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1. Background information on the procedure

1.1. Requested Type 1l variation

Pursuant to Article 16 of Commission Regulation (EC) No 1234/2008, Merck Sharp & Dohme Limited
submitted to the European Medicines Agency on 8 January 2014 an application for a variation,
following a worksharing procedure according to Article 20 of Commission Regulation (EC) No
1234/2008.

This application concerns the following medicinal products:

Medicinal product: Common name: Presentatianer

Silgard HUMAN PAPILLOMAVIRUS VACCINE See A(nex A
[TYPES 6, 11, 16, 18] (RECOMBINANT,
ADSORBED) N
Gardasil HUMAN PAPILLOMAVIRUS VACCINE Bee Annex A
[TYPES 6, 11, 16, 18] (RECOMBINAN'
ADSORBED)

The following variation was requested:

Variation(s) requested Type

C.1.6.a C.1.6.a - Change(s) to therapeutic indicatign(®) -_Addition of a new 1

therapeutic indication or modification of"an approved one

The WSA applied for an extension of the indication to indluds’prevention of premalignant anal
lesions and anal cancer. Consequently, the MAH prepased the update of section 5.1 of the SmPC.

The Package Leaflet was proposed to be updatsd azcordingly.

The requested variation worksharing proceuyre proposed amendments to the Summary of Product
Characteristics and Package Leaflet.

Appointed Rapporteur for the WS rxovedure: Kristina Dunder

1.2. Steps taken for the jassessment

Submission date: B 8 January 2014
Start of procedure: 25 January 2014
Rapporteur’s prelimipary assessment report 21 March 2014

circulated on;(
CHMP opinion: 25 April 2014

Infzraation on Paediatric requirements

Plrsuant to Article 8 of Regulation (EC) N° 1901/2006 as amended, the application included an EMA
desision P/13/2010.

The PIP is completed.

The PDCO issued an opinion on compliance.
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2. Scientific discussion

2.1. Introduction

Gardasil/Silgard is a quadrivalent human papillomavirus (Types 6, 11, 16, 18) recombinant vaccine. It
is an aluminium adjuvanted recombinant protein particulate (virus-like particle [VLP]) vaccine for the
prevention:

- pre-malignant lesions (cervical, vulvar and vaginal) and cervical cancer, causally
related to human papillomavirus (HPV) types 16 and 18;

- genital warts (condyloma acuminate causally related to HPV types 6 and 11).

The current worksharing application was submitted to extend the indication to include pre-me¢lignant
anal lesions and anal cancer.

Burden of anal cancer in men and women

Approximately 27,000 new cases of anal cancer are estimated to occur annuéilyaround the world. In
Europe, it is estimated that 6,800 new anal cancer cases occur each yeargamconyg which about 75-80%
are attributable to HPV types 16 and 18. According to population-basesd=stuadies, anal cancers are more
frequent in women than in men, with over 60% of cases occurring i vwWon.en. Among men, even
though the incidence of anal cancer is higher among men who hava s¢ with men (MSM), a substantial
proportion of cases still occur in heterosexual men, at the popt latien<€vel. For example, a population
based study estimated that 53% of anal cancers in males cccujred in heterosexual men.

In Europe, the annual age-standardized incidence rates of anal cancer are estimated to vary between
0.1 and 1.4 per 100,000 in men and between 0.1 arid 2/2 per 100,000 in women. This incidence has
been continuously increasing over recent decade’, bath amongst men and women, in industrialized
countries, in general, and in Europe, in partidular. The reason for this increasing incidence is not well
understood, but may, at least partially, reflect cnanges in sexual behaviour in the latter half of the
twentieth century that increased the risk'at ‘€xposure to HPV in the anal canal.

The incidence of anal cancer is par_icuiarly high among MSM and immunosuppressed men and women.
Risk factors for anal cancer arellifeiime number of sexual partners, history of receptive anal
intercourse, a history of genital warts or other HPV related cancers/pre-cancerous lesions, and
cigarette smoking. Altho& jh identified as a risk factor, history of receptive anal intercourse has not
been shown consisteritly to we a significant risk factor for high-risk anal HPV infection in women,
suggesting that otlie’ ‘sexual and non-sexual routes of transmission are possible, including
contamination ffom ‘e€rvix/vagina, non-penetrative sex or inoculation through fingers. The median age
at diagnosis_C€ anal cancer is approximately 60 years and five-year survival rates are ~60% for men
and 73% for women. In addition to gender, survival from anal cancer has been associated with age,
race, s d ctage of disease at diagnosis.

Tliesrole of HPV in anal cancer

Overall, published data suggest that approximately 90% of all anal cancers are caused by HPV.
According to a meta-analysis, 84% of anal squamous cell cancers in men were HPV positive. Daling et
al reported 87.9% HPV positivity of anal cancers in heterosexual men (HM), compared with 88.4% in
women and 97.7% in men who were not exclusively heterosexual. In all populations, HPV 16 is
consistently reported as the most common HPV type identified in anal cancers and AIN 2/3 lesions.
HPV 16 was reported to be present in between 73% to 81% of anal cancers, followed by HPV 18 in
about 3% to 5% of anal cancers. Daling reported that 73% and 7% of all anal cancers examined were
positive for HPV 16 and 18 respectively, regardless of gender. Overall, the literature suggests that HPV
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types 16 and 18 together account for approximately 75-80% of all anal squamous cancers, a larger
proportion than for cervical cancers, strongly supporting the necessary role of these HPV types in anal
cancer development. This is also supported by the results from a recent study on 496 anal cancer
samples worldwide, in which HPV prevalence in anal cancers was reported to be about 90% (after
adjustment for several parameters, including region of the world, period of diagnosis, age at diagnosis
and gender). In this study, the contribution of the qHPV vaccine types to HPV-related anal cancer was
estimated to be 87.2%, after taking multiple infections into account.

Data provided in the current application

In addition to the results from Protocol 020 that established the efficacy for prevention of pre:
cancerous anal lesions and anal cancer and the immunogenicity of gHPV vaccine (assessed in
EMEA/H/C/703/WS/0029), the new results presented in this variation application are issueasfroim the
following studies:

e For long-term protection and safety, new data issued from the long-term fonaw-up studies of
the Gardasil clinical trials are available:

a) Protocol 020-21 (P020-21) — Long-term effectiveness, immunogen'cily, and safety study of
Gardasil in young men: 6 years of follow-up [submitted throCh post-authorisation
measures MEA 070 and MEA 069 respectively];

b) Protocol 018-11 (P018-11) — Long-term immunogeniciiv, sHafety and effectiveness study of
Gardasil among girls and boys who received Garda:il a¢ 918 years of age: 8 years of
follow-up [submitted in post-authorisation measure) MEA 020.4];

¢) Protocol 015-21 (P0O15-21) — Long-term effectiveness, immunogenicity, and safety study of
Gardasil in young adult women: 8 years'af eifectiveness and safety, 9 years of
immunogenicity [submitted through‘oswauthorisation measure MEA019.3];

e in order to address questions on pgteritial uncertainties on gHPV vaccine safety, including rare
conditions, the results of the folloviing post-marketing observational studies in women and
men are available:

three studies are part of the RisleManagement Plan (RMP):

1. Protocol 031 (PO31) -\ Post-licensure safety surveillance program in females: final report :
[submitted through fcllow-up measure FU2 028.3]

2. Protocol GDZ9s% — Final report on Analysis of Gardasil and autoimmune disorders using the
Pharmacaepid.miologic General Research eXtension (PGRx) Information System.

3. Protocal @70 (PO70) — Post-licensure safety surveillance program in males: First interim report.
e '\, Cther'data source available:
<) Three independent studies (one in France, one in the US, and one in the Nordic countries)

e) The analysis of post-marketing spontaneous adverse event reports in males (in comparison
with reports for females)

f) In addition, in order to anticipate discussions about possible associations when vaccinating
adolescent boys in Europe and to help interpreting post-licensure surveillance data, the
background incidence rates of potential adverse events likely to be temporally associated
with gHPV vaccination in adolescent boys were computed and compared to those observed
in adolescent girls.
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Finally, the qualitative and quantitative evaluation of the benefit/risk balance of Gardasil vaccination
for the prevention of premalignant anal lesions and anal cancer was performed by the MAH using
complementary methods:

a) First, the MAH has estimated the absolute benefit of preventing anal cancer with Gardasil using
the number needed to vaccinate (NNV) method and, in the perspective of a Benefit/Risk
evaluation, has balanced it with estimations of the absolute risk of vaccinating the general
population for this indication, using the number needed to harm (NNH) calculation

b) Then, the MAH has used the ‘problem, objectives, alternatives, consequences, trade-offs,
uncertainty, risk attitude, linked decisions’ (PrOACT-URL) and the multi criteria decision
analysis’ (MCDA) approaches, which are two similar and well-structured approaches tg
estimate the overall benefit-risk balance, both on a qualitative (PrOACT and MCDAand. a
quantitative (MCDA) point of view. These two approaches allow taking into consideration all the
potential benefits and all the potential risks within a single evaluation.

2.2. Non-clinical aspects

No new non clinical data have been submitted in this application, which w/as considered acceptable by
the CHMP.

2.3. Clinical aspects

2.3.1. Introduction

GCP
The Clinical trials were performed in accordance®vittanGCP as claimed by the applicant.

The applicant has provided a statement totheseffect that clinical trials conducted outside the
community were carried out in accordanceywith the ethical standards of Directive 2001/20/EC.

2.4. Clinical Efficacy

2.4.1. Main studies

The pivotal study forthis apglication is study protocol 020, which was fully assessed in the variation
application EMEA/E/S/r23/WS/0029. In addition, results from Protocol 020-21, 018-11 and 015-21
were also provicad.

2.4.2. (Results
2.4.2.1.Protocol 020

arctacol 020 (PO20) was a randomized, double-blind, placebo-controlled, multicentre safety, efficacy
and immunogenicity study. The study included 4065 males of whom 3463 subjects (85%) were
heterosexual males (HM) aged 16 to 23 years and 602 subjects (15%) were men who have sex with
men (MSM) aged 16 to 26 years. All subjects were screened on Day 1 and randomized 1:1 to receive
gHPV or placebo on Day 1, Month 2 and Month 6. Subjects were recruited at 71 study sites in 18
different countries - Australia, Brazil, Canada, Costa Rica, Croatia, Finland, Germany, Mexico,
Netherlands, Norway, Peru, Philippines, Portugal, South Africa, Spain, Sweden, Taiwan, and the United
States.
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The primary objective of PO20 was to determine whether administration of a 3-dose regimen of qHPV
vaccine to men who were naive to HPV 6, 11, 16 and/or HPV 18 at baseline would reduce their risk of
external genital lesions (EGLs) (penile/perianal/perineal intraepithelial neoplasia (PIN),
penile/perianal/perineal cancer and genital warts) caused by vaccine-matched HPV types. In the MSM
substudy, which was embedded within P0O20, the efficacy of 3 doses of qHPV vaccine against HPV
6/11/16/18-related anal intraepithelial neoplasia (AIN) and anal cancer was assessed in MSM who
were naive to these HPV types at baseline.

P020 was designed to be unblinded for primary efficacy analysis when at least 32 cases of primary

endpoints had accrued. The required number of cases was accrued and the study was unblinded on
October 11, 2008. The median duration of follow-up as of cut-off date for the overall, HM, ana MZwi
study populations were 34.3, 35.2, and 19.0 months respectively.

P0O20 was completed, and the current variation includes end-of-study results from all visitoythiough
July 31, 2009 (database frozen October 21, 2009). Median durations of follow-up agstady completion
for the overall, heterosexual men (HM) and MSM study populations were 35.3, 35.4, aid 32.2 months,
respectively. The mean post-month 7 follow-up in HPV naive subjects was 29 /~ymuanchs (overall study
population).

Primary endpoint analysis: Efficacy against HPV 6/11/16/18-raiated EGL
PPE Population

Vaccine efficacy (VE) against HPV 6/11/16/18-related EGL in ti'e FRPE“Dopulation was 90.6% (Table 1).
There were a total of 3 EGL cases in the vaccine group and 32 :ases in the placebo group. All of the
cases in the vaccine group and the majority of the cases irathe placebo group had positive PCR results
for HPV types 6 and/or 11 and were from diagnoses/of vondyloma. Of the 32 cases in the placebo
group, 4 were due to diagnoses of PIN 1 or wors¢, wiuv 2 cases of PIN 2/3 identified. No cases of
cancer were detected during the study.

The two vaccine subjects, who were caseg of rFV 6-related EGL, had anti-HPV 6 titres at Month 7 that
were comparable to the GMTs among oeryorotocol subjects who received the gHPV and were naive to
HPV type 6 during the vaccination gecwiods The vaccine subject who was diagnosed with an EGL related
to HPV types 6 and 11 had anti=R\Vi&/and 11 titres at Month 7 that were considerably above the levels
observed among per-protocQhRV:naive recipients as well as those who had evidence of prior infection
of types 6 or 11 at Day 1./1 W, these results do not suggest a failure of efficacy related to low
antibody titres.
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Table 1. Analysis of efficacy against HPV 6/11/16/18-related EGL by sexual orientation, HPV type
and lesion type (PPE population)

gHPV vaccine Placebo
N=2025 N=2030 Observed
efficacy
Endpoint Number of Number of % 95% CI
n cases n cases

HPV 6/11/16/18 1,394 3 1,404 32 90.6 (70.1, 98.2)
EGL
By sexual orientation p_
HM subjects 1,200 2 1,196 26 92.4 (6976, Latl)
MSM subjects 194 1 208 6 82.1 (-41.8,29.0)
By HPV type
HPV 6-related EGL 1,242 3 1,243 19 84.2 N (46.2, 97.0)
HPV 11-related EGL 1,242 1 1,243 11 90.9 : (37.2,99.8)
HPV 16-related EGL 1,292 0 1,270 3 100 _I (-138.4, 100)
HPV 18-related EGL 1,331 0 1,352 1 100 (-3846.4, 100)
By lesion type v
Condyloma 1,394 3 1,404 28 89.3 (65.3, 97.9)
P1N 1 or worse 1,394 0 1,404 4 | 100 (-52.1, 100)

PIN 1 1,394 6] 1,404 2 | 100 (-434.9, 100)

PIN 2/3 or cancer 1,394 (o] 1,404 2 | 100 (-434.7, 100)

PIN 2/3 1,394 0 1,404 2 100 (-434.7, 100)
Cancer 1,394 6] 1,404 ] NA NA

A cumulative incidence curve over time of vaccine=tvpas=GL by vaccination group showed that the

incidence rate in the placebo group increased during the entire duration of follow-up, while the

incidence rate in the vaccine group remainei“ow indicating persisting vaccine-induced protection
against HPV 6/11/16/18 EGL over the 36 inor ths of the study.

HNRT and FAS population

Vaccine efficacy was 76.3% in #ne -INRT population and 66.7% in the FAS population. As expected, VE

was lower for the EGL endpcint iwthe FAS and HNRT populations. The analyses of the HNRT and FAS
populations generally supbory the primary PPE analysis of efficacy against HPV 6/11/16/18-related.

Efficacy results AIN substudy in MSM

Subject dispogition

A total of 652 Qubjects were randomized into the substudy. The number of subjects who received at

least gnéyvacenation was 598. Overall, 91.1% of all subjects completed the vaccination phase. Overall

432 gubjacts (78.3%) completed the follow-up phase.

THhe nean duration of follow-up at the time of the analysis of the AIN Substudy endpoint was ~2.0

vears for the PPE population (post-Month 7) and approximately 2.4 years for the HNRT population

(post-Day 1) in the substudy population.

Efficacy against HPV 6/11/16/18-related AIN and anal cancer

MSM PPE Population

The PPE population included a total of 402 subjects. Efficacy against HPV 6/11/16/18-related AIN was
77.5% (95% ClI: 39.6, 93.3) (Table 2). There were a total of 5 AIN cases in the vaccine group and 24

cases in the placebo group. All of the cases in the vaccine group and the majority of the cases in the

Assessment report
EMA/CHMP/176749/2014

Page 8/42



placebo group had positive PCR results for HPV types 6 and/or 16. Success was achieved in the test of
the AIN sub-study efficacy hypothesis showing that VE against HPV 6/11/16/18-related AIN was above
0% with a p-value <0.001.

Of the 24 cases in the placebo group, 13 were identified with diagnoses of AIN 2 or worse. In the
vaccine group, there were 3 cases identified with diagnoses of AIN 2 or worse out of the total of 5
cases. The VE estimate for HPV 6/11/16/18-related AIN 2 or worse was 74.9% (95% CI: 8.8, 96.4),
which indicates that VE for this endpoint is statistically significant with a lower bound above 0%. There
were a total of 9 cases of HPV 16/18-related AIN 2 or worse. Of these, 1 case was in the vaccine groxn
and 8 were in the placebo group. No cases of cancer were detected during the study.

Table 2. Efficacy against HPV vaccine type related AIN and anal cancer by HPV type and lesibn e
(MMS PPE population)

gHPV vaccine Placebo [
N=299 N=299 Obs_erved |
efficacy
Endpoint Number Number % | 95% CI
n of cases n of cases N
HPV 6/11/16/18 AIN 194 5 208 24 775 39.6, 93.3
By HPV type =
HPV 6 141 3 144 10 67.5 -26.4, 94.2
HPV 11 141 6] 144 6 T— ¢ 100 9.3, 100
HPV 16 167 2 170 67 N[~ 655 -92.8. 96.6
HPV 18 173 (0] 193 4 100 -70.0, 100
By lesion type N
AIN 1 194 4 208 .6 73.0 16.3, 93.4
Condyloma acuminatum 194 0 208% —‘_ 6 100 8.2, 100
Non-accuminate 194 4 208 | 11 60.4 -33.5, 90.8
AIN 2 or worse 194 3 202 13 74.9 8.8,95.4
AIN 2 194 2 205 9 75.8 -16.9, 97.5
AIN 3 194 2 { -'_ 208 6 63.7 -103.0, 96.4
Anal cancer 194 5 | 208 6] NA NA

MSM HNRT Population

VE against HPV 6/11/16/18-relaea ¥\ and anal cancer for this population is 76.9% (95% CI: 51.4,
90.1). The results are compafaile o that observed in the MSM PPE population, even though any cases
that occurred after the firgiwaccination were included in the HNRT analysis and the full benefit of the
3-dose vaccination daes not=0ccur until after the third dose.

The cumulative ingidzipce curve over time of HPV 6/11/16/18-related AIN and anal cancer in HNRT
showed that catesitthe placebo group occurred evenly over the duration of follow-up. For the vaccine
group, the tinia-w-event plot shows that all of the cases occurred in the first half of the follow-up
period."BReuwee n the Month 18 and Month 24 visit, the cumulative incidence curve for vaccine
recipiziiis wegins to plateau, while the curve in the placebo group continues to increase.

MM ~AS population

The FAS population included a total of 551 subjects. VE for this population was 50.3% (95% ClI: 25.7,
67.2). Efficacy was lower for the AIN endpoint in the MSM FAS than in the PPE and HNRT populations.
Similar to the MSM PPE and MSM HNRT populations, the 95% CI for VE against HPV 6/11/16/18-
related AIN 2 or worse remains above 0%.

The cumulative incidence curve over time of HPV 6/11/16/18-related AIN and anal cancer by
vaccination group for the AIN Substudy FAS population showed separation of the vaccine and placebo

Assessment report
EMA/CHMP/176749/2014 Page 9/42




groups as the rate of incident disease related to prevalent infections in the vaccine group declines,
providing further support for the effect of HPV vaccination in this non HPV-naive population.

2.4.2.2. Protocol 020-21

This is a long-term effectiveness, immunogenicity, and safety study of Gardasil in young men with a 6
years follow-up. Protocol 020-21 was added to the original base study to provide information on the
long-term immunogenicity, safety, and effectiveness of the gqHPV vaccine among these men up to 10
years post-vaccination overall. Subjects who received at least 1 dose of the qHPV vaccine during eitbex
the base study (i.e. early vaccination group, EVG) or the first extension study (i.e. those who receivudi
placebo during the base study and the qHPV vaccine afterwards (i.e. catch-up vaccination groun, CV:53)
were eligible to enter this long-term follow-up extension of the study.

Results
Subject Disposition

A total of 4055 study subjects were randomized in a 1:1 ratio and vaccinatedvithinaither gHPV vaccine
(N=2025) or placebo (N=2030), in the context of the V501-020 base study.

The V501-020-10 extension offered vaccination to all subjects worldwid&w%o had received placebo or
an incomplete series of vaccinations in the base study. A total of 1098 subhjects who had originally
received placebo (54%) received one or more doses of qHPV vasciae irithis extension. In study 020-
21 the Early vaccination group consisted of 936 subjects, the Catci-up vaccination group of 867
subjects.

Table 3. Accumulated Follow-Up Time in Base Study and Extension

Follow-Up Time ‘¥e.vs) Since Day 1

Base Study S\N Median Mean
qHPV Group 2025 297 245
Placebo Group ! 2030 292 243

Follt w-\'p Time (Years) Since gHPV Daose 1

020-21 Extension N\ N Median Mean
Early Vaccination Grovh 936 6.45 6.34

Catch-Up Vaccua/ioa Group 867 2.07 1.96

Effectiveriess PP population)
Incidernias of HPV 6/11-Related Genital Warts

Téble 4 displays the cumulative incidence of HPV 6/11-related genital warts, from the start of the base
stuuy through all visits completed before 01-Jun-2012, in the EVG Per-Protocol population. Three cases
of this endpoint were observed in this group during the base study. In follow-up visits to date, no
additional cases of this endpoint have occurred.
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Table 4. Effectiveness of gHPV Vaccine in Men 16 to 26 Years Against HPV 6/11-Related Genital
Warts Cumulative Incidence, Day 1 through June 1, 2012 (Per-Protocol Efficacy Population)

Endpoint Early vaccination group

Number of cases Person-years at Incidence rate (95% CI)

risk per 100 person-
years at risk
HPV 6/11-related 1,243 3 4,962.8 0.1 (0.0, 0.2)
genital warts
By sexual orientation
HM 1.102 2 4,539.8 0.1 (0.0, 0.2)
MSM 141 1 423.0 0.2 (0.0, 1.3)
By period from dose
1 1,240 3 2,775.1 0.1 (0:0,:0.2
Base study period 640 0 2,187.6 0.0 (G.9, 0:2)
Post-base study
period
By HPV Type
HPV 6-related 1,243 3 4,962.8 0.1 (0.0, 0.2)
genital warts
HPV 11-related 1,243 1 4,970.3 0n (0.0, 0.1)

genital warts

N = Number of subjects in the indicated group who received at least 1 dose qHPV yaccir.a

n = Number of subjects in the indicated analysis population.

Cl = Confidence interval.

HM = Heterosexual men; MSM = Men having sex with men; HPV = Human papiioriavirus; qHPV = Quadrivalent
Human Papillomavirus (Types 6, 11, 16, 18) Recombinant Vaccine.

Incidence of HPV 6/11/16/18-Related External Genital Lsasibhns

In the PP population the incidence of HPV 6/11/16/18- related external genital lesions coincides with
the condyloma results presented above (Table 4).

Incidence of HPV 6/11/16/18-Related AIN

There were 5 cases of HPV 6/11/16/18-re ated AIN in the EVG MSM Per-Protocol population during
the base study. In follow-up visits to datey, no additional cases of this endpoint have occurred.
Incidence of this endpoint remainsguw Gdring the extension period.

Incidence of HPV 31/33/35/39/45/51/52/56/58/59-Related External Genital Lesions

Of the total 5 cases of HPY 31,383/35/39/45/51/52/56/58/59 - related external genital lesions, in the
EVG HNRT populatioq for tihic endpoint, all cases have been reported in the context of the base study.

In follow-up visits {o/uate, no additional cases of this endpoint have occurred. Incidence of this
endpoint remaifis tovi during the extension period.

Incidence 4t Al Related to Any HPV Type

Of themwatah 12 cases of HPV any - related AIN in the EVG GHN population no additional case has been
repesiedssubsequent to the base study. Incidence of this endpoint remains low during the extension

nellon.
smmunogenicity
Persistence of Antibody Response in the Per-Protocol Immunogenicity Analysis Population

Table 5 displays the geometric mean titre (GMT) levels of subjects in the PPl population, EVG,
through Month 72 from first vaccination, as measured by the competitive Luminex assay (cLIA).
Timepoints Day 1 through Month 36 were part of the base study. Titres observed at Month 48
through Month 72 are comparable to those at Month 36, indicating no further diminution of titres in
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extension period.

The small group of subjects who commenced their long term follow-up in time for a Month 48 visit
were all MSM subjects. As noted in the base study, MSM subjects demonstrated lower titres than HM
subjects.

Table 5 includes all subjects, both HM and MSM. Thus, the Month 48 GMTs are numerically lower than
other time points.

Table 5 also displays the proportion of subjects seropositive to HPV 6, 11, 16 and 18 by time point,
within EVG in the PPI population, through Month 72 from first vaccination, as measured by cLIA. Tin\&
points Day 1 through Month 36 were part of the base study. Titres observed at follow-up visits
(Month 48, Month 60 and Month 72) are comparable to those at Month 36, indicating no furtiier
diminution of SPR in extension period. As noted in previous studies, and in the base study Prctocol
020, the proportion of subjects seropositive to HPV 18 by the cLIA declines over timey/rrém Month 48
through Month 72, the overall SPR is approximately 50%, whereas for HPV 6, 11 ariG,1cy, the SPR is
maintained at approximately 85% or higher. Of note, no cases of HPV 18-related,dis»ase have been
observed in the EVG PPE population, during the base study or follow-up to d&te:
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Table 5. Summary of Anti-HPV cLIA Immunogenicity Responses by Time from Vaccination Dose 1
(Per-Protocol Immunogenicity Population)

Assay (cLI1A) Early Vaccination Group (N=2,025)
Time Pointt

n GMT (mMU/mL) (95% CI) n SPR (%) (95% CI)
Anti-HPV 6
Day 1 (qHPV) 1,090 <7 (<7,<7) 1,090 0.0% (0.0%, 0.3%)
Month 07 1,090 447.7 (415. 9, 481.9) 1,090 98.9% (98.1%, 99.4%)
Month 24 939 79.8 (7.7, 85.2) 939 90.8% (88.8%, 92.6%)
Month36 845 71.5 (66.7, 76.7) 845 88.9% (86.6%, 90.9%)
Month 48 24 43.2 (28.1, 66.4) 24 79.2% (57.8%, 92.994,
Month 60 133 61.8 (50.5, 75.6) 133 85.7% (78.6%, 91.2'.4)
Month 72 411 57.0 (51.4, 63.2) 411 84.4% (80.6%, &€7.2%%)
Anti HPV 11
Day 1 (gqHPV) 1,090 < 8 (<8, <8) 1,090 0.0% (0.0%, 0.2%)
Month 07 1,090 624.4 (588.4, 662.6) 1,090 99.2% (95.45, 99.6%)
Month 24 939 94.6 (88.5, 101.1) 939 95.6%.19:,19),, 96.8%)
Month36 845 82.5 (77.0, 88.5) 845 94.0%) (92.1%, 95.5%)
Month 48 24 49.6 (33.7, 73.1) 24 87..% 67.6%, 97.3%)
Month 60 133 77.6 (64.3, 93.6) 133 91,790(85.7%, 95.8%)
Month 72 411 5 8.7 (52.5, 65. 6) 411 26.9% (83.2%, 90.0%)
Anti HPV 16
Day 1 (gqHPV) 1,133 <11 (<11, <11) 1,133 0.0% (0.0%, 0.3%)
Month 07 1,133 2,406. 1(2, 245.0, 2,578 1,183 98.8% (97.9%, 99.3%)
Month 24 977 343.1 (319.0, 368.9) S 99.1% (98.3%, 99.6%)
Month36 875 293. 6 (27.6,31.4) & 97.9% (96.8%, 98.8%)
Month 48 30 199.7 (116.1, 343.3 3V 96.7% (82.8%, 99.9%)
Month 60 148 2 8 4.2(232.3, 347.9) 148 95.9% (91.4%, 98.5%)
Month 72 423 242.7 (215.3, 273.6) 423 97.4% (95.4%, 98.7%)
Anti HPV 18
Day 1 (qHPV) 1,171 <1 0 (<10, <1v) 1,171 0.0% (0.0%, 0.3%)
Month 07 1,173 402.8 (373.9, 433.9) 1,173 97.4% (96.3%, 98.2%)
Month 24 1,010 38.4 (35.2,/42.0) 1,010 62.4% (59.3%, 65.4%)
Month36 904 33.2 (30.2,.36.'1H) 904 57.1% (53.8%, 60.3%)
Month 48 34 24.0 (V4.0 59.7) 34 47.1% (29.8%, 64.9%)
Month 60 156 33.4 (2¢.6, 41.9) 156 55.8% (47.6%, 63.7%)
Month 72 435 249 (21.1, 27.4) 435 48.3% (43.5%, 53.1%)

TThe indicated time point is relative to day of igjectics» of dose 1 of the qHPV vaccine.

N = Number of subjects in the indicated groun “vho'received at least 1 dose of the qHPV vaccine.

n = Number of subjects with non-missing titer in the indicated analysis population.

Cl = Confidence interval; HPV = Human-papilemavirus; cLIA = Competitive Luminex immunoassay; GMT =
Geometric Mean Titer; SPR = seroposit vity rate; mMU/mL = Milli Merck units per milli-liters; gHPV = Quadrivalent
Human Papillomavirus (Types 6, 114 1§ £8) Recombinant Vaccine.

2.4.2.3. Protocol @18-1%,4,018-11)

Long-term immuncgeiicity, safety and effectiveness study of Gardasil among girls and boys who
received Gardasil at Y-18 years of age: 8 years of follow-up.

Background

The Vo03, Frotocol 018 was a Phase 111, randomized, placebo-controlled study of the gHPV vaccine
thacveridlled 1794 boys and girls 9 to 15 years of age. Enrolment was stratified in order to achieve a
aaua0f 1:1 by gender and a ratio of 2:1 (9- to 12-year-old and 13- to 15-year-old, respectively) by
age group across all centres. Once enrolled, subjects were randomized to receive either the gHPV
vaccine or non-aluminium-containing placebo in a 2:1 ratio at each study site.

The V501-018-11 study did not have a placebo group. The group vaccinated with the gHPV vaccine in
the base study is referred to as the "Early Vaccination Group" (EVG). The group vaccinated with
placebo in the base study were vaccinated with a 3-dose regimen of the qHPV vaccine starting at
Month 30 (relative to study Day 1 of the base study) during the first extension of the base study
(V501-018-05/06) and are referred to as the "Catch-up Vaccination Group" (CVG). Because there is
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no placebo group, vaccine efficacy cannot be measured. In lieu of efficacy measurements,
effectiveness of vaccination with the qHPV vaccine is assessed by calculating the incidence of
endpoints in each of the EVG and CVG and comparing these rates with those observed in groups
vaccinated in previous efficacy studies within the MAH gHPV vaccine program. This long-term follow-
up study started on Month 42 (relative to study Day 1 of the base study) and will be completed at
Month 126 (approximately 7.5 years later).

Results
Subject disposition

A total of 1,781 study subjects were randomized approximately 2:1 to receive the gHPV vaccing
(N=1,184) or placebo (N=597) during the V501-018-00 base study. Among these, a total of",,661
(EVG = 1,179; CVG = 482) received at least 1 dose of the gHPV vaccine and were eligible' to
participate in the V501-018-11 long-term follow-up study.

A total of 1,575 subjects (EVG = 1,116; CVG = 459) had follow-up post dose 3 of tae ¢iHPV vaccine.
The median (mean) follow-up time post dose 3 of the gHPV vaccine was 6.8 (5+2)%zars in the EVG
and 4.7 (3.5) years in the CVG.

Immunogenicity Follow-up: A total 1,127 subjects (EVG = 798; CVG =82%) had at least one
immunogenicity follow-up during the time period covering the Mont! 422 £ e., the start of the LTFU
study) through Month 96 study visits.

Effectiveness Follow-up

For an individual subject, study procedures related to the ‘wHPV vaccine effectiveness evaluation
(i.e., detection of HPV DNA through PCR testing) corimanced after that subject reached 16 years of
age. Thus, follow-up time related to the effectivefiegsassessment differs from follow-up time post
dose 3 of the qHPV vaccine.

A total of 590 subjects (EVG = 388; CVG (= 20z), representing 36% (EVG = 33%; CVG = 42%) of
the 1,661 subjects who received at least?, aose of the qHPV vaccine had at least one follow-up visit
with effectiveness data starting aftzi \Mcowich 72 through Month 96. The median (mean) follow-up time
related to the effectiveness assesafiant was 4.1 (3.8) years in the EVG and 3.9 (3.6) years in the
CVG. Because study procedutlesyrelated to effectiveness evaluations were performed only in the
context of the V501-018-%Z1%ong term follow-up study, the follow-up time for effectiveness
evaluations was simitar in th<¢ EVG and the CVG even though the EVG has longer follow-up time post
dose 3 of the qHPV.sacaine compared to the CVG. Table 4-3 shows the number of subjects with
effectiveness follaw{ur during the time period covering the Month 42 through Month 96 study visits
for each of the z:VGrand CVG, separately for males and females.

Incidence ©f H?V 6/11/16/18-related Persistent Infection and Disease among Females

Table'5 spows the estimates of incidence rate (per 100 person-years) of the co-primary endpoint of
HI'\V/c/11/16/18-related persistent infection and disease among females in the EVG and CVG in the
Far-Protocol Effectiveness (PPE) population.

No cases of HPV 6/11/16/18-related CIN (any grade) were observed in either the EVG or CVG; no
cases of HPV 6/11/16/18-related EGL were observed in either the EVG or CVG; while two cases of
HPV 6/11/16/18-related persistent infection, both related to HPV 16, were observed in the EVG and
one case of HPV 6/11/16/18-related persistent infection, related to HPV 16, was observed in the CVG.

The 2 cases of HPV 16-related persistent infection observed in the EVG over 645.3 person-years of
follow-up represent an incidence of 0.3 per 100 person-years (95% CI: 0.0 to 1.1) while the single
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case of the same type persistent infection observed in the CVG over 212.7 person-years of follow-up
has an incidence of 0.5 per 100 person-years (95% CI: 0.0 to 2.6). Such incidences observed in
Protocol 018 are comparable to the corresponding incidences observed in the qHPV vaccine group in
the per-protocol populations of other V501 efficacy studies among females. There are five more
endpoint cases of persistent infection identified in CVG group in the FAS population, one related to
HPV 16 and four related to HPV 18. One case of CIN 1 is also observed in the CVG group in FAS
population.
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Table 6. Effectiveness of gHPV Vaccination in Females Against HPV 6/11/16/18-Related Persistent Infection, CIN, or EGL (Fer=Frgtocol Effectiveness

Population)
Early Vaccination Group Cawgh-up Vaccination Group
(N=614) A (N=262)
Incidence l Incidence
Rate per Rate per
100 100
Number Person- Person- | Number Person- Person-
of Years Years of Years Years
Endpoint n Cases at Risk at Risk 95% CI n Cases at Risk at Rusk 95% CI
HPV 6/11/16/18-Related Persistent Infection, CIN, or EGL 246 2 6453 03 (0.0, 1_1‘,_ 84 1 2127 05 (0.0,2.6)
By HPV Type
HPV 6-Related Persistent Infection, CIN, or EGL 243 0 644.0 0.0 0.0109) 79 0 1995 0.0 (0.0,1.8)
HPV 11-Related Persistent Infection, CIN, or EGL 243 0 644.0 0.0 0 .0e276) 79 0 1995 0.0 (0.0,1.8)
HPV 16-Related Persistent Infection. CIN, or EGL 244 2 6392 0.3 (00.11) 71 1 1928 05 (0.0.2.9)
HPV 18-Related Persistent Infection. CIN, or EGL 244 0 6416 () (0.0.0.6) 81 0 208.6 0.0 (0.0.1.8)
By Endpoint Type (HPV 6/11/16/18-related)
Persistent Infection 230 2 557.8 0.4 (0.0, 1.3) 79 1 179.5 0.6 (0.0.3.1)
HPV 6-related Persistent Infection 227 0 356.6 0.0 0.0,0.7) 74 0 170.1 0.0 (0.0,2.2)
HPV 11-related Persistent Infection 227 0 556.6 0.0 0.0,0.7) 74 0 170.1 0.0 (0.0,2.2)
HPV 16-related Persistent Infection 228 2 5033 04 (0.0,13) 73 1 164 4 0.6 (0.0,3.4)
HPV 18-related Persistent Infection 228 0 3537 0.0 0.0,0.7) 76 0 175.4 0.0 (0.0,2.1)
CIN (any grade) 196 0 8206 0.0 0.0,0.7) 65 0 163.1 0.0 (0.0,2.3)
EGL 246 0 640.1 0.0 0.0.0.6) 84 0 2101 0.0 (0.0.1.8)

N = Number of subjects in the indicated group who received at'east 1 dose of the qHPV vaccine.
n = Number of subjects who have at least one effectiveness toilow-up visit.

Cl = Confidence interval; CIN = Cervical intraepithelial neoplas'a; EGL = External genital lesions; HPV = Human papillomavirus; gHPV = Quadrivalent Human Papillomavirus
(Types 6, 11, 16, 18) Recombinant Vaccine; ValN = Veaainal iritraepithelial neoplasia; VIN = Vulvar intraepithelial neoplasia.
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Incidence of HPV 6/11/16/18-related Persistent Infection and Disease among Males
- No cases of HPV 6/11/16/18-related EGL were observed in either the EVG or CVG;

- 2 cases of HPV 6/11/16/18-related persistent infection, one related to HPV 6, the
other related to HPV16, were observed in the EVG;

- 1 case of HPV 6/11/16/18-related persistent infection, related to HPV 6, was observed
in the CVG.

The 2 cases of persistent infection observed in the EVG over 459.8 person-years of follow-up
represent an incidence of 0.4 per 100 person-years (95% CI: 0.1 to 1.6) while the single case of
persistent infection observed in the CVG over 161 person-years of follow-up represents an ingiaanee
of 0.6 per 100 person-years (95% Cl: 0.0 to 3.5). Such incidences observed in Protocol 028yaiz
comparable to the corresponding incidences observed in the gqHPV vaccine group in thesnes=nrotocol
populations of other V501 efficacy studies among males.

There are no endpoints identified in the FAS analysis additional to the endpoint éasenof persistent
infection among males already identified in the PPE analysis.

Immunogenicity

Anti-HPV as measured by both the cLIA and the IgG LIA were consiateiit 2vith the observed efficacy of
the qHPV vaccine that provides continued protection against HPV ¢/11,16/18-related persistent
infection or disease for up to at least eight years following vaccinadioii'in adolescents.

The percentage of subjects who were seropositive at Morith\Q6& visit was high for all HPV types. For
HPV 18, 88.8% of EVG subjects were seropositive as_measured by the IgG LIA compared with 64.1%
as measured by the cLIA assay. Despite the lower _seropisitivity for HPV type 18 over time, when
measured with the cLIA, there were no cases of Gither HPV type 18-related persistent infection or
disease.

2.4.2.4. Protocol 015-21 (P015-21)

Long-term effectiveness, immunog:nicity, and safety study of Gardasil in young adult women: 8
years of effectiveness and safely, ¢ years of immunogenicity.

Background

Protocol V501-015 wag a pivetal Phase 111, efficacy, immunogenicity, and safety study that supported
the initial licensure 0. the gHPV vaccine. The study included 5493 women in Denmark, Iceland,
Norway, and Syveceari, randomized in a 1:1 ratio and received either gHPV vaccine or placebo in 2002
to 2003. Partivination and retention in these countries was very high with approximately 95% of
study oartizipents in both Cohort 1 and Cohort 2 completing the Month 48 visit. Subject-level data
are bging collected from:

Chon: 1: Approximately 2700 subjects who received qHPV vaccine at the start of Protocol V501-015
and will contribute approximately 14-years of follow-up after vaccination (4-years within Protocol
v501-015 and 10-years within the LTFU study).

Cohort 2: Approximately 2100 subjects who received placebo at the start of Protocol V501-015 and
gHPV vaccine prior to entry into the LTFU. These subjects will contribute 10 years of follow-up after
vaccination of qHPV vaccine

The LTFU of Protocol V501-015 subjects will be accomplished in 2 ways: 1) registry based follow-up
for effectiveness data as well as safety data including but not limited to deaths, cancers, and
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hospitalizations; 2) active follow-up for blood collection for immunogenicity assessments at Years 5
and 10 of the LTFU study.

Effectiveness and safety analyses will occur approximately 2 years following completion of Protocol
V501-015 and approximately every 2 years thereafter for 10 years. A 10 year registry follow-up (14
years total) means that 16- to 23-year-old women (Nordic Region enrolment age) will be followed
until they are 30 to 37 years old. This period covers the period of peak incidence of CIN 2/3 and AIS,
and the onset of the period of highest risk for cervical cancer. Immunogenicity analyses will occur
after the Year 5 and Year 10 study visits are completed.

The V501-015-21 Long-Term Follow-Up (LTFU) Study report was based on available data collectgd
from national healthcare registries in Denmark, Iceland, Norway and Sweden. The data covergawthe
period from 02 March 2009 through 01 March 2011; which represents approximately 4 to Swears of
post-vaccination follow-up. The final clinical study report is estimated to be in 2019.

Results
Subject disposition

A total of 5493 subjects in Denmark, Iceland, Norway, and Sweden were acciivated with either gHPV
vaccine or placebo in the Protocol V501-015 base study. Of these, 4847+eveived at least one dose of
gHPV vaccine, either during the vaccination phase of the study or diriiiaZhe extension for vaccination
of subjects who initially received placebo, and were eligible to panicipate in the Nordic LTFU
extension study (Protocol V501-015-21).

Primary Effectiveness Objective: Analysis of Effectivenessiratbhe Per-Protocol Efficacy (PPE)
Population

There were zero (0) cases of HPV 16/18-related C1n, 2~0r worse observed in Cohort 1. There were
1724 subjects out of 2650 eligible subjects in, the RPE population who contributed a total of 5144.1
person-years of follow-up since their exit fremithe base study.

The estimated baseline incidence rate.of WPv 16/18-related CIN 2 or worse in this vaccinated cohort
is 0.287/1,000 person-years if vacging eicacy is maintained at 90%. Based on the 5144.1 person-

years of follow-up time accrueds24,case is expected if vaccine efficacy is maintained at 90%. As of 01
March 2011, no cases were qQsanvzd.

Based on the number of €ligilile subjects in this population, a minimum of 2634 person years of
follow-up time are nevassaryyin any given interval of time since Day 1 in order to draw conclusions
from the results of thiy,analysis. A total of 3077.2 person-years have been accrued over the period
from 4 to 6 yeais 9ndwing vaccination in the Cohort 1 per-protocol population, which is a sufficient
amount of faligwiup time to conclude that effectiveness has been maintained beyond the initial 4
years follow-ub period of the base study up to 6 years.

2.4, 2. /Discussion on clinical efficacy

Discussion and conclusion on the AIN endpoint

The evidence supporting that the gHPV vaccine is efficacious against AIN 2/3 in the MSM population
included the consistent efficacy against all grades of anal disease severity and in all populations
including the FAS, the high level of efficacy against intra-anal persistent infection related to HPV 16
and HPV18 and, considering the close parallels between anal and cervical disease/cancer, the efficacy
data on CIN 2/3 in women. The extrapolation of data from MSM to healthy heterosexual men and
women are considered justified by the supportive data provided from the literature and the fact that
the anatomic location, the histologic and molecular characteristics of AIN/cancer are identical between
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the genders, supporting the same role of HPV in the pathogenesis of cancer development. Moreover,
based on clinical trial data on qHPV vaccine, there is no evidence that efficacy of the vaccine is gender
specific and the estimates obtained in MSM would be applicable to women and HM.

The issue whether or not AIN 2/3 lesions can be considered a surrogate marker for anal cancer is
resolved on the basis of the literature data available, albeit limited, and also based on the striking
similarities between CIN and AIN as regards natural history, pathogenesis, histological appearance,
spectrum of lesions and high-risk HPV types, which overall provide strong evidence that AIN 2/3
lesions are a precursor of invasive HPV-related cancer and could be considered as a surrogate marker
of invasive cancer, in the same way as CIN 2/3 lesions are a surrogate marker for cervical cancer

In conclusion, the extrapolation of the relative efficacy in preventing AIN 2/3 from the MSM t@ the
general population is considered acceptable, but, because of the low incidence of anal canses, iz the
general population, the absolute benefit is considered small.

2.4.4. Conclusion on clinical efficacy

Efficacy against premalignant anal lesions is considered demonstrated, and cur'be extrapolated to anal
cancer. The data can also be extrapolated to a general population. Howexler, the absolute benefit of
protection against anal cancer in the general population is considered/nialirdue to the low incidence of
anal cancer in the general population.

2.5. Clinical Safety aspects

2.5.1. Methods — analysis of data submitted

In addition to the results from Protocol 020 that ¢stacished the efficacy, immunogenicity and safety of
the qHPV vaccine for the prevention of pre-cancerqus anal lesions and anal cancer, new safety data
from the following long-term follow-up stugies\of gHPV clinical trials are now available:

a) Protocol 020-21 (P020-21) — Long-tesni~effectiveness, immunogenicity, and safety study of
GARDASIL in young men;

b) Protocol 018-11 (P018-11)/— Long-term immunogenicity, safety and effectiveness study of
GARDASIL among girls aind boys who received GARDASIL at 9-18 years of age;

c) Protocol 015-20¢P015y21) — Long-term effectiveness, immunogenicity, and safety study of
GARDASIL in yesng,adult women.

These three long-teiwi follow-up safety studies have collected data for 7,714 subjects (Table 7).

Table 7. Humreary of subjects included in the long-term follow-up studies, P0O20-21, P0O18- 11 and
PO15-21

P020 P0O18 PO15
(enrolled 16 to 26 (enrolled 9 to 15 year- | (enrolled 16 to 23 year-old

N year-old males) old females and males) females)

» Base study qHPV Placebo qHPV Placebo qHPV Placebo
Number of subjects who 2,025 2.030 1.184 597 2.750 2.097
received =1 injection
Extension study EVG* CVGH= EVG* CVG** Cohort 1# Cohort 244t
Number of subjects who 936 867 1.116 459 2.448 1.888
consented to safety follow-up *

Follow-up duration (mean) 7 years 6 years & years
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* EVG= early vaccination group, i.e. subjects who received at least 1 dose of the qHPV vaccine during the base
study

** CVG= catch-up vaccination group, i.e subjects who received placebo during the base study and the qHPV
vaccine afterwards

# Cohort 1= subjects who received at least 1 dose of the gqHPV vaccine during the base study (equivalent to EVG)

## Cohort 2= subjects who received placebo during the base study and the gHPV vaccine afterwards (equivalent to

CVG) $ at the cut-off date for the most recent analyses
The following new safety data from post-marketing experience have also been made available:
e Protocol 031-02 (P031-02) — Post-licensure safety surveillance program in females;

e Protocol GDSO3E — Analysis of Gardasil and autoimmune disorders using the
Pharmacoepidemiologic General Research eXtension (PGRx) Information System;

e Protocol 070 (PO70) — Post-licensure safety surveillance program in males: first iriterin report
e Three independent studies (one in France, one in the US and one in the Noudicicountries).

Furthermore, an analysis of post-marketing spontaneous adverse event reports {a male (in comparison
with reports for females) was provided.

Patient exposure
Safety data for gHPV vaccination in men: Protocol 020

In protocol 020, men aged 16 to 26 years were randomized to feseive s hree doses of gHPV vaccine or
three doses of placebo. A total of 4055 study subjects weresaacomized in a 1:1 ratio and vaccinated
with either qHPV vaccine (N=2025) or placebo (N=2030 ) [atz for tolerability and safety were
collected on a Vaccination Report Card (VRC) for 14 days foiiowing each vaccination. Serious adverse
events occurring after this reporting period were coliacte d if the event resulted in death or was judged
by the investigator to be vaccine- or study relaté€d. 'ae medical histories of all subjects were collected
on Day 1. At subsequent visits, new medicaristory that had occurred since the previous study visit
was recorded.

Long-term follow-up safety datairamein: Protocol 020-21

A long-term follow-up extensiopsiatacol 020-21 was added to the original base study to provide
information on the long-term(inimy.nogenicity, safety, and effectiveness of the gqHPV vaccine among
these men up to 10 yearsspastyvaccination. Subjects who received at least one dose of the qHPV
vaccine during eithes the base study (i.e., early vaccination group, EVG) or the first extension study
(i.e., those who recaived placebo during the base study and the gHPV vaccine afterwards (i.e. catch-up
vaccination groun, ¢Vv() were eligible to enter this long-term follow-up extension of the study.

The first interim seport was submitted in June 2013. Out of the 2,966 subjects who completed the
Protocoi 0.0 base study, 1,805 subjects participated in the long-term study as of the data cut-off date
of theriiistiinterim report (01 June 2012). Among these subjects, the median follow-up time Post-Dose
3 yras 5.5 years in the EVG. The range of follow-up was 3.1 to 6.8 years.

1"ae Protocol 020-21 study safety objective is to describe the incidence of vaccine- or procedure-
i2lated serious adverse events (SAEs), SAEs resulting in death and pre-specified medical conditions.
The assessment related to the study’s safety objective was conducted on the Full Analysis Set (FAS),
which included all subjects who received at least one dose of the gHPV vaccine.

Long-term safety data of qHPV vaccine in girls and boys: Protocol 018- 11

A total of 1,781 study subjects were randomized approximately 2:1 to receive the gHPV vaccine
(N=1,184) or placebo (N=597) during the V501-018-00 base study. Among these, 1,661 (EVG =
1,179; CVG = 482) received at least one dose of qHPV vaccine and were eligible to participate in the
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V501-018-11 long-term follow-up study. The median age at time of injection of dose 1 of the qHPV
vaccine was 12 years in the EVG and 15 years in the CVG. The V501-018-11 study safety objective
was to describe the incidence of deaths and serious adverse experiences deemed by the study
investigators to be vaccine- or procedure-related. The assessment related to the study’s safety
objective was conducted on the Full Analysis Set, which included all subjects who received at least one
dose of the gHPV vaccine. The Month 96 interim analysis database was based on follow-up data from
1,575 subjects, accumulated up to the data cut-off date of 18th May 2012.

Long-term safety data of qHPV vaccine in women: Protocol 015-21

In the Protocol V501-015 base study, 5493 subjects in Denmark, Iceland, Norway, and Sweden yere
vaccinated with either gHPV vaccine or placebo. Of these, 4847 received at least one dose of g2V
vaccine, either during the vaccination phase of the study (Cohort 1) or during the extensigr=fou
vaccination of subjects who initially received placebo (Cohort 2), and were eligible tQ pastivinzte in the
Nordic LTFU extension study (Protocol V501-015-21). Most of the eligible subjects Waa'consented to
the passive follow-up portions of the LTFU study (Total n= 4,336; Cohort 1=2,4483Cc%ort 2=1,888)
as part of the original protocol and additional country-specific consent was obtainedsior collection of
long-term safety data. The Nordic Cancer Registries were searched for deaths,c7.ncers,
hospitalizations and other safety outcomes (including, but not limited to,“ncident cases of: systemic
lupus erythematosus (SLE), rheumatoid arthritis, Guillain-Barré syndroiie (GBS), acute disseminated
encephalomyelitis (ADEM), and multiple sclerosis (MS)) as measures af iong-term safety in the
vaccinated group. Data are available for new medical history cgnditicns to measure long-term safety in
subjects vaccinated with the gHPV vaccine in Cohorts 1 ands2yp,to the data cut-off date of 1st March
2011; this represents about four to eight years of post-vaccinacion follow-up.

US: post-licensure safety surveillance study in fferinales: Protocol 031-02

This study is a post-licensure regulatory commitiaens to the FDA and the EMA; it is part of the Gardasil
RMP. The study was sponsored by Merck an¢conducted by two large managed care organizations,
Kaiser Permanente North California (KPNC) ara Kaiser Permanente South California (KPSC) using their
electronic health records. A total of ahouy190,000 females who received at least 1 dose of qHPV
vaccine (‘Secondary Study Populatioi) were enroled in the study, including about 44,000 females
aged 9 to 26 years who receives=thiaz doses of qHPV vaccine per protocol (‘Primary Study
Population’). Safety was meatuiad/'by assessing:

a) general safels (emergency room visits and hospitalization) on day O (day of vaccination),
and fromiday 1%0 60)

b) Pregnalicy safety

c) _.Cecurrence of 16 pre-specified autoimmune (Al) conditions within six months of qHPV
vilccination.

France: host-licensure safety surveillance study for pre-specified autoimmune diseases in
females: Protocol GDSO3E

2rutocol GDSO3E was an investigator-initiated study that was funded by Sanofi Pasteur MSD as part of
the risk management plan for gHPV vaccine in France. The risk management plan targeted the
surveillance for the following six groups of Al conditions:

e idiopathic thrombocytopenic purpura (ITP),

e connective tissue disorders (CTD) (undifferentiated connective tissue disorder, lupus
erythematosus, rheumatoid arthritis/juvenile arthritis, myositis and dermatomyositis),

e central demyelination and multiple sclerosis (CDMS),
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e Guillain-Barré syndrome,
e type 1 diabetes mellitus,
e autoimmune thyroid disorders (ATDs) including Grave-Basedow and Hashimoto’s disease.

PGRx (pharmacoepidemiologic general research program) is an on-going research platform that
prospectively recruits cases of Al disorders to clinical registries in France using a network of centres
specialized in research on Al disorders and representative pools of patients from general practice for
the selection of controls. The recruitment is independent of any exposure to drugs or vaccines.

The objective of Protocol GDSO3E was to assess if exposure to gHPV vaccine was associated with’ar
increased risk of developing pre-specified Al conditions or ATDs. For this study, case and contrct
females aged 14 to 26 years who lived in France, could read, and could respond to a telep*ene
interview (parents could be interviewed for participants under 18 years of age) were,se!aciad/ from
these registries from December 2007 to April 2011. Vaccination with qHPV was firsysecomimended by
the French health authorities for this age group in 2006. Case definitions were based o
internationally-accepted definitions for each disorder. Diagnoses were classifiegyasdefinite, possible or
rejected to allow patients to be recruited at early stages of the diseases. If corfrirmation of the
diagnosis was needed, the patients were followed for up to one year.

The exposure to gHPV vaccine and to risk factors was documented_thréugn interviews of the patients
or of their parents (proxies). A total of 92% of cases and 84% of rapcited referents were interviewed.
Objective confirmation for reported qHPV use (copy of prescrigtiony cSpy of medical record, vaccine
batch number, and vaccine package) was obtained for 87.4% | atients. Potential risk factors for Al
disorders were documented, including age (continuous variable), region of residence and of birth of the
patient (or of the patient’s parent), oral contraceptiyie uge (within two years before the index date),
smoking, alcohol consumption, exposure to a vagcine giher than gHPV in the two years before the
index date, occupation, presence of chronicicomoirhidities, number of drug used. A priori suspected risk
factors and those found associated with diseaszs, status were summarized in a multivariate risk score.
First-degree familial or personal history«@ftaufoimmune disorder (f/pHAID) was shown to be more
frequent in cases than in controls (22.2% vs. 5.7% respectively).

Cases and controls were randopzssinacched for age, region of residence and date of recruitment. Only
controls with no history of Alfdiaarziers were selected as potential controls. A mean of four controls
were matched to each cage."Controls were selected for each of the six Al disorders and then different
controls were selected for tw¢ combined analyses of all Al disorders. The multivariate risk score was
applied to each patieat*or all multivariate studies, which were all controlled for the familial or personal
history of autoimmmune disorders. In addition, stratified analyses were done according to f/pHAID
status.

A total '0f 269 /efinite and possible cases and 1096 controls were recruited. The cases were not
statisticallyvdifferent from the controls for all variables, except for oral contraceptive use within 24
mentha.cf the index data (more frequent in controls; 49.4% vs. 58.6%; p=0.01), personal or family
Yictory of Al disorders (more frequent in cases;14.1%yvs. 5.6%; p >0.001). Overall, the exposure to
akPV was consistent with estimates from French prescription data: 33.5% vs. 32.0% expected for the
age-structure of the population.

The planned primary analysis was for each Al conditions separately. Only patients with confirmed
disease diagnosis and only confirmed exposure to gHPV in the primary time window at risk before the
index date defined for each disease were included. The index date was the date of first symptom in the
cases, applied to their matched controls. The primary time window at risk was 24 months for CTD,
CDMS and ATD, 6 months for ITP and 2 months for GBS. Adjusted odds ratios (ORs) were estimated
using conditional logistic regression.
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Protocol 070 (P0O70): post-licensure observational study of the safety of gHPV in males

Protocol 070-01, "Post-Licensure Observational Study of the Safety of Gardasil in Males" is ongoing.
This post-licensure observational study is conducted as a regulatory commitment to the FDA to assess
the general safety of qHPV vaccine in males. This study is included in the risk management plan.

The objective of the study is to assess the safety of qHPV vaccine in the general population of males
who receive the vaccine during the course of routine clinical practice, with accrual of subjects starting
at the date of initial licensure in the US for males (October 2009). The study is being conducted using
a database from a large managed care organization in the United States, Kaiser Permanente. An
external safety review committee (SRC) composed of experts in adolescent medicine, vaccine,sa’en
autoimmune conditions, and pharmacoepidemiology has been established to review and evalyave tive
safety data emerging from the study.

For the general safety analysis the incidence of medical events resulting in hospitalizatioraor
emergency room visit in the first 60 days after vaccination, relative to a self-comparizornreference
period will be analysed. The incidence of selected pre-specified events on the daj: of waccination will
also be analysed. In addition, it is also planned to follow subjects for six mon_hsafter each vaccine
dose to evaluate the occurrence of new onset cases of 20 specific autoimmune tiseases (ADs). The
study population will consist of either 44,000 males completing the 3-gesewegimen of qHPV vaccine,
135,000 males receiving at least 1 dose of qHPV vaccine, or the numbir of males accrued up to six
years after study start.

Prior to accrual of a pre-specified sample size (22,000 malesjylinterim annual reports include only
counts of outcome diagnosis codes, not incidence rates (W\R), 00 relative risks (RRs). The first interim
report was submitted in August 2013 with the PSUR cavering the period from 1st June 2012 to 31st
May 2013. To be included, the subjects had to have “aeeh enrolled for at least 12 months in Kaiser
Permanente. Among those who had been enroll€d fo 212 months, from October 2009 to December
2011, 12,609 males had received =one doseof gHPV vaccine (38.4% had received two dose; 10.7%
had received all three doses). A total of 16,8C5 doses were administered. The low number of males is
explained by the study period analysed fog wnis report, during which the accrual of males occurred
mainly prior to the Advisory Commitiae e Immunization Practices (ACIP) universal recommendation
(25 October 2011, published ons22 ®acember 2011).

France: Cohort study by AilSM on SNIIR-AM (French National Social Security) database

To complement the Buropess risk management plan (RMP) for HPV vaccines, the French drug safety
agency, ANSM, hasgmp'emented a cohort study to study the risk of ADs in young girls exposed and
not exposed to either bivalent or quadrivalent HPV vaccine. The study used data from the French
National Social"Security database (SNIIR-AM). In 2007, a cohort of young girls was established from
those bornfpetvieen 1983 and 1996 (subjects were aged between 11 and 24 years) and followed for
three years 70 avoid possible bias due to girls changing from the general to a student social security
systeln dpring the study, only girls aged 11 to 15 were included.

Yoing girls with no reimbursement for a HPV vaccine (unexposed) and those with reimbursement for
up'to three HPV vaccines (exposed) and who had a long-term disorder recorded as an AD were eligible
for inclusion. During the three-year period of the study the database was searched for new
notifications for ADs; the date of notification was taken as the date of symptom onset.

US: Centres for Disease Control and Prevention (CDC)-sponsored study to evaluate safety of
gHPV vaccine in females

This observational study sponsored by the CDC involved 9-26 year-old females who received qHPV in
one of seven large managed care organizations. The Vaccine Safety Datalink (VSD) is a collaboration
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of managed care organizations that collects medical information on more than 9 million people every
year. They have developed a real-time surveillance system to monitor potential adverse events
following the licensure of new vaccines called Rapid Cycle Analysis (RCA). Between August 2006 and
October 2009 600,558 doses of qHPV were administered. Weekly sequential analyses were performed
to detect associations between qHPV exposure and pre-specified outcomes, identified by ICD-9 codes.
The outcomes evaluated were: Guillain-Barre syndrome (GBS); seizures; new onset seizures; syncope;
appendicitis; stroke; venous thromboembolism (VTE); anaphylaxis; and other allergic reactions. For
comparison, background rates were calculated using historical data for the less common outcomes
(<150 cases per 100,000 person/years) and a concurrent unexposed comparison group for more
common outcomes.

Denmark and Sweden: Register-based cohort study to evaluate the safety of gHPV ({accCine
in females

A register-based cohort study, sponsored by the Swedish Foundation for Strategic i}esaarcn and the
Danish Medical Research Council, included nearly 1 million adolescent girls aged beswe2n 10 and 17
years in Denmark and Sweden among whom 29.8% had received at least onest'os2.0f qHPV vaccine in
the first four years after its licensure. Among the vaccinated girls, 80.4% haa (ec¢eived the second dose
and 54.2% had received the third. Overall 696 420 doses of qHPV vaccint, were administered. A total
of 53 pre-defined outcomes (Al conditions, neurological conditions an{i X TE) were assessed using ICD-
10 codes. For the Al conditions and neurological outcomes the perioayat risk was defined as 180 days
after exposure to vaccine and for VTE the period at risk was defirnaua"as 90 days. To be considered as a
safety signal, the lower bound of the 95% CI of the rate ratic«for,an outcome with at least five gqHPV
vaccine-exposed cases had to be >1.0. Three criteria wenz \arsidered as signal strengthening:
analysis based on =220 gHPV exposed cases (reliability2\: a rdate ratio of >23.0 (strength of association);
and significantly increased rate ratios in both countrias vvhen analysed separately (consistency).

2.5.2. Results

Adverse events
Safety data for gHPV vaccinati¢n 12 men: Protocol 020

Table 8 displays a summary ¢f :lin)cal adverse experiences reported by subjects at any time during the
study through visit cut-off.sate.

The percentages of subjectiwho reported
- at “eas»one clinical adverse experience
- &t least one injection-site adverse experience
were glightiyz kigher in the gHPV vaccine group than in the placebo group.

The_pbarcentage of subjects who reported at least one systemic adverse experience was comparable
betive 2n the gHPV vaccine and placebo groups. Few subjects discontinued the study due to an adverse
axperience; the percentage of subjects was slightly higher in the placebo group than in the qHPV
vaccine group.
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Table 8. Clinical Adverse Experience Summary (Days 1 to 9999 Following Any Vaccination Visit) (All
Vaccinated Subjects) (Protocol 020)

Subjects in analysis population (N) 2020 2029
Subjects without follow-up 75 79
Subjects with follow-up 1945 1950
Number (%) of subjects:

With no adverse experience 599 (30.8) 698 (35.8)
With > 1 adverse experience 1346 (69.2) 1252 (64.2)
Injection site adverse experience 1169 (60.1) 1046 (53.6)
Systemic adverse experiences 617 (31.7) 622 (31.9)
With vaccinet related adverse experience 1242 (63.9) 1134 (58:2)
Injection site adverse experience 1169 (60.1) 1046 (53.0)
Systemic adverse experiences 275 (14.1) 2834¢14.%)
With serious adverse experiences8 8 (0.4) Z2.(C.6)
With serious vaccine related adverse experiences 0 (0.0) 0 (1).0)
Who died 3 (0.2) 10 (0.5)
Who discontinued} due to an adverse experience 5 (0.3) 14 (0.7)
Who discontinued due to vaccine related adverse experience 2 (0.1) 3 (0.2)
Who discontinued due to serious adverse experience 3 (0.2) 10 (0.5)
Who discontinued due to serious vaccine related adverse experience 0 (0.0) 0 (0.0)

T Determined by the investigator to be possibly, probably, or definitely related to the valcine.

¥ Discontinued = Subject discontinued from therapy.

8 Three (3) subjects enrolled more than once and were excluded from this table.,, A, 72648, AN 73819, AN 73858
each had an SAE of overdose.

Percentages were calculated based on the number of subjects with follow-ug:

US: post-licensure safety surveillance study in females:«?rotoest 031-02

All diagnosis codes listed for the hospitalizations or emergeacy, room visits were grouped by healthcare
cost and utilization project (HCUP) categories. Increases foi*Day O events were seen for three HCUP
categories: epilepsy/convulsions, allergic events, anil sycope. There were three events in both the
epilepsy/convulsions and allergic events categori3s. The independent Safety Review Committee (SRC),
consisted of five experts who were external 0 the investigator’s team conducting the study and to the
sponsor. The SRC included: a general paefiatrigian/ clinical epidemiologist, a perinatologist /
teratologist, a vaccinologist, a paediatricirthedmatologist and a pharmacoepidemiologist. They
concluded that there was no evidepcy, 6%an association with qHPV for any of these Day O cases of
epilepsy/convulsions and allergic=2e\vians. There were 23 syncope cases that occurred on Day O in either
the emergency room or hospita' seting. The SRC stated that recipients of gqHPV are at increased risk
for syncope occurring on fiwe, Gy of vaccination.

Based on the results «of the ¢eneral safety analysis and the subsequent chart review results, the SRC
found no safety sigihzis 1or diagnoses from emergency room visits or hospitalizations, with the
exception of syrickousOn Day 0 and possibly, cellulitis, in the Day 1-14 risk period.

Serious agiveirase events and deaths
Safetydasa for gHPV vaccination in men: Protocol 020
Scérious adverse events

A total of 19 subjects reported serious adverse experiences. Eight occurred in the gHPV vaccine group
and 11 in the placebo group. This included the 13 deaths described in the section below. The
remaining six subjects (five in the gqHPV group and one in the placebo group) experienced nonfatal
serious clinical adverse experiences during the study. None of these events were vaccine-related.

Deaths
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A total of 13 subjects died during the study. The percentage of subjects who died was higher in the
placebo group than in the qHPV vaccine group (Table 8). Three subjects in the qHPV vaccine group and
ten subjects in the placebo group died. None of the deaths were vaccine related.

New medical conditions

Overall, the proportions of subjects who reported new medical conditions, including conditions
potentially indicative of an autoimmune phenomenon, Post Month 7 were comparable between the
gHPV and placebo groups at the end of the base study.

Long-term follow-up safety data in men: Protocol 020-21

At the time of latest report, two SAEs had been reported; neither of them was vaccine-relateg” Julsject
AN 74389 had a subarachnoid haemorrhage with a fatal outcome. Subject AN 72841 had a=myacardial
infarction with a fatal outcome.

New medical conditions

More than 99% of all subjects reported no new medical conditions; less than 294 ofAll subjects had at
least one new medical condition reported in the long-term extension study perioc.. The new medical
conditions reported were: vitiligo; psoriasis; hyperthyroidism; and type 1 diabetes mellitus. There was
no specific pattern of new medical conditions in either group.

Long-term safety data of qHPV vaccine in girls and boys: Pratocpl 018- 11

There were three SAEs reported as occurring since Month 37<(re'ative to base study Day 1). Two were
assessed as not vaccine-related and one case of VII nervy parzlysis that occurred 131 days post-dose
3, was assessed as vaccine-related by the investigatex

Long-term safety data of qHPV vaccine in wgraer? Protocol 015-21
New medical conditions

Approximately 47% and 45% of subjects 12, Cohort 1 and Cohort 2, respectively, had at least one new
medical history condition during thexfirst 4°years of the long-term follow-up. For Cohort 1,
approximately 23% had at least or.e nhw medical history condition during the second reporting
interval, and for Cohort 2 it wal; app»roximately 24%. The most common new medical conditions
included delivery in the preqgr.ancy, puerperium and perinatal conditions SOC and perineoplasty in the
surgical and medical pro¢:dujes SOC. The number of subjects with cancers, conditions with a potential
autoimmune aetiologyy, or wio died, was minimal. Due to the low number of subjects with these
conditions, compalriswp, of the rates of these outcomes to published rates in the general population was
not necessary. . Ovardii, there was no specific pattern of new medical conditions within or between the
two cohorts

In the'hase study, there were four subjects who had multiple sclerosis (MS). Two of the subjects had
preve!lentiMS at enrolment (ANs 41573, 45062) and were subsequently vaccinated with gHPV vaccine
ar ds2¢subjects (ANs 44905, 49818) developed MS during the study. Both of the latter subjects were
a:agnosed with MS during the base study, had received placebo and did not receive qHPV vaccine
Cubsequently. During the second reporting interval, there were two subjects who had a new medical
history condition of MS. This brings the total number of subjects in the LTFU study with a new medical
condition of MS to 3 (ANs 41025, 41376, 55090). These observed cases of MS are within the expected
incidence for subjects of this age.

US: post-licensure safety surveillance study in females: Protocol 031-02

Autoimmune conditions
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The study population for Al conditions surveillance included 189 629 women of all ages who received >
1 dose between August 2006 and March 2008. The women were followed for 180 days after each dose
of gHPV to identify pre-specified Al conditions:

a) Rheumatologic/Autoimmune: immune thrombocytopenia (ITP), autoimmune haemolytic anemia
(AHA), systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), and juvenile rheumatoid
arthritis (JRA);

b) Endocrine: insulin dependent diabetes mellitus (i.e., type 1 diabetes), Hashimoto’s and Graves’
disease;

¢) Neurologic/Ophthalmologic: multiple sclerosis (MS), acute disseminated encephalomyelitis (ALZM),
other demyelinating diseases of the CNS, vaccine associated demyelination, Guillain-Barre sy.xdrcme
(GBS), neuromyelitis optica, optic neuritis, and uveitis.

A total of 149,306 of the 189,629 women meet the analysis inclusion criteria of having\at ieast 12-
month KP membership and 719 potential new-onset Al diagnoses were identified irnthese women. A
total of 318 were sampled for review by the case review committee (CRC). Forraub/condition, the
number of cases in the vaccinated KP Northern Californian (NC) population (agtual number or
projected number from the simulation) was small. Estimated incidence r&:es in the vaccinated KP
Southern Californian (SC) population ranged from 1.14 per 100,000 g=rsan-years for ‘other
demyelinating diseases of the CNS’ to 104.82 per 100,000 person/years for Hashimoto’s disease. The
‘background’ incidence rates of the autoimmune conditions in tieyadii-y accinated female population
aged 9-26 years old were estimated to be comparable withstinosa the observed in the vaccinated
women, using the population at KPSC only. For the non-vacsinated population, incidence rates ranged
from 1.60 to 81.10 per 100,000 person-years for the.same tonditions. The incidence estimates in the
non-vaccinated population and in the vaccinated pojulaiion were considered to be significantly
different if the rate ratio confidence interval excic:ded>1.0. For optic neuritis, multiple sclerosis (MS),
immune thrombocytopenia (ITP), systemic Iaus erythematosus (SLE) and Hashimoto’s disease, the
estimated rate ratio was higher than 1.0, HOut¢he difference was statistically significant for Hashimoto's
disease only. An additional sensitivity . ana'vsis for Hashimoto’s disease was undertaken, in which the
main analysis was repeated but theroacrground population was limited to individuals with at least one
KPSC health care encounter in 28Q5w"e., the year prior to qHPV licensure). The resulting RR (Cl) was
also increased. For ITP resulti 1ar six cases confirmed as new onset after vaccination at KPSC. For
juvenile rheumatoid arthriiisy(oRA) and insulin-dependent diabetes mellitus (IDM), the incidence rates
were significantly lower in"t:¢ vaccinated population. For the remaining four conditions, the rate ratio
was less than 1.0, but not significantly decreased.

France: post-licensdre safety surveillance study for pre-specified autoimmune diseases in
females: Prosowol GDSO3E

Autoirarnune conditions

Inszareasgroups of autoimmune diseases studied, exposures of cases and controls to qHPV were very
sintilar and the odds ratios estimates were close to 1:

e For idiopathic thrombocytopenic purpura (ITP), 6 (15.0%) out of 40 definite cases and 33
(18.0%) out of 183 controls were exposed to qHPV during the primary time window (6
months). The matched adjusted odds ratio was 0.96 (95% CI 0.35, 2.64). In patients without
f/pHAID, the adjusted odds ratio was 1.17 (95% CI 0.36, 3.76). All cases were definite and
none of the secondary analyses or sensitivity analyses displayed any different result.

e For Type 1 diabetes mellitus (T1DM), 9 (23.7%) out of 38 definite cases and 41 (20.3%) out of
202 controls were exposed to gHPV during the primary time window (24 months). The
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matched adjusted OR for qHPV exposure was 1.21 (95% CI 0.38, 3.58). In patients without
f/pHAID, the adjusted OR was 1.06 (95% CI 0.36, 3.10). Two cases were possible and none of
the secondary or sensitivity analyses displayed any different result.

e For connective tissue disorders (CTD), 6 (12.2%) out of 49 definite cases and 37 (18.5%) out
of 200 controls were exposed to gHPV during the primary time window (24 months). The
matched adjusted OR for gHPV exposure was 0.83 (95% CI 0.29, 2.37). In patients without
f/pHAID, the adjusted OR was 0.60 (95% CI 0.15, 2.40). The subgroup analyses for lupus and
inflammatory arthritis were in opposite directions; OR= 0.41 (95% CI 0.08 - 2.20) and
OR=1.52 (95% CI 0.32 - 7.15), respectively but the number of cases was very small.

e For a fourth disorder, Guillain-Barré syndrome, the observed incidence was within therexpecced
limits; the absence of qHPV exposure is likely to be explained by chance, considering,tihne small
number of cases involved:

e 0 (0.0%) out of 15 definite cases of Guillain- Barré Syndrome (GBS) and 7,(%.7%%) out of 91
controls were exposed to gqHPV during the primary time window (8 week®). Cdds ratios were
not calculable. However, the absence of exposure in cases was withir{ s’atistical expectations
considering the small number of cases and the short time windowrconsiGered: the 95%
confidence interval of the probability to be exposed in the casespopLulation was [0-0.218],
which translates in terms of number of cases, to [0- 3.27]..5hd expected number of exposed
cases, assuming an OR of 1, is 1, which is included in the 05%,\CI.

e For two disorders, the observed exposure of cases tg"ahRV vaccine was lower than that of
controls:

o0 For central demyelination or multiple’ scizrosis, 4 (4.8%) out of 83 definite cases and
48 (16.6%) out of 290 controls were €Xposed to qHPV vaccine during the primary time
window (24 months). The adjusted, OR for gHPV vaccine exposure was 0.28 (95% CI
[0.09 - 0.89]) overall and £+53,(95% CI 0.17, 1.77) in patients without f/pHAID. No
clear explanation was foyrid for these results; the differences in the odds ratios for the
overall and stratified, analy sis by familial or personal history of Al disorders, leaves the
possibility of somefunceantrolled residual confounding.

0 For autoimmunugtbyroid disorders (AITD), 39.1% of the 46 reported cases had been
rejected iritwhy: by the clinical algorithm (73.7% for autoimmune thyroiditis and
14.8%% for G§rave-Basedow disease). Among the 46 cases reported, 44 cases were
eligialetincident cases; 42 of these cases could be interviewed (38 definite cases and 4
nos<ib'e cases). The main analysis showed that 1 (2.6%) was exposed to gHPV vaccine
during the primary time window (24 months) whereas 34 (20.1%) out of 169 controls
were exposed. Adjusted odds ratios were not calculable. These observations should be
considered cautiously because of the difficulties to diagnose AITD.

Ingsmesambined analysis using definite cases of all studied AID, the matched adjusted OR for gHPV
ax,tosure was 0.72 (95% CI 0.45, 1.18). In patients without reported f/pHAID, the adjusted OR for
ahPV vaccine exposure was 0.63 (95% CI 0.36, 1.09); in patients who reported f/pHAID, it was 0.64
(95% CI 0.16, 2.49). When AITD was not considered in the combined analysis, the adjusted odds ratio
was 0.90 (95% CI 0.54, 1.49).

Protocol 070 (P0O70): post-licensure observational study of the safety of gHPV in males

Because accrual was less than 22,000 for this first interim report, it is limited to counts of claim codes.
For the general safety analysis a variety of codes were identified in both the risk and comparison (i.e.
control) periods. The HCUP categories with the highest combined ER/hospital outcome counts between
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the Day 1 and Day 60 post-vaccination risk interval for all doses combined were similar to those in the
post-vaccination self-comparison period.

The identification of no events related to syncope, epilepsy/convulsions, head trauma and allergic
reactions on Day O is reflective of the rarity of these outcomes.

For the Al conditions analysis, 12 potential cases with an unconfirmed diagnosis of new-onset
autoimmune disease were electronically identified in the cohort of males who had received the qHPV
vaccine (n= 4,898) and 17 were identified in a matched comparison cohort of males who had not
receive the qHPV vaccinate (n= 4,898). Medical record review and adjudication are currently being
conducted for potential autoimmune cases and findings will be presented in future annual reportg.

During the Days 1-60 post-vaccination risk interval for all doses combined, 7 VTE outcomes V.cere
identified among males in the general safety cohorts, and 3 VTE outcomes were identified duying the
post-vaccination self-control period. Claims-profile review and medical record review Wil se conducted
for potential VTE cases identified among the general safety cohort.

Two deaths were identified from claims codes in the cohort of males who receiw=aitke gHPV vaccine.
The cause and timing of death relative to vaccination will be summarized and [irgvided in the next
study report.

France: Cohort study by ANSM on SNIIR-AM (French Nationa) Shcial Security) database

A total of 1,774,622 girls aged from 11 to 15 years were includediriih: study cohort; 33.8% had been
reimbursed for at least one HPV vaccine. The mean age of #agfisst reimbursement was 15 years. After
three years of follow-up, 1,103 subjects had received spegiic cover for an AD. In November 2011, and
interim analysis showed that the incidence rate for all.ADs was not significantly different between
those who had been exposed to HPV vaccination anc,th¢se who had not. There were 2.01/10,000
patients/years in those exposed to HPV versus 2:09/20,000 patient/years for those unexposed to HPV;
HR = 1.08 [0.91 — 1.29].

US: Centres for Disease Control ande{Pi2avi2ntion (CDC)-sponsored study to evaluate safety of
gHPV vaccine in females

The publication reported data frzm 264 weeks during which time 600,558 doses of qHPV vaccine were
administered in the VSD popuiatior.: 416,942 to youths and 183,616 to adults. The risk of seizures,
new-onset seizures, allergic:eactions or syncope were not statistically significant increased for either
the youth or adult peoulatia®s. Only one of the 27 cases of anaphylaxis observed was confirmed as
being qHPV vaccineselated after medical record review; the estimated rate of anaphylaxis was 1.7
cases per million,doies (95% ClI: 0.004, 9.3).

Eight cases o1V 'z were identified compared with the expected number of four. Five of the cases were
confirmed'as \'TE by medical record review; all five had other risk factors. Two of the other cases were
miscoded and the last case was ruled out after diagnostic testing. A signal for appendicitis in youths
wazmasarved, however investigations showed that coding practices for appendicitis at one of the sites
Yal  changed due to a modification of the electronic medical record system that lead to a lower
pnackground rate. No significant clusters were observed and a logistic regression analysis showed a
non-significant association (OR=1.13; 95% CIl: 0.84-1.26). In addition, case-centred analyses showed
no association between vaccination and subsequent appendicitis.

There was one case of GBS among the adults but medical record review showed this was not an
incident case. Two cases of stroke were observed among the adults, with a non-statistically significant
RR of 1.33. There was no statistically significant increased risk for appendicitis or VTE among the
adults.
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Denmark and Sweden: Register-based cohort study to evaluate the safety of gHPV vaccine
in females

A total of 29 of the 53 assessed outcomes satisfied the criterion for further analysis (=5 gqHPV vaccine-
exposed cases). The rate ratios for the five neurological outcomes analysed were not significantly
increased; the rate ratios were significantly decreased for epilepsy and paralysis. The rate ratio for VTE
was 0.86 (95% Cl: 0.55-1.36). The rate ratios for 20 of the 23 Al conditions were not significantly
increased. Each of the three Al conditions with a statistically increased rate ratio satisfied only one of
the signal strengthening criteria:

e >20 gHPV-exposed cases: Raynaud’ s disease and type-1 diabetes
e rate ratio 23.0: Behcet’s syndrome

The rate ratios for these three events were similar in the period starting on day 181 aftar @WHFV vaccine
exposure to those in the period up to 180 days. In addition, the temporal distributign of the cases
showed a random pattern (this was inconclusive for Behcet's disease as there werevariiy five cases).
Thus, there is no consistent evidence for a plausible association for these thresArsonditions.

Post marketing experience

a) Worldwide safety data for males and females

An aggregate analysis tool (METEOR) has been used to review thewo idwide safety data, by gender,
(male compared with female/ unknown gender excluded) inclGledn“narketed case adverse events
(AEs) reported by healthcare providers (HCP) and enterad (nto Merck’s safety data base (MARRS) as
temporally related to the administration of gHPV vaccine fiam the time of market introduction (01st
June 2006) up to 31st May 2013. Since it is unknow/1 what percentage of the doses distributed have
been used to vaccinate males vs. females, it is ngupoSsible to reliably estimate a reporting rate of
adverse events for each group. However, the. distithution and percentage of AEs by SOC in males can
be viewed in comparison to the overall dist#ibution of AEs by SOC in females.

Aggregate data at the SOC level displayiria tne number of distinct case reports for each SOC as well as
the percentage of the total number/uicage reports included in each SOC by gender was provided. The
three SOCs with the highest pereaniage of total reports for both genders include:

e general disorders ancyadministration site conditions;
e injury, poisoning ang’procedural complications;
e nervous systzin disorders.

Over the perigu,of vhis analysis (1st June 2006 up to 31st May 2013), there have been 56,784 AE
reports, regeived, from HCPs in the marketed environment temporally associated with the receipt of
gHPV ackirefworldwide; 13% of these reports were serious. A total of 48,065 (85%) of the reports
invol\ ed jemales; 1807 (3.2%) of the reports involved males; the gender was unknown in the

re maiming reports. The number of doses distributed worldwide cumulative to 31 May 2013 is
aporoximately 127,234,506. The percentage of doses administered to males and females is unknown.

The distribution of case reports by SOC is similar for both genders as demonstrated by the top three
SOCs with the highest percentage of reports being the same for both: general disorders and
administration site conditions (46.6% female / 48.7% male); injury, poisoning and procedural
complications (33.2% female / 31.8% male); and nervous system disorders (33.2% female / 39.0%
male). The most frequently reported events for each of the three SOCS are also similar for males and
females with the exception of those that occur in the injury, poisoning and procedural complications
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SOC. The most marked difference in this SOC is the report of exposure to vaccine during pregnancy in
the female group.

There were 1,313 and 32,231 AEs in the general disorders and administration site conditions SOC, for
males and females, respectively. The 10 most frequently reported terms accounted for 69% of the
events in this SOC for males and 66% for females. Therefore, the distribution of the AEs within the
general disorders and administration site conditions SOC is similar for males and females. The
preferred terms (PTs) asthenia, fatigue, injection site reactions, malaise, and pyrexia are included in
the Company Core Data Sheet (CCDS).

There were 702 and 18,360 AEs in the injury, poisoning and procedural complications SOC for, males
and females, respectively. The 10 most frequently reported terms accounted for 76% of the gventesin
this SOC for males and 84% for females. Therefore, the distribution of the AEs within this S&Chis
similar for males and females. The main difference is the number of pregnancy exposurasn tne
female group. The majority of reports of fall in both males (63%) and females (66%%) «nd veports of
head injury in males (71%) also include the terms of syncope and/or dizziness.

There were 1,051 and 25,691 AEs in the nervous system disorder SOC, for nfalzy,and females,
respectively. The 10 most frequently reported terms accounted for 81% g the €vents in this SOC for
males and 76% for females. Therefore, the distribution of the AEs withiagtitis SOC is similar for males
and females. The PTs of dizziness, headache, pre-syncope, and syn#op= are included in the CCDS.

In conclusion, the AE profile for males is similar to that for fem&ies ad comparable, with males and
females having the same three most commonly affected SCCq, (the general disorders and
administration site conditions SOC, the injury, poisoning and, p.ocedural complications SOC, and the
nervous system disorders SOC). The main difference_hetween the males and females appeared to be in
terms of the top 10 PTs that were reported in the_injury/ poisoning and procedural complications SOC
for each gender. This is primarily due to the reptrts of ‘exposure to vaccine during pregnancy’ that are
reported in for females.

b) Background incidence rates of potentiaiadizerse events in adolescent boys vs. adolescent girls—

assessment of temporal associations

A literature review was conductaeyimaider to identify the background incidence rates of potential
adverse events likely to be teinporally associated with Gardasil vaccination (auto-immune disease and
allergic events) in adolesgeri, bays.

Results

Overall, in Europe, ¢n¢: study describing the background incidence rate of several auto-immune
diseases in ado.escent boys (10-17 years old) was found. The background incidence rates of auto-
immune diseasus within the same age-group (10-17 years old) were also described for females,
allowiita Var*edmparisons. Another Danish study described the male vs. female ratio within the target
age-crou» of vaccination (12-15 year old) for several diseases, likely to be temporally associated to
vé cairation in adolescents. Among industrialized countries, one study in the US provides the
background incidence rate of auto-immune diseases in adolescent boys and girls (10-17 years old).
vinally, an Australian study described the background incidence rate of several events likely to be
temporally associated to vaccination in adolescent boys.

Overall, the background rates of auto-immune diseases tended to be either lower or non-statistically
different in adolescent boys compared to adolescent girls.

The only events for which the background incidence rates were found to be statistically higher in
adolescent boys compared to adolescent girls were:
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e Type 1 diabetes mellitus.

In the 2 Danish studies, incidence of Type 1 diabetes mellitus was higher in adolescent boys compared
to adolescent girls:

e Incidence in boys: 27.48 (95% CIl: 26.12 to 28.90) per 100 000 vs. 23.98 (95% CI : 22.69 to
25.34) per 100 000 in girls aged 10-17 years old;

e F/M incidence rate ratio of 0.71 (95% CI: 0.60 -0.84).

The same observation was not made in the US study, where incidence rates between adolescent boy's
and girls were not statistically significant (27.7 [95% Cl: 21.9 to 34.5] per 100 000 in boys 10-1/
years old vs. 28.2 [95% ClI: 22.4- 35.2] per 100 000 in girls aged 10-17 years old):

e Allergic rhinitis: F/M incidence ratio = 0.77 (95% CI: 0.69 - 0.86);
e Allergic conjunctivitis: F/M incidence ratio = 0.69 (95% CI: 0.54 - 0.89);

e Death from unknown cause: 0.76 (95% CI: 0.55 to 1.02) per 100 000 v§, 0.26 (95% CI: 0.14
to 0.44) per 100 000 in adolescent boys vs. adolescent girls, respective.y

Also, the study of Clothier summarized the number of events expected té occur by chance following
the introduction of boys’ vaccination in Australia. Assuming a 80% val:cihation rate with three doses
per person in the population of 12 to 16 years old boys in Australifc —\vnich equates to approximately
to 480 000 boys vaccinated per year within the first two year gi vacein: tion - it was expected that
about 2.4 episodes of Guillain-Barré syndrome would be exmzested within 6 weeks of vaccination. In
addition, it was expected that about 3.9 episodes of seizures,2hd 6.5 of acute allergy presentations
would be expected to occur within 1 day of vaccinatics, including 0.3 episodes of anaphylaxis.

2.6. Additional data provided

Number Needed to Vaccinate (NNV) /Z/inurisber Needed to Harm (NNH) -Brief overview of
results

Introduction

The applicant has estimated tha absolute benefit of preventing anal cancer with gHPV vaccine through
the Number Needed to Vassinate (NNV) methodology, and has balanced these NNV estimates with
estimations of the absoluie risks of vaccinating the general population in the perspective of this
indication, through thesNumuer Needed to Harm (NNH) methodology.

The objectives ginthisdanalysis were:

- Tu evaluate the Benefit/Risk balance of gqHPV vaccine vaccination in the perspective of
anal cancer prevention in the general population in the EU using the NNV/NNH
methodology;

- To put into perspective the NNV estimates for anal cancer with the NNV estimates for
other HPV-related diseases (genital warts and cervical cancer).

The NNV/NNH are widely used in clinical practice because they are simple to calculate and to interpret
for a single event or a single disease. Still, they present a number of limitations, which limit their use
for decision making purposes and for which they have been heavily criticized: they are highly
dependent on the baseline incidence of developing a disease (or "risk at baseline™) in a population and
of the time horizon considered, as such, they cannot be seen as a property of an intervention and a
result obtained in a given population may not be applicable in to a population with a different level of
risk for the condition of interest; they do not allow to account for several benefits and several harms in
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a single evaluation, which may be particularly a problem for decision making regarding a vaccine;
finally, they do not account by themselves for clinical relevance, severity , utility or for the perceived
"value of the benefit" or "value of the risk"” and may lead to logically unsound decisions by focusing on
probability differences only.

Method overview

NNV were defined as NNV = 1 / (rO—rV) where rO and rV represents the risk of the disease over a fixed
period of time in absence of vaccination and with vaccination, respectively; rV was defined as rV = r0 *
(1-VE); where VE represents the effectiveness of the vaccine in reducing the disease over the fixed
period of time. VE for HPV16/18 related anal cancer was considered to vary between 70 to 100%. The
target population for vaccination considered was 12 year-old boys and/or 12 year-old girls living\ire=ine
EMA territory and the time horizon considered was the remaining life span of this cohort. MY/ were
primarily estimated for anal cancer (boys and/or girls) but also for genital warts (boys anc/or girls)
and cervical cancer (girls).

The lifetime risk of developing HPV16/18 related anal cancer, rO, was based on tqe I cidence rates
currently observed, which is mainly driven by subjects currently in an age grduiiat risk of developing
anal cancer (mean age = 60 years old). This therefore requires a correction to"take into account the
increasing incidence trend consistently observed in the EMA territory gwer wacent decades; this trend is
likely to persist and to affect the incidence rate that will be observe# viaeh subjects being vaccinated
now (12 years old) are at an age at risk of developing anal cancer.,Baszd on recent EU literature data,
several assumptions of future increasing trends have been sugesvad; ranging between 34% and
100% increase within 40 years. In addition, even if unlikely,, thi2 assumption of 0% increase of anal
cancer incidence was considered too, in order to provide a‘global overview of the possible results.

NNH for potential adverse events were defined as NI'H =: 1 / (rV — r0), where rO and rV represents the
incidence rate of the event of interest in the plat:bo“group/control group and in the vaccinated group,
respectively. The choice of potential adverse=vents relied on concerns that were raised initially at
licensure, disregardful of the results of post-ligensure studies. The potential adverse events chosen
were serious adverse events (SAE), svncune, auto-immune diseases (AID) and hypersensitivity. These
events were considered within the gcriod’defined as being at risk after vaccination in the studies, i.e.,
1 day for syncope and hypersepsitivity’ (Day 0), 14 days for SAE and 6 months for AID. Data source
used were either the pooled Gandasil clinical trial data, when power was sufficient, or large
observational post-authorizaticn safety studies in which incidence rates were available.

Results overview

Depending on the ad¢si.mption used regarding VE (70% to 100%) and the expected increase in anal
cancer incidency within the next 40 years (0% to 100%), between 571 and 1 631 individuals aged 12
year-old wbuld“aeed to be vaccinated in order to prevent one case of HPV16/18 related anal cancer
(see Tabig o=i0r detailed results by assumption). When considering males only, depending on the
assuraptimn used, between 798 and 2 279 boys aged 12 year-old would need to be vaccinated in order
tc preient one case of HPV16/18 related anal cancer (see Table 10 for detailed results by assumption).
In,aadition, between 8 and 10 boys aged 12 year-old would need to be vaccinated in order to prevent
n episode of genital warts.
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Table 9. NNV to prevent one anal cancer case* — vaccination of 12 year-old boys and girls in 2013

Assuming lifelong duration of protection

*Prevention of 16/18 HPV-related anal cancer cases

Number Needed to Vaccinate

VE=70% VE=80% VE=90% VE=100%
Noincreasein |, oo, 1427 1268 1142
incidence
34% increase
in incidence 1098 1001 921 852
over 40 years ~
50% increase
in incidence 951 878 815 761
over 40 yvears
100% increase
in incidence 672 634 601 571
over 40 years X\

Table 10. NNV to prevent one anal cancer case* — vaccination of 12 yenr-old boys in 2013

Assuming lifelong duration of ~rovaction

Number Needed to Vaccinate

VE=70% VE=80% M= VE=100%
NoIncreasein |, ,.q 1994 | 1773 1595
incidence |
34% increase |
in incidence 1534 1399 1287 1191
over 40 years
50% increase
in incidence 1330 12:7 1140 1064
over 40 years .
100% increase .
in incidence 938 886 840 798
over 40 years s\

*Prevention of 16/18 HPV-ra atel! anal cancer cases

NNH were evaluatez*fonSAE, syncope, hypersensitivity and AID. The NNH point estimate for SAE was
less than O (-718) baszd on the pooled data of all gHPV vaccine clinical trial. The NNH point estimate
for syncope variad wetween 91 and over 12 000, depending on the data source used. The NNH point

estimated for hypersensitivity was less than 0 (-699) based on a large post-authorization safety study
in femaley, wat the variability of the respective incidence rates among vaccinated (rV) and non-
vaccilated (rO) was compatible with a null absolute difference and thus an infinite NNH. The NNH point
e<tivihate for AID varied from 49 505 to less than 0 (- 4 760) depending on the data source used. When
ICoking at each individual AID, either no statistically significant difference was observed between the
vaccine and the control group, or the difference was not judged clinically relevant, leading to think that
the actual risk difference is most probably close to O for each individual auto-immune disease, and
thus, that the NNH for AID is most probably close to infinity.

Based on these results, the NNH was only clinically relevant for syncope, for which between 91 and
over 12 000 individuals depending on the study considered would need to be vaccinated to experience
it. It is to be noted that syncope is common to any vaccination procedures and thus is not-specific of
gHPV vaccine. Besides, syncope may be avoided by close post-vaccination surveillance. For all other
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potential adverse events studied, a negative NNH point estimate was part of the possible results, so
the absence of detrimental effect of qHPV vaccine on the safety parameter of interest could not be
excluded. Also, the wide variability of NNH, including either positive or negative values depending on
the study for the same event, and the possibility that the actual risk difference (rV-rO) could be null or
close to 0 leads to think that an infinite NNH cannot be excluded for these events. For all these
reasons, we interpret this as qHPV vaccine having no detrimental effect compared to placebo/absence
of vaccination on SAE, hypersensitivity and AID.

MAH Conclusions

The absolute benefits of gHPV vaccine for the prevention of anal cancer in the general populatior
particularly in males, is substantial and would help addressing an increasing medical need. In
comparison, the only adverse event for which a clinically relevant harm could be identifieds=sjncope,
which is frequently observed after all vaccination procedures and is avoidable. For all othes possible
adverse events considered, the absence of difference between the vaccine and the “saritrol"group,
resulting in an infinite number of subjects that would need to be vaccinated to experierce it and in the
absence of harm of gHPV vaccine could not be excluded. For all these reasonsgtheFPenefit/Risk
balance of gqHPV vaccine in the prevention of anal cancer in the general populgticn, and in males in
particular, was found to be positive, as the potential risks do not outweig:) the important determined
benefits.

Multi-criteria Decision analysis (MCDA and PrOACT-URL)

Introduction

In order to overcome some of the NNV/NNH approack-limitations, the MAH has used another
complementary approach to evaluate the Benefit/Ris!< biulance: the Multi-criteria decision analysis
(MCDA) and PrOACT-URL framework. Given the iffevences between males and females in both the
choice of the effects and the data sources tc Qe used, as well as the specific interest of the benefit risk
(BR) assessment for males, a model for nfaleg only was developed. The benefit/risk profile of qHPV
vaccine in females is widely recognized asbeing positive and is not questioned. Including a new
indication for females would only iripuwove this Benefit/Risk profile.

MCDA is an eight-step procedue. ihe main purpose of MCDA is to bring together evaluations of
options on different criteria.irito one overall evaluation. It does this through two separate processes:
scoring and weighting. Starinyg is the process of measuring the value of options, one criterion at a
time, using scaling techiniques. Weighting ensures that the units of value on all the criteria are
comparable, whichis'inecessary for combining the scales into one overall scale. MCDA solves the
problem of condpasiniy benefits and risks by providing a common unit of value so that the added value
of favourab!=s uffects can be compared to the loss of value from the unfavourable effects.

In the ¥irst step, an assessment using the PrOACT/MCDA approach was made based on internal
expeltise only. This internal assessment served as the basis for the second step, which relied upon
inOMc from a number of external experts. This report summarizes the BR assessment based upon the
external expert input (step 2). Six experts from the United Kingdom, France, Austria and Spain were
cnosen for their expertise in HPV related diseases, or in HPV vaccination or in qualitative and
quantitative BR methodology.

The assessment compares qHPV vaccine to ‘no vaccination’ as the sole alternative option. A large value
tree taking into account all the relevant effects (benefits/risks) applicable to gHPV vaccine, including
those of females, was trimmed down to a simpler value tree. The trimming took out those effects that
were either not applicable to the male population or for which the available data showed no difference
between gqHPV vaccine and control. Whereas the criteria serious adverse events (SAEs) and auto
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immune disease (AIDs) could also have been taken out on the basis of no observed difference in
several studies, these criteria were left in, for transparency sake.

The final value tree included three benefits effects (anal cancer, genital warts and HPV transmission)
and six risk effects (adverse events AE, serious adverse events as adverse effect observed in clinical
trials; syncope and hypersensitivity as identified risks; auto immune diseases as potential risks; and
unanticipated safety signal as potential for non-demonstrated additional risk).

Two effects tables were built: one for the criteria reflecting the benefits and one for the criteria
reflecting the risks. Studies that closely reflect the expected use of gHPV vaccine in the general mal¢
population (adolescent boys) and are of sufficient sample size were taken as preferred data sourges
For criteria with no or insufficient data in the young male population, studies from older maleg Cx fagdm
females were selected. The effects were expressed in absolute measures to allow comparigen of the
benefits and risks.

The observed effects of the different criteria were measured on a scale that ranges Tvansthe best to
the worst anticipated extremes. Extremes were chosen close to the actual obserted ffects so as to
best discriminate between the two options. Where possible, the range betwedn/ire two extremes was
kept constant across the different criteria. The respective scores of the ogtions“vithin these scales
were transformed into values ranging from O to 100 using a linear valiesfuaction.

A survey and a consensus meeting were held among the 6 externil ejxperts on the relative weights to
be assigned to the criteria and groups of criteria in the value trncey EXperts weighted the prevention of
anal cancer among the benefits and the potential risk of SAZ=aiaong the risks as the two most
important effects in the BR model.

Several sensitivity analyses were undertaken in orde'r tg, see if any criterion could drive to a preference
of no vaccination if given a different weight. In aduitici to sensitivity analyses within the primary
model, five alternative models were construed as additional sensitivity analyses.

Results

The primary BR assessment model dugaesved a superior benefit-risk score for gHPV vaccine compared
to no vaccination (scores of 66 anc .46 for gHPV vaccine and no vaccination, respectively). The effects
that contributed most to the difference between the two alternatives were genital warts and anal
cancer among the benefits arid Aces and AIDs among the potential risks.

In all of the alternatiyve mov'eis used, gHPV vaccine maintained a better benefit-risk profile compared
to no vaccination. Ixatha analysis most challenging to qHPV vaccine, the BR scores difference between
the two options decfessed to 5 points, compared to the primary model with a difference of 20 points.
In this analysisonly study 018 was used as source data for SAEs.

MAH Conclus on

The asseysment showed gqHPV vaccine to have a positive BR profile with prevention of anal cancer and
gd nital warts as the most important beneficial effects. The result was robust to changes to the
individual weights on the criteria or nodes. qHPV vaccine was also the preferred option when using the
wer limit of the efficacy against AIN, or when using less favourable assumptions on the rates of
hypersensitivity and SAEs following qHPV vaccine.

2.7. Discussion on additional data provided

The NNV/NNH analysis was considered inappropriate as a tool to determine the benefit risk balance for
gHPV vaccine in the prevention of anal cancer. The methodology itself did not allow a weighting of
risks and benefits, and is therefore not considered sufficient. However, the NNV figures were
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considered of interest in the overall benefit risk evaluation. It was noted that the NNV for cervical
cancer was much lower compared to the NNV for anal cancer, which was expected.

MCDA is a method considered to be useful as a complementary and supportive tool. Through a number
of steps the purpose is to bring together evaluations of options on both benefits and risks into one
overall evaluation taking into account what is considered best current evidence. It was noted that
subjective assessments are also needed.

Overall, the MCDA analysis was considered of interest. The model has been discussed in the Benefit-
risk methodology project Work package 2 report, issued by EMA. The results appear to be consisten/Iv
in favour of qHPV vaccine over no vaccination using several different sensitivity analyses.

2.8. Update to the Product Information

The MAH proposed the following changes to the SmPC sections 4.1, 4.4 and 5.1 an¢ to the package
leaflet (PL), to which the CHMP agreed (new text is marked underlined and deleted, text marked as
strikethrough):

4.1 Therapeutic indications

Gardasil/Silgard is a vaccine for use from the age of 9 years for the prei ention of:

- premalignant genital lesions (cervical, vulvar and vaginal), piemelignant anal lesions, —and
cervical and—anal cancers and anal cancers causally related(to’ certain oncogenic Human
Papillomavirus (HPV) types

- genital warts (condyloma acuminata) causally related t6 woeeifi: HPV types.

See sections 4.4 and 5.1 for important information on<¢he daiva that support this indication.
The use of Gardasil should be in accordance with official recommendations.

4.4 Special warnings and precautions for use

Long-term follow-up studies are currently ongning to determine the duration of protection Fhe
duration-of protectionis—currently-unknowrr.\Sustained-protectiveefficacy-has been-observedfor 45
years-aftercompletion-of-the-3-dose-sel testongerterm—follow-up-studies-are-engoing-(see section
5.1).

5.1 Pharmacodynamic prop¢rtips
Mechanism of Action

HPV 16 and HPV 18 are estimated to be responsible for approximately 70% of cervical cancers and
75-80% of anal cancets; ¢0% of adenocarcinoma in situ (AIS); 45-70% of high-grade cervical
intraepithelial neoplasia ("IN 2/3); 25% of low grade cervical intraepithelial neoplasia (CIN 1);
approximately 70% “of HPV related high-grade wvulvar (VIN 2/3) and vaginal (ValN 2/3)
intraepithelial neupiazia and 80% of HPV related high-grade anal (AIN 2/3) intraepithelial neoplasia.
HPV 6 and 11 (ary, responsible for approximately 90% of genital warts and 10% of low grade cervical
intraepithelial seoplasia (CIN 1). CIN 3 and AIS have been accepted as immediate precursors of
invasiye (ervical cancer.

The( texnv "premalignant genital lesions" in section 4.1 corresponds to high-grade cervical
iptzaapichelial neoplasia (CIN 2/3), high-grade vulvar intraepithelial neoplasia (VIN 2/3) and high-
¢rad:2 vaginal intraepithelial neoplasia (ValN 2/3).

The term "premalignant anal lesions" in section 4.1 corresponds to high-grade anal intraepithelial
neoplasia (AIN 2/3).

Efficacy in men 16 through 26 years

Efficacy was evaluated against HPV 6-, 11-, 16-, 18-related external genital warts,
penile/perineal/perianal intraepithelial neoplasia (PIN) grades 1/2/3, and persistent infection.

11/

The duration of protection against anal cancer is currently unknown. In the long-term extension
study of Protocol 020 for 16-26 year old men, in the PPE population of men vaccinated with
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Gardasil/Silgard in the base study, no cases of HPV diseases (HPV types 6/11 related genital warts,
HPV 6/11/16/18 external genital lesions and HPV 6/11/16/18 AIN any grade in MSM) were observed
up to approximately 6 years.

Persistence of Immune Response of Gardasil/Silgard in Clinical Studies
11/
Men vaccinated with Gardasil/Silgard at 16-26 years of age in Protocol 020 base study will be

followed up to 10 years in an extension study. Depending on HPV type, 48-97% and 82-100% of
subjects were seropositive by cLIA and IgG LIA, respectively, 6 years after vaccination. ta—thePhase

Package leaflet
1. What Gardasil/Silgard is and what it is used for

These diseases include eervical-caneer; pre-cancerous lesions of the female genitaig (varvix, vulva, and
vagina); pre-cancerous lesions of the anus and genital warts in males and femalus; ¢ervical and anal
cancers. HPV types 16 and 18 are responsible for approximately 70% of cervicafcancer cases, 75-80
% of anal cancer cases; and 70% of HPV-related pre-cancerous lesions of_the (2/iva and vagina; 75 %
of HPV related pre-cancerous lesions of the anus. HPV types 6 and 11 aré& responsible for
approximately 90% of genital wart cases.

2.9. Significance of paediatric studies

The CHMP is of the opinion that study P020, which is contairiedl in the agreed Paediatric Investigation
Plan and has been completed after 26 January 2007 giszconsidered significant.

3. Benefit-risk Balance
Benefits

Beneficial effects

The data regarding protectict ag=i1st anal cancer were already assessed in variation EMA/H/C/00703-
732/WS/0029. The conclisicastregarding anal cancer and premalignant anal lesions that were made in
variation EMA/H/C/0Q703-752/WS/0029 are still valid and indicate that significant efficacy has been
demonstrated:

“In the MSM, sywbsteay of Protocol 020, there were few cases of anal premalignant lesions (AIN 2/3) but
significant affitacy was demonstrated. Also for the most relevant endpoint, i.e. HPV 16/18-related AIN
2/3, vaceiriz e ficacy was high (86.6% (95%ClI: 0.0, 99.7), although statistical significance was barely
reachcaiSupporting evidence was the consistent vaccine efficacy across all severity grades of AIN in
allpypeations studied. In addition, a post-hoc analysis in HPV naive MSM showed high efficacy against
anclersistent infection due to HPV 16 and 18 (VE 95% and 100%o, respectively). Extrapolation of
Jdata from anal disease in MSM to anal HPV infection and related disease in heterosexual men and
women is accepted.

The vaccine-induced immune responses in men aged 16-26 years were robust, and generally
comparable to those in women aged 16-26 years. As in females, the low persistence of GMTs and
seropositivity as measured by cLIA for HPV 18 at Month 36 did not translate into loss of efficacy, but
will have to be closely monitored in the future. On the basis of immunogenicity bridging data in adult
males, using Protocols 016 and 018, protection against genital warts can be inferred in 9-15 year old
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males.”

In the data presented in the current variation, the duration of protection has been followed for up to 7
years in the long-term follow-up Protocol 020-21. The study was descriptive, but there was no sign of
waning protection against the more common outcomes (e.g. condyloma). The more uncommon
outcomes AIN2/3 and cancer were only reported during the base study, no cases were reported during
the extended follow-up phase of the study.

Results from extension studies provided immunogenicity follow-up data up to 8 years in girls and boys
who received gHPV vaccine at 9-18 years of age. The immune responses reached a plateau value
approximately 24 month after vaccination and thereafter the decline was slow.

Uncertainty in the knowledge about the beneficial effects

The absolute benefit of protection against anal cancer is considered limited, because, e Incidence of
anal cancer is low in the general population. The MAH has argued that the incideneg 13 iricreasing, but
there are uncertainties as to the magnitude of this increase.

The duration of protection against premalignant anal lesions and anal cancer i<,gurrently unknown. It is
considered to be the same as the duration of protection against cervical lesions, but the incidence of
anal cancer most likely peaks at a higher age. However, the cause of \wial cancer, i.e. HPV infection, is
likely to occur within 5-20 years of vaccination in most cases and [ herx is no reason to believe that the
acquisition pattern of HPV differs substantially between men add vwomzn. Considering that the duration
of follow-up has been extended by approximately 3 years, andytivat the immune responses appear to
decline slowly once a plateau value has been reached, theyuneertainties regarding duration of
protection are now considered reduced compared to wnat was known previously.

Risks

Unfavourable effects

Male subjects who received HPV vagzcinasion experienced local injection site reactions which were mild
or moderate in intensity. Overal'stiia injection site adverse experience profile in boys and men was
generally comparable to the grcfile'in girls and women. Review of post-marketing data reveal that
males have reported simildimadyerse events after vaccination compared to females, including episodes
of syncope, dizziness, head'22ne and loss of consciousness.

Overall, the review o' ‘supportive long-term studies does not reveal a significantly increased risk for
autoimmune cofGitioris after receipt of vaccination.

Uncertainty'in the knowledge about the unfavourable effects

There\are 'non-statistically significant associations with certain autoimmune conditions and/or adverse
e\ ehith of interest (for example venous thromboembolism), which could potentially suggest that a
sipall increase in risk cannot be ruled out. On the other hand, for other conditions there is no
association or there is lower incidence in patients exposed to qHPV vaccine. The relevance of these
findings is unknown but the uncertainties regarding rare unknown adverse events are now considered
smaller compared to what was known previously.

Benefit-Risk Balance

Importance of favourable and unfavourable effects
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There is currently no screening program for early detection of anal cancer/premalignancies, and no
effective means of preventing anal cancer. Anal cancer is still a relatively rare condition, with an
incidence of 0.1 to 1.4 per 100 000 in men and 0.1 to 2.2 in women, but some data indicate that the
incidence may progressively increase in the future. Currently, approximately 27,000 new cases of anal
cancer are estimated to occur annually around the world. In Europe, it is estimated that 6,800 new
anal cancer cases occur each year, among which about 75-80% are attributable to HPV types 16 and
18. Anal cancer is considered a serious condition, and therefore, the preventive effect of qHPV vaccines
is considered to be of high importance. For women, the inclusion of prevention of anal cancer to the
indication is unlikely to change the use of qHPV vaccines either at a population or individual level,
considering the already approved indication for protection against cervical malignancies. Howeve(, fai
men, the inclusion of prevention of anal cancer could be more important, as the only other benefitegt
gHPV vaccines is protection against genital warts.

The data assessed in this and in previous procedures demonstrate that the vaccine, isy¢ffigacious
against anal cancer and premalignant anal lesions across all severity grades of AIN 1salwpopulations
studied. In addition, a post-hoc analysis in HPV naive MSM showed high efficacy®agamst anal persistent
infection due to HPV 16 and 18. Extrapolation of data from anal disease in MGM 1o anal HPV infection
and related disease in heterosexual men and women is acceptable. In thesstudi€s presented in the

current variation for the first time, the duration of protection has beensialltived for up to 7 years
showing no sign of waning protection against the more common ou#:oiaes.

The safety profile of qHPV vaccines is considered acceptable witn'zegar/ to the achievable benefits in
men and women. The safety profile is likely to be similar ingdseyveimen vs. girls/women.

Benefit-risk balance

The benefit risk balance is considered positive.

Discussion on the Benefit-Risk Saiance

During the previous assessment of theyania cancer indication there were mainly four limitations in the
data provided:

1) there was uncertainty’oa trie long-term duration of protection induced by gqHPV vaccine,
2) there was uncerttinty on gHPV vaccine safety in terms of rare conditions,
3) there was assence of post-marketing safety data in males,

4) the incience’of anal cancer in the general population was considered to be low and therefore
the_expested benefit was considered to be limited.

2)wldncertainty in the long-term duration of protection

12e 1ollow-up of effectiveness against AIN in men in the extension of study 020, and other clinical
Undpoints in men and women in the extension studies 015 and 018 has been extended to up to 8
years. At the time of the previous assessment the immunogenicity follow- up was up to 5 years and
effectiveness data were available up to nearly 4 years. There is currently no indication on waning
efficacy, and further follow-up is ongoing. Thus, there is greater knowledge regarding duration of
protection compared to the previous application.

2) Uncertainty regarding gHPV vaccine safety in terms of rare conditions

The post-marketing experience is currently three years longer, and the number of exposed subjects

Assessment report
EMA/CHMP/176749/2014 Page 40/42



has increased. There were 10 million estimated subjects exposed in the most recent PSUR with a
reporting period between 1 June 2012 and 31 May 2013; this represents almost 25% of the cumulative
exposure of 42 million subjects since marketing authorisation. In addition, safety follow-up is included
in the ongoing extension studies, post-authorisation safety surveillance and registry-based studies are
now available. In conclusion, the risks of rare conditions are considered very small, and no consistent
increased risk has been identified. Compared to the previous application the uncertainty regarding
unknown risks is considered smaller based on the additional safety data.

3) Absence of post-marketing data in males

More post-marketing data in males became available compared to that from the previous applicauon.
However, it is not possible to estimate how many doses have been given to males globally. Theywcet-
marketing safety data available includes results from the first interim report PO70, and anzmaiysis of
post-marketing spontaneous adverse event reports in males.

4) The incidence of anal cancer in the general population was considered to bs waw

There is no reason to believe that the incidence of anal cancer in the general pgnu'aiion has changed
since the previous assessment. The overall risk is considered low, but not non{existent. There is also
uncertainty regarding future developments, i.e. increasing incidence ovei time.

Thus, the overall amount of follow-up data, both with respect to dus#atian/of protection and safety, has
increased since the previous application, and the data obtained so far/qre reassuring. Efficacy was
considered demonstrated, and there is currently no indication“:f wanivig efficacy, or need for further
booster doses. The post-marketing experience has increas¢d substantially, and the risks of rare serious
unknown events are considered very small. Therefore the woinion of the CHMP is that the benefit/risk
balance for Gardasil and Silgard in the newly proposzd iadication is positive.

4. Recommendations

Based on the review of the submitted dawa, 2he CHMP considers the following variations acceptable
and therefore recommends by majarity tie variation to the terms of the Marketing Authorisations,
concerning the following change:

Variation(s) requested ¢\, Type

C.1.6.a C.1.6.4Change(s) to therapeutic indication(s) - Addition of a new 1
therapeuiic indication or modification of an approved one

Extension of the in€ication to include prevention of premalignant anal lesions and anal cancer.
Consequently sactiors 4.1, 4.4 and 5.1 of the SmPC are updated.

The Package exflet is updated accordingly.

The requested variation worksharing procedure proposed amendments to the Summary of Product
Chatact »ristics and Package Leaflet.

Caergent positions are presented in Appendix 1.

Paediatric Data

Furthermore, the CHMP reviewed the available paediatric data of studies subject to the agreed
Paediatric Investigation Plan P/13/2010 and the results of these studies are reflected in the Summary
of Product Characteristics (SmPC) and, as appropriate, in the Package Leaflet.
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Appendix to CHMP opinion

DIVERGENT POSITION EXPRESSED BY CHMP MEMBERS

The undersigned members of CHMP did not agree with the CHMP’s opinion recommending the granting
the extension of the indication for Gardasil/Silgard:

“Gardasil/Silgard is a vaccine for use from the age of 9 years for the prevention of:

- premalignant genital lesions (cervical, wvulvar and vaginal), premalignanttsGnal
lesions,—cervical cancers and anal cancer causally related to certain oncoger c “uman
Papillomavirus (HPV) types

— genital warts (condyloma acuminata) causally related to specific HPV types
See sections 4.4 and 5.1 for important information on the data that support thisqinaization.
The use of Gardasil/Silgard should be in accordance with official recommendations”.
The reasons for divergent opinion were as follows:

An extension of the indication with premalignant anal lesions and 7iial cancer is not endorsed. Anal
cancer is a very uncommon cancer. Women have a higher incideéncesral 2 in age groups greater than 50
years but men dominate in the age ranges between 20 and 5Q jears old. In men and women,
common risk factors are e.g. receptive anal sex, lifetimevaumbi:r of sexual partners and genital warts.

Taking into consideration that

e at this time, no validated screening algctithiy for early detection of premalignant genital/anal
disease in populations at risk is avaiizble,

e the incidence of anal cancer in the,overall population is very low,

the number boys/adolescents prior 2y saxaal debut to be vaccinated to prevent one case of anal
(pre)malignancy is considered teoa wiak, making the yield of population based vaccination most likely
extremely limited.

The benefit-risk balance <f tti= proposed variation is considered negative.

London, 25 Aprii 20,74
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