subjects were enrolled in 2 approximately equal age strata (24~ to 34-year-olds and 35- to
45-year-olds). Approximately 67% of study subjects were seronegative and PCR negative
for HPV 6, 11, 16 and 18 at Day 1 and were, therefore, susceptible to infection with any
of the 4 vaccine HPY types [Appendix 2.5: 5]. Among women who wete positive to at
least 1 vaccine HPV type, 71.1% were positive to exactly 1 vaccine HPV type.

2.54.1.14 Efficacy Results - Protocol 019 (MAW)
Summary:

» The EOS findings confirm the efficacy of the qHPV vaccine in adult women in the
PPE population demonstrated in the 2007 endpoint-driven analysis for the protocol-
defined primary analysis population, against the protocol-defined co-primary and
secondary efficacy endpoints (see [Table 2.7.3-cervixcancer: 9] and [Table 2.7.3-
exgenlesion: 8]). There were no new cases of HPV 6/11/16/18-related CIN or EGL
reported in the gHPV group in the PPE population since the 2007 endpoint-driven
analysis (see [[lable 2.7.3-cervixcancer: 3] and [Table 2.7.3-exgenlesion: 3]); in
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contrast there were 8 new cases of HPV 6/11/16/18-related CIN (any grade), 2 new
cases of HPV 6/11/16/18-related CIN 2/3 or worse, and 3 new cases of EGL in the
placebo group of the PPE population during the same time period.

e In the PPE analysis population and in the FAS analysis population, the estimate of
efficacy of the gHPV vaccine against the HPV 16/18-related CIN (any grade)
endpoint is nominally statistically significant at EOS, while not so in the 2007
endpoint-driven analysis (see [Table 2.7.3-cervixzcancer: 5} and [Table 2.7.3-
exgenlesion: 5]).

+ In the PPE analysis population, the estimates of efficacy of the gHPV vaccine against
the HPV 6/11-related genital warts (condyloma) endpoint, as well as against the CIN
(any grade) endpoint, ate nominally statistically significant at EOS (while not so at
the time of the 2007 endpoint-driven analysis) (see [Table 2.7.3-cervizcancer: 5] and
[Table 2.7.3-exgenlesion: 51).

¢ [Appendix 2.5: 6] shows that efficacy by region in the pnmary analys1s population

was very similar. In North America efficacy was 91.1%, in Europe efficacy was

~ 88.8%, in Latin America it was 84.7% and in Asia-Pacific efficacy was 100.0%.

Additionally, the propottion of women who are the PPE population in each tegion is

quite similar, In North America and Europe, the PPE population makes up

~ approximately 80% of the FAS population and in Latin Ametica and Asia-Pacific, the
proportion is approximately 86%.

o In the seropositive and PCR negative population, efficacy was 66.8%, which is
statistically significant against re-acquisition or recurrent persistent infection in the
population 24 to 45 years of age overall (sec [Table 2.7.3-cervixcancer: 47] and
[Table 2.7.3-exgenlesion: 22]).

« At EOS the efficacy of the gHPV vaccine against the HPV 6/11/16/18-, or the HPV
16/18-related CIN 2/3 or worse endpoint was improved relative to the 2007 endpoint-
driven analysis in the PPE, HNRT, and FAS analysis populations (see [Table 2.7.3-
cervixcancer: 3], [Table 2.7.3-exgenlesion: 3], [Table 2.7.3-cervixcancer: 5], and
[Table 2.7.3-exgenlesion: 5]). There were no new cases of HPV 16/18-related CIN
2/3 or worse in the qHPV vaccine group in either the PPE or HNRT populations since
the 2007 endpoint-driven analysis (see [Table 2.7.3-cervixcancer: 5] and [Table 2.7.3-
exgenlesion: 51).

« In the FAS analysis population, the efficacy of the qHPV vaccine against HPV
6/11/16/18- or HPV 16/18- related persistent infection, CIN (including CIN 2/3 or
worse), and EGL improved relative to the 2007 endpoint-driven analysis (see
[Table 2.7.3-cervixcancer: 3], [Table 2.7.3-exgenlesion: 3], {[Table 2.7.3-
cervixcancer: 5], and [Table 2.7.3-exgenlesion: 5]); there were substantively more
cases of each endpoint in the placebo group than in the gHPV vaccine group since the
2007 endpoint-driven analysis.
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o In the FAS analysis population, VE against any CIN 2/3 or worse (regardiess of
HPV-type) also improved relative to the 2007 endpoint-driven analysis (see
[Table 2.7.3-cervixcancer: 8]). Specifically, there were 25 new cases of CIN 2/3 or
worse (qHPV = 10, Placebo = 15) since the 2007 endpoint-driven analysis, and of
these, ‘the number of cases due to non-gHPV-types tested (i.e. HPV
31/33/35/39/45/51/52/56/58/59), and similarly for cases not related to any of the 14
tested HPV types, were approximately equally distributed between the gHPV and the
placebo groups. These data indicate that there has been no imbalance in acquisition of
non-qHPV type CIN 2/3 or worse since the 2007 endpoint-driven analysis,

» In the PPE population, the results of analysis of efficacy against HPV 6/11/16/18-
related persistent infection are similar to the results of analysis of efficacy against the
composite HPV 6/11/16/18-related persistent infection and disease endpoints
(conpare [Table 2.7.3-cervixcancer: 14] with [Table 2.7.3-cervixcancer: 9] and
[Table 2.7.3-exgenlesion: 8)]). In addition, results of an exploratory analysis of
efficacy against HPV16/18-related persistent infection in the PPE population based
on a duration of 212 months showed a similar VE to the protocol defined definition
of 26 months (1 month) (see [Table 2.7.3-cervixcancer: 15]).

» In the cohort of women who were PCR positive and seronegative at Day 1 for HPV
16, an imbalance in non-vaccine HPV type co-infections between the qHPV vaccine
group and the placebo group potentially explains the higher persistence of HPV type
16 in the qHPV-vaccinated group compared to placebo recipients. In the qHPV-
vaceinated group, 15 of the 21 subjects who did not clear their Day 1 HPV 16-related
infection had co-infections, compared to 7 of the 11 placebo recipients who did not
clear their Day 1 HPV 16-related infection who had co-infections (see [Appendix 2.5:
7]). These 15 gHPV-vaccinated subjects and 7 placebo recipients who did not cleat
their Day 1 HPV 16-related infection and had co-infections represent 37% (15 of 41)
and 16% (7 of 43) of all qHPV-vaccinated subjects and placebo recipients,
respectively, who were HPV 16-infected at Day 1. Additionally, an HPV type 16
time-to-clearance (life-table) analysis of women with and without co-infection shows
that co-infection is responsible for the delayed clearance observed in the vaccine
group [Appendix 2.5: 8].

HPYV 6/11/16/18-related Persistent Infection and Disease Endpoints

[Table 2.7.3-cervixcancer: 9] and [Table 2.7.3-exgenlesion: 8] presents the estimates of
VE against HPY 6/11/16/18-related persistent infection and disease endpoints in the
stratified analysis by age and by HPV type in all ages based on the full EOS data.
Overall VE is 88.7% (95% CI78.1, 94.8) and is similar across both age strata, HPV types
16/18 and HPV types 6/11, as well as for each HPV type individually. [Appendix 2.5: 9]
presents the data with regard to specific endpoints and demonstrates that the point
estimate of efficacy against CIN2/3+ due to vaccine types is high in all analysis
populations, '
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[Table 2.7.3-cervixcancer: 3] and [Table 2.7.3-exgenlesion: 3] presents the estimates of
VE against HPV 6/11/16/18-related persistent infection and disease endpoints in the PPE,
HNRT, and FAS analysis populations based on the full EOS data. For the composite
endpoint of HPV 6/11/16/18-related persistent infection, CIN and EGL, the estimate of
VE is statistically significant at the nominal 0.05 level of significance in each of the PPE,

HNRT, and FAS analysis populations. Similar statistical significance were observed in

all 3 analysis populations individually for the HPV 6/11/16/18-related persistent infection
endpoint and for the HPV 6/11/16/18-related CIN (any grade) endpoint. The point
estimate of efficacy against persistent infection is slightly lower at EOS compared to the
estimate at the time of the 2007 endpoint-driven analysis. Nominally statistically
significant results were observed for HPV 6/11/16/18-related EGL (condyloma) endpoint
in the PPE and HNRT analysis populations at EOS. [Figure 2.7.3-cervixcancer: 1] and
[Figure 2.7.3-exgenlesion: 1] shows graphically that in the HNRT population (naive at
baseline) new cases of persistent infection, CIN and EGL continue to accrue in the
placebo group and that new cases are do not occur after the initial prevalent cases become
manifest.

[Table 2.7.3-cervixcancer: 3] and [Table 2.7.3-exgenlesion: 3] presents the comparison of
VE estimates based on the 2007 endpoint-driven analysis and based on the analysis of the
EOS data.

» In the FAS, the estimate of efficacy of the qHPV vaccine against the HPV
6/11/16/18-related CIN (any grade) endpoint is nominally statistically

significant at EOS (while not so in the endpoint-driven analysis conducted in
2007).

» In each of the PPE, HNRT, and FAS analysis populations, the estimate of
efficacy of the gHPV vaccine against the HPV 6/11/16/18-related CIN 2/3 ot
wotse endpoint is higher at EOS compared to the estimate based on the 2007
endpoint-driven analysis,

» There were a total of 48 (qHPV = 21, placebo = 27) cases of HPV 6/11/16/18-
related CIN 2/3 or worse at EOS in the FAS analysis population (see
[Table 2.7.3-cervixcancer: 3] and [Table 2.7.3-exgenlesion: 3]).

HPV 16/18-related Persistent Infection and Disease Endpoints

[Table 2.7.3-cervixcancer: 4] and [Table 2.7.3-exgenlesion: 4] presents the estimates of
VE against HPV 16/18-related persistent infection and disease endpoints in the PPE,
HNRT, and FAS analysis populations based on the full EOS data. [Table 2.7.3-
cervixcancer: 5] and [Table 2.7.3-exgenlesion: 5] presents the comparison of VE
estimates based on the 2007 endpoint-driven analysis and based on the analysis of the
EOS data.

¢ In the PPE analysis population and in the FAS analysis population, the
estimate of efficacy of the gHPV vaccine against the HPV 16/18-related CIN
(any grade) endpoint is nominally statistically significant at EOS, while not so
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in the 2007 endpoint-driven analysis (see [Table 2.7.3-cervixcancer; 5] and
[Table 2.7.3-exgenlesion: 5]).

¢ In each of the PPE, HNRT, and FAS analysis populations, the estimate of
efficacy of the gHPV vaccine against HPV 16/18-related CIN 2/3 or worse
endpoint is higher at EOS compared to the estimate at the time of the 2007
endpoint-dtiven analysis.

¢ The EOS data also demonstrate the value of HPV 16/18-related persistent
infection as a predictor of subsequent progression to HPV 16/18-related
CIN2/3+. The estimate of the likelihood ratio positive (LR+) statistic in an
evaluation of the value of HPV 16/18-related persistent infection as a
predictor of subsequent progression to HPV 16/18-related CIN2/3+ is 20.1
(95% CI. 14.3, 28.3). In published literature, a value of LR+ 210.0 is an
acceptable evidence that a positive value of a "diagnostic test” (e.g., positive
for HPV 16/18-related persistent infection) has a good pred1ct1ve value for
also being positive on a "gold standard test" (e.g., posmve for HPV 16/18-
related CIN2/3+) [Appendlx 2.5: 10].

HPY 6/11-related Persistent Infectlon and Disease Endpoints

[Table 2.7.3-cervixcancer: 6] and [Table 2.7.3-exgenlesion: 6] presents the estimates of
VE against HPV 6/11-related persistent infection and disease endpoints in the PPE,
HNRT, and FAS analysis populations based on the full EOS data.

[Table 2.7.3-cervixcancer: 7] and [Table 2.7.3-exgenlesion: 7] presents the comparison of
VE estitnates based on the 2007 endpoint-driven analysis and based on the analysis of the
EQS data.

» Inthe PPE analysis population, the estimates of efficacy of the qHPV vaccine
against the HPV 6/11-related genital warts (condyloma) endpoint, a8 well as
against the CIN (any grade) endpoint, are nominally statistically significant at
EOS (while not so at the time of the 2007 endpoint-driven analysis) (sce
[Table 2.7.3-cervixcancer: 5] and [Table 2.7.3-exgenlesion: 5]).

¢ In the HNRT analysis population, the estimate of efficacy of the qHPV
vaccine against the HPV 6/11-related genital warts endpoint was nominally
statistically significant at the time of the 2007 endpoint-driven analysis, and
that resuit persisted through EOS (see [Table 2.7.3-cervixcancer: 5] and
[Table 2.7.3-exgenlesion: 5])

The EOS data demonstrate the efficacy of the qHPV vaccine (in the PPE and HNRT
populations) against HPV 6/11-related genital warts, Furthermore, the EOS data also
demonstrate the value of HPV 6/11-related persistent infection as a predictor of
subsequent progression to HPV 6/11-related genital warts (as described above for HPV
16/18 permstent infection and CIN2/3+). The estimate of the likelihood ratio positive
(LR+) statistic in an evaluation of the value of HPV 6/11-related persmtent infection as a

predictor of su sequent progression to HPV 6/11-related genital warts is 37.2 (95% CL: /
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27.4, 50.4). In published literature, a value of LR+ 210.0 is an acceptable evidence that a
positive value of a "diagnostic test" (e.g., positive for HPV 6/11-related persistent
infection) has a good predictive value for also being positive on a "gold standard test”
(e.g., positive for HPV 6/11-related genital warts) [Appendix 2.5: 10].

CIN 2/3 or Worse Due to Any HPV Type in the FAS

[Table 2.7.3-cervixcancer: 8] preseats the comparison of VE estimate against the CIN 2/3
or worse due any HPV type endpoint in the FAS analysis population based on the 2007
endpoint-driven analysis and based on the analysis of the EOS data.

e At the time of the 2007 endpoint-driven analysis, there were 88 (QHPV = 52,
placebo = 36) cases of CIN 2/3 or worse due to any HPV type in the FAS.

» At EOS, there were 113 (QHPV = 62, placebo = 51) cases of CIN 2/3 or worse
due to any HPYV type in the FAS.

» The higher number of cases of CIN 2/3 or worse due to any HPV type
observed in the gHPV vaccine group compared to placebo were attributable to
CIN 2/3 or worse cases related to non-vaccine HPV types, many of which
were subjects who had confounding co-infections of high-risk HPV types Day
1, and the CIN 2/3 endpoint occurred during the first 2 years of the study (i.e.,
observed at the time period of Day 1 through the time of the 2007 endpoint-
driven analysis).

¢ Similar nutnber of non-vaccine HPV type-related CIN 2/3 ot worse cases
were observed in the gHPV vaccine and placebo groups (qHPV = 6, placebo =
6) during additional follow-up from the 2007 endpoint-driven analysis
through the EOS.

[Table 2.7.3-cervixcancer: 14] shows the results of analysis of effiéacy against HPY
6/11/16/18-related persistent infection in the PPE population.
» Results of analysis of efficacy against HPV 6/11/16/18-related persistent

infection are similar to the results of analysis of efficacy against the composite
HPV 6/11/16/18-related persistent infection and disease endpoint.

s  Most of the persistent infection endpoints in the gHPV vaccine group were
HPV 16-related.

[Table 2.7.3-cervixcancer: 15] shows the results of exploratory analysis of efficacy
against HPV 16/18-related persistent infection in the PPE population using different
definitions for the duration of infection.

e The estimate of VE against HPV 16/18-related persistent infection of 212
months duration was similar to the estimate of VE against persistent infection
based on the protocol defined duration of 26 months (x1 month). '

BWd661.D BSION 3.0 APPROVED

\ Restricted © Confidential — Limited Access
Merok Starn & DetmiFArgantina) Inc.

wiass thefoie MERGK‘ H - rii} Goidenh

Apotedaso PRl 0R TECRICO

CATFIDULA MECHONAL 15456

o Moo






Human Papillomﬁvirus (Types 6, ¥1, 16, 18) Recombinant Vaccine-Adult Women 19
2.5 Clinical Overview

Reactivation of Infection and Acquisition of Disease Related to Vaccine HPV Types

Among Subjects Seropositive and PCR Negative to the Relevant HPV Type

{Table 2.7,

3-cervixcancer: 47] and [Table 2.7.3-exgenlesion: 22] shows the results of

analysis of efficacy against HPV 6/11/16/18-related persistent infection and disease
among subjects seropositive and PCR negative to the relevant HPV type at Day 1.

The estimate of VE at EOS against HPV 6/11/16/18-related persistent
infection that is of 26 months duration over consecutive visits 6 (1) months
apart among subjects who were seropositive and PCR-negative to the relevant
HPV type at Day 1 is 66.8% (95% CI: 3.8, 90.5). Among the 35 to 45 year-old
seropositive and PCR-negative subjects, the estimate of VE is 81.3% (95%
CI: 14.4, 98.0).

In a sensitivity analysis that defined persistent infection as that which is. of
212 months duration over consecutive visits 6 (1) months apart, the estimate
of VE against HPV 6/11/16/18-related persistent infection among subjects
who were seropositive and PCR-negative to the relevant HPV type at Day 1 is
33.0% (95% CI: -182.7, 86.1). Among the 35 to 45 year-old seropositive and
PCR-negative subjects, the estimate of VE is 58.4% (95% CI: -154.1, 96.0).

There were no cases of HPV 6/11/16/18-related CIN (any grade} or EGL
observed among subjects who were seropositive and PCR-negative to the
relevant HPV type at Day 1 during the course of the study. However, in
young women, efficacy against CIN of any grade and EGL was seen and was
statistically significant. The case counts for CIN was 7 in the placebo group
and 0 in the gHPV vaccine group, vaccine efficacy 100% (95% CI 28.7, 100).
For EGL, the counts were 8 to 0, resulting in statistically significant efficacy
of 100% (95% CI 39.5, 100). Overall, efficacy was 100% (95% CI 68.9, 100}
for both lesions together, [Appendix 2.5: 11].

Analysis of women aged 16 to 45 years of age for efficacy against recurrent

‘HPV type 16 or 18 persistent infection shows significant protection against

persistent infection due to these recurrent HPV types. Efficacy against the
combined HPV 16 or 18 persistent infection endpoint across all ages was
68.2% (95% CI 17.9, 89.5), [Appendix 2.5: 12].

Analysis of efficacy against lesions in young women, [Appendix 2.5: 13],
shows that statistically significant efficacy was demonstrated for both CIN
and EGL of any grade (as shown above), but also was achieved for genital
warts and high grade lesions, CIN2/3+, VIN2/3+ and VaIN2/3+, 100% (95%
CI62.8, 100),

Therefore, vaccination with the gHPV vaccine is associated with a lower incidence of
reactivation of persistent infection related to vaccine HPV types, which is consistent
with and similar to data from the efficacy studies in young women that show efficacy

against

Marek Sharn & Doy

both CIN and EGL, as well as persistent infection.,
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Clearance of HPV 16 in PCR Positive Seronegative at Day 1 Subgroup

In a recent publication (Trottier et al., JID 2008 [Ref. 5.4: 2945]), it was shown that the
duration of HPV 16-related infection tends to be prolonged when co-infected with other
high-risk HPV types. Our findings confirm those of Trottier, et al. A subgroup analysis
relating to clearance of qHPV-vaccine-type related infection among subjects so infected
at Day 1 was conducted at the time of the 2007 endpoint-dtiven analysis. At the time of
the 2007 endpoint-driven analysis, it was noted that the clearance of HPV 16-related
infection among Day 1 HPV 16-PCR positive and -seronegative gHPV-vaccinated
subjects was lower (not statistically significant) compared to the clearance of HPV 16
infection among similarly Day 1 HPV 16-PCR positive and -seronegative placebo
recipients.

s Analyses conducted at the EOS in this subgroup of Day 1 HPV 16-PCR
positive and -seronegative subjects demonstrate findings relating to clearance
of HPV 16 infection that are similar to that seen at the 2007 endpoint-driven
analysis [Table 2.7.3-cervixcancer: 45].

s Exploratory examination of the characteristics of subjects who did not clear
their Day 1 HPV 16 infection showed that there is an imbalance of non-
vaccine HPV type co-infections (either at Day 1 or post-Day 1) between the
qHPV vaccine group and the placebo group that potentially explains the
higher persistence of HPV 16-telated infection in the gHPY-vaccinated group
compared to placebo recipients. In the qHPV-vaccinated group, 15 (37% of
the gHPV vaccine group) of 21 subjects who did not clear their Day 1| HPY
16-related infection had co-infections (either at Day 1 or post-Day 1),
compared to 7 (16% of the placebo group) of 11 in the placebo recipients who
did not cleat their Day 1 HPV 16-related infection who had co-infections (see
[Appendix 2.5: 7]). This observation is a likely explanation of the lower rate
of clearance of HPV 16-related infection in the gHPV vaccine group (23.4 per
100 person-years) compared to the rate of clearance in the placebo group
(51.9 per 100 person-years). .

¢ An analysis of subjects in Protocol 019 was performed using a life-table
approach and is presented in

e Appendix 2.5: 8] and described below:
o Inthe top half of

o Appendix 2.5: 8], it can be seen that among subjects without high-risk
HPV type co-infections, there is no difference between qHPV and
placebo groups with respect to cumulative clearance-event
distribution.

o In the bottom half of

o Appendix 2.5: 8], subjects with high-risk HPV type co-infections fropt
to 18 months show no difference between gHPV and placebo grofps

b %,
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with respect to the cumulative clearance-event distribution. In both
groups, most of the clearance events occurred early.

© The lone driver of the "difference” between the qHPV and placebo
groups is two time intervals:

* 18 to 24 months, where 4 clearance events occurred in placebo
and 0 in the gHPV vaccine group, and

» 24 to 30 months, where 3 clearance events occurred in placebo
and 1 in gHPYV vaccine group,

Both intervals, coupled with the already very small at-tisk set (sample size) during the 2
time intervals, are driving the "difference” between the 2 groups. The cumulative percent
in the placebo group at the 24 to 30 month interval jumps to 87% from 74% during the
previous time interval because the at-risk set is only 6 at the 24 to 30 month interval.

The analyses presented from the study population, as well as the published literature on
relationship of co-infection and persistence of HPV infection, demonstrate that any
delayed clearance that may be observed in the qHPV group is due to factors that are
unrelated to vaccination.

2.54.1.1.5 Efficacy Conclusions - Protocol {19
With respect to Protocol 019:

.BW4661.DOC VERSION 3.0 APPROVED
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Prophyiactic administration of a 3-dose regimen of QHPV vaccine to 24- to 45-
year-old women is highly efficacious in preventing the development of persistent
infection, CIN and EGL caused by HPV 6, HPV 11, HPV 16 or HPV 18.

Prophylactic administration of a 3-dose regimen of qgHPV vaccine to 24- to 45-
year-old women is highly efficacious in preventing the development of persistent
infection, CIN and EGL caused by HPV 16 or HPV 18, including persistent
infection of 12 months or more.

Prophylactic administration of a 3-dose regimen of qHPV vaccine to 24- to 45-
yeat-old women is highly efficacious in preventing the developmient of persistent
infection, CIN and EGL caused by HPV 6 or HPV 11.

Prophylactic administration of a 3-dose regimen of qHPV vaccine to 24- to 45-
year-old women is highly efficacious in preventing the development of CIN (any
grade) or AIS caused by HPV 6, HPV 11, HPV 16 or HPV 18.

Prophylactic administration of a 3-dose regimen of qHPV vaccine to 24- to 45-
year-old women is highly efficacious in preventing the development of CIN (any
grade) or AIS caused by HPV 16 or HPV 18.
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— Prophylactic administration of a 3-dose regimen of ¢HPV vaccine to 24- to 45-
year-old women is highly efficacious in preventing the development of ASCUS
(HR probe positive) or worse of due to HPV types 16 or 18.

—~ Administration of a 3-dose regimen of qHPV vaccine to 24- to 45-year-old
women protects against recurrent type-specific persistent infection in seropositive
and PCR negative wornen.

~  Vaccinated women who become prégnant transfer HPV type-specific neutralizing
antibody via the placenta to their offspring.

— There is no imbalance in new onset of non-qHPV type CIN 2/3 or worse since the
original event-driven analysis in 2007. This indicates that the original CIN 2/3
disparity was due to the imbalance of prevalent infection and disease observed at
baseline between the gHPV vaccine and placebo groups.

— In HPV type 16 PCR positive, seronegative women at Day 1, the imbalance of
non-vaccine type co-infection between the gHPV vaccine group and the placebo
group explains the slower clearance of HPV 16 in vaccinated women infected
with HPV type 16 at baseline. :

2,54.2 Immunogenicity

Preclinical studies with L1 VLP vaccines demonstrated that: (1) administration of L1
VLP vaccines protected animals from species-specific papillomavirus infection; (2) this
protective efficacy was associated with virus-neutralizing immune responses; and (3)
unvaccinated animals that were given serum from vaccinated animals became protected
from infection/disease. These results supported the hypothesis that induction of systemic
anti-HPV responses HPV L1 VLP vaccine should resuit in protection against HPV
infection or disease [Ref. 5.4: 327, 1929, 2010]. Based on the results of the preclinical
studies, the clinical program has utilized vaccine type-specific anti-HPV serum levels as
the primary means to measure the immunogenicity of the HPV L1 VLP vaccines.

The minimal anti-HPV response that provides protection against HPV infection and
disease is not known for the following reasons: (1) the dependence of the HPV viral life
cycle on terminal differentiation of epithelial cells has precluded the development of
functional assays to demonstrate that vaccine-induced anti-HPV responses can neutralize
live virions; and (2) the high efficacy of the gHPV vaccine means that it has not been
possible to correlate vaccine failure with vaccine-induced anti-HPV levels,

2.54.2.1 Protocol 019: Phase 111 Study of qHPV vaccine in 24- to 45-Year Old
Women (Mid-Adult Women, or MAW)

PO19 [Ref. 5.3.5.1: P019] had the following immunogenicity objectives: (1) To evaluate
the kinetics and age dependence of anti-HPV 6, 11, 16, and 18 responses following

administration of a 3-dose regimen of qHPV vaccine; and (2) To observationally compar j
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anti-HPV 6, 11, 16, and 18 responses following administration of a 3-dose regimen of
gHPV vaccine among HPV-naive women 24 to 45 years of age enrclled in this protocol.
The study enrolled a total of 3819 subjects in 2 equal age strata (24- to 34-year-olds and
35- to 45-year-olds). All subjects were to undergo serclogy testing for anti-HPV 6, anti-
HPV 11, anti-HPV 16, and anti-HPV 18 levels at Day 1, and Months 7, 12, 24, 36, and
48. The primary immunogenicity evaluations were to be conducted in the PPI
population.. :

Anti-HPY GMTs at Month 7

As previously shown, administration of the gHPV vaccine produced robust antibody
responses in MAW, At Month 7, 98.4%, 98.1%, 98.8%, and 97.3% of subjects who
received qHPV vaccine within the PPI population were anti-HPV 6, anti-HPV 11, anti-
HPV 16, and anti-HPV 18 seropositive, respectively. As expected, there was an inverse
correlation beiween age at first vaccination and Month 7 anti-HPV levels (see [Appendix
2.5: 14], [Appendix 2.5: 15], [Appendix 2.5: 16}, and [Appendix 2.5: 17] of GMTs).
However, compared with 16- to 23-year-olds (in the combined immunogenicity database
of gHPV vaccine in YAW), the reductions in Month 7 GMTs among 24- to 34-year-olds
and 35- to 45-year-olds (in PO19) were modest.

Anti-HPV GMTs at Months 24 and 48

At Month 24, 89.3%, 92.4% and 96.5% of subjects who received'qHPV vaccine in the
PPI population were anti-HPV 6, anti-HPV 11, and anti-HPV 16 seropositive. Only
54.6% of subjects were anti-HPV 18 seropositive at Month 24.

[Appendix 2.5: 18] shows at Month 48, 85.6%, 92.0% and 97.4% were seropositive for
HPV 6, HPV 11 and HPV 16, For HPV 18, this proportion was 47.9%. Despite the
nominal loss of seropositivity, no cases of HPV 18 infection or disease were observed in
subjects who received gHPV vaccine in the primary efficacy population. This observation
of protection against HPV type 18 infection or disease has been consistently seen in the
Phase I/II development program of the qHPV vaccine. In the HNRT, there was a single
case of persistent infection which started between Day 1 and Month 7,

Anti-HPV GMTs in Cord Blood

Maternal-infant transfer of neutralizing anti-HPV was demonstrated in this study at a
median of 28 months (range 14 to 43 months) post dose 3 and showed very high
correlation coetficients for all HPV types.

Summary ~ Impact of Age at Vaccination on Anti-HPV Responses. Month 7 anti-
HPV responses declined with age at first vaccination. The age-of-vaccination impact on
anti-HPV 16 responses was smaller than the impact of age of vaccination on anti-HPV 6,
anti-HPV 11, and anti-HPV 18 responses. Despite the lower levels in anti-HPV GMTs at
Month 7 and Month 48 related to age at vaccination, vaccine efficacy remained
comparable across the 16- to 45-year-old age range.
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2.54.2.2 Persistence of Anti-HPY Responses

The analyses in this section summarize persistence of immune responses through up to 4
years post-vaccination onset, Among subjects who received gHPV vaccine in the PPI
population, the type-specific anti-HPV GMTs reached their highest measured levels at
Month 7 and then plateaued from approximately Month 12 until Month 48, At end-of-
study, anti-HPV 6, 11, 16, and 18 GMTSs were at or above the anti-HPV GMTs observed
following natural infection.

2.54.23 Conclusions Regarding the Immunogenicity of gHPV vaccine

Prophylactic administration of a 3-dose regimen of qHPV vaccine to 24- to 45-year-old
women who are naive to the relevant HPV type(s) at enrollment and remain PCR-
negative to the same HPV types(s) through the completion of the vaccination regimen
generates robust and durable anti-HPV 6, anti-HPV 11, anti-HPV 16 and anti-HPV 18
responses that result in a high level of protective efficacy through approximately 3.5
years following completion of the vaccination regimen.

2.5.5 OQverview of Safety

The Safety Population is defined as all subjects who were enrolled in PO1% and who
received at least one vaccination. This population included 3819 subjects (1908 subjects
who received gHPV vaccine and 1902 subjects who received placebo).

The endpoint-driven CSR reported a general tolerability of qgHPV in subjects 24- to 45-
years of apge. The proportion of subjects who reported an injectionssite adverse
experience was higher among subjects who received qHPV vaccine compared with
placebo subJects, most adverse experiences were judged by the study subjects to be mild
or moderate in intensity, and the most common injection-site adverse experiences
reported were pain, swelling, and erythema.,

The proportions of subjects who reported a systemic clinical adverse experience were
comparable between the 2 vaccination gtoups and the most common reported systemic
clinical adverse experiences determined by the investigator to be vaccine related were
headache, pyrexia, and nausea.

Data suggest that QHPV vaccine is associated with a modest increase in the mmdence of
transient low-grade fevers, compared with placebo.

2.5.5.1 Analysis of Adverse Experiences in Safety Population (24- to 45-Year-Otd
Subjects)

Deaths were rare (7 subjects [0.4%] who received qHPV vaccine and 1 subject [0.1%]
who received placebo) [Table 2.7.4: 6).

A total of 24 (1.2%) subjects who received gHPV vaccine and 15 (0.8%) subjects who
received placebo experienced a SAE at any time during the study.

The vaccination groups were also comparable with respect to the types of serious adverse

experiences reporged. “The most common serious adverse experiences in both vaccination
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groups were infections and pregnancy complications. [Table 2.7.4: 5] lists subjects in the
Safety Population with serious clinical adverse experiences.

Overall, 9 subjects discontinued from the study due to an adverse experience. Of these
subjects 7 (0.4%) received qHPV vaccine and 2 (0.1%) received placebo.

[Table 2.7.4: 4] summarizes clinical adverse experiences in the Safety Population.
Compared with the endpoint-driven CSR, the following new information is noted:

» Three (3) new fatal serious adverse experiences (SAEs) were reported.
* One (1) new injection-site adverse experience was reported.

¢ Two (2) new systemic adverse experiences were reported.

o Four (4) new serious adverse experiences were reported.

s Two (2) new serious adverse experiences were determined by the investigator to
~ be vaccine-related (these were actually procedure-related SAEs).

» No discontinuations due to an adverse experience were reported.
2.5,5.2 New Medical History in the Safety Population

Medical History at Day 1 was recorded for all subjects. Any acute or chronic medical
conditions that occurred during the year prior to study entry were recorded. Any
gynecological conditions or procedures that occurred in the subject’s lifetime were also
recorded. After Day 1, any medical history or gynecological conditions or procedures
that occurred since the last study visit were recorded. New medical conditions were not
considered adverse experiences when they occurred outside the safety follow-up petiod.
(Day 1 through Month 7) and/or were not considered by the study investigators to be
vaccine/placebo related.

[Table 2.7.4: 19] presents a cumulative summary of the number and percentage of
subjects in the Safety Population with new medical conditions (incidence 21% in one or
more vaccination groups) by system organ class and vaccination group during the follow-
up period (Post Month 7) in the safety population, Of 3681 subjects with follow-up past
Month 7, 1943 subjects have reported one or more new medical conditions (958
recipients of qHPV vaccine (51.7%) and 985 recipients of placebo (53.4%). The
proportion of subjects reporting new medical conditions was comparable between
vaccination groups, The most commonly reported new medical conditions during the
follow-up period were bacterial vaginosis (4.5%), nasopharyngitis (3.7%), and upper
respiratory tract infection (3.6%).

[Table 2.7.4: 20] presents a summary of new medical conditions potentially consistent
with autoimmune phenomena reported post-month 7 among all subjects by vaccination
group. The proportions of subjects reporting such events were comparable between the
vaccination groups (3.4% and 3.7% in the group that received gHPV vaccine or placebo,
respectively). Since the interim report, 3 cases of arthritis were observed, 2 in the gHPV
group and 1 in the placebo group.
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2,5,5.3  Safety in Special Groups and Situations
2,5531 Intrinsic Factors

Administration of gHPV vaccine (1) is generally well tolerated among 9- to 45-year-old
subjects; (2) results in generally comparable safety profiles in 9- to 17-year-old gitls, 18-
to 26-year-old women, and 27- to 45-year-old women; (3) is generally well tolerated in 9-
to 45-year-old subjects who are seropositive to at least one vaccine HPV type at the start
of vaccination; and (4) is generally well tolerated in 18- to 45-year-old women who are
infected with a vaccine HPV type-at the start of vaccination,

The adverse experience profile of gHPV vaccine is not affected by racial background,
ethnicity, or continent of origin.

2.5.5.3.2 Extrinsic Factors

Administration of gHPV vaccine is generally well tolerated among subjects, (1) who take
immunosuppressive medication within 15 days of any vaccination; (2) who take
medications with anti-inflammatory or antipyretic properties within 15 days of any
vaccination; and (3) who use hormonal contraceptives at any time during the vaccination
period, :

25533 Outcome of Pregnancies

Overall Pregnancy Rates A total of 499 subjects (13.1% of the study population)
reported 574 pregnancies (194 pregnancies have been reported since the interim report,
97 in the gHPV group and 97 in the placebo group). A slightly smaller proportion of
subjects in the gHPV vaccine group became pregnant compared with the placebo group
(12.4% vs. 13.8% respectively). Thus, it can be concluded that administration of gHPY
vaccine does not impact the fertility of 24- to 45-year-old women.

Pregnancy Outcomes The proportions of preghancies resulting in live birth and fetat
loss were comparable in the group that received qHPV vaccine compated with the
placebo group (78.9% versus 76.9%, and 18.8% versus 21.4% for subjects receiving
gHPYV vaccine and placebo, respectively).

A common means to evaluate pregnancy outcomes is to calculate the proportions of

pregnancies with natural outcomes that ended in a negative outcome as follows:

uinhber of pregnanc ting in spontaneous abortion, late fetal death, and congenital 1
Number of pregnancies (excluding elective abortion and unknown outcomes)

The proportions of pregnancies with natural outcomes that ended in a negative outcome
were 19.1% (49/257) in the group that received qHPYV vaccine and 20.3% (56/276) in the
placebo-group.

Fetal Loss The proportions of pregnancies resulting in fetal loss were comparable
between the 2 vaccinatign groups.
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Live Birth The proportions of pregnancies resulting in a live birth were comparable
between the 2 vaccination groups:

— Congenital Anomalies [Table 2.7.4: 12] presents an accounting of congenital
anomalies by time of detection. There were a total of 14 cases of congenital
anomaly, including 8 cases in the group that received gHPV vaccine and 6 cases
in the placebo group.

~ Other Medical Conditions These events included medical conditions consistent
with serious adverse experiences that occurred among infants born to study
subjects, Such events were comparable among subjects who received qHPV
vaccine and subjects who received placebo. The most common ‘other medical
conditions’ were prematurity (4 and 3 infants born to subjects who received gHPV
vaccine or placebo, respectively) and respiratory distress (4 and 2 infants born to
subjects who received gHPV vaccine or placebo, respectively).

Overall, pregnancy outcomes were comparable among subjects who received gHPV
vaccine and subjects who received placebo,

2.5.5.34 Administration of gHPV vaccine to Lactating Women

Administration of qHPV vaccine or placebo to nursing mothers was reported and
followed for outcome and reported in the endpoint-driven analysis. There were no
patterns or trends in the types of serious adverse experiences reported in infants who were
breastfed during the vaccination phase of clinical studies. No safety sighals of clinical
concern were identified among these infants,

2.5.54 Postmarketing Safety Data

The post-marketing experience with quadrivalent human papillomavirus (types 6, 11, 16,
18) recombinant vaccine, MSD, is summarized from the International Birthdate (1-Jun-
2006) through 31-May-2009. This vaccine was first licensed on 01-Jun-2006 in Mexico.
More than 51,000,000 doses of this vaccine were distributed as of 31-May-2009. The
post licensure experiences with the vaccine collected through passive reporting of
spontaneous adverse experiences to MSD has ¢onfirmed the favorable safety profile of
the vaccine.

To permit safety surveillance for its products, MSD maintains the New Worldwide
Adverse Experience System (NWAES) database. Postmarketing safety surveillance is a
wortldwide, passive, spontaneous, and voluntary reporting system. The NWAES database
contains all spontaneous adverse experience (AE) reports from the marketed
environment, serious reports from clinical trials, and reports from the medical literature.
This is a dynamic database, and adverse experience information is updated continuously.
The retrieval of data is provided as a snapshot in time.

All of the reports are entered into NWAES and are coded using the terminology of the
reporter. The Medical Dictionary for Regulatory Activities (MedDRA) is the dictionary
used to code AE terms in the NWAES database. Inclusion of the report in the database
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implies only a temporal association, not necessarily a causal association. Each report
represents 1 individual who may experience 1 or more AEs. Since each AE iscoded to a
body system, one report may contain multiple AEs in the same or different body systems.

Routine Pharmacovigilance practices include continuous monitoring of the safety profile
of approved products. Data from the NWAES database are routinely reviewed as
individual reports and in aggregate. The purpose of the review is to evaluate adverse
experience reports for possible safety signals, to determine if further investigation is
warranted to clarify the safety profile of the product, and to ensure completeness of safety
information in worldwide package circulars.

In August, 2009, the FDA and CDC in the United States issued a statement on the safety
of the qHPV vaccine that based on the review of available information, the qHPV
vaccine continues to be safe and effective and that its benefits continue to outweigh its
risks [Ref. 5.4: 3242]. A summary of data from the U.S. VAERS (Vaccine Adverse
Event Reporting System) was also published in the same month, covering the 2.5 years
following initial U.S. licensure of the gHPV vaccine in females [Ref. 5.4: 3243]. The
conclusion from this review was that the post-licensure safety profile of the qHPV
vaccine was broadly consistent with safety data from pre-licensure trials. Overall, the
post-marketing safety experience with quadrivalent human papillomavirus (types 6, 11,
16, 18) recombinant vaccine, MSD, has confirmed the favorable safety profile of the
vaccine. There is a low frequency of reported serious adverse events, and the benefit-risk
ratio for the product remains favorable. MSD will continue to the monitor the safety of
the vaccine in the post-licensure period. '

2.5.5.5 Overdose

For HPV vaccine and placebo, overdose was defined as a subject receiving >3 doses (0.5
mL per dose) of vaccine or placebo throughout the study or receiving 20.75 mL of
vaccine or placebo in any one dose. There were no reports of overdose with qHPV
within P0O19.

2.5.5.6  Drug Abuse/Withdrawal and Rebound/Impairment of Mental Ability

No abuse of qHPV vaccine was reported; qHPV vaccine does not have properties
associated with medications with abuse potential. No occurrence of withdrawal or
rebound was reported.

The qHPV vaccine does not have biologic properties or physiologic effects that could
interfere with the ability to drive or operate machinery or impair mental abilities. Thus,
gHPV vaccine does not appear to have any adverse effects on the ability to drive or
operate machinery. :

Also, qHPV vaccine does not appear to impair mental abilities.
2.5.5.7 Conclusions Regarding the Safety of gHPV vaccine

The safety data in P019 support the conclusion that gHPV vaccine is generally well
tolerated and displays a safety profile similar to that shown in prior submissions.
Specifically, (1) administration of gHPV vaccine is generally well tolerated in 24- to 45-
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